
Proceedings 
of  the  I R E 

A Journal of Communications and Electronic Engineering 
(Including the WAVES AND ELECTRONS Section) 

September, 1949 
Volume 37  Number 9 

Hazeltine Electronic Corp 

AIR-NAVIGATION BEACON 

M•gnittostriction delay lines arm used with pairs of pulses separated up to 
90 microseconds in ground station equipment enabling airplanes to deter-
mine their distance from known points. 

PROCEEDINGS OF THE I.R.E. 

Double-Stream Amplifiers 

Investigations of High-Frequency Echoes 

Microwave Filter Theory and Design 

Electronic Simultaneous Equation Solvers 

Electronic Wattmeter Multiplying Circuits 

Graphical Analysis of Tuned Coupled Circuits 

Magnetic Amplifier Networks 

Waves and Electrons Section 

New Aids to Air Navigation 

Multipath Television Reflections 

Regenerative Amplifiers 

Dissipative Band-Pass Filters 

Neutralization of Video Amplifiers 

Transient Response of Video Amplifiers 

Design Equations for Reactance-Tube Circuits 

Crossed-Loop Radio Direction Finder 

Abstracts and References 

TABLE OF CONTI. NTS FOLLOWS PAGE 32A 

The Institute of Radio Engineers 



MPEREX has the most complete line of standardized types of radi-

ation counter tubes that are crctual production line models. If you are 

working on anything which requires radiation counter tubes, chances 

are that Amperex can fit you neatly with a tube from our regular line. 

Save time ...save money ...write today for detailed Amperex literature. 

re-tube with 
Amperex... 25 WASHINGTON STREET, BROOKLYN 1, N. Y. 

In Canada and Newfoundland: Rogers Majestic Limited 

11-19 Brentclifte Road, Leaside, Toronto, ,Ontario, Canada 
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Edgewater Beach Hotel, Chicago home of the National Electronics Conference. NEC Board of Directors, 
left to right, W. C. White of G.E. Research Laboratories; Karl Kramer (Sec.) of Jensen Manufactur-
ing Co.; Prof. G. H. Fett, (NEC Pres.) University of Illinois; A. W. Graf. (Chairman of Board) 
Chicago; Prof. L. T. DeVore, (Program Chairman) University of Illinois. 

NATIONAL ELECTRONICS CONFERENCE 

The 1949 annual NATIONAL ELEC-
TRONICS CONFERENCE will be held 
Monday through Wednesday, September 
26-27-28, at the Edgewater Beach Hotel 
in Chicago, Ill. 
Jointly sponsore4 by the Chicago Sec-

tion of the Institute of Radio Engineers 
and the local section of AIEE, together 
with Illinois Institute of Technology, 
Northwestern University and the Univer-
sity of Illinois, its program of technical 
papers is directed toward electronics, 
particularly the first day, but with some 
attention to communication subjects, vacu-
um tubes and circuits on Tuesday and 
Wednesday. 

50 leading firms will exhibit electronic 
equipment in the East and West Lounges. 
Admission to exhibits is by invitation. 
Registration for technical sessions is $3.00. 
Advance registration may be sent to "Na-
tional  Electronics  Conference,  Karl 
Kramer, Secy., 852 East 83rd St., Chicago 
19, III." A special, advance price of $14.25 
will cover registration, the three daily 
luncheons, and Volume 5 of the "Proceed-
ings of the National Electronics Confer-
ence" (separately sold for $4.00). Make 
check payable to "National Electronics 
Conference, Inc," and mail before Septem-
ber 12th. 

Thy. Institute of Radio Eittlineer% nal lta•t• a 
..er•ire and information I tit in the exhibit% 

Calendar of 
COMING EVENTS 

1949 IRE West Coast Convention, 
San Francisco, Calif., August 
30-September 2 

National Instrument 
Conference and Exhibit 

A five day conference on instru-
mentation will be conducted by 
The Instrument Society of Amer-
ica at St. Louis, Mo. All sessions 
and exhibits will be in the beauti-
ful Municipal Auditorium. IRE is 
a co-sponsor and Region V mem-
bers may attend without registra-
tion cost. 

September 12-16 1949 

1949 National Electronics Confer-
ence, Chicago, III., September 
26-28 

National Radio Exhibition, Olym-
pia, London, England, Septem-
ber 28 to October 28 

AIEE Midwest General Meeting, 
Cincinnati, Ohio, October 17-21 

Radio  Fall  Meeting, Syracuse, 
N.Y., October 31, November 1-2 

1949 Nucleonics Symposium, New 
York City, October 31, Novem-
ber 1-2 

IRE-URSI Fall Meeting, Wash-
ington, D.C., October 31, No-
vember 1-2 

Audio Fair, Hotel New Yorker, 
New York City, October 27-28-
29, 1949, sponsored by the Audio 
Engineering Society. 

Second Annual Nucleonics Sym-
posium October 31 to November 
2, 1949 at Hotel Commodore, 
New York. IRE/AIEE 

Southwestern  IRE  Conference, 
Baker Hotel, Dallas, Texas, De-
cember 9-10, 1949. 

1950  IRE National Convention, 
New York, N.Y., March 6-9 

IRE Regional Meetings Accelerate Electronic Progress! 
PROCEEDINGS OP THE I.R.E. September, 1949, Vol. 37, No. 9. Published monthly in two sections by The Institute of Radio Engineers, Inc., at 1 East 
79 Street New York 21, N.Y. Price $2.25 per copy. Subscriptions: United States and Canada, $18.00 a year; foreign countries $19.00 a year. Entered 
as second class matter, October- 26, 1927, at the post office at Menasha, Wisconsin, under the act of March 3, 1879. Acceptance for mailing at a 
special rate of postage is provided for in the act of February 28, 1925, embodied in Paragraph 4, Section 412, P. L. and R., authorized October 26, 1927. 
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and Improve 
Performance! 

Reduce 
Assembly 
Operations! 

SPRAGUE High-K Ceramic Capacitors 
HER LEC 

• Sprague-Herlec high-K ceramic capacitors 
for bypass and coupling applications offer the 
designer of television and F-M receivers sav-
ings in both chassis space and in component 
and wiring costs. 
• Disc Types 29C and 36C capacitors are 
extremely small round wafer-shaped units. 
Mounted across miniature tube sockets with 
extremely short leads, they result in improved 
v-h-f bypassing. Both single and dual capaci-
tors are available on one disc. 
• Bulplate Type 34C multiple capacitors are 
rectangular wafers with as many as five capaci-
tor sections. One rugged, ceramic Bulplate 
may combine into a single, compact integral 

assembly all the capacitors and related wiring 
in one or more stages of electronic circuits. In 
combination with miniature resistors, Bul-
plates make more stable and reliable network 
assemblies than do completely printed R-C 
circuits. Closer electrical tolerances are more 
economically obtained and circuits may op-
erate at a higher power level. 
• All Sprague-Herlec ceramic capacitors are 
protected by a tough, moisture-resistant insu:-
lating coating. 
• A constant and reliable supply of capacitors 
is assured by operation of two manufacturing 
plants in two widely separated locations. 

• Irrite for Engineering Bulletin 601A today! 

 SPRAGUE 
 IN  7 
/  ELECTRIC  AND  ELECTRONIC  DEVELOPMENT 

PIONEERS 

ELECTRIC CO. 

NORTH ADAMS 

MASSACHUSETTS 

THE  HERLEC  CORP OR ATI O N . MIL WAUKEE  3, WISC O NSI N 
(Wholly ownea Sprugue Subs ,d,o,Y) 
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Precision Voltmeters... 

FAST ACCURATE READINGS 
2 cps to 700 mc 

ANOTHER -hp- SERVICE 
Person-to-Person Help With 

Your Measuring Problems 

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

BOSTON, MASSACHUSETTS 

Burlingame Associates 
270 Commonwealth Ave. 
KEnmore 6-8100 

CHICAGO 6, ILLINOIS 

Alfred Crossley 8c Associates 
549 W. Randolph Sc. 
State 7444 

CLEVELAND 12, OHIO 

M. P. Odell 
1748 Northfield Avenue 
Potomac 6960 

DALLAS 5, TEXAS 

Earl W. Lipscomb 
4433 Stanford Street 
Logan 6-5097 

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

FORT MYERS, FLORIDA 

Arthur Lynch and Associates 
P. 0. Box 466 
Fort Myers 1269M 

HIGH POINT, NORTH CAROLINA 

Bivins & Caldwell 
Room 807, Security Bank Building 
Phone 3672 

LOS ANGELES 46, CALIFORNIA 

Norman B. Neely Enterprises 
7422 Melrose Avenue 
Whitney 1147 

NE W YORK 7, NE W YORK 

Burlingame Associates 
11 Park Place 
Digby 9-1240 

SAN FRANCISCO 3, CALIFORNIA 

Norman B. Neely Enterprises 
954 Howard Street 
Douglas 2-2609 

TORONTO 1, CANADA 

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

W ASHINGTON 9, D. C. 

Burlingame Associates 
2017 S. Street N. W. 
Decatur 8000 

-hp-
MODEL 
400C I. 

.s 

1100f1.  400C 

-M 

SILTS SIt111 

Ml — 

all 

•te 

(7) 

From 2 cycles to 700 megacycles, there's an accurate, easy-to-operate 
-hp- voltmeter to fit every voltage measurement requirement. You can 
choose from 5 precision voltmeters (including a battery-operated 
instrument) the ones which precisely fill your measuring need. Each 
has the familiar -hp- characteristics of high sensitivity, wide range, 
versatility, compact size, and time-saving ease of operation. These -hp-
precision voltmeters are used by radio stations, manufacturers, research 
laboratories and scientific men throughout the world. 

INSTRUMENT FREQ. RANGE VOLTAGE RANGE ACCURACY 
INPUT 

IMPEDANCE 
PRICE 

—hp— 400A 10 cps to 1 mc 
.005 to 300v 
9 ranges 

Within 3% 1 meg., 
16 ppfd shunt $185.00 

—hp— 4008 2 cps to 100 kc 
.005 to 300, 
9 ranges 

Within 35'. 10  me g , 
20 µAdd shunt 195.00  

.0001 v to 300v 
12 ranges 

10  me g., 
Add shunt 200.00 

—hp-404A 
(15Itory 05'd.) 2 cps le 50 kc 

.0005 v to 300v 
11 ranges 

Within 57. 10  me g , 
20 ppfd shunt 185.00 

—hp— 410A 20 cps to 700 mc 
0.1 vto 300v 
7 ranges 

Within 3% 10  me g., 
1,3 pi.ad shunt 245.00  

For complete data on any -hp-

instrument, write direct to fac-

tory or contact the nearest -hp-

technical representative. 

HE WLETT-PACKARD CO. 
1 8 7 6-D PAGE MILL ROAD • PALO ALTO, CALIFORNIA 

Export Agents: Frazar & Hansen, Ltd. 

301 Clay Street, San Francisco 11, California, U.S.A. 

190bRorptopty iA nqtrign F 
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A. Reaching far out for Royal Oak... 
WEXL-FM at Royal Oak, Michigan 

6. -1:14 0 1. d L  

• Metropolitan Detroit dialers are enjoying royal 
reception of WEXL-FM programs beamed from atop 
a new Truscon Radio Tower. Standing sturdy and strong 
as an oak, this Truscon Type H-30 Self-Supporting 
Tower, supporting an 8-bay General Electric FM 
antenna, rises to an overall height of 425 feet. 

The Royal Oak Broadcasting Company is another in the 
long list of station operators who have turned to Truscon 
for the solution to their tower problems. In this case, 
blustery Great Lakes winters and blistering midwestern 
sun presented wide extremes of wind and weather. Still, 

A tekerWre 

TRUSCON 

TOWER OF STRENGTH 

HIGH 
OVERALL 

Truscon engineering and construction skills combined 
to deliver the tower which exactly meets the demands 
of those purely local conditions. 

Truscon engineers are prepared to answer the tower 
problems of your particular project. They'll design and 
build your tower tall or small . . . guyed or self-
supporting . . uniform or tapered cross-section . . . 
for AM, FM or TV operation. Call in your nearby 
Truscon representative, or write our home office in 
Youngstown, Ohio, for consultation without obligation. 

TRUSCON STEEL CO MPANY 
YO U N GST O W N  1,  O HI O 

Subsidiary of Republic Steel Corporation 

TRUSCON 
SELF-SUPPORTING 

AND UNIFORM TOWERS CROSS SECTION GUYED 



EL- MENCO  CAPACITORS 

L A TIN 
PERFOR MANCE 

UNDER 

CRITICAL CONDITIONS 

To insure dependable circuits in your product, 
specify the capacitors that perform reliably under 
extremes of temperature and climate — 

These .fixed mica dielectric receiving capacitors 
maintain their reputation for dependable operation 
under all conditions by passing rigid tests before' 
leaving the factory. Tests include temperature c' 
efficient and capacitance drift, humidity, life, ins 
tion resistance, etc. In addition these tiny cond 
are sealed for salt water immersion. All  ts are 
run at double their working voltage. 

SO A LW AY 
Specify Pretested Capacitors by  I-Menco . 

a-
sers 

THE Y  GI VE  XACTI N G 

PERF OR M  CE  UN DER 

CRITIC A y CO N DITI O NS 

THE ELECTRO MOTIVE MFG. CO., Inc. 
WILLIMANTIC  CONNECTICUT 

M OLDED MICA E 

CM 15 MINIATURE CAPACITOR 

Actual Size 9/32" x 1/2" x 3/l6" 
For Television, Radio and other Electronic 
Applications 

2 — 420 mmf. cap. at 500v DC w 
2 — 525 mmf. cap. at 300v DC w 
Temp. Co-efficient -±-50 parts per million 
per degree C for most capacity values. 
6-dot color coded. 

Write on your 

firm letterhead for 

Catalog and Samples 

elICOra.. 
CAPACIT ORS 

TRI M MER 

Foreign Radio and Electronic Manufacturers communicate direct with our Export Dept. at Willimantic, Conn. for information. 

ARCO ELECTRONICS, INC., 135 Liberty St., New York, N. Y. Sole agent for jobbers and distributors in U. S. and Canada. 
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3096 (WKG. LINE) PILOT AT SW. MAIN 
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202 
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208 

201 202 

2064 KC PILOT ALARM AT NON-SW. MAIN 
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2"  I] 
205 206 207 208 
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201 
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3096 KC PILOT ALARM AT NON SW. MAIN SP LINE FAIL AT SW. MAIN 

201 202 203 204 205 206 207 208 201 
203 
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TOT LINE FAIL AT SW. MAIN 
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AUTO. SWITCH AT SW. MAIN AUTO. SW. LOCKED AT SW MAIN 

201 
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204 208 

206 1 201 
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205 
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208 

CARRYING hundreds of telephone calls, coaxial 
cable runs through many londy miles. Far from 
towns and people, master amplifying stations 
stand guard with a new automatic alarm system 

52  developed by Bell Telephone Laboratories. 
At a city terminal, the man on duty makes a 

check by laying a transparent log sheet over a 
glass window, and dialing a master station hun-
dreds of miles away. At once the station begins to 
give an account of itself, lighting lamps under 
the log sheet to report any abnormal operating 

14  condition before it becomes an emergency. 

But when something happens that threatens 
serious trouble, the apparatus acts at once— 
maybe by switching in a spare coaxial — and calls 
a distant test board by ringing a bell. Sometimes 
he can take further steps by remote control; if 
not, he knows exactly how to brief the nearest 
repair crew. 

With this new alarm system, maintenance 
men need not be stationed at isolated points, 
just waiting for something to happen. Instead, 
thcv live in their home communities. This makes 
for better wprk ...and better telephone service. 

A 

BELL TELEPHONE LABORATORIES EXPLORING  AND  INVENTING,  DEVISING 
AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE. 



meet every demand for 

"GP" and Ceramicon are 
registered trade names of 
Erie Resistor Corporation. 

!% 

ECONOMY and 

PERFORMANCE 

111.1 11111111111 ) UANTITY production of "GP" Ceramic Condensers is 

achieved by limiting them to definite capacity values 
—with a consequent saving in cost without affecting 
quality. For by-passing and coupling applications 
which are not frequency determining, "GP" Cerami-
cons are unexcelled in performance. 

General Purpose Ceramicons are sturdy, compact. 
They are easy to install in small spaces and their use 
increases production on the assembly line. This feature 
is proving especially valuable in assembling TV sets. 

Erie "GP" Ceramicons are made in insulated and 
non-insulated styles in popular capacity values up to 
10,000 MMF. Write for detailed information and samples. 

ERIE RESISTOR CORP., ERIE, PA. 
LONDON, ENGLAND TORONTO, CANADA 
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A transient signal... 

IMAGINED AT 4 KV... het..I M AGED AT 14 KY! 

Du MONT OSCILLOGRAPHY ShO WS the difference ... 

At low operating voltages the 
IT cathode-ray tube will respond 
to a high-speed transient signal, 

but—only at high voltages is the 

light output sufficient to SEE and 
RECORD 

Du Mont high-voltage Oscil-
lography shows you the differ-

ence with these actual (unre-
touched) oscillograms, and 
here's how it's done: 

... with DU MONT HIGH-VOLTAGE CATHODE-RAY TUBES 

Type 5RP-A is an intensifier-type, high-
voltage cathode-ray tube featuring multiple 
accelerating electrodes for use with acceler-
ating potentials up to 25.000 volts, without 
serious loss in deflection sensitivity. Writing 
rates in excess of 280 inches per microsec-

ond have been recorded with this tube. 

Type 5XP- has operating characteristics 
identical with those of the Type 5RP-A ex-
cept for increased deflection sensitivity in 
one direction, provided by specially designed 

... with these HIGH-VOLTAGE CATHODE-RAY INSTRUMENTS 

Type 280-A is a high-voltage oscillograph 
for precision measurement of time. Originally 
designed to measure the composite televi-
sion signal, it has found applications in many 
other fields. Time intervals of M25 microsec-
ond can be measured, using time base vari-
able from 1 to 15,000 microseconds. Cali-
brated delay circuit accurately delays sweep 
from 4 to 1.000 microseconds. Video-ampli-
fier circuits provide uniform response up to 
10 megacycles. Internal power supply pro-

vides accelerating potential up to 14,000 
volts to a Type 5XP- tube. 

Type 281-A is a basic cathode-ray indi-
cator utilizing Type 5RP-A tube. Provision 
made for either capacitive or direct-coupling 
to all deflection plates. Displays single tran-

sient writing speeds up to 210 inches per 
microsecond. Internal power supply provides 
overall accelerating potential of 8.000 volts: 
external power supply can be used for higher 
voltages. The Type 286-A Power Supply is 
especially designed for use with the Type 

281-A indicator, supplying overall accelerat• 
ing potenial of 29,000 volts. 

Type 250-AH is a high-voltage version of 

the versatile Type 250-A. High-voltage Type 
5RP-A tube replaces Type SCP-A. Provision 
is made for external high-voltage power sup-
ply. Type 250-AH is capable of recording 
writing speeds ten times those recorded by 

the Type 250-A. Using Type 263-B Power 
Supply, accelerating potentials as high as 
13,000 volts may be applied. Sufficient light 

... with these HIGH-VOLTAGE PO WER SUPPLIES 

Type 286-A is a regulated rectified fl-F 
type high-voltage power supply with adjust-
able output from 18.000 to 25.000 volts. De-
signed for use with Type 281-A indicator or 

wherever additional high voltage is required. 
Meter indicates output voltage. 

Type 263-8 is also a rectified R-F high-

deflection plates. Especially suited for use 

with wide-band ampliliers. Types 5RP-A and 
5XP- alike are capable of sufficient light out-
put to allow projected oscillograms. Type 

5XP- is interchangeable with Type 5RP-A ex-
cept for slightly greater overall length. 

output to project oscillograms up to 30 1 eel 
with Type 2542 Projection Lens. 

Type 248-A oscillograph is a favorite for 
high-frequency research. Self-contained, it 

offers a medium-voltage oscillograph for in-
vestigating pulses containing high-frequency 

components. Vertical amplifiers uniform in 
response within 30% from 20 cycles to 

megacycles per second. 

With addition of Type 263-B Power Supply. 
the Type 248-A becomes a high-voltage oscil-

lograph for observation and photography of 
transients of short duration and extremely 

low repetition rates. Accelerating potentials 
up to 14,000 volts may be applied to a Type 

5RP-A tube. 

voltage power supply delivering from 6.000 
to 12.000 volts. Designed for use with oscillo-

graphs employing 5RP-A or 5XP- tubes. Light 

in weight. Meter indicates output voltage. 

• For further details and prices, just address . . . 

0 ALLEN a. DU MONT LA•ORATORIES. INC. 

ALLEN  B. DU M ONT  LAB ORATORIES, INSTRUMENT  DIVISION,  1000  MAI N  AVENUE,  CLIFT ON,  NE W  JERSEY 

1-• 
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H1-0 general purpose ceramic capacitors 
have proven superior to mica and 
condensers of corresponding val-
ues. They are available in ratings 

of 5 mmf to 33,000 mmf. 141-0 
disc capacitors are high dielectric 
by-pass, blocking or coupling 
capacitors designed for use where 
their physical shape is more 
adaptable than tubular units. 
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COMPONENTS-

for Dependable Performance 

• Motorola and practically all the 
rest of the industry's big names are 
among the more than 200 users of 
Hi-O Components. They know from 
experience that they can depend 
upon Hi-Q for fine quality and strict 
adherance to ratings and tolerances 
. that Hi-Q contributes to the per-

formance and long life of any elec-
tronic circuit. 
Our engineers are always available 

to work with you in the development 
and production of capacitors, trim-
mers, resistors and choke coils to 
meet your specific needs. Write, wire 
or phone whenever you have a quep-
tion concerning them. 

I 11 

Hiliir c kC O MP O NE NTS 

BETTER 4 WA YS 

PRECISION  rested step by step from materoot to tinos 

product. Accuracy guaranteed to your specirea totit  hed 

ranc ,i. 

UN IFOR M ITY  row 

Constancy  quality is maintoirted over enti 

You, re 

01PeNProduction through cont of inuous imanufocturi,9 controls, 

DARILITY  infe,pref this factor•n terms of your customers' 
iut isfaction .. • Year off  i 

prO dUCI bOlPer,er year of troubie free performance. 

Our  Q makes  

iiiiNsArumszArsoN The smollesf BIG VALUE components on the 
business make possible  space saying factors which reduce 
your  production costs . • increos• your prof; 'I. 

JOBBERS  ADDRESS. ROOM 1332 

101 Park Ave., New York, N. Y. 

Eiecorica Reetctetwee 
FRANKLINVILLE, N.Y. 

Plants  Franklinville, N.Y. - Jessup, Pa. - - Myrtle Beach, S. C. 

Soles Offices: New York. Philadelphia, Detroit, Chicago, Los Ang•les 
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ELECTRONICS 

New process for depositing selenium gives rectifier 
stacks  greater uniformity,  higher efficiency and 

longer useful life. 

Here's real news for rectifier users. G.E.'s new 18-volt selenium 
cells, made by a special evaporation process 
selenium on the aluminum base with greater uniformit • than 
otherwise possible, give you these advantages: 

GREATER OUTPUT—With 50(:c more output than the standard 
12-volt cells, the new design can be used for any application 
except those few which demand 24-hour, year-around service. 

HIGHER EFFICIENCY—Not only is the initial efficiency higher, 
but more uniform coating keeps it high during the life of the stack. 

SAVING IN SPACE—About one-quarter less space is required 
for the same output. 

LO WER COST—Depending on the voltage across the stack, 
the 18-volt cells can save 25% in cost compared to standard 12-
volt cells. 

Selenium stacks are available in several standard sizes. Output in d-c 
voltage ranges from 18 to 126; applied a-c voltage, from 26 to 161 
Bulletin GEA-5258 will give you detailed information. Send for it today: 

which deposits 

STYLED FOR READABILITY 
BUILT FOR RELIABILITY 

This brand-new line of 2!•;-inch thin 
panel instruments has streamlined fea-
tures which will give your panels a "new 
look." Arc lines have been eliminated, 

, 
100 'SO 

20'0 

.  • ;  nO 

GENERAL  ELECTRIC 
411111 1111 0iiillei. 
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opmf-
leaving only the upright scale divisions. 
New tapered pointer helps eye focus only 
on the reading. All but essential mark-
ings are masked by attractive case. 
Internal mechanism is designed for 

extra reliability. High coercive Alnico 

magnet assures proper alignment, even 
under severe operating conditions. Large 
air gap reduces danger of stickiness 
caused by foreign particles. A variety of 
types and ratings in round or square 
cases are available for use in radio, tele-
vision or testing equipment. Get com-
plete details from Bulletin GEC-368. 

OMGNED FOR 
YOUR REQUIREMENTS 

General Electric pulse transformers 
for radar and associated applications are 
designed to perform dependably in ex-
tremes of operating conditions. Many 
ratings in current production are of a 
special nature—designed to keep pace 
with rapidly changing requirements of 
the industry. However, for certain appli-
cations, they can be built to the specifi-
cations of electronic equipment manu-
facturers. Types available include inter-
stage transformers, blocking oscillator 
transformers, charging chokes, current 
transformers, and pulse thyratron grid 
transformers. For a listing of available 
designs and ratings, send for bulletin 
GEC-481. 

\ TIMELY HIGHLIGHTS 
ON GE COMPONENTS 

• 

THEY'RE SMALL 
BUT THEY CAN TAKE IT 

Cast-glass bushings with sealed-in 
nickel-steel hardware can be readily 
welded, soldered, or brazed directly to 
the apparatus, thus eliminating gaskets 
and providing a better seal. Small, com-
pact structure often makes possible re-
duction of over-all size and weight of 
equipment. Practically unaffected by 
weathering, micro-organisms, and ther-
mal shock, they're particularly well 
suited for use in electronic equipment 
and in installations where operating 
conditions are severe. Available in rat-
ings up to 8.6 kv and for currents to 
1200 amperes. Check Bul. GEA-5093. 

RELY ON THESE 
FOR STABILITY 

Fixed paper-dielectric capacitors are 
manufactured in accordance with joint 
Army-Navy  specification  JAN-C-25. 
They're constructed with thin Kraft 
paper, oil or Pyranols impregnated, for 
stable characteristics and high dielectric 
strength. Plates are aluminum foil; 
special bushing construction provides 
for short internal leads, prevents possi-
ble grounds and short circuits. Cases 
have permanent hermetic seal. 

Case style CP 63 (shown above) is 
rated 0.1-0.1 muf and 1000 volts. 
Other ratinks range from .01 muf to 
15 muf and from 100 to 12,500 volts. 
Write for detailed description and oper-
ating data in bulletin GEA-4357A. 
*Reg. U.S. Pat. Off. 

DOES A BIG JOB 
IN CLOSE QUARTERS 

G.E.'s midget soldering iron can do 
a big job with only one-fourth the watt-
age usually used. This handy 6-volt, 
25-watt iron is only 8 inches long with 

or 14," tips and weighs but 13% 
ounces. Designed for close-quarter, pin-
point precision soldering, the "midget" 
offers you all these advantages: low cost 
soldering; "finger-tip" operation; quick, 
continuous heat; easy renewal; long life; 
low maintenance. A real aid in designing 
radios, instruments, meters, electric ap-
pliances, and many other products re-
quiring precision soldering. Available 
from stock. Check bulletin GEA-4519. 

General Electric Company, Section G667-2 

/  Apparatus Department, Schenectady, N. Y. 

/  Please send me the following bulletins 

GEA-4357A  D-C Capacitors 
0 GEA-4519  Midget Soldering Iron 

/  0 GEA-5093  Glass Bushings 
0 GEA-5258  Selenium Stacks 
0 GEC-368  Panel Instruments 

NAME   

COMPANY   

ADDRESS   

CITY   STATE   

GEC-481  Pulse Transformers 
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Magnetic 
Materials 

The Arnold Engineering Company 

offers to the trade a complete line of 

Magnetic Materials  

PER MANE NT MAGNET MATERIALS  

• Cast Magnets, Alnico I, 11,111, IV, V, VI, Xll, X-900 

• Sintered Magnets, Alnico II, IV, V, VI, X-900, Remalloy' 

• Vicalloy*  • Remalloy' (Comol) 

• Cunico  • Cunife  • Cast Cobalt Magnet Steel 

HIGH PER MEABILITY MATERIALS 

• Deltamax Toroidal Cores  • Supermalloy  Toroidal Cores 

• Powdered Molybdenum Permalluy* Toroidal Cores  • Permendur * 

'Manufactured under licensing arrangements with WESTERN ELECTRIC COMPANY 

flh  ib, #776tynaori teWife  any o747Xese ddagnee /1/1a iya/s 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 

1'RucLi.niAu.5 ().1.  III: 1.k.E. September, 1949 



. . . helps Polytechnic Research 

. monitor microwave 

oscillator operation 

the 
name 

MARION 
means 

the most 
in meters 

and Development . . . 

The PRD Type 801 Universal Klystron Power Supply is a new and versatile 
instrument. It was produced by Polytechnic Research and Development Company 
of Brooklyn for operating the many high voltage klystron tubes which are 

used as sources of microwave energy in the fields of Radar, Radio Relay and 

Microwave Spectroscopy. 

When PRD developed the Type 801 it needed two extremely accurate, matched 
indicating instruments for measuring Beam Current and Beam Voltage. Because 
PRD had previous experience with Marion and because Marion is so well known 

for foolproof, troublefree instruments of this kind . . . at reasonable cost, it 
was natural that PRD should turn to Marion. Marion's Standard Type 53SN 

was selected. This is a 31/2" instrument, noted for accuracy and readability. 

When you want standard or special purpose instruments for electrical indicating. 

or measuring, we invite you to turn to us. Our long experience in helping 

others leads us to believe that we can help you too. 

ASK  US  FOR  FURTHER  INFORMATION 

MARION ELECTRICAL  INSTRUMENT  COMPANY 

M A N C H E S T E R ,  N E W  H A M P S H I R E 

Export Division, 4511 Broadway, New York 13, U. S. A., Cables MORNANIX 

IN CANADA: THE ASTRAL  ELECTRIC  CO MPANY.  SCARBOP O  BLUFFS.  ONTARI O 
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42i 215A  442 :11° 65A 
4X150A 

and 7'reasons why they are the criteria of 

good design in • y electronic equipment. 
ansrf. 

•
These tubes bear the trademark "Eimac" . . . important . . . because it 
reflects the  basic  integrity of Eitel-McCullough, Inc.—a  trademark 
synonymous with quality. 

*Operational characteristics are conservatively rated; consequently . . . 
Eimac Tubes operate within their ratings at a fraction of their peak abilities. 

10 Outstanding operational stability is an inherent characteristic of all Eimac tubes. 

"Clean" mechanical design, plus a coordinate balance in the chemical and 
physical properties of internal-structure materials gives these tubes the 

ability to withstand abnormal momentary overloads, as well as thermal and 
physical shock. 

Millions of hours of proven performance in the key socket positions of 
electronic equipment is evidence of Eimac superiority. 

Standardization of test procedures and uniformity of production produce 
coinciding tube characteristics assuring unvarying equipment performance. 

There are Eimac representatives, qualified to assist with your vacuum tube 10 problems and service ... as close as your telephone. Please take advantage 
of their council . .. talk over your tube problems with them .  there is 
no obligation. 

EI T E L- M c C U L L O U G H,  IN C. 
Sa n  Br u n o ,  C a l i f or n i a 

Export Agents: Frazer & Hansen, 301 Clay Street, San Francisco, California 

4X500A 

C O M PL E T E  D A TA  O N 

THESE EI MA C TETR ODES 

M AY BE HA D BY W RITI N G 

TO 

EITEL-McCULLOUG  INC 
H, 

San Bruno, California 

EIMAC FIELD REPRESENTATIVES 

Herb Becker 
1406 So. Grand Ave. 
Los Angeles IS, Calif, 

Royal J. Higgins 
Royal .1. Higgins Co. 
600 S. Michigan Ave., 
Chicago 5, 

Dave M  Lee 
Dave M. Lee Co. 
1626 Second Ave. 
Seattle 1, Wash. 

J. E. Joyner, Jr. 
James Millar Associates 
P 0 Box 116, Sta. C 
Atlanta 5, Georgia 

Adolph Schwartz 
220 Broadway, Rm  1609 
New York 7, N. Y. 

M. B. Patterson 
Patterson & Company 
1124 1 rwin•Keaslor Bldg. 
Dallas 1, Texas 

Clyde H Schryver 
Clyde H Schryver Sales Co. 
4550 Main St , Rm  224 
Kansas City 5, Missouri 

W. Clif McLoud 
W Clif Mcloud & Co. 
711 Colorado Bldg. 
Denver 2, Colorado 

Tim Coakley 
Coakley Sales Office 
11 Beacon St 
Boston 8, Mass. 

I4A 
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CLARE Type "JMS" Relay with 
single arm armature, equipped 
with one snap-action switch. 

THIS SMALL, COMPACT CLARE RELAY 
WILL SWITCH 1250 WATTS WITH AN INPUT OF 1 WATT! 

This new CLARE Type "JMS" Relay is a sensitive relay for switching 
heavy a-c loads with small d-c controlling currents ... as high as 1250 
watts can be switched with a 1-watt input. 
It combines the outstanding features of the larger CLARE Type "CMS" 
Relay with the small size and light weight of the CLARE Type "J" Relay 
and employs a new-type Micro precision switch of unusual efficiency 
and compact design. 
The CLARE Type "JMS" Relay is especially suitable to locations sub-
ject to sudden jolts, constant vibration or tilting. It may be provided 
with either one or two Micro snap-action switches, or with one switch 
and a pileup of twin-contact springs. For installations where quick 
removal or replacement may be desirable, it may be fitted and wired to 
a standard radio type plug. 

This new relay is a development of CLARE's unceasing effort to keep 
pace with every industrial relay requirement. Our engineers and sales 
representatives are constantly at your service to provide just the relay to 
meet your specific need. 
For full information on the CLARE Type "JMS" Relay, look up the 
CLARE office in your classified telephone directory . . . or write for 
Bulletin 102 to C. P. Clare, 4719 West Sunnyside Avenue, Chicago 30, 
Illinois. In Canada: Canadian Line Materials Ltd., Toronto 13. Cable 
Address CLARELAY. 

IC S AV 

First in the Industrial Field 

Showing mounting of snap-action switch on 
CLARE Type "JMS" Relay with single armature. 

CLARE Type "JMS" Relay provided with dou-
ble armature and two snap-action switches. 

STANDARD SPECIFICATIONS 

Contacts: Snap-action, enclosed. Varying 
capacity: 10 amperes at 125 volts; 5 am-
peres at 250 volts. 

Residual: Lock Screw (Adjustable). 

Mounting: May be mounted on relay 
bases or strips as well as mounting bars or 
individual mounting brackets. 
Dimensions: Overall length: 21/4"; width: 
11/4 "; height: 2". 

Weight: Net: 4 oz. (approx.); Shipping: 
I/2 lb. (approx.) 

Write for Clare BULLETIN 102 



16A 

On Land, 
Sea, and Air 

JIle mo rA  — 

Mallory Vibrators 
Are Relied Upon For 
Complete Dependability 

Whatever your vibrator application, the odds are that 

a standard Mallory Vibrator already is performing a 

similar job. The illustrations on this page are only a few 

of many examples where Mallory Vibrators are giving 
dependable service. 

Mallory engineering skill, long experience, and com-

plete adherence to quality ideals mean that Mallory 

Vibrators will give you longer life and less trouble. 

More Mallory Vibrators are used in original equipment 

than all other makes combined. Why qke a chance on 

anything less than this standard of excellence? 

Send complete technical details of your 

problem. Mallory will supply the answer. 

Vibrators and Vibrapack* Power Supplies 

'MALLORY P. R. MALLORY & 

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

SERVING INDUSTRY WITH 

Capacitors  Rectifiers 

Contacts  Switches 

Controls  Vibrators 

Power Supplies 

Resistance Welding Materials 

• 
*Reg. U. 

PROCEEDINGS OF THE I.R.E.  September, 1949 



I , 

IMllTI RESISTORS 

Standard Types and Sizes 
To Meet Every Need 

Write on 
Company 
Letterhead 
for Catalog 

40 

The extensive range of Ohmite types and sizes makes possible an almost endless variety of standard 
Ohmite resistors to meet each individual need. Ohmite offers resistors in more than 60 core sizes. 
in a wide range of wattage and resistance values. There are also 18 types of resistor terminals 
available. Included in the Ohmite line are fixed, adjustable. tapped, non-inductive, and precision units. 

These rugged resistors have proved their worth under the toughest operating conditions. Specially 
developed vitreous enamel holds the winding rigidly in place and protects it from mechanical 
damage, shock, vibration, cold, heat, fumes, and humidity—providing years of unfailing perform-
ance. Ohmite engineers will be pleased to help you in selecting the right resistors for your job. 

OHMITE MANUFACTURING COMPANY 

4862 Flournoy St., Chicago 44, III. 

"4:1 RHEOSTATS • RESISTORS • TAP SWITCHES Reg.U.S. Pot.Off. 

fueadottil we & ice 



The Stackpole Min-
ute Man —your as-

surance of prompt, 
dependable service 

These Stackpole Specialties 

SIMPLIFY DESIGN and CONSTRUCTION 

TINY "GA" CAPACITORS 
...that cost no more than "gimmicks" 

These sturdy little capacitors cost no more than 
flimsy, twisted wire "gimmicks,'' are non-induc-

tive and assure greater stability, higher Q, 

better insulation resistance and higher break-

down voltage. Standard capacities include .5— 

.68 -1.0-1.5— 2.2 -3.3 and 4.7mmfd. types. 

INEXPENSIVE SUPPORTS 
FOR WINDINGS 

Handy Stackpole molded Bakelite coil forms 

take less space and require one-third fewer 

soldered connections. Standard forms are 

available for universal, solenoid, tapped 
universal and multiple windings. Molded iron 

center sections can also be provided. 

I 6;119 

DEPENDABLE, LOW COST 
SLIDE SWITCHES 

for 3 ampere, 125V. A. C. use 

The new Stackpole Type SS-26 Switch is just the thing 

for electrical appliances and equipment of all sorts! 

Construction is exceptionally durable and the 

switches are readily adaptable to various mount-

ing arrangements. Underwriters approved and 

conservatively rated for 3 amperes at 125 

volts A.C. (or 1 ampere at 125 volts D.C.). 
Single-pole single-throw and single-pole 

double-throw types available. 

Electronic Components Division 

STACKPOLE CARBON COMPANY • ST. MARYS, PENNA. 

J111.  September, 1949 

WRITE FOR 
CATALOG RC7 
Stackpole fixed and 
variable resistors 
Iron cores for prac-
tically any need  In-
expensive line and 
slide switches. 

Eitt , 



KILOVOLTS for KLYSTROIS 
NE W 

PO WER SUPPLY for 
microwave oscillators 

PRICE 

$1250•°° 
F.0.8 BROOKLYN, N.Y. 

DIRECT 
READING 
CONTROLS 

— coarse and fine — 

allow repeller volt-

age to be accurately 

adjusted from —20 

to —750 volts. 

GRID VOLTAGE 
may be varied 

continuously from 

—300 volts to a 

positive value lim-

ited by the klys-

tron grid current. 

- 

& DE 

CONTINUOUSLY 
VARIABLE 

carefully regulated beam 

voltage supply provides 

cathode-to-grounded-

anode potential in two 

ranges  with  choice  of 

operation  from  800  to 

1500 volts at 65 ma or to 

3600 volts at 25 ma. 

PANEL 
METERS 

indicate beam 

voltage  and 

current di-

rectly. 

0 

• 

A 

• 
=11 

A 

L 
'  C.0 

4 

The Type 801 Universal Klys-
tron Power Supply has been 
developed by PRD to meet the 
increasing need of research 
and production engineers for a 
unit to operate the many high 
voltage klystrons now in use 
throughout  the  microwave 
spectrum. 

mos 
Pam 
mar. 
mew 

Provision is made for c-w, square-wave, sawtooth, and 
external modulation of conventional internal cavity 
ldystrons, external cavity oscillators, and the new 
millimeter tubes now coming into use in microwave 
spectroscopy. 

Excellent voltage stabilization guarantees a maximum 
of oscillator frequency stability. Carefully controlled 
modulation wave-shapes insure accuracy of standing 
wave measurements and spectrum analysis when made 
with oscillators powered by this supply. 

RESEARCH 

LOPMENT COMPANY, Inc. 

20 2  TI LL A R Y  ST.,  BR O O KL Y N  2,  NE W  Y O R K 

teatline os' f" nii:cH;owilairn 

JUST ncr 
The n PRESS! 
ratan e w 9513age  
the  g describing Comp/ 

e q U i p,..  ve 
no w ...  ...ern i8 
Write 'Iv a abl for il  e--- Your 
tod ay to D  "PY ept. x. 
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The "Gotham"—TV— 
Radio—Phonograph 

COSMALITE* gives 
STAR performance in the new ZENITH 
This internally threaded Cosmalite coil form of cloverleaf design in the very 
heart of the Zenith Television Transformer, permits quick tuning of both primary 
and secondary frequencies through the upper end. The hexagon shaft of the 
frequency setter easily passes through the upper core and engages in the lower 
core ... adjusting the frequencies of both coils with the greatest ease. 

Consult us on the many uses of Cosma-

lite (low cost phenolic tubing) in tele-

vision and radio receivers. 

Cosmalite coil forms are also used 
in transformers of Zenith's table 
radios, such as the new Super-Sensi-
tive "Major" FM receiver, above. 

4CLEVELAND CONTAINER6 
6201 BARBERTON AVE.  CLEVELAND 2, OHIO 

PLANTS AND SALES OFFICES al Plvrne.th W  Chor000 Detioet Oodensbaro N Y Jornesboto,N 

ABRASIVE DIVISION or Clevelond 01,o 

CANADIAN PLANT  The Cleveland Contenner Conodo Led Presto., Ontario 

REPRESENTATIVES 

CANADA  W M I BARRON, EIGHTH LINE, RR •1. OAKVILLE, ONTARIO 
METROPOLITAN i 

NE W YORK  R. T. MURRAY. 614 CE NTRAL AVE . EAST ORANGE. N J 

NE W ENGLAND  E. P. PACK AND ASSOCIATES. 968 FARMINGTON AVE 

WEST HARTFORD, CONN. 

The "Claridge"—TV 
Table Receiver 

• Re g.U.S.Pat.Off. 

- 

sm !. 

20A 
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FREED "PRODUCTS o EXTgENSIVE RESEARCH" 

NO. 1110 INCREMENTAL 
INDUCTANCE BRIDGE 

Inductance  range  from  1 
MHY to  1000 H. Frequency 
range from 60 to 1000 cycles. 
D.C. range from .5MA to I 
Amp. 

NO. 1030 "Q" INDICATOR 
Frequency ran9e from 20 cy-
cles to 50  kilocycles.  "Q" 
range from .5 to SOO.  "9" 
of inductors can be measured 
with up to 50 volts across the 
coil. 

NO. 1010 COMPARISON 
BRIDGE 

For precision laboratory ad-
justment  and  incoming  in-
spection of resistors, capaci-
tors and inductors.  Entirely 
self contained, A.C. operated 
and  includes  a three  fre-
quency  oscillator,  an  A.C. 
bridge and a null detector. 

NO. 1150 UNIVERSAL BRIDGE 

For  measurement  of  induc-
tors,  capacitors,  and  deter-
mination of resistive and re-
active components of imped-
ances.  Frequency  range  20 
cycles - 20,000  cycles.  ry. 
accuracy. 

F rit% 
E 41111 

HIGH FIDELITY OUTPUT 
TRANSFORMER 

High  quality  output  trans-
former  combines  unusually 
wide  frequency  range  to-
gether with very low phase 
shift and harmonic distortion. 
Frequency  range  V2  DB 20-
30,000 cycles. 

DISCRIMINATORS 
For telemetering and remote 
control application using au-
dio and supersonic frequency 
subcarriers. 

TOROIDAL INDUCTORS 

Hi 0 toroidal  coils wound 
on  powdered  molybdenum 
permalloy.  Can be supplied 
for  frequencies  from  200 
cycles to 200 KC  Available 
in  hermetically  sealed  con-
struction  potted  and cased 
or open type units. 

NO. 1210 NULL DETECTOR Si 
VACUUM TUBE VOLTMETER 

Vacuum Tube Voltmeter: Sen-
sitivity .1,  I, 10,  100 volts. 
Input impedance 50 megohms 
shunted  by 20  mmfd.  Fre-
quency  rang•  20  cycles - 
20,000 cycles. 

NULL DETECTOR: Gain 94 DB. 
Selective circuits for 60, 400, 
1000 cycles. Frequency range 
20.30000 cycles. 

NO. 1060 VACUUM TUBE 
VOLTMETER 

For use at audio, supersonic 
and  radio frequencies.  Fre-
quency range from 10 cycles 
to 1.6 megacycles.  Input im-
pedance SO megohms, input 
capacity  IS MMF.  Voltage 
range of .001  to  100 volts. 
Frequency range from 10 cy-
cles to 2 megacycles. 

NO. 1140 NULL DETECTOR 

High gain Null Detector for 
Bridge  measurements.  Con-
tains  selective  circuits  for 
60-400-1000 cycles.  Frequency 
range 30-20,000 cycles. 

NO. 1020 DIRECT READING 
MEGOHMETER 

Measures insulation resistances 
up to 2,000,000 megohms. 500 
volts D.C. potential included 
in  the  instrument.  Entirely 
self contained and A.C. oper-
ated. 

NO. 1180 A.C. POWER 
SUPPLY 

A valuable laboratory instru-
ment with continuous variable 
output from .1 volt to  100 
volts @ 60 cycles. 

AISFITRMER 

STEPDOWN TRANSFORMERS 
High  efficiency  Auto  Trans-
former can be used as either 
Step Up or Step Down trans-
former equipped with stand-
ard receptacle and line cord. 

FILTERS 
Narrow band pass filters for 
remote  control  and  tele-
metering  applications.  High 
pass,  low  pass,  band  pass 
and  band elimination filters 
for communication and car-
rier systems. 

7717 TTTI TITTTTTITMT 

HI-Q MINIATURE TOROIDAL 
INDUCTORS 

Size 3/4 " D. s 3/8" — weight 3/4 
ounce.  Type TI-5 Frequency 
range 1000 cycles - 15,000 cy-
cles.  Type  TI-7  Frequency 
range 10,000 cycles - 100,000 
cycles.  Wound on molybde-
num  permalloy  dust  cores. 
Available  in  hermetically 
sealed  cans,  potted  and 
cased or open units. 

HERMETICALLY SEALED 
COMPONENTS 

Class A Grade 1 components 
to meet JAN-1-27 specifica-
tions.  Made to customers re-
quirements where temperature 
and humidity are factors. 

1718 k WEI NELD ST., (RIDGEWOOD) BROOKLYN 27, NEW YORK 
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News—New Products CONTACTS 

High current capacity ...tow 
voltage drop . . . No addi-
tional solder required. 

SHELL 

High strength aluminum 
alloy ... High resistance 
to corrosion ... with sur-
face ankh. 

SCINFLEX• ONE-
PIECE INSERT 

High dielectric strength 
...High insulation resist-
ance. 

*A new, exclusive Bendix.. 
Scintilla development. 

BENNE-SCINTILLA 
ELECTRICAL  CON NECT ORS 

offer you this 

IMPORTANT, EXCLUSIVE FEATURE 

PRESSURE TIGHT 
SOCKET CONTACT ARRANGEMENTSI 
Outstanding design and fine workmanship, 
combined with materials that will meet every 
requirement, make possible our "pressurized' 
connectors that include both pin and socket 
arrangements for ALL sizes of contacts. 

PLUS ALL THESE OTHER FEATURES 
• Moisture-proof 

• Radio Quiet 

• Single-piece Inserts 

• Vibration-proof 

• Light Weight 

• Easy Assembly and 

Di  bly 

• Fewer Parts than any 

other Connector 
• Na additional solder 

required 

• High Insulation Resistance 

it, our Sales Department for detailed inform , t, 

S MAG1111.1.11.111.MIM MT W' of 

SIDNEY, NEW YORK 

••• 

IVI•1  IO W 

I Isles B U M leleisetiesel Divines. /7 Fink Arum, Nis Viii II Nes Tell 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

New Plug-In Audio 
Amplifiers 

The design of new AM, FM and Tele-
% ision audio amplifiers has been an-
nounced by the Transmitter Div., General 
Electric Co., Electronics Park, Syracuse, 
N. Y. 

The amplifiers plug into Cannon recep-
tacles mounted at the rear of the trays. 
The trays fit into a shelf which can be 
mounted in any standard 19 inch cabinet 
or relay rack. 
Included are the Type BA-1-C Pre-

Amplifier with its' Type FA-22-A Tray, 
the Type  BA-12-A  Program/Monitor 
Amplifier with its' Type FA-22-B Tray, 
and the Type FA-23-A Shelf which u ill 
accommodate up to six of the pre-amplifiers, 
and up to four of the program-monitor 
amplifiers. 
The Type BA-1-C Pre-Amplifier may 

be used as a microphone or transcription 
pre-amplifier, booster amplifier, medium-
level line amplifier, or as an isolation 
amplifier. 
The Type BA-12-A Program/Monitor 

Amplifier may be used as a program or line 
amplifier, a monitoring amplifier, or,Lan 
isolation amplifier. 

New Diffusion Pump 
A new oil-diffusion type vacuum pump, 

the HV-1, is in mass production by Eitel-
McCullough, Inc., 189 San Mateo Ave., 
San Bruno, Calif. 
The HV-I was 

originally designed 
by Eimac engineers 
for their own use in 
vacuum-tube man-
ufacturing. It will 
deliver tip to 67 
liters per second, 
and has an attain-
able  vacuum  of 
4 X 107mm Hg. 
The  manufac-

turer states that 
expansion in the 
fields  of  nuclear 
science,  research, 
and material proc-
essing in vacuum applications should find 
many applications for this pump. 

(Continued on page 26A) 
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• One of the best known manufacturers 
of air circuit breakers in the country is the 
I-T-E Circuit Breaker Company, located 
at 19th and Hamilton Streets in Phila-
delphia. From its inception the company 
has displayed unusual receptiveness to 
new ideas, whether from within or with-
out; hence it has done its share of pio-
neering, and perhaps more. Revere is 
proud to play a part in its progress, 
through close collaboration with I-T-E 
engineers, production men, and the 
purchasing department. The extensive 
use of Revere Extruded Shapes is but one 
result of our mutual attack upon I-T-E 
problems, which the company is good 
enough to say has saved a great deal of 
money, as well as made possible a better 
product... Perhaps similar results would 
be obtained if you gave us the oppor-
tunity to place our knowledge as well as 
our metals at your disposal. Why not 
inquire? 

REPEIZE 
COPPER AND BRASS INCORPORATED 

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

• • • 
Mills: Baltimore, Md.: Chicago, Ill.; 

Detroit, Mich.; Los Angeles and Riverside, Calif.; 
New Bedford, Mass.; Rome, N. Y.— 
Sales Offices in Principal 
Distributors Everywhere. 

'W.,. NI' • - .:4'41'.4 . ' 
MUCH ELECTRICAL 

MANUFACTURING MAGIC 
BEGINS HERE 

'."  

This is but a part of the 1-T-E Stock of Revere Extruded Shapes in copper, 
brass, manganese bronze, and aluminum. I-T-E is a great advocate of extruded 
shapes, from long experience finding them markedly superior, in uniformity, 
strength, and economy due to the fact that a great deal of machining is avoided. 

(Left) I-T-E Contact Block made from an extruded shape. This 
was formerly extruded in electrolytic copper; changing to 
Revere Free-Cutting Copper resulted in a saving of 30'/0 in 
machining time. (Right) I-T-E "K" Breaker, Main Contact 
Assembly in open position. This is an especially interesting 
assembly, since it shows no less than eight extruded shapes in 
copper and bronze. Use of these shapes makes the assembly 
more compact, stronger, lighter, and considerably more eco-
nomical to produce. The contacts are silver alloy, and the unit 
is silver plated.... In addition to supplying I-T-E with extruded 
shapes, and strip, Revere furnishes rolls, bar, rod, sheets, in a 
wide range of non-ferrous alloys, and seamless brass tube. 

(Left) Main movable Contacts and Flexible Connectors in an 
I-T-E "K" Type Circuit Breaker. The two contacts are made 
from Revere Extruded Shapes. Revere and I-T-E collaborated 
closely on the specifications for the thin-gauge copper strip for 
the pigtails, working out the correct gauge and temper to avoid 
notch effects and cracking of the connection at the braze. 
(Right) Main Separable Contacts from an I-T-E Type "LG" 
Circuit Breaker. 'These are stamped from Revere Copper Strip 
with the temper specially controlled to eliminate a de-burring 
operation previously found necessary to obtain edge surface 
suitable for electrical contacts. (Inset) Back view of "K" type 
Breaker showing a similar type of contact. 
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NEXT BEST THING 

TO A 

"SKY-HOOK!" 
"Sky-hooks" being expensive and some-
what impractical, why not start from the 
ground up with a Blaw-Knox tower to 
obtain support for your high-riding FM 
and TV antennas? 

Blaw-Knox, having built towers since 
spark-gap days, makes available to elec-
tronic engineers a degree of practical ex-
perience unequalled in this field. So, when 
you want the next best thing to a sky-
hook, call Blaw-Knox. 

[
Shown here is a Blaw-Knox special 
417 ft.  Type  H-40  Heavy  Duty 
tower for Station WHIO, Dayton, 
Ohio. This tower was designed to sup-
port an RCA combination 4-section 
pylon, plus a 6-section TV antenna 
and station call letters. 

BLA W-KNOX DIVISION 
OF SLA W-KNOX CO MPA NY 

211i7 Farmors Bank Building ia Plt.eburgh  Pa. 

• itted. tly 

- G aY155 " ...us IN 100 P110001 .1. C11.11 
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A 100% INCREASE IN THE GL-502-A's 
RATED CURRENT CAPACITY AT REDUCED VOLTAGES 

0.2 amp average with 180 v on the anode! 

I libb'   7-  "THIS COMPACT METAL THYRATRON WILL REPLACE 

GLASS TYPE 2050 IN YOUR CIRCUIT; YET IT'S 

. ONLY HALF THE SIZE... AND SELF-SHIELDING!" 

CONTINUOUS G-E improve-
ment in design and produc-

tion makes it possible to rate the 
GL-502-A thyratron, for low-
voltage operation, at twice its former 
average current capacity, or .2 amp 

maximum. 

Here is performance sure to be wel-
comed by the electronic designer. No 
change in size is involved; the GL-5 02-A 
(only 21/16 inches high when seated) 
continues to take up minimum space. 
Also, the tube's self-shielding character-
istic, a feature of metal-envelope types, 
remains an important aid in simplifying 
circuit and panel design. 

Much electronic control equipment is 
being built to operate at voltages at or 
near low power-supply potentials. The 

ç. new, higher-rated current capacity of the 
GL-502-A under these conditions, gives 
the designer "more tube to work with." 
Glass Type 2050—twice the size of the 

GL-502-A—can be replaced by the small-
er thyratron with no loss in tube per-
formance, yet with a pronounced saving 

in space occupied. 

GENERAL 

Investigate this great little metal 
thyratron now. ... while your new 
control circuit is in the planning 
stage! You'll save in space, gain in 

economy and efficiency. Get the com-

plete story from your nearby G-E elec-
tronics office. Or wire or write Electronics 

Department, Genera/ Electric Co., Schenec-
tady 5, New York. 

CHARACTERISTICS, TYPE GL-502A 
Max over-all height 

No.  ver-al .jcof° diameter  
r 

l   

Cathode voltage 
current, 

heating tim 
O PPrOX 

A vg anode- "pp' typical capacitancoeaco ogrid 

, Volta ge 

ed  t   

2% inches 
1 5/16 inches 

4 
6.3 v 

0.6 amp  
10 seconds min 

8v 

Ambient temperature limits  —55 to +90 c 

MAXIMUM RATINGS 

High-voltoge Low-voltoge 
Peak anode voltage, °Per " "  operation  

inverse 
forward  1,3 00 v  360 v 

650 v Anode current,  180 v 
instantaneous 

average 
Time of averaging 

• current  30 seconds 30 seconds 

amp 
0.1 amp  

0.2 mmld 

a m p 

0.2 amp  

ELECTRIC 
FIRST  A N D  G RE ATE ST  N A ME  IN  ELE CTR O NI CS 

Ii 
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TYPE 
11H6 

MINIMUM SPACE... 
MAXIMUM PERFORMANCE 

This miniaturized crystal unit is avail-
able in the frequency range 1 mc to 
100 mc with tolerances to meet all 

commercial or military specifications. 

TYPE • 

TC0-1 

OPEC. TEMP. 75*C ' 
RATING 6,39,5.SW 

. .. down to ± .0001% between-55°C 
and  +70°C, specify B H 6 units in 
TC0-1 (single) or TCO-2 (dual) tem-
perature controlled ovens. 

For over 19 years . . . foremost in fre-
quency control applications. 

BLILEY  ELECTRIC  CO MP A NY 

UNION STATION  BLDG  • ERIE, PA 

jA 

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 22.4) 

Precision Asbestos Tubing 

Originally designed by Precision Paper 
Tube Co., 2045 W. Charleston St., Chicago 
47, III., as a heat resistant base for coils and 
bobbins, this new asbestos tubing has 
other potentialities in the industry. 

Because it is unaffected by high tem-
peratures, this tubing could be used as 
insulation and as a dielectric, in such units 
as heaters, thermal heating devices, for in-
sulating rosls, etc. 
The tube is made by spirally winding 

prepared asbestos tape to predetermined 
sizes around a mandrel, and then diformed 
into shape. This tubing can be supplied in 
any length, with wall thicknesses from 
0.10 inch. 

New Power Supply 
•I lw Nlodel B, a recently designed dc 

power supply that employs new type 
heavy duty selenium rectifiers, and has a 
wide range variable voltage control, and 
damped volt and ammeter, is now avail-
able from Electro Products Labs., Inc., 549 
W. Randolph St., Chic,i g,. 

This source will deliver .from 3 to 9 
volts with a rating of 6 volts at 20 am-
peres continuous, and 35 amperes instan-
taneous, from 50 to 60cps 115 volt supply. 
The Model B was primarily designed 

for testing or operating automobile radio 
receivers, but it will also test faulty vibra-
tors, push button solenoids, 6-volt battery 
type receivers, and will provide over and 
under voltage operating conditions for all 
auto radio receivers. 

(Consionied on rage 304) 

CANNON 
PLUGS 
FOR THE 
RADIO 
TECHNICIAN 

TYPE AN 
has greatest number of 
inserts, variety of am-

More than 200 layouts. 
perages and voltages. 

TYPE K 
and RK similar to 'AN' 
but an exclusive Can-
non product, more rug -
ged than type AN '. 
210 inserts-layouts. 

Fast growing in pop-
ularity as the leading 
quality low cost micro-
phone connector. 10 & 
15 amps. contacts. 

TYPE X 
3 insert arrangements: 
friction type engage-
ment. 10 and 15 amps. 

TYPE P 
Standard sound and 
microphone series in 7 
insert  arrangement,-
15 &  ;imp, contacts. 

TYPE DP 
Rai k & Panel type 
connectors with 
standard contacts 
and coaxials. 

AND 7 OTHER MAJOR TYPE SERIES. 

Write for the new C-48 
Condensed Catalog 

Address Department 1-377, 1 SINCE 1915 

s(GlInj11011i 

Division of Cannon Manulactur,ng Corp. 
3209 HUMBOLDT ST., LOS ANGELES 31, CALIF. 

IN CANADA & BRITISH EMPIRE: 
CANNON ELECTRIC CO., LTD., TORONTO 13, ONT. 

WORLD EXPORT (Excepting British Empire): 
FRAZAR & HANSEN, 301 CLAY ST.. SAN FRANCISCO 

.-1C 7 

C A N N O N 

ELECT RIC 
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AE ROC° 

• Brand new! Looks like a paper tubular yet  ntirely 
different. This plastic tubular is mold  in its own 

paper tube. That means a tubular approaching the per-

formance of the molded-plastic capacitor yet available 

at a price closer to the conventional paper tubular. 

For example: In a typical TV receiver using some 30 
molded-plastic capaci16rs, the Type '87 Aerocon scores 

a saving of 50 cenfs! And without sacrificing top per-

formance! 
It's all due to another exclusive Aerovox develop-

ment — Aerolene — the combination impregnating-seal-
ing material already featured in Aerovox Duranite 

tubulars in general use. 
So here's real performance insurance for those TV, 

auto-radio, oscillograph and other severe-service re-

quirements. And at irresistible price, too. 

Samples, ratings, quotations available on request 

$  25 500 vDC 

AEROCON CHECK LIST 

ye Paper-tube tubular but with ends sealed 
with rock-hard Aerolene. 

fro Aerolene impregnant eliminates stocking 
and using of both wax and oil capacitors. 
One impregnant does work of both. 

8,001 Absence of impregnating oils and waxes 
eliminates dripping or cracking of wax 
coaling which interaction might cause. 

BRO W 
capacitors 

2 

00050 

5 

INSULATION 
REs$STANCE 

VARIATION  4  TEMPERATURE 

clutr,isq 'IMO 2 soot 21 SOO• DC 

•  

CAPACITANCE CHANGE 

will, TEMPERATURE 

Al ICCO C P S 

POWER FACTOR 
VS 

TEMPERATURE 
AT icco CPS. 

-20  0 SO  60  60  10  100  12/0  140  I60  IRO  200  220 

Of GRICS rANRINNfl 

-30  10  -  o  oo  oo 
S CO W  N• IOOl 

.0  10  50 00 NO 

toor Equal to or even smaller than molded 

units. 

poi Heat- and humidity-resistant qualities of 

the order of the best plastic tubulars. 

frof Can be used without drips at 212'F. 

torz Dielectric strength maintained at elevated 
temperatures. Rated voltages based on 

212'F. operation. 

posT No softening of dip wax to become 
gummy, tacky, dirty or dark. 

//‘ Unimpaired by sub zero operation. Ca-
pacitance increases slightly with temper-
ature rise. 

joie Extremely high initial insulation resist-
ance. Units recover insulation resistance 
upon heating. 

FOR RADIO-ELECTRONIC AND 
INDUSTRIAL APPLICATIONS 

AIROVOX CORPORATION, NEW BEDFORD, MASS., U.S.117, 

SALES OFFICES IN ALL PRINCIPAL CITIES • Export  13 E. 40th ST., NEW YoRX 16. N. V. 

hie: 'ARLAB  • In Canada: AEROVOX CANADA LTD.. HAMILTO N, ONT.. 
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Modern One-Acre Plant with 
Complete Internal Facilities for 

Quality-Controlled Volume Production 

From original conception to final product, 
you get full benefit of the unusual E-V 
processes. Here are E-V laboratories, where 
constant research keeps making new con-
tributions to the Art. Here we make tools 
and dies ... die cast, plate, screw machine, 
stamp, mold plastics, and assemble. Here 
we use specially designed test equipment 
for quality control. With all these facilities, 
we produce high standard acoustical prod-
ucts in quantity, with utmost economy. 
Come—see this plant in action. 

NO FINER CHOICE THAN 

YO7L'I 
•E•V Pot. Pending 
licenzed under Br,,,h 

Export: 13 East 40th St., New York 16, U.S. A . 
Cables: Arlab 

28A 

TORQUE 

FONO-FITTED  CARTRIDGES 

DRIVE 

you draw the curve 
WE'LL  BUILD  THE  CARTRID GE 

Your specifications . .  your special requirements in 

phono pickup cartridges . . . are ideally "custom-solved" 

through E-V creative engineering . . . unusual manufac-

turing facilities . . . and inherent advantages of exclusive 
TORQUE DRIVE.* 

CUSTOM 

RESPONSE 

Smooth upper response with roll off frequency 
to your specifications or wide range, peak-free 
response to 10 kc. You draw the curve, we'll build 
the cartridge. 

E-V TORQUE DRIVE cartridges provide the 
highest compliance per volt output. For example, 

VOLTAGE  the E-V 14 cartridge tracks at 5 grams with excel-
lent wave form down through 50 c.p.s. on the 
RCA 12-5-31V record at 1 volt at 1,000 c.p.s. 

TRACKING 

FORCE 

COMBINATION 

One and Three Mil 

MOISTURE 

PROOFING 

With the high compliance and low mass of the 
driving system, needle forces at 5 grams for both 
one and three mil records are used in everyday 
production by leading manufacturers. Cartridges 

• with even lower needle force with slight reduction 
in voltage are thoroughly practical. 3 gram track-
ing pressures are definitely in sight. 

E-V TORQUE DRIVE again leads in twin needle 
cartridge design. Tracking force of 5 grams on 
both one and three mil records precludes weight 
changing. Straight line needle position assures 
accurate set down when used with changers. 
Approximately the same output is obtained on 
both styli. The E-V Twin-Tilt cartridge mounts 
in any arm with 12 mounting holes with no modi-
fication except adjustment for correct needle force. 

The cartridge is entirely filled with DC4 Silicone 
jelly—the material that is used for inhibiting 
moisture on aircraft wiring. Tests indicate that it 
increaies the life of an ordinary crystal some 20 
times. This is a plus feature, found in all E-V 
crystal cartridges. 

Our engineering staff and full facilitte, are at your 
service. Contact us today. 

ELECTR O-VOICE, INC. • BUCH AN AN, MICHIGAN 
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IP' 
LOW FREQUENCY 

LOW PASS 
FILTER 

SUB-OUNCER 

TOROID FILTERS 

FILTER SPECIALISTS 
PRODUCERS OF PERMALLOY DUST TOROID COILS AND FILTERS FOR OVER A DECADE 

20 

40 

08 

?.  E $.4 5; :4  1'4 

BROAD BAND 

SHARP CUTOFF 

FILTER 

ATTENUATES 

10KC TO 30 
MEGACYCLES 

HOA, C, D 
if' Dia. x 1A" High. 

HOB 
2 5/a" L. x 1 1/4 " W. x 2 1/2 " H. 

UNCASED TOROIDS 

Filters employing SUB-OUNCER toroids and 
special condensers represent the optimum 
in miniaturized filter performance. The bond 

pots filter shown 
weighs 6 ounces. 

write for catalog PS-409 

VIC 

1 1/4 " L. x 1 1/4 " W. x 1 1/2 " H. 

FOR HIGH Q COILS 

0 
IN 

-- MI MI11115 
1110 011 

'pro mo 
81.41 = =_111101  Ns 

„.-- NE 
SOO  SOS 

111011INCI —CO WS 

SM  1001 JIM 

HOA 

100 

101C  50IV  100  ZOO  3001C 
l'FICOVE 

300  1000 
rRE M OICV - CVCLES 

IV APPULD 

150 VARICK STREET  NE W YORK  13,  N • Y. 

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y.,  CABLES: "ARLAB" 



Wow You_ CalL 

Find products easily! 

Look in the IRE Yearbook 
3347 Electronic Supply Firms Listed: 

Every Firm in the Alphabetical chrectory has ucicitess and complete line of 
products of interest to radio engineers is given in code numbers so you can 
understand what related products the firm supplies. This kind of listing gives 
you the most comprehensive and up-to-date picture of the company you are 
looking up, both as to manufactured products, and services. A cross-index pro-
vides direct reference to the page on which advertisers provide fuller informa-
tion. Easy-reading type and spacing! 

The Institute of Radio Engineers 

YEARBOOK 1948 

‘1.11411 1 , 4,  r m t .  ....1 ,1114 , 

.,,•,.,. ,̀• 

Index of 75 Products 
and Services 

This year, complete for companies who 
answered our requests, The Product Index 
shows ALL firms. Advertisers are given 
with complete addresses. A turn to alpha-
betical directory gives full data on the 
briefer listings. 

Complete 
Fast Reference 

Understandabl 
• 

Published for IRE Members 

from Associate grade—up. 

by 
THE INSTITUTE OF RADIO ENGINEERS 

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

(Continued from page 264) 

New Pre-Set Type Industrial 
Counter 

A new series of preset table high-speed 
electronic counters for industrial applica-
tions, with counting rates of 10,000 per 
minute, and operating from photoelectric 
or magnetic pickup sources, may be pur-
chased from the manufacturer Airlectron, 
Inc., P.O. Box 151, Caldwell, N. J. 

Various models are designed for pre-set 
ranges of from 1 to 999 gross with decade 
selection and direct reading count indica-
tion (shown in illustration); fixed pre-
selection of any four quantities; and for 
decade selection of any number up to 
10,000. 
The output circuits of these counters 

may be connected so as to start and stop 
machine operation, switch loading chutes, 
or perform functions associated with 
counting. 
. Special timers are furnished if desired 
for use in rate determination or the precise 
measurement of rotational speeds. 
Dimensions: 14' wide, 10' high, and 

8' deep. 

Turnover Type Pickup 
A new turnover type phonograph pick-

up with double needle cartridge, which 
plays 331, 45, and 7g rpm records at the 
same pressure, has been manufactured 
by Astatic Corp., Conneaut, Ohio. 

The pickup is the Model CLD, which 
employs Model LQD cartridge. All three 
recordings are played at 8 grams pressure. 
The needles may be removed by light pry-
ing with a knife point or small screw 
driver; this may be performed without 
removing the cartridge. 
When using a 78 rpm Audio-Tone test 

record, output voltages are 1.2 volts at 
1,000 cps, and with a 331 rpm Columbia 
281 record. 0.9 volt at 1,000 cps. 

(Continued on page 584) 
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A Few of the Added Features that make the 

3rd Edition of this Handbook essential to you 

Radar Fundamentals 
Microwave Links and Propagation 
Pulse-modulation Methods 
Wideband Interstage Circuit Design 
Filter-Network Design 
Transformers and Other Components 
Expanded Antenna Data 
Multi-vibrators and Special Oscillators 
Electroacoustics Theory and Practice 
Bridges and Impedance Measurements 
Microwave Tabes and Circuits 
Servo- Mechanism Fundamentals 
AM, FM, and TV Broadcasting 
Transmission-Line Formulas Greatly Expanded 
Spurious Frequency Responses 
Expanded Mathematical Formulas 
Laplace Transforms 
Summary of Maxwell's Equations 

Over 100,000 satisfied users attest to the real 
worth of this indispensable data book. Now it 

has been revised and enlarged from 322 to 640 

pages ... jampacked with the kind of reference 

data you need to have on hand. 

Over 653 charts and diagrams and 207 ta-

bles give quick answers to the problems that 

come up in practical radio, television and elec-

tronic work. The handy subject index makes it 

easy to find the exact information you require. 

Federal Telephone and Radio Corporation 

Publication Department -67 Broad Street, New York 4, N. Y. 

BIGGER! 
BETTER! 
More Indispensable 
than Ever! 

THIS FAMOUS DATA BOOK 
BELONGS IN YOUR REFERENCE LIBRARY! 

• Over 100°0 more material. 

• 640 pages packed with useful data. 

• Contains material never before available in such 

detailed, complete, convenient form. 

• Over 111,000 copies of 1st and 2nd editions in use to date. 

• Adopted as a supplementary text by more than 150 

colleges. 

• Compiled by the physicists and electronic special:sts of 

the Fee:era' Telecommunication Laboratories, Inc. and the 

International Telephone and Telegraph Corporation. 

--- GET YOUR COPY NOW-USE THIS COUPON---

FEDERAL TELEPHONE AND RADIO CORPORATION 

PublIcation Dept. P-37, 67 Broad Street 

New York 4, N.Y. 

I enclose  dollars, for which send me   

copies, at $3.75 pr copy.° 

'Jam' 

Address 

City  70ne _State   
'For 12 or more copies, sent in bulk to a single address, the price per 
copy is $3.00. 
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1/6 
ICA-10BP4 FOR 

TABLE MODEL 

AND CONSOLE 

RECEIVERS 

• • 

RCA.I2LP4 FOR TABLE 

MODEL AND 

CONSOLE 

RECEIVERS 

RCA-STP4 

FOR PROJECTION. 

TYPE RECEIVERS 

PROJECTED SIZE — 

II" it 24" 

RCA.I6AP4 

FOR HIGHER 

PRICED DE LUXE 

RECEIVERS 

RCA-7/14 

FOR PORTABLE 

AND SMALL 

RECEIVERS 

THE FOUNTAI NHE AD OF M ODER N TUBE DEVELOP ME NT IS RCA 

• • • the five most popular kinescopes 

from one dependable source 

RCA now has a popular type of kinescope to 

accommodate television receiver designs in prac-

tically every class and price range. 

Concentrated production on these five accepted 

typer results in longer production runs, which 

in turn, make possible lower cost, more uniform, 

and better quality tubes for our customers. 

All five types are currently being mass-produced 

at the famed RCA tube plant in Lancaster, Penn-

sylvania. In addition, a large new plant is under 

construction at Marion, Indiana, where the pro-

duction will be centered on the RCA-16-inch 
metal-cone kinescope. 

RCA Application Engineers are ready to cooper-

ate with you in applying these kinescopes and their 
associated components to your specific designs. 

For further information write RCA, Commercial 

Engineering, Section 47IR, Harrison, N.J. 

F The world's most modern tube plant.. 

RCA, LANCASTER, PA. 

elft61- RA DIO CORPORATIO N of A MERICA 

I t ) 
32A 

EL ECTR O N TUBES 
HA R RIS O N, N. J. 

PROCEEDINGS OF THE IRE. September, Yet) 



BOARD OF 
DIRECTORS, 1949 

PROCEEDINGS OF THE I.R.E. 
Stuart L. Bailey 
President 

A. S. McDonald 
Vice-President 

D. B. Sinclair 
Treasurer 

Haraden Pratt 
Secretary 

Alfred N. Goldsmith 
Editor 

W. R. G. Baker 
Senior Past President 

B. E. Shackelford 
Junior Past President 

1949-1950 

Ben Akerman 
J. V. L. Hogan 
F. H. R. Pqunsett 
J. E. Shepherd 
J. A. Stratton 
G. R. Town 

1949-1951 

W. L. Everitt 
D. G. Fink 

1949 

J. B. Coleman 
M. G. Crosby 
E. W. Engstrom 
R. A. Heising 
T. A. Hunter 
J. W. McRae 
H. J. Reich 
F. E. Terman 
H. A. Zahl 

• 

Harold R. Zeamans 
General Counsel 

• 

George W. Bailey 
Executive Secretary 

Laurence G. Cumming 
Technical Secretary 

0 

(Including the WAVES AND ELECTRONS Section) 

Published Monthly by 

The Institute of Radio Engineers, Inc. 

VOLUME 37 September, 1949 NUMBER 9 

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

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

PROCEEDINGS OF THE I.R.E. 
Julius A. Stratton, Director, 1948-1950   978 
Institute Publication Policy   979 
3414. Double-Stream Amplifiers  J  R. Pierce  980 
3415. Part II-Investigations of High-Frequency Echoes. . H. A. Hess  986 
3416. Microwave Filter Theory and Design   

 J. Hessel, G. Goubau, and L. R. Battersby  990 
3417. Stabilization of Simultaneous Equation Solvers  G.A. Kern  1000 
3418. Electronic Wattmeter Circuits  M. A. H. El-Said  1003 
3419. Graphical Analysis of Tuned Coupled Circuits   

 A. E. Harrison and N. W. Mather  1016 
3420. An Analysis of Magnetic Amplifier Networks   

D W. Ver Planck and M. Fishman  1021 
Contributors to PROCEEDINGS OF THE I.R.E   1028 
Correspondence: 
2965. 'The Theory and Design of Progressive and Ordinary Universal Windings' 

3421 "The Duo-Mode Exciter"  A  W. Simon  1029 W. A. Hughes and Morton M. Astrahan  1031 
3422. "Note on the Theoretical Efficiency of Information Reception with PPM"   

 Marcel .1. E. Golay  1031  
3423. "A Tribute to van der BijI"    William D. Bevitt  1031 

INSTITUTE NEWS AND RADIO NOTES SECTION 

Industrial Engineering Notes   1032 
Books:   
3424. "Table for Use in the Addition of Complex Numbers" by JOrgen Rybner and 

K. S. Sorenson   110 3334 3425. "Earth Conduction Effects in Transmission Eysten s" by E. D. Surde   
3426. "Waveforms" edited by Britton Chance, F. C. W illian.s, Vernon Hughes. E. F  

MacNicol. and Dal,id Eayre   1034 
3427. "Television Antenr as: Desh n, Construction. Installaticn. and Trouble-El.cot-

ing Guide" by Donald A. Nelson   1034 
3428. "TaLles of Generalized sine- and Cosine-Integral Functions' by Harvard Univ. 

Pre  1034 Press   1034 
3429. "Automatic Record Cl anger Eervice Manual, Volume Two' (1948 )   
3430. "Advances in Llectronics. Vol. 1" edited by L. Marton   1035 
3431. "Fundamentals of Llectric Waves" by Hugh Hiloreth Sk Ming   1035 
3432. "A Textbook of hadar " Ly the Staff of the Radiophysics Laboratory   1035 
3433. "Radio Wave Fropagat ion" by the Com. on Propagation of the National Defense 

Research Committee   
3434. "Keys and Answers to New Radiotelegraph Examination Questi  1036 ons" by A. A. 

McKenzie   1036 
3435. "Industrial Electricity, Volume II: Alternating Currents' by William H. Timbie   

11 686 
33 

and Frank (I. W Bison   
3436. "oadio Laboratory Handbook" by M. G. Ecrolgie   
3437. "Modern Rauio Tecnnique" by A. H. W  Beck   
3438. "Radio Ser% izing: Theory and Practice." by Auraham Marcus   1038 
3439. "Tele% Lion, 1 o It Works"   1039 
3440. "Auto Radio Manual"   1039 

Sect ions   1037 
IRE People    1039 

WAVES AND ELECTRONS SECTION 
3441. The Program for New Aids to Air Navigation...D. W. Rentzel  1041 
3442. Multipath Television Reflections  F G Hills  1043 
3443. Regenerative Amplifiers  Y P Yu  1046 
3444. Design of Dissipative Band-Pass Filters   Milton Dishal  1050  
2906. Correction to: "Considerations in the Design of a Radar Inter-

mediate-Frequency Amplifier" by S. E. Miller and A. L. Hopper.  1069 
3445. Cathode Neutralization of Video Amplifiers. John M. Miller, Jr.  1070 
3446. A New Figure of Merit for the Transient Response of Video Ampli-

fiers  R. C. Palmer and L. Mautner  1073 
3447. Design Equations for Reactance-Tube Circuits   

 J D. Young and H. M. Beck  1078 
3448. Nledium-Frequency Crossed-Loop Radio Direction Finder   

L J  Giacoletto and Samuel Stiber  1082 
Contributors to Waves and Electrons Section   1089 
3449. Abstracts and References    1091 
News-New Products   22A  Membership   40A 
Section Meetings   38A  Positions Open   50A 
Student Branch Meetings....  38A  Positions Wanted   51A 

Advertising Index   71A 

Copyright. ILO, by The Institute of Radio Engineers, Itu 

EDITORIAL 
DEPARTMENT 

Alfred N. Goldsmith 
Editor 

Clinton B. DeSotof 
Technical Editor, 
1946-1949 

E. K. Gannett 
Technical Editor 

Mary L. Potter 
Assistant Editor 

• 

ADVERTISING 
DEPARTMENT 

William C. Copp 
Advertising Manager 

Lillian Petranek 
Assistant Advertising Manager 

• 

BOARD OF EDITORS 

Alfred N. Goldsmith 
Chairman 

PAPERS REVIEW 
COMMITTEE 

George F. Metcalf 
Chairman 

PAPERS 
PROCUREMENT 
COMMITTEE 

John D. Reid 
General Chairman 

Responsibility for the contents of 
papers published in the 

PROCEEDINGS OF THE I.R.E. 
rests upon the authors. 

Statements made in papers 
are not binding on the Institute 

or its members. 

1 Deceased 



978  PROCEEDINGS OF THE I.R.E. September 

4 

Julius A. Stratton 
DIRECTOR, 1948-1950 

Julius Adams Stratton was born on May 18, 1901, in 
Seattle, Washington. In 1919 he entered the University 
of Washington, but transferred the following year to the 
Massachusetts Institute of Technology. After receiving 
the bachelor of science degree in electrical engineering 
from MIT in 1923, he spent the next year studying at 
the Universities of Grenoble and Toulouse in France. 
Dr. Stratton returned to MIT in 1924 to act as re-

search assistant in the Communications Laboratory for 
two years. During this period he received the master's 
degree in electrical engineering, in 1925. Returning to 
Europe in 1926, he was granted the doctor of science 
degree from the Technische Hochschule, in Zurich, 
Switzerland, in 1927. The following year he continued 
his studies in physics at the University of Munich. 
In 1928 Dr. Stratton returned to the United States 

and was appointed assistant professor of engineering at 

MIT. He was transferred to the physics department four 
years later. When the Radiation Laboratory wa; estab-
lished at MIT in 1940, he became a staff member, with 
the rank of full professor. 

From 1942 to 1947, Dr. Stratton acted as expert con-
sultant in the office of the Secretary of War.  Mean-
while, in 1945, MIT established the Research Lab-
oratory of Electronics, and appointed Dr. Stratton its 
head. He was also Chairman of the Committee on Elec-
tronics, Research, and Development from 1946 to 1947; 
and, for his services rendered during the war, was 
awarded the Medal for Merit by the Secretary of ‘Var. 
A Director of the Armed Forces Communications 

Association, Dr. Stratton is a Fellow of the American 
Physical Society and the American Academy of Arts 
and Sciences. He became a Member of the Institute in 
1942, a Senior Member in 1943, and a Fellow in 1945. 



1949  PROCEEDINGS OF THE 1.R.E.  979 

Institute Publication Policy 

The Institute of Radio Engineers has consistently and successfully placed before its member-
ship technical material of professional quality covering, broadly, the communications and ele-
tronics field. Despite the steadily shrinking purchasing power of money, and the consequent 
abnormal rise in the cost of paper, printing, and all other elements entering into the publication 
of the PROCEEDINGS OF THE I. R. E., the Institute has met the needs of the membership for major 
professional publications in its field. Frequently technical and industrial advantages arise from 
the PROCEEDINGS papers, not only promptly, but also many years after their initial publication. 
In fact, the value of the PROCEEDINGS OF THE I.R.E. to its readers grows steadily from the date 

of publication. 
With the unparalleled expansion of the communications and electronics field, there has been 

a correspondingly rapid rise in the number of papers submitted for publication in the PROCEED-
INGS. In order to publish acceptable papers with a justifiable amount of space in-the PROCEED-
INGS, it is necessary that a co-ordinated publication policy shall be developed and applied. 
There was therefore established the Editorial Administrative Committee, which considers all 
papers that have been found broadly acceptable for publication by the editorial readers from 
the Papers Review Committee and the Board of Editors. In order to avoid previous undue de-
lays in publication, it is inevitable that some papers cannot be included in the PROCEEDINGS, 
and many others must be substantially condensed, in justice to the authors and readers as a 
group. The Editorial Administrative Committee acts along these lines on a judicial and impartial 
basis. Its deliberations follow careful consideration of each paper by at least four editorial read-
ers, and sometimes more. It is encouraging to find that agreement among the editorial readers 
and among the members of the Editorial Administrative Committee is high. 
The Institute continues to need papers which set forth novel discoveries or developments in 

clear fashion, and which, it is hoped, will contribute to the upbuilding of communications and 
electronic techniques and equipment. It has been widely felt among the membership that clear 
descriptions in words or through diagrams are to be preferred to a mathematical discussion if 
the sense of the paper can thus be adequately presented. Most readers hope to go through a 
paper and understand its significance without the necessity for absorbing a large number of com-
plex equations. Of course all realize that many major contributions require that mathematics be 
utilized in order that future workers in that particular field can pursue the subject further. Par-
ticularly is this the case for the final formula giving the desired results. Many members have 
suggested, however, that wherever possible such mathematical expositions should be in the form 
of an appendix rather than scattered through the body of the paper. The Editorial Adminis-
trative Committee also considers it an obligation of the author to document his paper by sub-

stituting references to earlier material for repetition of such material. 
The prospective authors of papers are urged to submit these for consideration for PROCEED-

INGS publication. Preferred papers will deal with original material of basic nature, of consider-
able importance to a fair number of the PROCEEDINGS readers, of actual or potentially useful 
nature, and of the minimum length consistent with clarity of presentation of the truly novel 
fundamentals of the subject matter. The more nearly a submitted paper meets these require-
ments, the more welcome it will be for consideration for publication in the PROCEEDINGS. 
The Institute accordingly asks the submission of such papers, so that the quality of the PRO-

CEEDINGS may be maintained, excessive use of textual space may be avoided, and delays in 
publication may be substantially reduced. The understanding and co-operation of prospective 

authors are accordingly most earnestly solicited. 
—The Editor 

Ir• 



980  PROCEEDINGS OF THE I.R.E.  Seplember 

Double-Stream Amplifiers* 
J. R. PIERCEt, FELLOW, IRE 

Summary—This paper presents expressions useful in evaluating 
the gain of a double-stream amplifier having thin concentric electron 
streams of different velocity and input and output gaps across which 
both streams pats. 

I. INTRODUCTION 

NEW HIGH-FREQUENCY AMPLIFIER has 
been described recently.'-' In this device there 
are two closely coupled streams of electrons with 

slightly different velocities. These two electron streams 
support a space-charge wave which travels with a veloc-
ity lying between the two electron velocities, and which 
increases in amplitude with distance as it travels. Use 
can be made of this increasing wave in obtaining ampli-
fication. The increasing wave can be set up by means of 
a helix or resonator which forms the input circuit. After 
the wave has increased as much as is desired, an ampli-
fied output can be obtained by means of a helix or reso-
nator which acts as an output circuit. 
The double-stream amplifier has many attractive fea-

tures. For instance, the two electron streams geed be 
close to one another, but need not be close to a long 
metallic circuit. Also, a high gain can be attained in a 
relatively short distance. In order to evaluate the new 
device, however, it is necessary to know how close the 
electron streams must be to one another, and what 
over-all gain may be expected in a given physical struc-

ture. It is the purpose of this paper to carry the theory 
far enough so that the over-all performance of a particu-
lar structure can be calculated and so that the impor-
tance of various parameters such as separation of the 
electron streams can be evaluated. 
In the structure to be analyzed, which is shown in 

Fig. 1, the two streams are velocity modulated in pass-
ing across the gap between the grids of input resonator 
RI, which is fed by input line LI. This velocity modula-
tion sets up an increasing space-charge wave. The wave 
grows in the space between input resonator RI and out-
put resonator R3. The convection current associated 
with the wave excites resonator R 5  and so transfers 
power to the output line L3. The electron streams are 
collected on an anode A. 

• Decimal classification: RI32 XR339.2. Original manuscript re-
ceived by the Institute, February 9, 1949; revised manuscript re-
ceived. June 10, 1949. 
I* Bell Telephone Laboratories, Inc., New York, N. Y. 
J. R. Pierce and W. B. Hebenstreit, "A new type of high-fre-

quency amplifier," Bell Sys. Tech. Jour., vol. 28, pp. 33-51; January, 
1949. 

A. V. Hollenberg, "Experimental observation of amplification by 
interaction between two electron streams," Bell Sys. Tech. Jour., vol. 
28, pp. 52-58; January, 1949. 

A. V. Haeff, "The electron wave tube," PRoc. I.R.E., vol. 37, 
pp. 4-10; January, 1949. 

4 L. E. Neergard, "Analysis of a simple model of two-beam 
growing-wave tube," RCA Rev., vol. 9, pp. 585-601; December, 1948. 

2. MOTION OF TIIE ELECTRONS 

One problem in the analysis of double-stream ampli-
fiers is to express the ac charge in the electron stream in 
terms of the fields acting on the electrons. In order to 
save space, expressions derived elsewhere will be used. 

C2 
C 

>51 

Fig. 1—A double-stream amplifier using concentric tubular electron 
streams and resonators as input and output circuits. 

These are linearized (small signal) expressions derived 
assuming 1. nonrelativistic equations of motion, 2. a 
static electric field derivable from a potential, and 3. the 
same potential for all electrons at a given cross section 
of the beam. This would Le essentially true for a thin 
tubular beam, 4. no electron motion perpendicular to 
the direction of electron flow. NI KS units are used. All 
quantities are assumed to vary with time and distance 
as exp j(cot 

The following additional nomenclature will be used: 

eo =dielectric constant of vacuum eo = 8.85 X10-'2 
farad/meter 

= charge-to-mass ratio of the electron n = L76 
X 10" coulomb/kilogram 

/oh /02 =dc currents 
ul, U2 =dc velocities 

p02=de linear charge densities 
= —12/112 

PIP P2 = ac linear charge densities 
r2----ac velocities 

V,2 =dc voltages with respect to the cathodes 
u, N/21 I rot, U2 = V277 V -02 

01 = 40 / 14 /1 02 = 

By use of the equations of motion and continuity pi 
and p2, the linear charge densities in the two streams, 
have been shown to be' 

= 
Ioif12 

Poi = —  p02 

2u1vo,p(1±_b)_/3T 
2 

(1) 
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Ps 
10202 

2u1V 01 [0(1 -  - 
0]2 

Here b is the fractional velocity separation 

2(ui - u2) 

:41  u2 
b= 

(2) 

(3) 

and uo is a sort of mean velocity specified by a mean po-

tential 170 
2u1u2 

uo = V2nVo =  (4) 
ut  us 

and 00 is a phase constant related to uo 

We shall treat only a special case, that in which 

101 

Ut V01 

1 02  1 0 

142 V02 24017 0 

(5) 

(6) 

Here /0 is a sort of mean current which, together with 
uo, specifies the ratios /01/ui Vol and /02/u2Vo2, which 
appear in (1) and (2). 
In terms of these new quantities, the expression for 

the total ac charge density p is, from (1) and (2) 

1 
P = Pt ± P2 

131 2 

(7) 

Equation (7) is a ballistical equation telling what 
charge density p is produced when the flow is bunched 
by a voltage V. To solve our problem, that is, to solve 
for the phase constant 0, we must associate (7) with a 
circuit equation which tells us what voltage V the charge 
density produces. 

3. CIRCUIT EQUATION 

Here it will simply be assumed that the ac voltage is 
proportional to the ac charge, as in a capacitance. The 
factor of proportionality p may be called a coefficient of 
induction 

V = pp.  (8) 

For a tubular beam, p will be a function of beam radius 
and of 0. As we are interested in values of 0 lying in a 
small range about 00, we will make a further approxima-
tion, and assume p to have the value it would have for 
=00. This makes pa real constant. 
The evaluation of p is merely a problem in electro-

F(00a) = 

statics; this is a simple problem in certain cases. For in-
stance, for a thin tubular beam in free space, one finds 

p = F(130a)/e0 
ro(fioa)Ko(13oa) 

2r 

(9) 

(10) 

Here /0 and Ko are modified Bessel functions. In Fig. 2, 
F(00a) is plotted versus f30a. 

0.2 

0.10 

0.08 

0.06 

0.04 
C. 

0.02 

00 
10 5. 0 6 08 1.0 20 

PO° 

40 60  80 1.0 

Fig. 2-Function F(00a) versus radius of beam in radians, floa. The 
ordinate is also equal to Po, where p is the coefficient of induction 
for a thin tubular beam. The straight dashed line is 1/4 0a, 
which F(90a) approaches for large vales of 130a. 

In actually using a tubular beam, a tubular outer 
conductor must be used. The presence of such an outer 
conductor will reduce p somewhat. We can get an idea of 
the seriousness of this reduction by considering the case 
of a plane electron beam a distance d from a parallel 
plane conductor. In this case, we find the ratio R of the 
field produced by a given charge to the field which 

1.0 

0.9 

0.8 

0.7 

R 0.5 

0.4 

0.3 

0.2 

0.1 

2  
R 1 + COIH Ood 

0 0  02  04  0.6  0.8  1.0  12 1.4 
POd 

1.6  1.6  70 

Fig. 3-Factor R, by which the coefficient of induction for a plane 
electron stream is reduced by the presence of a conducting plane 
a distance d away, plotted versus 130d, the separation of the 
stream and the plane in radians. This factor R may also be used 
in connection with sufficiently large tubular beams with a tubular 
shield. 
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would be produced if the conducting plane were re-
moved to be 

2 
R =   (11) 

1  coth 130d 

In Fig. 3, R is plotted versus Ood. We see that for flod 
larger than 1.5, the conducting plane has little effect. 
Presumably, an outer tubular conductor more than 1.5 
radians away from a tubular beam would have little ef-
fect. For reasonably large values of 003 (perhaps 130a 
=1.5 or larger), R can be used as a correction factor in 
connection with (10) in obtaining p for a tubular beam 
with a tubu,lar outer conductor. 

4. COMBINED EQUATION AND SOLUTION 

Let us combine (7) with (8). We obtain 

1 

[(I — b/2) — 0/13o12 

1 

+ [(I --I- b/21 — 

(13/ /MU op 

2uoVo 

(0/130)2(Peo)10 

23127 7112 E0 V0312  

1 
  =  (12) 
0/0012 U2 

(13) 

In assuming p to be a constant over the range consid-
ered, we assumed 13 to be nearly equal to i3o. Hence, in 
(13) we will replace 03/130 2 by unity, giving the approxi-
mate relation 

(Peo),To = 
23/27,1/2e0 1/03/2 

= 9.52 X 104freof0/V03/2. 

In solving (12) it is convenient to let 

= #0(1 + 6) 

17,4,2= b2/8. 

We then obtain 

= ± j—b [± (U /2U m)Y(IP / U 3,2) ± 8 
2 

In Fig. 4, A is plotted versus (U/Um)'. 
From (14) and (16) the abscissa is 

25 

20 

10 

5 

—  

_I 
ASYMPTOTE 

_ 

(  3  4  5 6  7  a  a IP 

(U/044)2 PROPORTIONAL TO CURRENT 

Fig. 4—Factor A, giving db per wavelength per unit b, versus 
(U/Um)2, which is also the ratio of beam current to the critical 
current which will just give an increasing wave. 

(11/U1) 2 = 7.61 X 106 peoTo/b2V0312 .  (19) 

For a given geometry, that is, for a given value of p*o, 
and for given values of b and Vo, (U/Um) 2 varies di-
rectly as the current. Hence, increasing the abscissa is 
equivalent to increasing the current. For currents below 
some critical current /m given by 

(U/Um) 2 = 1 b2Vo3/2/Peo =  1.313 X 10-°  (20) 

there is no increasing wave. As the current is raised 
above this value, the gain gradually rises and ap-
proaches asymptotically 27.3b db/wavelength. 

5. BOUNDARY CONDITIONS 

14)  So far the rate of increase  of the increas ing  wave  has  
(  

been evaluated in terms of /0, Vo, /9E0, and b. In this 
section, we will consider the initial amplitude of the in-

creasing wave which is set up by velocity modulating 
(15)  the electron streams, and the convection current asso-
(16)  dated with the increasing wave. In considering these 

matters, expressions for velocity and convection cur-

rent will be written in terms of quantities already de-
fined. For instance,' 

_ (u2/2um2) _ 111/2. (17) 

We see that 6/6 is a function of U/Um only. 
In terms of 6, the amplitude varies with distance as 

exp (— jflo — j/3ob)• 

We see that the increasing wave, if there is one, is given 
by the plus signs. The rate of increase in db per wave-
length per unit b, which will be called A, is 

A = 20(logio e)(2r) 

= 27.3 [(U/2Um)/(2/2/Um2)  8 

— ((72/2Um2) — 

— 
n0340(1 — 6/2)  

uo(6/2 ± 

We have already replaced )3/30 by unity in some of our 
expressions. Xlre may as well do so here. For the increas-
ing wave we can have JoJ <<1 only when b/2 is not very 
small; for the unattenuated waves J6J<<1 only when 
6/2<<1. Hence, we will assume b/2<<1. We can write 
(21) approximately, with some rearrangement, as 

(b/2)vi — 

and similarly 

V 
u0(1  26/6) 

— ( 13/2. (18)  b/2)v2 —   
340(1 — 26/6)  • 

(21)  (4 

(22) 

(23) 
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Let qi and Q2 be the convection currents of the two 
streams. We have the general relation 

aqi api _ 
az  at 

(24) 

We have,t using the same approximations as before, 

— 10 
(b/2)2q1 =   V  (25) 

2110(1  26/b)2 

— /0   
(b/2)2q2 =   V.  (26) 

2V0(1 — 26/b)2 

If the first stream is velocity-modulated by a voltage 

Vi, the initial velocity will be 

= 
2 V 

(27) 

In accordance with the approximation we have made 
(b/2<<1) we will replace u1 by uoi. Then we obtain as the 

initial velocities 

= vs = 
uo V;  27V1 

2 V  uo 
(28) 

The initial convection currents will be zero. 
Let us denote the V's for the four waves and the four 

values of 6 for the four waves (which we obtain from 
(18)) by the subscripts I, II, III, and IV. We will use 
the subscript I for the increasing wave (given by the -I-
signs in (18)). We see from (22), (23), and (28) that 

IV  v N  

E  =  bVi/2 
-r 26N/b) 

1 2 lir 
G =   

(1 ± 26 0)2 + (1 — 26r/b)21 EbVi) . (34)  

We note that both 61/b and 2 Vr/bVi are functions of 
(U/Um) 2 only. The function G is plotted versus 
( U/Um)2 in Fig. 5. 

1.0 
0.9 

0.6 

0.7 

0.6 

03 

0.4 

0.3 

0.2 

0.1 2  3  4 
N/lhAr 

5 6 

Fig. 5—A conductance factor G versus (U / Um)2. The ratio of initial 
convection current in the increasing wave to the voltage velocity-
madulating both streams is (/0/1/170)G. 

The quantity I ql / V; is a conductance. If the tube is 
long enough so that at the output the increasing wave 
is large compared with the three other waves, the trans-
conductance of the tube g„, is, neglecting the effect tran-
sit time across the gaps (gap factor), 

(29)  I() gm = — G10bAN120 . 
bV0 

VN 
= — bV,I2  (30) 

N-1 ( 1 - 26N/b) 

and from (25), (26), and the fact that the initial convec-
tion currents are zero 

vN 
=0  (31) 

(1 +  25N/ 0 2 

IV  V N  

  =0.  (32) 
N-r (1 — 26N/b)2 

We can solve these equations, obtaining 217//b V„ 
where VI is the voltage associated with the increasing 
wave, as a function of (U/Um)2. 
We are more interested in I ql , the magnitude of the 

total convection current, (D-1-q2), associated with the 
increasing wave. From (25) and (26) we obtain 

Id /0 
— = ----G  (33) 
V4  bV 

(35) 

Here N is the number of beam wavelengths between the 
gaps. G and A are functions of ( U/ Um)2. The number of 
beam wavelengths is the number of free-space wave-
lengths times c/uo, where c is the velocity of light, and 

c/uo = 505/v Vo.  (36) 

6. SEPARATION OF THE ELECTRON STREAMS 

So far we have assumed that the same field acts on 
both electron streams. We will now consider a case in 
which all the electrons in stream 1 are acted on by an 
ac potential V1 and all electrons in stream 2 are acted on 
by a potential V2. Such would be the case, for instance; 
for thin concentric electron streams. 
In this case we have three coefficients of induction, 
p2, and p., which appear in the following relation 

between charge densities and potentials 

Vi = Pipi  P.P2 

V2 = P2p2  PmPi 

(37) 

(38) 
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The p's will be taken as real constants. 
We will now have in place of (1) and (2) 

02 

= alVi 
az'  — 2 

nr02  (32 

 Vg = a2V2. 
:423 02 — f3) 

As written, (39) and (40) define the parameters az and az, 
which relate charge densities to the voltages producing 
them. We can now write (37) and (38) 

VI = plaiVz  Pma2 V2 

Vg = P2a2 V2  Pmal VI• 

By eliminating the V's we obtain 

Pi = 

P2 = 

(1 — piai)(1 — p2a2) = p.,2 azaz. 

We will consider the special case in which 

npiroi  ooroo  Polo  
2uovo uo  u23 

(41) 

(42) 

(43) 

— K2.  (44) 

The quantities uo and Vo will have the same meaning as 
before. The product polo can be regarded as a single 
parameter. 

By introducing b and 6 as before, we obtain 

1  1 

(5 — b/2) 2 (b ± 5/2) 2 

K2(1 ± 6)2[  (5 — b /2) 2(6 + 5/2) 2 
  1 +   (45) 

As before, we will neglect 6 with respect to unity. We 
will now let 

We obtain on solving (48) 

Umi   = — 1( 1 +4 / 1 — 45   

(39 )  K2 2a 
. 

(1 —  + 8/a)2)  (51) 

(40) 

1  K4(1 ± 5)4(1 — 
pip2 

[ 
K 4 ( 1  Pm2  ) i 

1  1_  P1P2 

U 2 =  K2 1+  (V — (5/2)2)2 . 

In terms of U, (45) can be rewritten 

1  1  = 1 
(5 — 5/2)2 + (5 + 5/2)2  172 

(46) 

(47) 

This is the same as (12), and the solutions are given by 
(17). 

If we substitute the value of 6 for the increasing wave 
(using the ± signs in (17)) into (46), we obtain 

1  1  (1: p.2/pip2)   
—0. (48) 

K4 K2U2 U4(1 —  8(Um/ U) 2 )2 

Let 

and 

a = (U/Um)2 

In (50), S is a measure of the separation of the elec-
tron streams. For coincident electron streams, p„,=pi 
=p2 and S=0. For infinitely remote (uncoupled) 
streams, p„,=0 and S=1. If the streams are coincident, 
so that S=0, 

UM 2 U M 2 

U2 K2 
(52) 

That is, U and K are equal and the solution is equiva-
lent to that for coincident streams. 

Suppose we use, for comparison, a case in which S=0 
(coincident streams). The ratio of the actual current to 
current which would just give gain if S were zero is 
K2/Um2. The ratio of effective current to critical current 
is a. We can use (51) to plot a (which must be entered 
as the abscissa in Fig. 4 to obtain A) versus K2/Um 2, the 

ratio of actual current to a critical current calculated 
setting S=0. Such a plot is shown in Fig. 6. 
It is helpful in considering Fig. 6 to express the ab-

scissa, K2/Um 2, by means of (49) and (44) as 

K2 2pdo 
(53) 

U m2 (b/2)2u0V0 

Thus, the abscissa is proportional to current. 

The gain per wavelength is proportional to br, the 
value for 6 for the increasing wave, and Si can be ob-
tained by means of (18) 

bV«    
br = j — (v'l ± 8/a — 2/a — 1) 1/2 . 

2/2 (54) 

Actually, in obtaining the gain per wavelength per unit 
b, a may be used as the abscissa in Fig. 4. 
Let us consider the curves of Fig. 6. We see that for 

S=0 the plot is a 450 line; in this case U=K. For finite 
values of the parameter S, the effective current at first 
rises as current is increased, and then falls. There is thus 
a maximum value of effective current. 

If we examine (51) we see that a has its maximum 
value at 

1—  _ =0.  (55) 
(1 — N./1 ± 8/a )2 

A larger value of a would, frcm (51), imply a complex 
current. The maximum value of a, obtained from (55) 

(49)  is 

— P.3/p,p2= S.  (50) amax = 

4S2 

8 

[(1  2S) 2 — 11 • (56) 
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We see from (51) and (55) that this value occurs at a 

current ratio 
K2/U 2 = 2a.  (57) 

The currents for this maximum can be obtained using 
(53) and (44). As S approaches unity, amax approaches 
unity (no gain) and K2/ Um2 approaches 2.. 
We are now in a position to obtain the gain versus 

current for separated electron streams, and we can ob-

a, 
EFFECTIVE CUR
RENT RATIO 
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(N /14.) 2, CURRENT RATIO 

Fig. 6—A curve for separated streams, giving a = (U/Um)2, the 
effective current ratio, versus (K/Um)2, a current ratio for vari-
ous values of beam separation parameter S. 

tam n the maximum gain in terms of S from (56) and (54). 
It remains to evaluate this parameter in some physical 
case. 
Sometimes two thin hollow cylindrical beams are 

used. The writer has treated this case and found that for 
such beams 

= 1 

1 

lo(130a)K0(Pob) 

Ko(130010(00b) 

Here a and b are the radii of the inner and outer beams. 
A much simpler expression is adequate when 130a and 
flob are sufficiently large so that the beams may be re-
garded as essentially plane. For a plane sheet of im-
pressed charge of phase constant 130, the potential falls 
off normal to the sheet as exp (—nod) where d is distance 
from the sheet. Hence, we see at once that 

P./ pi = p./p2 = e—ood 
S = 1 — e-200d  (59) 

where 130d is the separation between the current sheets 
in radians. The parameter S is plotted versus 0d in Fig. 
7. The maximum gain per wavelength per unit b is 
plotted versus (30d in Fig. 8. 

(58) 

To give an idea of the separations involved, it may 
be pointed out that for 1,000 volts and 4,000 Mc, 1 
radian corresponds to 0.030 inches. 
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/3 0, BEAM SEPARATION IN RADIANS 
FOR PARALLEL PLANE REAMS 

0 

Fig. 7—Beam separation parameter S versus beam separation in 
radians Pod for parallel plane beams separated by a distance d. 
This curve is also applicable to large concentric tubular beams 
separated radially by a distance d. 

In computing gain for separated tubular streams, it 
is necessary to know not only S, but pi and p2 as well. 
These coefficients of induction can be computed by ap-
plying the formulas of section 3 to each stream sepa-
rately. 
The boundary conditions for separated streams have 

not been worked out. 
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Fig. 8—A.:, the maximum gain per wavelength per unit b, plotted 
versus tiod, the beam separation in radians, for parallel plane 
beams or for large concentric tubular beams. 
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Part II Investigations of High-Frequency Echoes* 
H. A. HESSt 

Summary—Oscillographic high-speed records of high-frequency 

telegraph signals (10 to 20 Mc) which show periodic variations in the 
field strength are investigated in this paper. A movement of the 
ionospheric reflector is considered as the cause of Doppler shifts, 
which are measured within the amplitudes of interfering radio waves 
between two consecutive minima. The long-distance propagation 
which usually occurs over multiple paths in the transmission, indi-

cates shifts of 0.1 to 0.5 cps; 2.4 cps were measured at the inter-
ference of direct and indirect signal of VIS, Sydney, Australia, on 
16,450 kc. Routes passing the auroral zones are characterized by the 
occurrence of "cleft signals" with shifts between 5 and 30 cps. 

I. INTRODUCTION 

itr 1HE AUTHOR'S' previous paper con tains  in-vestigations of time-interval measurements be-
tween long-distance signals and their echoes. It 

was intended to find an explanation for the highly 
constant values of a complete high-frequency circuit 
around the globe, which vary between 0.13760 and 
0.13805 second. The complete circulating signal travels 
on paths between 41,280 and 41,420 km; about 1,300 
km greater than the earth's circuit. Interferences of 
waves coming from multiple paths in the transmission, 
and the uniform variations of the phases are con-
sidered as the cause for divergences within the meas-
ured time intervals. The shape of the signals is influ-
enced within fractions of 1 second, and this fact seems 
to be an occasion for errors in the measurements.' An 
analysis" of the signals in their individual wave com-
ponents gives a new possibility to explore the kind of 
the ionospheric propagation. 
Schmidt's theory" of a sliding-wave propagation 

along an ionospheric limit layer has been discussed by 
Dieminger, Hamberger, and Rawer,' as well as by 
Lassen.° These scientists explain the high-frequency 
propagation over long distances, and the occurrence of 
signals which travel repeatedly around the globe, by 
multiple reflections between the F layer and the earth's 
surface. 

* Decimal classification: R112.4. Original manuscript received by 
the Institute, July 13, 1948; revised manuscript received, March 18, 
1949. 
t Schad-Str. 24, 14a-ULM (Donau), Germany. 
H. A. Hess, "Investigations of high-frequency echoes," PRoc. 

I.R.E., vol. 36. pp. 981-992; August, 1948. 
2 H. A. Hess, "Nlessungen an Funksignalen," Dos Eleklron, vol. 

2, pp. 312-321; December, 1948. 
3 H. A. Hess, "Das Kurzwellenecho," Funk and Ton, no. 2, pp. 

57-65; no. 5, pp. 244-253; and no. 7. pp. 334-344; 1948. 
4 H. A. Hess, "Ober den periodischen Schwund Lei der Kurz-

wellentibertragung," Funk and Ton: to be published. 
6 0. v. Schmidt, "Neue Erk Wung des Kurzwellenumlaufes urn 

die Erde," Z. Tech. Phys., vol. 17, p. 443: 1936. 
H.•  A. Hess, "Untersuchungen an Kurzwellen-Echosignalen," 

Z. Naturf., vol. 1, p. 499: September, 1947. 
7 L. Hamberger and K. Rawer, "Zur Fernausbreitung der Kurz-

wellen," Z. Nalurf., vol. 2a, p. 521: September, 1947. 
8 H. Lassen, "Die Ausbreitung der Kurzwellen-Echosignale," 

Funk and Ton, p. 420; August, 1948. 

According to Griffiths,° Doppler shifts of about 0.5 
cps were perceived at the normal frequency of W WV, 
15,000 kc, National Bureau of Standards, Washington, 
D. C. during observations at Tatsfield, England, in 
December, 1945. The author found, by his recent 
studies, many measuratle shifts on the interference of 
high-frequency signals, which were recorded on film 
rolls at Frederikshavn, 57°26'N, 10°29'E, and at 
Randers, 56°31'N, 10°02'E, during the period 1942 to 
1945. The apparatus used were described in the previ-
ous • paper. The accuracy for time-interval measure-
ments, surveyed by a 500 cps normal frequency, was in 
the order of 5 -10-5 seconds, if the velocity of the films 
was greater than two meters per second. 

II. INVESTIGATION OF RADIO- WAVE INTERFERENCES 

An interference of two waves with the same fre-
quency either effects an intensification, or a diminu-
tion of the resulting amplitude, according to the existing 
phase conditions. Morse signals are interrupted coherent 
waves. Their beginning and closing makes possible the 
analysis of multiple paths in the transmission, by meas-
uring the time intervals between the successively arriv-
ing waves. 

Ms   
 6 

0.0152 aar 
DIRECT SIGNAL INDIRECT SIGNAL 

Fig. 1—Direct signal (multiple paths) and indirect signal of 
LSA, Monte Grande, Argentina, 17,600 kc. 

Fig. 1 shows an oscillographic record of the un-
modulated signal of LSA3, Monte Grande, Argentina, 
17,600 kc, on October 10, 1944, 11h54 Central European 
time (CET), at Randers, as an exquisite case of an in-
volved multipath phenomenon. The direct signal arrived 
probably on four paths within time intervals of 0.4, 
0.9, and 1.6 milliseconds between the component which 
arrives first, or detours of about 120, 270, and 480 km. 
The end of the direct signal is overlapped by the begin-
ning indirect signal, which travels along the reverse 
great-circle .path, and reac hes the rece iver  after  the  
time difference of ti =0.0552 second, measured between 
the first component of the direct signal. Employing the 

equation:1° d=u/2(1—t1/tu), where u=40,024 km 
(earth's circuit), and t= O.13778 second (time interval 

• H. V. Griffiths, "Doppler effect in propagation," Wireless Eng., 
vol. 24, pp. 162-167: June, 1947. 
10 See p. 982 of footnote reference I. 
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of the complete high-frequency circuit), a distance of 
11,995 km is obtained. The true distance between 
Monte Grande and Randers is 12,010 km. 

0.3515 

Fig. 2—Direct signal of WKO, Rocky Point, N. Y., 15,970 kc. 
(Two paths with different phase conditions). 

Fig. 2 is a record of the unmodulated direct signal 
of WKO Rocky Point, N. Y., 15,970 kc on November 8, 
1944, 141'08 CET at Randers with two transmission 
paths. The first wave is characterized by a rather low 
field strength, while the second retarded component 
arrived after 0.35 millisecond, and represents a detour 
of 105 km between both paths. Since 15,970 kc is con-
sidered as a rather high transmission frequency with 
regard to the conditions of 1944 during the minimum of 
the sun-spot cycle, the propagation occurred under flat 
angles of incidence toward the horizon; 3° at two hops, 
and 9° at three hops between earth's surface and F layer 
coincide well with the measured detour of 105 km. The 
recorded case indicates opposite phases of the inter-
fering waves, since the end of the second component is 
characterized by an increase of the amplitude. Varia-
tions of the phase conditions are generally observed 
within a few seconds, and minima alternating with 
maxima make possible the study of Doppler shifts on 
the film rolls which had a length of 10 meters. 
These investigations demonstrate that measurements 

between the components, which arrive first, of the direct 
signals and the indirect circulating signals should only 
permit exact distance determinations. The weak first 
components frequently did not appear on all recorded 
signals of North American stations, probably because 
of the various and fortuitous sensitivity of the receiver. 
Their absence principally must be considered as the 
cause of the errors in the measurements which were 
found to diverge within a range of about 60 km. 

lokemmum 

 -   _   
(2.4 CPS) —  •  2"dMINIMUM 
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Fig. 3—Doppler-shift studies at the interference of direct and 
indirect signal of VIS, Sydney, Australia, 16,450 kc. 

Fig. 3 shows a record of two consecutive slightly 
modulate signals of VIS, Sydney, Australia, 16,450 kc 

on November 8, 1944, 10h05 CET at Randers. Both 
signals consisting of two interfering waves represent 
the direct signals A—C and the indirect signal B—D 
with a measurable time difference of t=0.0269 second. 
The distance between Sydney and Randers is 16,110 
km. The not overlapped parts of the direct and the in-
direct signals have approximately equal field strengths, 
while previously and subsequently the amplitudes are 
different. Thus, a sharp minimum occurs during the 
interference period B—C on both recorded signals. The 
time interval of 0.42 second between these two con-
secutive minima means a Doppler shift of 2.4 cps in 
the frequency between direct and indirect signals. 
Since a moved reflector is considered to effect the 

sinusoidal variations in the amplitudes of the interfering 
sky waves, the Doppler shifts are given by the equation: 

fd = —c 

where f =16,450 kc is the rf used, v generally expresses 
a velocity (in this case: the path difference within 1 
second), and c=299,716 km is the velocity of the elec-
tromagnetic waves. The measured frequency shift 
f9=2.4 cps is equivalent with a path difference of 43 
meters per second. For a long distance propagation, 
however, the angles of incidence are oblique toward the 
vertically moved F layer, and the Doppler shift is given 

by the equation 

2v 
fa =  f sin (ct + 7), where 

a is the angle of incidence toward the horizon, -y the 
half angular width of a single hop between the earth's 
surface and a F layer reflection, and v the vertical 
velocity of the F layer. 
The geographical distance between Sydney and 

Randers is about 16,000 km on the direct path, and 
about 24,000 km on the reverse path. Direct signal and 
indirect signals travels on ionospheric paths of 16,548 
and 24,822 km, if the assumption of six and nine iono-
spheric reflections is made. The sum 41,370 km, or a 
time of 0.1379 second for the completely circulating 
signal is well in accordance with the average value 
4=0.13778 second. 
For the case that the F layer should ascend along the 

direct path, and descend along the reverse path, 15 
effective reflections may be regarded. The equation: 

V -- 1115 C  d 
2.f sin (a + •y) 

may approximately give an average value for the 
velocity of an individual point of the reflecting F layer. 
/a=4°20', and 5 =12° were calculated for a direct 

propagation in six hops, like as for a reverse propaga-
tion in nine hops with regard to a F layer height of 250 
km. A velocity of 5 meters per second is obtained for 
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the F layer. This average value may be corrected by the 
experience that the velocity of the F layer can not be 
homogeneous at every point along the direct and reverse 
path. 

The ionospheric conditions actually are more in-
volved than a simple calculation would sufficiently ex-
plain them. The direct and reverse great-circle path is 

02" 
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Fig. 4—Direct and reverse great-circle path between Sydney and 
Randers, and illumination of the globe on November 8, 10100, 
Central European time. 

illustrated in Fig. 4, together with the illumination of 
the globe on November 8, 10h00 CET. The points of 
probable ionospheric reflections which are marked with 
numbers along the direct and reverse path are dis-
tributed on different times of the day and seasons. Ac-
cording to the general experiences with the vertical inci-
dence sounding, an ascending layer seems possible at 
the points 1, 2, 3, 4, and 5 along the direct path, while 
the movement at point 6 is probably a descending one. 
Along the indirect path, a slight ascending occurred at 
points 1, 2, 3, 4, and 5 (summer-night conditions) while 
certainly an effective descending occurred at points 6, 7, 
8, and 9 because of sunrise. 
In the case that the great-circle line between trans-

mitter and receiver passes the auroral zone, strongly 
marked fluctuations within the signal amplitudes were 
observed. Fig. 5 represents the routes on the earth's 
globe which are characterized by the occurrence of 
"cleft signals." Filled-out points are positions on the 
northern hemisphere, and circles on the southern 
hemisphere. Both magnetic poles and the auroral zone 
on the northern hemisphere are marked. The auroral 
center has been found by many observers" on polar 
lights to be in northwestern Greenland (78°N, 68°W), 
in the middle between the magnetic and geographical 
pole. Similar conditions are supposed on the southern 
hemisphere. Cleft signals are observed in Europe from 

11 L. Harang, "Das Polarlicht," Akadem. Verlagsges. (Leipzig), 
pp. 4-13; 1940. 

stations in Hawaii, Alaska, and the western North 
America. They also occur on routes between eastern 
North America and East Asia, as well as between South 
Africa and New Zealand on the southern hemisphere. 
Fig. 6 shows that three selected film records with cleft 

signals of KQF, Kailua, Hawaii, on 13,495 kc, made at 
Randers, Denmark. The signal amplitudes are char-
acterized by a sinusoidal course between minima and 
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Fig. 5—Routes across the auroral zone. 

maxima. (a) is the record of August 31, 1944, 081'07 
CET. A sharp minimum and maximum of two inter-
fering waves occurred within 80 milliseconds, indicating 
a Doppler shift of 6 cps. The signal itself is slightly 
modulated with 360 cps. (b) represents two deep minima 
in a record of August 24, 1944, 081'35 CET within 43 
milliseconds, and indicates a Doppler shift of 23 cps. 

— 411••••-.I41110.--- 110111111. 0.1001 .-
LLU1, Ull-LULA-NL UA   

,AIkk1 V4   
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Fig. 6—Cleft signals of KQF, Kailua, Hawaii, 13,495 kc. 

Since the minima do not occur within the same time 
intervals, the signal might be shaped by more than two 
interfering waves. The distorted 360-cps signal modula-
tion is also a reason to suppose an interference of 
multiple waves. (c) The record of August 15, 1944, 
08h40 CET shows a pulse structure at the commence-
ment of the signal, which lasts 0.4 millisecond, followed 
by a deep minimum. The maximum occurring after 75 
milliseconds indicates a Doppler shift of 7 cps. The 
strong short pulse is actually the wave which arrives 
first, overlapped after 0.4 millisecond by the retarded 
component which has an opposite phase. With regard to 
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the frequencies used of 15 Mc, the measured Doppler 
shifts between 5 and 30 cps indicate velocities of 100 to 

500 meters per second. 
Indirect signals did not occur at KQF, Hawaii. This 

kind of echoes, however, was found on records of sta-
tions in California and Madagascar. The recording place, 
Frederikshavn, and these two positions are on the same 
great-circle line, which passes the proximity of the 
northern and the southern magnetic pole, as shown in 
Fig. 5. Figs. 7(a) and (b) are records of the direct and 
the indirect signals of KPH, Bolinas, Calif., 12,735 kc 
on January 20, 1942, 15"20 CET, and FZT, Tananarive, 
Madagascar, 17,890 kc on April 27, 1942, 091'30 CET. 
The cleft direct signal from California passed the north-

(a) 

(b) 

DIRECT  SIGNAL   
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r4111 0141101.1 " -

DIRECT  SIGNAL 

INDIRECT  SIGNAL 

FIG. 7—(a) Cleft direct signal and normal indirect signal from Cali-
fornia; and (b) normal direct signal and cleft indirect signal from 
Madagascar. 

ern auroral zone, and the cleft indirect signal from 
Madagascar passed the southern and the northern 
auroral zone. Doppler shifts of 15 and 12 cps were 
measured. It is striking that the indirect signal from 
California is normal, though it has passed the auroral 
zone on the southern hemisphere. This probably is an 
evidence that no interference of multiple waves oc-
curred, as a case of a single-path propagation. 

AURORA. ZONE 

It 

Fig. 8—Three- and four-hops propagation between Bolinas 
and Frederikshavn across the auroral zone. 

A profile shown in Fig. 8 enables an investigation of 
the ionospheric transmission between Bolinas and 
Frederikshavn. The true distance is 8,571 km. With re-
gard to the conditions in 1944, 12,735 kc was a rather 
high frequency, reflected from the F layer under angles 

beteen 0° and 100 toward the horizon. The propagation 
is considered to occur along two paths, in three and four 
hops with angles of 3° and 90. The detour between both 
paths is 100 km. One ionospheric reflector of the first 
path is situated within the auroral zone, while two re-
flectors of the second path are more distant from the 
turbulence zone. Both waves evidently are affected by 
shifts, and decline from the transmitter frequency. 

III. CONCLUSIONS 

On the basis of these investigations, the long distance 
propagation is explained by repeatedly reflected waves 
between ionosphere and earth's surface. An absorbing, 
refracting, and reflecting influence of the E layer is 
possible on the long-distance propagation. It can be 
neglected for a transmission near the critical F fre-
quency, insomuch as no abnormal E ionization occurs. 
The sun's radiation effects the daily course of the F 
layer ionization, connected with the variations of the 
virtual height. An F layer velocity between 0 and 10 
meters per second, concluded from Doppler shifts 
found in the long-distance propagation, coincides well 
with the experiences of the vertical incidence sounding. 
Signals unmodulated or slightly modulated only permit 
exact Doppler-shift measurements, while strongly modu-
lated signals and pulses are unsuited. Cleft signals, 
characterized by shifts between 5 and 30 cps, indicate 
a multiple-path propagation and a strong turbulence of 
the ionosphere within the auroral zone, since a velocity 
of 100 to 500 meters per second cannot be explained 
with the regular uniformly ascending or descending 
movement of the F layer in lower geographical latitudes. 
A radiation of electrically charged particles, probably 
from the sun, which is deflected by the earth's magnetic 
• field to the zones of the magnetic poles, is regarded to 
cause this turbulence. Waves reflected from the 
ionosphere are split in ordinary and extraordinary com-
ponents by the earth's magnetic field; circularly polar-
ized at the poles, and linearly at the equator. Prob-
ably the frequency shifts of both components reflected 
within the auroral zone are also different, and it seems, 
that they are much stronger absorbed after repeated 
ionospheric reflections. The formation of ionized layers" 
within the auroral zone is much involved, and depends 
on many unknown factors, as shown by the occurrence 
of the sporadic F layer." 
Since the occurrence of Doppler shifts indicates a 

vertically moved ionospheric reflector, no definite limit 
exists between the F layer and the vacuum. Therefore, 
there are no arguments which shOuld confirm the "slid-
ing-wave" conclusions, to explain the highly constant 
time intervals of repeatedly circulating signals. 

11 L. liarang, "Experimental studies on the reflection of radio 
waves from ionized regions," Geofys. Publik. (Oslo), vol. 13, no. 4; 
1942. 

13 0. Burlcard, 'A sporadic 17 layer," Ten,. Mag. Alma. Elec., 
vol. 53, no. 1; 1948. 
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Microwave Filter Theory and Design* 
J. HESSELt, SENIOR MEMBER, IRE, G. GOUBAUt, AND L. R. BATTERSBYt 

Summary—The first part of this paper gives the theory cf wave-
guide filters with arbitrary identical links, and their matching to a 
line. The treatment differs from that previously presented in the 
literature, in that the electromagnetic state of the impedors and 

transducers is described by relations between the incident and re-
flected waves. This simplifies the analysis of all waveguide systems, 
because each transformation by a line section results only in a phase 
shift of these waves. Each filter stage is characterized by two angles 
which can be determined by simple measurements. The formulas 
which describe the insertion properties of the filters are given in 
terms of these Angles. 

The second part gives the application of the theory to direct and 
quarter-wave coupled band-pass iris filters. The design data are 
given, including correction factors for irises of finite thickness. 

Measured insertion loss curves of direct couples filters constructed, 
show good agreement with the theoretical. 

TABLE OF SYMBOLS 

a= wide dimension of a rectangular waveguide 
a11a12 =coefficients of a transducer matrix 
b, bd= relative 3-db bandwidth without and with dis-

sipation loss; also narrow dimension of a rec-
tangular waveguide 

d0= diameter of a circular iris 
d11 =diameter of a slit iris 
D= distance between two irises 
f= frequency 
fo= center frequency 
f= cutoff frequency of the waveguide 
Fo=factor for calculation of circular irises 
F11= factor for calculation of slit irises 
g= transmission constant 

j= '/-1 
L= insertion loss 
m =integer 
n= number of stages 

cos 
P=  cos 

sin Ist. 
q=   

sin 4> 

Q=quality of an unloaded cavity 
-)  4-
U,  = amplitudes of guide waves 
w= characteristic reflection factor of a transducer 
z = normalized impedance 
Zo=characteristic impedance of a waveguide 

a, 13, -y =factors characterizing the frequency response 
b=iris thickness 
e= factor characterizing the dissipation loss 
0= transmission phaseshift 

• Decimal classification: R143.2 XR310. Original manuscript re-
ceived by the Institute, July 22, 1948; revised manuscript received, 
March 31, 1949. 
1. Coles Signal Laboratory, Signal Corps Engineering Labora-

tories, Red Bank, N. J. 

X =free-space wavelength 
X„ = wavelength in a guide 
Xc=cutoff wavelength 
v =half relative 3-db bandwidth 
a =factor characterizing the dissipation loss 
r =ratio between 3-db bandwidth of n stage 
filter to 3-db bandwidth of one single stage 

ct)=aperture of an iris, characteristic of a trans-
ducer 

'=characteristic of a transducer 
1,T=phase length of a guide section. 

PART I. MICROWAVE FILTER THEORY 

I. INTRODUCTION 

THE COMPONENTS of microwave equipments 
are connected by waveguides or concentric lines, 
and their electromagnetic states are determined 

by incoming and outgoing waves. There are linear rela-
tions between these waves which, in the case of trans-
ducers, can be written in the form: 

( 

4-1€ ) =  (k 

a12)  ( U2 

a22  U2 
(1) 

--• 
ul and us - are the complex amplitudes of the incoming 
and outgoing waves on one side, and 4ii; and u2 the 
amplitudes of the corresponding waves on the other 
side of the transducr (Fig. 1). 

a, •••• - -
TRANSDUCER 

2 

1-4  Z 

Fig. 1—Block diagram of a transducer. The arrows indicate 
the direction of the incoming and outgoing waves. 

The characterization of microwave transducers by 

"Wave Matrices" (a) as defined in (1) is very useful 
for the analysis of microwave systems. The matrix ele-
ments ask are closely related to the reflection and trans-
mission coefficients, and can be determined more di-
rectly than the coefficients of an impedance or admit-

tance matrix. Heretofore, wave matrices have not found 
much application in the analysis of transmission line 
circuits, such as filters. To our knowledge, all publica-
tions relating to filter design are based on lumped 
element theory' which requires, as an intermediate 

'G. L. Ragan, "Microwave Transmission Circuits," MIT Radi-
ation Lab. Series, vol. 9, McGraw-Hill Book Co., New York, N. Y., 
1948; chaps. 9 and 10. 
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step, the determination of equivalent circuits. This 
intermediate step is eliminated by the use of wave 
matrices. Some information about wave matrices may 
be obtained from the Radiation Laboratory Series.' A 
more elaborate treatment of the wave matrix theory 
will be contained in a monograph now being published.' 
In the following the wave matrices are used for the 

analysis of transmission line filters with identical stages, 
including their matching transformers. 

2. CHARACTERISTICS OF SYMMETRICAL TRANSDUCERS 

There are several possible characterizations for a 
transducer. It is obvious that a characterization is 
desirable which is based on measurable quantities, such 
as reflection and transmission coefficients, and which is 
at the same time convenient for the analysis. Thus we 
write the wave matrix for an arbitrary symmetrical 

transducer in the form: 

j (—el* —cos 4)) 

(a) -==- sin  cos 41  e-Pk 

— — < Re [411 <  — •  (2) 
2  2 

The angles 4, and 4/ are the quantities which may be 
introduced as characteristics of the transducer. They are 
real if the dissipation losses are negligible; otherwise 
they contain an imaginary part. In terms of 4) and 4', the 
reflection and transmission coefficients become: 

(it 
= — COS (1) 

U1) for  2.4 

( U2 

JP:m.4=0 
(3) 

For negligible losses we see 4) is a measure of the ab-
solute value of the reflection coefficient cos 4) and of the 
transmission coefficient I sin 44 . is a measure of their 
arguments. 
If a transducer consists of a plane thin iris only, 4' 

is equal to 4). Therefore, 4) can be used as the only char-
acteristic of an iris, and it will be called in the following 
the "aperture" of the iris. 4, is connected with the 
normalized impedance z by the relation: 

z = — tan 0.  (4) 
2 

It can be shown that every symmetrical transducer is 
equivalent to an iris with an aperture 4) (defined by (3)) 
and line sections on both sides, the length of which is 
—40. This is also true if dissipation is considered, 

1 See pp. 551-554 of footnote reference 1. 
'G. Gouliau. R. Hornerjager, R. Muller, and Ch. Schmelzer, 

"Flektromagnetkche Wellenleiier und Hohlraume," Wissenschaft., 
Verlaghges., Stuttgart, Germany. 

then the iris and the line sections must be dissipative, 
i.e., 4) and # complex. 
If a transducer is inserted in a system, and the re-

flection factor measured on the output side of the 
transducer is w2=172/-41/2, the transformed reflection 
factor wi= //41, which appears on the input side is, 
with regard to eq. (1) and (2): 

cos 95 + we-4  
to' = 

W2 cos 4) 
(5) 

There is a certain value of w2=w1 which remains un-
changed by the transducer; this means w1=w2=wz. 
w„ which may be called the "characteristic reflection 
factor" of the transducer, is found from (5) to be: 

cos 4, 
w, = — p ± N/p2  — 1 where p = —  (6) 

cos 4, 

The transmission constant g of the transducer defined 
by: eg =  for wi...wr.ws becomes: 

eg = q -iN/FL 72 where  q = 
sin 4' 

(7) 
sin 4, 

Regarding the signs of the roots in (6) and (7), the fol-
lowing statements can be made: The upper sign of (6) 
corresponds to the upper sign in (7) if we state that 
\Ain' 4 = +sin 4.,  co52 4, = -I-cos 4). Furthermore, the 
law of conservation of energy stipulates that I w,I can 
never be greater than 1, and the real part of g never 
positive. 
If dissipation is negligible (d) and  real) we see from 

(7) that g is purely imaginary for I ql <1 or 4/ is between 
the limits: 

tntr — I 4, I <  < tnr + I 4, I m = 0, 1, 2, 3, • • • . (8) 

At the same time w, is real (see (6)). If the transducer is 
loaded by a system the reflection factor of which is 
w2=2v,, the passing wave undergoes only a shift in 
phase; its amplitude remains unchanged. In the range: 

(m + 1)7 — I 4, I >40>ntr +101,  (9) 

g contains a real part and w, becomes complex with the 
absolute value 1. In this case the passing wave is at-
tenuated, if the transducer is loaded with w2 = ws. 
Equations (8) and (9) determine the passing and rejec-
tion ranges of the transducer. 
The characteristic reflection factor of a transducer 

has a meaning similar to characteristic impedance in the 
usual four-terminal theory. 

3. FILTER WITH IDENTICAL LINKS 

Consider a filter of n identical symmetrical trans-
ducers (Fig. 2). The equations for such a ladder may be 

Fig. 2—Block diagram of a filter with identical stages, 
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written in the fortn: g„ of the filter is given by: 

September 

ui 
4-14)  (ail 

an)  un+ 
X ( 14— ) 1 

02, u•••+-1 

T.(q)  P _ Un(q) 
1 

(10)  cos 4' U„(q) 
= Tn(q)  j 

sin y6 \/1 — q2 
(14) 

where up u1 are the waves on the input side and  As long as the dissipation loss is negligible (4 and  are 
u„41 , t7.4.1 those on the output side. Using the char-  real), (14) leads to the following expression for the inser-
acteristics tv, and g introduced in the previous section,  (ion loss: 
it can be easily shown that the a matrix of a n-stage  U„(q) )2 

L = 1 -1- (cot cl) —   (15) ladder becomes:  — q2 

1 
(w,e- 1"g —  e") 

w, 

• 

(e—"g — e") 

(êg —  

(w  1eng — — e-ng) 
w, 

If we introduce Tschebeyscheff's polynomials of the  The phase shift of the passing wave is: 0= Im[g„j, tan 0 
first kind, (see Table I) we may write:  therefore becomes: 

1 
— (cne -1- e+no) 
2 

1 

=  [(q  T_ (q  j ‘ 71 

2  • 

= T,,(q) 

1 
— (e-ng — en') 
2j 

1 
=  [(q  1 \7 1 72- 4i)  (q  _ 

= ± un(q). 

TABLE I 

TSCHEBEYSCHEFF'S POLYNOMIALS FOR n =1 TO 4 

(12) 

n 1 2 3 4 

T.(q) q 2q2-1 4q2-3q 8.74 — 8q2 + 1 

U.(q) 
1 2q 4q2 — 1 8q8-4q 

\/1—q2 

The matrix (3.2) becomes: 

with 

(a)„ 

sin 1,f, 
= 
sin 

(Tn(q)  j  P  U n(q)) 
V P2 — 1 

n (q) 
p2 — 1 

cos 
P= 

cos <A 

p  U.(9) 
tan 0 = — 

— 1 Tn(q) 

The reflection coefficient on the input side 

(w1)1,,+,..0 — 
1 

T„(q)    
p  j  / 1,2 _ 

U.(4) 

( 1 6) 

(17) 

If dissipation is to be taken in account, the formulas 
(15) to (17) become more complicated, because p and q 
are no longer real and the Tschebeyscheff polynomials 
must be developed in order to separate the real and 
imaginary parts. 

As may be seen from (15), the insertion loss vanishes 
(neglecting the dissipation losses) if cos 4=0 or 
Un(q1/\/1—q2=0. If each stage is nonreflecting for a 
certain frequency, cos 4 is zero (see 3)). This pro-
vides resonating filter links, which act like parallel LC 
circuits shunted to a two-wire line. 
The formulas (13) to (17) describe the behavior of all 

transmission line filters with identical links, provided 

 un(q) 

(T ,,(q) p „(q)) 
2  I 

(13) 

that the frequency response of the characteristics 4 and 
1,P is known. 

Example I 

If the filter is inserted in a line which is terminated by  We apply the formulas first to a band-pass iris filter 
its characteristic impedance, the transmission constant  with two identical nonresonating irises (Fig. 3) with 
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aperture 4,. Each filter stage consists of an iris with a 
guide section on each side, whose length is equal to half 
the distance between the irises. The angle 4. in our 
formulas is equal to the transmission angle between the 
two irises IT plus 4, (see Section 2). 

I's— STAGE  I —•÷•—• STAGE 2—" 

Fig. 3—Two-stage filter, each stage consisting of an iris with the 
aperture  and guide sections with the transmission angle ik/2. 

Within a certain frequency range; the frequency re-
sponse of (1) and 4. can be considered linear. Hence, we 
may write: 

f — fo  
(t) = (bo 4- fly, = 4'0  -yy, with y —  ,  (18 ) 

Jo 

where 13 and -y are constants; the subscript 0 refers to 
the center frequency. 4/0 has according to Section 2 (see 
(8)) the value mr. If dissipation losses are considered, 
00, 0, and -y are complex, and 4/0 is mr plus a small 
imaginary part. We calculate only the insertion loss for 
the diEsipationless case when m=1. Using (15) and 

Table I we get: 

(cos 4) sin tP\2 
L = 1 -I- 4   

sin'   

(cos 4.0  1 + cos' 4,o 1 -I- 4  'YY   819/2)•  (19 ) 
sin24)o  sin' 4,0 

This formula is not identical to that usually given for a 
2 iris or one cavity filter, because it is not restricted to 
small bandwidths.3 For small bandwidths 4,0 becomes 
small, and within a certain frequency range in the 
neighborhood of the center frequency, the term con-
taining 13-yy2 can be neglected. Thus, the insertion loss 
becomes quadratic in y. 

Example 2 

The second example which we will consider is a band 
rejection filter, consisting of cavities coupled by small 
holes in the side of a waveguide, separated by a distance 
of a quarter wavelength (Fig. 4(a)). If the coupling is 
effected by the electric field or the longitudinal com-
ponent of the magnetic field of a TE-wave mode, and 
the field distortion is compensated by plungers (p1 in 
Fig. 4(a)), each of these cavities behaves like a series 
tuned circuit in shunt to a line (Fig. 4(b)). According to 
(4) the aperture of an equivalent iris is given by the 

4r- relation: 

— tan 4) = —(1 + j2Q  ), 
2  Jo 

(20)  4' = —2 +   — 2 ax with a= 

where R is the resonance impedance of the equivalent 
circuit, Q the quality of the cavity, Jo its resonance fre-
quency, and Ze the characteristic impedance of the 

waveguide. 

41.• 

I  I  , 

HT/  ' I 

dI M 

(a) 

Fig. 4—(a) Band rejection filter, each stage consisting of a cavity 
coupled to a guide section having a length ,i,. pl indicates the 
compensating elements. (b) Single filter stage and equivalent 
circuit. 

Each filter link consists of a cavity and a guide sec-
tion on both sides, the length of which is half the 
distance iT between two cavities. As 4/ =1T-F4), p and q 
become: 

cos 4, 
P —   cos 4) 

sin 4, 
q  =  

s:n 

cos (ik + 4)) 
cos 4) 

sin  -I- 0)  

sin 4) 

— cos 4; — sin  tan 46 

— sin ,T cot 4) + cos t/v. (21) 

Because of (20) tan 4, can be written in the form: 

4R  f — fo 
tan 4.• = x — ja with x = — Q   (22) 

7,0  In 

2R 
and a = — 

Z0 

As the distance between two cavities is a quater wave-
length at the center frequency, tT becomes: 

1 — 10  r  Z 

13 4RQ  (23) 
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fl denotes the frequency response of ‘L and has the 
value 

1 
= 11-4,40   (f, - cutoff frequency of the (24) 

1 - fo )2 guide). 

Equations (21) and (22) furnish all information nec-
essary for the description of the filter properties. 
Within the rejection range, the frequency response of 

IT can be neglected in general. Under this condition p 
and q become: 

1  
p = - tan 4, = - (x - Jo'), q = cot 4) =   (25) 

x - ja 

The insertion loss for an n stage filter is then 

L = I eĝl 2 = T(q)  j(  2 (see(14)).  (26) 

For n =2, for instance, L becomes: 

(x2 + cr(cr  2))2 ± 4(1  (Y)2 
L = eg,I 2 

(x2 0'2)2 

part of 4, can be mr. Transformers which satisfy these 
conditions have the matrices: 

— ei(i4/2+ 1/4) 

(a), -    
„ sin 4/ cos 4/ e± )(00- '14) 

if 40' is related to 44 by: 

cos  = 

-cos  

e-i(tP12+r/4) 

I  1  \ 2 

cos 40  V  COS 4, )  1  (29) 

(28) 

1 

The upper subscript and the upper signs in (28) refer 
to the input transformer, and the lower subscript and 
signs to the output transformer. In order to prove that 
these transformers satisfy the two conditions above, we 
consider first the matrix (a)a for the output transformer. 
If the line connected with it is terminated by its char-
acteristic impedance, the reflection factor on the filter 
side of the transformer is: 

W 4—mr ) =  — ( — 1)" cos 4/ 

(27)  = - ( 1)"' ( 1 V ( 4) 1 )2 1 ). (30) 
cos 4.  cos  

4. FILTERS WITH MATCHING TRANSFORMERS 

In general, a filter with identical links requires Match-
ing transformers on both ends. These are unsymmetrical 
transducers of the same type, but applied in opposite 
directions. (See Fig. 5.) The characteristics of these 

: —7— 
SWOT  -  tsTE11 STASIS 
TSSM VOInses 

Man!, 
TotsmS/Oseits 

Fig. 5—Block diagram of a filter with matching transformers. 

transducers influence the insertion properties of the 
filter, and they can be designed for various requirements. 
In the following, we restrict our consideration to a type 
of transformer with the following properties: 
1. No reflection in the total filter at the center fre-

quency of the pass band. 
2. Both transformers in series connected as shown in 

Fig. 6 shall have the same frequency response as one 
filter stage. 

Fig. 6—Block diagram for the replacement of a filter stage by 
two matching transformers. 

The center frequency of the pass band is defined as 
the frequency for which 4,=mr (see Section 2 (8)). If 
dissipation losses are taken in account, only the real 

This is the characteristic reflection factor w, of the 
filter links for 1p = m . (See (6)). The matching trans-
former on the input side transforms w, for 0= mw into 0. 
Thus, condition 1 is satisfied. It may be mentioned 
that our consideration is not quite exact because of 
the imaginary part of  due to the dissipation losses. 
Its effect could be compensated by a small discontinuity 
in the guide on both sides of the filter which would give 
the required additional transformation. 
To prove the second condition, we have to form the 

matrix product (a)„X(a),. Considering the relations 
(29), the resulting matrix becomes identical with that 
for one filter link (2). Only the sign becomes opposite 
for Rekd <0; however, this is of no consequence, be-
cause it means only a phase shift of 1800 for the waves 
on one side of the transformer. 
The matrix for the filter including its matching trans-

formers is found by the following: Because of property 
(2) each filter link can be replaced by a pair of matching 
transformers as indicated in Fig. 6. Therefore, the total 
filter can be considered as a chain of identical sym-
metrical links, each of which consists of a pair of these 
transformers, but in the inverse arrangement (Fig. 7). 

Fig. 7—The filter of Fig. 5, each stage of which has been replaced 
by a pair of matching transformers. 

The number of these stages is one greater than the 
number of stages of the unmatched filter. This means 
the two matching transformers together form an addi-
tional stage. The matrix for one of the new stages is: 
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1  j(eio - cos2 4/ci4')  cos (t,'(ei# -  

sin2 4/ - cos Ceio - 6.-10 ) - j(e-so - cos2 4/eq . 
(as) X (a). - 

The corresponding characteristic reflection factor w,' 
becomes, with regard to (29), 

1 
2v,' = - tan 4)(cot 4, —  .V. ; 

sin 4, 

(q= sin 4, ) sin 4) 
(32) 

The transmission constant g' is the same as for the 
original stages, because they differ only in the succes-
sion of the matching transducers of which they may be 

thought to consist. 
Because the total filter is transformed into a ladder 

of identical stages, its matrix is of the type (11), w, is 
replaced by w,', and n is one more than the number of 
original stages. With (34) and (35), the matrix can be 

written in the form: 

(a)„' 

(T„(q) - j cos 4' U.(q) _  q2 

U.(q) 
jq cos 4:1 _ q 2 

The transmission constant is given by: 

U.(0  
= T,, (q) - j cos 4,    ;  (34) 

N/1 - q2  

the insertion loss in the dissipationless case: 

Un 2. 
L = 1 + cos irt,(q   _ q 2) 

the phase shift 0 of the passing wave 
coefficient w1 on the input side 

U„(q) 
tan 0 = - cos 4, 

WI = 

(35) 

and the reflection 

(36) 

(37) 

1 

V1 - q2 T.(q) 

- q cos 4, 

T„(q)    
cos IP + j   - q2 

U,,(0) 

Example: 

We apply these general formulas to a special type of 
bandpass filter (shown in Fig. 8) for which a simplified 

I 
'p. 

I I 
v  v 
I  I  

Fig. 8—Band-pass filter (direct coupled type). 
r-
design procedure is given in part II. Each filter stage 
consists of a nonresonating iris with guide sections of the 
length ,Y /2 on both sides. The apertures of the irises may 

(31) 

be small, so sin 4) can be replaced by 4) and the frequency 
response neglected. The matching transformers also con-
sist of irises with guide sections on both sides, but these 
are of different length (A/2 and IT2/2). 
The required aperture 4)' of the matching irises is 

given by (29). The wave matrices of this iris (a),, and 
the matrices of the line sections (a); and (a); are: 

j (-el.' -cos  
=   
sin 4; \ cos 4/  e-10') 

(ecitigi 
(a) E. 

0 

0 
e  ) (38) 

If we form the product (a),-; X (a)., X (a); and compare 
the resulting matrix with the matrix (28) of the input 
transformer we find tT2 and  to be: 

7r 
= —2 -  IT* =  -  •  (39) 

(MO  
- jq cos rp    y _ q 2 

(T„(q) + j cos 4, U n(q)  _ q 2 

(33) 

These relations should be satisfied over the entire fre-
quency range. Actually they are only valid for one fre-
quency. However, this is of no serious consequence for 
the following reasons: For small relative bandwidths the 
frequency response of  and 41' can be neglected. (See 
example I, Section 3.) The frequency response of the line 
section l2/2 which is continued by the homogeneous 
guide, does not affect the insertion loss. i differs from 
4/ by only a few per cent if  is small. Therefore, the 
frequency response of i is approximately the same as 
that of IP. Hence, if (39) is satisfied for the center fre-
quency, it holds over a relatively wide frequency range. 
For sin 4)1  cos 41, sin 4/, and cos 4/, we can use the ap-

proximations: 

sin4, 4,  cos 0, P.-- 1 

sin 4, ( - 1) mi3 I - Jo  
Jo 

cos 4,  1)m  (40) 

In the following we assume m =1; this means that the 
distance between the irises should be about one-half 

wavelength. 
For the moment we will neglect the dissipation losses. 

Then the insertion loss given by (35): 

(for 13 see (24)). 

U„(x) )3 
L = 1 + (x  .=72 . with 

4)  In 
(41) 
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n is the number of inner irises plus one, or in other words 
it is the number of resonating cavities. 
The transmission angle 0 and the reflection factor w1 

are obtained from (36) and (37): 

U(x)  1 
tan 0 =  (42) 

V1 — x2 T(x) 

WI = 
T„(x)    

1 — j  — x2 
U„(x) 

(43) 

These formulas are identical with those for the so-called 
quarter-wave coupled type, which is fully discussed in 
the literature.' The close relationship between the two 
different filter types is founded in the fact that the quar-
ter-wave coupled type gives the iris performance of the 
general filter type shown in Fig. 7, in which each original 
filter stage is replaced by a pair of the matching trans-
ducers. Each stage of the original iris filter (Fig. 8), con-
sisting of an iris with the aperture ct, and the line sections 
1T/2, is replaced by..two matching irises in the distance 
IT2 with guide sections of A/2 on the ends (Fig. 9). 

, !  
I I 1 

Fig. 9—Band-pass filter (quarter-wave coupled type). 

We require in Part lithe relative 3-db bandwidth b, 
for n=1, 2, 3 or 4 stages. It is given by the solution of 
the algebraic equation 

1 
V" 
I  'I 

(44) 

For n = 1, the solution is: x  1. Hence with (41) and 
(24) 

The ratio r between the relative 3-db bandwidth for n 
through 4 inclusive and b1 is given in the following Table 

TABLE 11 

n 1 2 3 4 

b 
r — 
bi 

1 0.707 0.762 0.827 

Because the dissipation losses are small, they can be 
considered by assuming that only  has a small imagi-
nary part—je. Then, with (40) 

sin 

sin 41 
_ x — x  ja.  p  — 1. (45) 

Hence the transmission constant given by (34) becomes 

n = 1 egi  — x + f(1 + (7) 

= 2 eg2 = [2x2 — (1 + 2a  2a2)] — j2x(1  21) 

n = 3 93 = — [(4x2 — x(3 + 8(7 -1- 12cr2)] 

j[4x2(1 ± 3a) — (1 + 3a  4(72 40 3)[ 

ii =  4 eut = [8x4 — 8x2(1 + 3a + 6(72) 

+ (1 + 4a + 8a2 8a4) 

— j[8x3(1 + 447) 

— x(4 + 16a + 242  + 320)j,  (46) 

a can be expressed by the Q of a single cavity and the 
relative 3-db bandwidth b1 (without dissipation): 

1 
CT =    

b1Q 
(47) 

From the relations (46), the corresponding insertion 
losses can be calculated by taking the sum of the squares 
of the real part and the imaginary part of eg.. 

PART II. APPLICATION TO FILTER 
DESIGN 

1. DESIGN PROCEDURE 

A. Introduction 

On the basis of the theory developed, the following 
presents design data for band-pass iris filters which give 
in simplified form, the information necessary for the de-
sign of band-pass filters of the types shown in Fig. 10, 

11.2 

_ 

—1 
(a)  V'  V 

rhge-

z 160.-  •• 4°'  

I i 
(b)  se  Se  is'  411'  -  - 

q7,• - V' 

vI  I /so*  4" (a)  v'  4'  v' 
  V. • me-

Ts.] 

I I  I I  I k• • /do* - V' 
(b) V. V'_9'  4e  V'  4" 

= to' - 

I •  I  F.4to••• (a) v'  v  so'  , 
e, - -  V, P. • at% v 

71.4 

I  I  I  I  I  I  I  i s. • giots, 
(14 V. ‘''  Se  4e  V'  V'  V' 
I---F —I-% -1---w, --)- 4-- it ___1_17,..).__v,_.4 F.• to,v 

Fig. 10 —Diagram showing the relation between iris distances iland 
iris aperture is, (or direct and quarter-wave coupled filters. is' of 
the type (b) is identical with o' of the type (a). 

where n is the number of resonating cavities. For n 2 
there are two types of filters which have approximately 
the same insertion properties. Type (b), is the well-
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known quarter-wave coupled type. The type (a), the 
direct coupled type, has seen little application to date, 
primarily because of more rigid design and manufactur-
ing requirements. However, this type has the advantages 
of compactness and somewhat lower dissipation loss. 
Therefore, the design data presented have been exam-
ined especially for this type of filter, and the results are 
gratifying. The agreement between calculated and meas-
ured values is within 5 per cent. 
The characteristic variables for the filter are the an-

gles 4. and iy, introduced in the theoretical discussion, 
Part I. 4) is a measure for the aperture of an iris. The cos 
4) and I sin 4.1 are the absolute values of the reflection 
and passing coefficients of the iris, in a guide terminated 
by its characteristic impedance. It is assumed that 4, is 
constant within the passing range of the filter and in the 
neighborhood of it. For the direct coupled type, the 
apertures of the irises on the ends, denoted by ct,', differ 
from the inner irises (4,). The irises of quarter-wave 
coupled filters are identical, and have the same aper-
tures as the end irises of the equivalent direct coupled 
filters. The irises of the one-stage filter are also denoted 
with 4)', because the design procedure is identical to that 
of the end irises. ik and d, determine the transmission 
angle ,T between two irises. The values for ik indicated in 
Fig. 1 are referred to the center frequency. 

B. Number of Stages 

The first step in designing a filter is the choice of the 
proper number of stages. This is done with the aid of 

70 
db 
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I0 

144 

nc3 

re2 

nc1 

I  2  3  4  5  6  7  9  9  10 

Fig. 11—Insertion loss curves for n stage filters having the 
same 3-db bandwidth. 

Fig. 11, showing the insertion loss curves form n =1, 2, 
3, and 4 stages with the same 3-db bandwidth. The dis-
sipation loss is not considered in these curves, because 
it is of no consequence beyond the 3-db range. v denotes 
the half relative 3-db bandwidth, i.e., v=B WI2f5 where 
BW is the actual 3-db bandwidth, and fo the center fre-

quency. The frequency scale in Fig. 11 is given in steps 
of v. The curves are calculated with (46) for a =O. If, 
for instance, an attenuation of 20 db is desired for a 
frequency distance 3v from the mean passing frequency, 

the number of stages must be at least 2. 

C. Apertures 

The apertures of the inner irises of the filter type (a) 
are found with the aid of the unbroken curves of Fig. 
12. 4) indicates the aperture in degrees, b the relative 3-

tao 
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Fig. 12—Curves for determining iris aperture (solid lines), and 
guide wave length (broken line). 

db bandwidth (b=2.),fo the center frequency, and f. the 
cutoff frequency of the guide. f, for various sizes of rec-
tangular guides is shown in Table III. The curves are 
calculated with the formula: 

1 
el) = 90°   (48) 

\ I./ 

based on (40) and (41) of Part I. The values of r are 
given in Table II. The curves show 4.0) /1) as a function of 
folf. for the various numbers of stages. Although the 
one-stage filter has no iris with the aperture 4), the de-
termination of (1) is an intermediate step in obtaining 
0' is connected with 4, by the relation (29) which, for 

small apertures, can be simplified to 

4)10)  = 10 . 7VT)(65 .  (49) 

D. Dimension of the Windows 

The first steps require no special knowledge as to the 
kind of waveguide, wave mode, and form of irises. The 
following data are restricted to rectangular waveguides 
with TElo mode excitation, slit-type irises with the slit 
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parallel to the electric field and circular irises (see Table 
III). 

For infinitely thin irises of these types, the relation 
between ri) or cp' and the iris dimensions can be calcu-
lated with the assumption of a quasi-stationary field 
distribution adjacent to the openings. This assumption 
holds with great accuracy as long as sin et, can be re-
placed by 4,. This is also the supposition made for the 
formulas above. The width du of the slit in the case of 
slit-iris corresponding to aperture in degrees is given by 
the formula: 

4 12  co T 11 , 

•  Ac 
where 

a' 
F11 = 

457r 
(50) 

The hole diameter do for a circular iris is given by the 
formula: 

Au 
do' = (t)("Fo - 

Ac 

a2b 
where Fo =   •  (51) 

120 

The values of F11 and Fo have been calculated for all 
approved guide types which are shown in Table III. Be-
cause the inside guide dimensions a and b are given in 
inches, du and do in the formulas above result also in 
inches. Xg/X, is plotted in Fig. 12 as a function of fo/L. 
It is necessary to make a correction for the finite 

thickness of the irises. Because the irises with circular 
holes can be manufactured simply and with high ac-
curacy, this type is preferable to the slit type for most 
applications; therefore, the correction for finite thick-
ness has been measured only for this type. Fig. 13 shows 
a curve for this correction; do is the hole diameter of an 
infinitely thin iris which is calculated with the design 
formula above. do' is the diameter of an iris with the 
thickness 8 which has the same coupling effect as do. The 
curve in Fig. 13 gives do '/do as a function of 8/d0. If the 
diameter do for the infinitely thin iris is determined and 

the thickness of the material to be used for the iris is 
known, b/do can be calculated. Fig. 13 gives the correc-

II 

tO 

to 
p. 'I 

Fig. 13-Correction factor for iris thickness. do' is the diameter of a 
circular iris with the thickness 6, having the same coupling effect 
as an infinitely thin iris with the diameter do. 

tion factor do '/do with which do must be multiplied to 
obtain the real diameter do'. It should be noted here that 
allowance for the decrease of hole diameter and increase 
of thickness by plating must be made when the iris di-
mensions are determined. 

E. Distance Between the Irises 

The transit angles IT between the irises for the center 
frequencies are given in Fig. 10. The real distances D in 
cm or inches are given by the relation 

(ct) (xp 

360°  360°  k- ) 

(52) 

)1/40/Xe is plotted in Fig. 12. The values of X, are found in 
Table HI. 

TABLE III 

Outside 
Dimension 

a 
C.) 

b 

Inside 
Dimension 

a 

(") 

b 

Cut Off 
Frequency 

idc 

Cut Off 
Wavelercth 

or in 

Fe 

(do in ") 

F, 

(d" in ") 

.5/.05010/74/4/././Zesnr.ori % 

0 N N 
/ e • 

&  

N14 §4 

141tS0 
16 % 

5.660 3.410 6.500 3.250 908 33.04  13.01  1.144  -1 2.989%10 

4.450 2.310 4.300 2.150 1375 21.32  8.60  -1 
3.313x10  -1 

1.308x10  

3.000 1.300 2.840 1.340 5080 1.•:.,12 5.68 
-2 

9.006x10 
-z 

5.705%10 

2.000 1.900 1.372 0.872 3155 9.51 3.74 
-2 

2.557x10 
-2 

2.479x10 

1.500 0.750 1.372 0.622 4285 7.00 2 76 
-2 

1 0393E10 
-2 

v  AMOU 

N 

gk 0 
P̀ e 
g 

1.250 0.625 1.122 0.497 
5260  5.70 2.24 

-3 
5.214x10 

1..332x10 
-3 

3.905x 10 

1.000 0.500 0.900 0.400 6500 4.57  1.80  ..3 
2.700x10  -3 

7.213%10  
'M AP   IC, 

0.702 0.391 0.622 0.311 9490 3.16 1.24 
-4 

3.224x10 
-3 

2.737x10 

0.500 0.250 0.420 0.170 14080 2.13 0.84 
-4 

1.470x10 
-3 

1,248x10 
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As the distances are critical (except those correspond-
ing to IT2 in the quarter-wave coupled type), and the 
guide cross section may vary somewhat, it is better to 
make them smaller by approximately 1 per cent, and to 
tune the cavities to resonance by means of a capacitive 

plunger. 

F. Dissipation Loss 

The dissipation affects the insertion loss of the filter, 
and also to some extent the bandwidth. The unbroken 
curves in Fig. 14 show the insertion loss at the center 
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Fig. 14--Dissipation loss at the center frequency (solid lines) and 
ratio between relative 3-db bandwidth be with dissipation, to 
relative 3-db bandwidth b without dissipation (broken lines). 

LI 

1.0 

0.9 

frequency for 1, 2, "and 3 stages. The dissipation losses 
are expressed by the quantity 1/bQ, where b is the rela-
tive 3-db bandwidth for the dissirationless case, and Q 
the quality of a single cavity. The broken curves in Fig. 
14 show the ratio between the modified relative band-
width bd and b as a function of 11bQ. The change of 
bandwidth because of the dissipation losses can be con-
sidered by designing the filter for a bandwidth which is 
the desired bandwidth divided by bd/b. 

2. EXAMPLE 

The following example is given to illustrate the design 

procedure: 
Three-stage filter of the type (a): A center frequency 

f0=9,350 Mc, and 3-db bandwidth of 13 Mc is chosen. 
(The measured bandwidth will be a few per cent less 
than 13 Mc because of the dissipation losses previously 
discussed.) The type of guide used will be (1 inch X1 
inch) for which Table III gives the cutoff frequency 
L = 6,560 Mc. First, the values of foil, and the relative 
bandwidth b must be calculated. They becomefo/L 
=1.43; b =1.39 X10-3. may now be determined from 
Fig. 12. With fo/f, =1.43 and n=3, 4)(°)/b=231° or 
4)(0 =0.325. By (49) we find ct,' 0) to be 6.1°. 
Table III gives the value of Fo for 1 inch X4 inch guide 

as 2.70X10, and (d3),o, =16.3 X10-3 . Fig. 12 shows 
?kg/Xi, to be 0.98. With (51) we find (d3), to be 0.860 
X10-3 and (d3),,, =16.3 X10-2. Hence: (14.= 0.095 inch 

g- and d.=0.252 inch. For an iris thickness 6 of 0.009 
inch (including plating) did.= 0.09 and 6/ 4 =0.32. 
Fig. 13 gives the correction factors for the iris diame-
ters: doi/do = 1.10 and 1.04, respectively. The real 

diameters are therefore do' = 0.105 inch. d,o,' = 0.262 inch. 
To find the distance D between the irises, we use (52), 
first determining IT1 and  2 from Fig. 10; tTi =176.8°, 
1T2= 179.7°. With Xa/X, = 0.98 and X, = 1.80 inches (see 
Table III) we get /41=0.864, D 2=0.882. To allow for 
tuning of the filter, we subtract approximately 1 per 
cent from these values to obtain the real distances. 

3. MEASUREMENTS 

A two-stage and three-stage filter were constructed to 
verify the theory. The two-stage filter was designed for 
a bandwidth of 14 Mc (b =1.50 =10-3), centered at 
9,350 Mc. The three-stage filter was constructed using 
the dimensions obtained in the foregoing example, 13 
Mc bandwidth (b =1.39 X10-3), and center frequency of 
9,350 Mc. Fig. 15 is a plot of the measured insertion loss 
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Fig. 15—Measured and calcu ated insertion loss curves for 
two- and three-stage direct-coupled filters. 

of these filters. The curves shown were calculated with 
(46) for best fit to the measured points. The correspond-
ing values of b and a for the two-stage filter are b = 1.47 
=10-3 , d =0.112 (Q=4,300); and for the three-stage 
filter b = 1.25 X10-3 , a =0.097 (Q=6,300). It should be 
noted here that the bandwidth of the three-stage filter 
is about 10 per cent less than 14 Mc. Approximately one-
half of this deviation is due to dissipation losses which 
are considered in Section 1-F (for the two-stage filter the 
effect of dissipation is negligible). Thickness of plating 
and the accuracy of measurement account for the re-
mainder. 
The measured dissipation loss at the center frequency 

for the three-stage filter is relatively low, compared with 
that of the two-stage filter. This may be due to variation 
in the plating of the cavities. Another reason can be the 
following: The dissipation loss of an iris becomes greater 
for larger apertures. In the two-stage filter, each cavity 
has one large and one small aperture. The three-stage 
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filter, however, has one cavity with only small aper-
tures, and therefore, the mean Q of the three-stage filter 
should be higher than that of the two-stage filter. The 

Fig. 16—Two- and three-stage filters, type A, circular iris. 

tuning of a three-stage filter can be accomplished easily 
in the following manner: First, one outside cavity is ap-
proximately tuned to resonance by noting the reaction 
on the generator. This is done to obtain some power flow 
through the filter. The inner cavity is then tuned far off 
resonance. Following this, the last cavity is tuned for 
maximum power transfer, and the first cavity readjusted 
to maximize the output. Finally, the inner cavity is 
tuned, and no further adjustments are required. 
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Stabilization of Simultaneous Equation Solvers* 
GRANINO A. KORNt 

Summary—A new stability criterion for multiple-loop feedback 
systems is developed and applied to the problem of stabilizing elec-
tronic simultaneous equation solvers. 

r"E SOLUTION of a vast number of scientific 
and engineering problems involves the numerical 
computation of the unknowns of a system of 

linear simultaneous equations. Systems with as many as 
fifteen or twenty unknowns are frequent in many appli-
cations. The numerical solution of such systems, even 
by approximation methods, constitutes a formidable 
task. On the other hand, many engineering problems 
demand solutions less accurate than about 1 per cent. 
Within this limit of accuracy, the problems in ques-

tion have been found to lend themselves well to solutions 
by analogue computers of the type described.1-4  In these 
devices, a physical quantity, such as a voltage, is made 
to correspond to each unknown by the introduction of 

* Decimal classification: 621.375.2. Original manuscript received 
by the Institute, February 25, 1948; revised manuscript received, 
January 12, 1949. 
t Curtiss-Wright Corp., Columbus, Ohio. 
' G. W. Brown, "The stability of feedback solution of simultane-

ous linear equations," Amer. Math. Soc. Bull., part I, vol. 53, p. 61; 
January, 1947 (abstract). 

1 E. A. Goldberg and G. W. Brown, "An electronic simultaneous 
equation solver," Jour. App!. Phys., vol. 19, pp. 339-345; April, 1948. 

C. E. Berry, D. E. Wilcox, S. M. Rock, and H. W. Washburn, "A 
computer for solving linear simultaneous equations," Jour. App!. 
Phys., vol. 17, pp. 262-272; April, 1946. 

4 F. J. Murray, "Theory of Mathematical Machines," King's 
Crown Press, New York. N. Y.: 1947. 

convenient scale factors. The physical quantities repre-
senting the unknowns are then made to satisfy a set of 
equations analogous to the given problem. This is 
achieved by means of "computing elements" used to 
establish the desired relations between the various 
voltages. Once the computer is thus set up for a given 
problem, these voltages must then satisfy the relations 
established between them and must, therefore, be pro-
portional to the unknowns. Such analogue computers 
are vastly cheaper than digital computer* and their 
accuracy is sufficient for many engineering applications. 
The purpose of the computers in question is to find the 

set of numbers (unknowns), xi, x2 • • • , xn, satisfying 
the set of linear simultaneous equations 

anxi  a12x2 -I- • • • + ainxn  = 0 

anixi  an2x2 -I- •  b„ = 0 

whose determinant must be different from zero. In the 
following, we shall consider the case of real coefficients, 
ask and b„ so that the unknowns will be real as well. 
It should be mentioned in passing that it will not prove 
difficult to extend our considerations to the case of com-
plex coefficients. 

In the computers to be discussed, the xi's are con-
sidered as variables represented by ac or dc voltages 
which are proportional to the respective numerical 
values. We shall denote these voltages by the same sym-
bols xi as the respective variables. 

(1) 
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Fig. 1 shows the essential features of an analog com-
puter using feedback to establish the relations (1) be-
tween voltages xi for the case n = 2. An automatic feed-
back computer of this type is described in footnote 
reference 2. It is seen that voltages corresponding to 

p p  V I te eg 

Q,= 

0.„ to 
Sun_2 4%.1 
NetworK 6  

Bmpl i imrs 

= 

Fig. 1—Scheme of connections for solving a pair of lin-
ear simultaneous equations. 

the terms b, and adxk are obtained by means of potenti-
ometers and summed by means of summing amplifiers. 
If e, be the output voltage of the ith summing amplifier, 
the device simulates the relations 

A { E aikxk 
k-1 

which differ from the desired relations (1) only by the 
amount of the error or residual ei in each equation. 
The computer then attempts automatically to minimize 
these residuals by means of n' feedback connections 
such that e1 =x„ as shown in Fig. 1. The relations (2) 
established by the computer now become 

aik i  = 0  = 1, 2, • • • , n E (aik —  xk  bi   
bik = {0 for i k.  (3) 

1 for i = k 

k-1  A 

Equation (3) approximates (1) for high amplifier gain 
A. The error due to finite gain is easily seen to be in-
versely proportional to the gain A and can be made very 
small. The relations (3) are satisfied by approximately 
the same values of the xi as the original equations (1). 
The voltages xi appearing in the arrangement of Fig. 1 
will, therefore, be proportional to the desired unknowns 
if and only if, the feedback system for the given set of 
equations is stable at all frequencies. 
Some conditions determining the stability of feedback 

ir" systems of the type in question now will be discussed. If 
it were possible to construct the summing amplifiers so 
that the gain A is a negative constant for all frequencies 
of the input voltages, the stability of the system would 

ei; i = 1, 2, • • • , n  (2) 

depend only on the nature of the feedback networks. 
The net effect of the latter should be degenerative. That 
is to say, it should actually minimize the sum of the 
squares of all the residuals ei. It is easily seen that this 
need not be true in every case by considering the ar-
rangement of Fig. 1. Regeneration would surely result 
if an =a22' —1 and an= an =O. The nature of the feed-
back networks depends on the given values of the coeffi-
cients eta. Specifically, it was shown in footnote refer-
ence 2 that, for constant negative amplifier gain A, the 
system will be stable if, and only if, the matrix of the co-
efficients cla is positive definite. This is the case if, and 
only if, the equation 

0 for i  k 
determinant I aik  6ikX = 0 bik = {   (4) 

1 for i = k   

has only roots Xi(j= 1, 2, • • • n) with positive real 
parts.' This condition of positive definiteness is not as 
stringent a limitation as it might appear. Many systems 
of equations related to engineering problems have posi-
tive definite matrices for physical reasons. Again, the 
matrix of a given set of equations can often be made 
positive definite by simply rearranging the equations 
so that the diagonal elements are large and the post-
diagonal coefficients are smaller. The diagonal coeffi-
cients are then all made positive by appropriate multi-
plications by —1. The reference cited' also mentions 
that it is useful to arrange the equations so that, for 
each pair of indices i and k, 

I aiiakk I > I aikaki I • (5) 

In any case, for any given system of linear equations (1) 
there exists an equivalent linear system 

n 
EE  + E a„b, = 0, j= 1, 2, • • • ,n.  (6) 
s-1 k•.1 

This set of equations is satisfied by the same unknowns 
and its matrix is necessarily always positive definite. 
Adcock' has made the relations (6) the basis of a feed-
back computer which is stable for all values of the coeffi-
cients aik. 
In the discussion which follows, it will be assumed 

that the coefficients aik satisfy condition (4). It will then 
be found that almost all problems involved in the design 
of feedback computers of the type just described center 
about the design of the summing amplifiers. In practice, 
the amplifier gain A is not a negative constant, as as-
sumed above, but a complex function A(ji.o) of the 
angular frequency co. Both the absolute voltage gain and 
the phase shift of each amplifier vary with frequency, 
and one must be sure that they vary in such a manner 
that the computer is stable at all frequencies. In other 
words, the amplifiers must be designed so that the feed-

'R. A. Frazer, W. J. Duncan, and A. R. Collar, "Elementary 
Matrices," Cambridge University Press, Cambridge, Mass.; 1938. 

6 W. A. Adcock, An automatic simultaneous equation computer 
and its use in solving secular equations," Rev. Sci. Instr., vol. 19, pp 
181-187; March, 1948. 
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back cannot become regenerative at any frequency, 
since this would result in uncontrolled oscillations. 
With the performance equations of the computer 

given in (3), the general stability criterion' is that all 
the roots p=jw of the so-called characteristic equation 

determinant 
bik 

aik 
A(p) 

= 0 (7) 

must have negative real parts. 
The necessity of maintaining stability imposes severe 

restrictions on the amplifiers to be used in feedback com-
puters. The only known practical means of analyzing 
the stability of a complicated multiple-loop feedback 
system on the basis of (7) are Routh's rule and Nyquist 
analysis.' Both necessitate cumbersome computations 
for values of n larger than 2. 
The writer was, however, able to develop a simple 

condition for stability which is useful in the case of 
positive definite matrices, and, therefore, applies to 
the present computer. An inspection of (4) and (7) 
shows that (7) can hold true only for such values of p 
which satisfy one or more of the equations 

1 
= xi 

A (p) 

where the X, are the roots in (4), often called the "eigen-
values" of the matrix of the a,k. Equation (7) is, then, 
equivalent to the n simpler equations (8). 
The general stability criterion, therefore, reduces to 

the much more easily tested requirement that for a stable 
computer, all roots p of the n equations (8) must have 
negative real parts. This criterion holds whether or not 
(4) is satisfied by the coefficients (la. 

Assuming now that the matrix of the a,k is positive 
definite, so that (4) holds true, it is not necessary to 
apply the above stability criterion to each new combina-
tion of coefficients c/a, or every given problem. If (4) is 
to hold, the X, must have positive real parts, which may 
vary in value depending upon the nature of the problem. 
They will, as a matter of fact, never exceed the value 1 
since that is the maximum feedback factor possible 
with the potentiometer arrangement shown. Thus, the 
computer will be stable for all values of the coefficients a,k 
satisfying condition (4) if, and only if, real part of (p) <0 
for all p such that 0 <real part of 1/A (p)1(9). 
It is notable that this condition is independent of the 

number of amplifiers or equations. Therefore, in order 
to find out whether a given type of amplifier will yield a 
stable computer of the type considered, it is only necessary 
to perform analytical or experimental tests on one amplifier 
with simple feedback, which will solve the equation 

(8) 

7 H. W. Bode, "Network Analysis and Feedback Amplifier De-
sign," D. Van Nostrand Co., Inc., New York, N. Y.; 1945. 

Or 

ax  b = 0 by the approximation A (ax  b) = x 

x = b 
A 

1 — aA  a 
(10) 

where a is now a complex number with positive real 
part (passive feedback networks with less than 90° 
phase shift). 
If this simple system, shown in Fig. 2, proves stable for 

all values of a between 0 and 1, the same will be the case 
with a computer for n equations using the same type of 
amplifier if the matrix of the coefficient ail, is positive 
(except for the possible effects of stray coupling, etc.). 
The fundamental importance of the last-mentioned 

A(cAxt 

— 
I—a A 

Fig. 2—Scheme.of connections for teAing the stability 
of the amplifier. 

theorem lies in the fact that it reduces the design of 
amplifiers for the complicated multiple-loop feedback 
system to the design of one simple feedback amplif er, 
so that stability criteria known from experience or a 
simple Nyquist analysis may be applied. The analysis 
described can be extended to cases in which the various 
amplifiers are not exactly identical as has been assumed 
above. Other more general theorems useful for the de-
sign of multiple-loop feedback amplifiers and servo-
mechanisms may be derived from (8). 
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Novel Multiplying Circuits with Application to 
Electronic Wattmeters* 
M. A. H. EL-SAIDt, SENIOR MEMBER, IRE 

• Summary—The primary relationship underlying this investiga-
tion is the exponential law relating plate current to plate voltage in a 
diode when operated in the so-called "retarding-field" region. By 
extending this classical mode of operation to multigrid tubes, the 
tube yielded further operating conditions in which plate current is 
accurately proportional to the product of a linear function of plate 
voltage and an exponential function of grid voltage over wide ranges. 
An analysis is given of various multiplying circuits using a single 

multigrid tube under this mode of operation. Two methods are 
described for compensating accurately the inherent plate rectifica-

tion due to the exponential grid curvature. 
The circuits are most suited for electronic wattmeters having 

exceptionally good features and predictable performance over the 

frequency range from 20 cycles up to the neighborhood of SO Mc. 

I. INTRODUCTION 

IIlOR DIRECT measurement of power at the corn-mon frequencies of power circuits, the electro-
dynamometer type of wattmeter is satisfactory, 

but for direct measurement of small amounts of power, 
or for the measurement of power at the high audio fre-
quencies or at radio frequencies, such an instrument 
cannot be used because of its appreciable insertion loss, 
inductive and capacitive qualities. For this reason, 
electronic wattmeters have been developed and used. 
With one exception,1-3  these depend upon the use of two 
accurately matched tubes operating in the square-law 
regime. These circuits have the disadvantage that it is 
difficult to match the tubes sufficiently accurately and 
that, even when matched, the square-law relation holds 
over such a small range that voltage dividers are un-
avoidable for voltages exceeding one or two volts. It is 
difficult to correct the angles of these dividers at high 
frequencies, and the power absorbed by the divider may 
constitute a serious loss. The insertion unit in these in-
struments is a T or Ir configuration, and it is difficult to 
provide for a satisfactory ground system with these con-

figurations. 
r  Another type of electronic wattmeter is described by 
J. R. Pierce4 in which a multigrid tube of the hexode 
type is used. In these instruments, the multigrid tube is 

' arranged to operate in a regime so that its plate current 
versus the voltage of the first grid for various values of 

• Decimal classification: R245.3. Original manuscript received 
by the Institute, November 24, 1948; revised manuscript received, 
May 31, 1949. Presented, IRE West Coast Convention, Los Angeles, 
Calif., October 1, 1948; and URSI-IRE Meeting, October 9, 1948, 
Washington, D. C. 

Fouad University, Cairo, Egypt. 
'E. Peterson, U. S. Patent No. 1,586,533. 

1  'H. M. Turner and F. T. McNamara, "An electron tube watt-
V-- meter and voltmeter and a phase-shifting bridge," PROC. I.R.E:., 
vol. 18, pp. 1743-1748; October, 1930. 

3 E. Mallett, "A valve wattmeter," Jour. IEE, vol. 73, p. 295: 
1933. 
• J. R. Pierce, "A proposed wattmeter using multielectrode tubes," 

Nor. I.R.E., vol. 24, pp. 577-584; April, 1936. 

the voltage on the third grid is a family of straight lines, 
which when extended meet at one point; while at the 
same time the plate current varies linearly against the 
voltage of the third grid. Existing multigrid tubes have 
such a small range of linearity that the error introduced 
by rectification is serious enough to preclude the use of 
one tube in a wattmeter. When two tubes are used in a 
push-pull arrangement, although the error due to volt-
age deflection is considerably reduced, the deflections 
due to current alone are still appreciable. It is difficult 
to match the tubes under these operating conditions, 
and even when matched, the useful voltage range is ex-

ceedingly small. 
This paper describes two types of electronic watt-

meters for the measurement of ac power. The first type 
is mostly designed for use in circuits in which there are 
almost sinusoidal current and voltage relationships. Its 
basic multiplying circuit is of novel design and simple 
construction using a single vacuum tube. The second 
type is essentially the first, but with an additional cir-
cuit to make it generally applicable to voltages and 
currents having complex wave forms. The primary rela-
tionship leading to the main design equations of the in-
corporated multiplying circuit is the exponential law re-
lating plate current to plate voltage in a diode when 
operated in the so-called "retarding-field" region. By ex-
tending this mode of operation to multigrid tubes, it 
was found that the tube yields further current-voltage 
felationships that are of importance in obtaining a pre-
dictable nonlinear performance when more than one 
signal is applied. These relationships are useful directly 
for a mathematical application to a specific type of a 
multiplying circuit. 

II. "RETARDING-FIELD" CHARACTERISTIC 
OF DIODES 

It is known9 that in a diode the plate current 4 is re-
lated to the temperature-limited current I. by the ex-

pression: 

lb = Ise9E"., (1) 

where E. is the potential at the virtual cathode, b= 
e/kT= 11600/T volts-', where e is the charge of the 
electron (1.602X10'9 coulomb), k is Boltzman's con-
stant (1.380X10 23 watt/sec.), and T is the absolute 
temperature in degrees Kelvin. For a given diode at a 
fixed cathode temperature, the magnitude of E. is a 
function of the plate voltage Eb. As Eb becomes suffi-
ciently negative, E. approaches Eb, until at a certain 

'Saul Dushman, "Thermionic emission," Rev. Mod. Phys., vol. 
2. p. 381: 1930. 
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Plate voltage Eb', the potential minimum is equal to 
Et.° and its position is at the plate. For all values of Eb 
more negative than Eb' a region known as "retarding-
field region,"  E., and the /b-Eb characteristic is 
exponential and obeys the law: 

lb = lo bilb. (2) 

The exponential portion of the diode characteristic 
occurs at plate voltages more negative than those for 
which the three-halves power law holds, and only at 
plate currents determined by the Alaxwellian theory of 
initial electron velocity distribution. The theoretical 
value of b corresponding to a cathode temperature of 
1000° K is 11.6 volts.-' This exponential relationship is 
classical and has found practical applications; for in-
stance, in analyzing' the behavior of the so-called peak-
type of vacuum-tube voltmeter with small applied volt-
ages. It is important both theoretically and practically, 
because it is essentially independent of variations in 
tube construction and processing, and therefore gives 
accurately reproducible results that do not demand 
careful selection of tubes. Fig. 1 shows this exponential 

- I I 

954 DIODE CONNECTION 
E h • 56 volt. 

PLATE VOLTAGE Eb  ,oits  , 

..6  .07  -0'9  -04 

Fig. 1—"Retarding-Field" characteristic of Type 954 con-
nected as a diode: le versus Et. 

characteristic for the Type 954 connected as a diode 
with all the grids strapped to the plate. The slope b of 
the In -Et, curve is 9.64 volts-'. 

III. "RETARDING-FIELD" CHARACTERISTICS 

OF MULTIGRID TUBES 

The development of the exponential mode of opera-
tion of multigrid tubes will be presented here briefly; 

C. B. Aiken, "Theory of the diode voltmeter," PROC. 1.R.F.:., 
vol. 26, pp. 859-877; July, 1938. 

but some of the clarifying details are given in Appendix 
1. When the screen grid voltage of a tetrode or a pentode 
is reduced to a value near cathode potential and the grid 
voltage is sufficiently negative so that a virtual cathode 
is formed at the grid, and both grid and plate currents 
will vary exponentially against grid voltage. These low 
currents are determined by initial velocity distribution 
and occur at grid voltages more negative than those for 
which the three-halves power law holds. 
Fig. 2 shows these grid and plate currents for the 

0°, 
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Fig. 2— "Retarding-Field" characteristics of Type 954: 
and h versus E, for various values of EP. 

Type 954 plotted against grid voltage on a semilog chart. 
The curves are taken for plate voltages between 20 and 
400 volts with the screen grid voltage held'constant at 
+3 volts. It will be seen that the curves are accurately 
exponential up to about 10 microamperes and that the 
grid current I, is substantially independent of plate 
voltage. The slope b, of the In lb- E, curves is constant, t4 
being practically 9.13 volts-'. The slope b, of the In 
/c-E, curve is 10.86 volts-t. The curves show that, 
over the full plate voltage range, the grid and plate cur-
rents, respectively, obey the relationships: 

= fe,e4R, (3) 

and 

ib = Ib,EbR ,  (4) 

where  and 'b9 are, respectively, the extrapolated 
values of grid and plate currents at Er =0. Furthermore, 
the plate current curves of Fig. 2 show that since b„ is 
fixed, the value of ./1,. is determined by the plate voltage 
only. 
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Fig. 3 shows the same experimental data of Fig. 2, 
plate current versus plate voltage plotted on a linear 
chart for various constant values of grid voltage. These 
curves show that, over the full plate voltage range from 
20 to 500 volts, the plate current varies accurately lin-
early with plate voltage. Also, the lines determine a 
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Fig. 3—"Retarding-Field" characteristics of Type 954: Is, 
I. and I, versus Et, for various values of E.. 

common intersection on the plate voltage axis at Eb= 
—660 volts. Under these conditions, the value of /b. 
varies linearly with plate voltage, and (4) for plate cur-
rent can therefore be re-written as: 

b = (mEb  n)ebPE.,  (5) 

where Eb and E, are, respectively, the plate and grid 

voltages,m is the slope of the extrapolated plate current-
plate voltage characteristic for E.= 0, and n is the extra-
polated plate current for Eb = Ec= 0. 
Referring to Fig. 2 and 3 it is evident that a multi-

grid tube operated under initial velocity conditions 
yields a plate current accurately proportional to the 
product of a linear function of plate voltage and an ex-
ponential function of grid voltage over wide ranges. 
The grid current is an exponential function of grid 
voltage, and substantially independent of plate voltage. 

IV. MULTIPLYING CIRCUITS 

Consider the simplified circuit of Fig. 4 in which a 
pentode V-1 is shown with its electrodes suitably 
polarized to operate in the exponential regime with (3) 
and (5) valid. Two ac input voltages v„ and vg are applied 
in the plate and grid circuits, respectively. The source 
impedances of v„ and v„ are not shown, since these can 
be neglected compared to the corresponding high tube 
impedances in the operating region of Fig. 3. For the 
same reason, grid rectification is neglected, and only (5) 
will be considered. With no alternating voltages applied, 
let the dc plate and grid voltages be so adjusted that 

the direct current through the plate is given by: 

lb = (mEe  n)ebys.,  (6) 

where Er, and E, are the dc plate and grid voltages, re-
spectively. 

Fig. 4—Simplified multiplying circuit incorporating a pentode 
under initial velocity conditions. 

When vg and vg are applied, the plate voltage becomes 
(Eo-l-v„) while the grid voltage becomes (E,-1-7,9), and 
the plate current becomes (h-Fio).,Therefore: 

= Nebo,' — 1) + mov„ebPvg,  (7) 

where mo= mebP". and equals the plate conductance at the 
quiescent operating point. Over an infinitesimal grid 

voltage excursion, (7) reduces to: 

ib = ibbp(vo)  mo(vp)  mobp(vgv0).  (8) 

Equation (8) indicates that with infinitesimal grid volt-
age excursion, the change in plate current, consequent 
upon application of alternating plate and grid voltages, 
comprises a term proportional to the product of the 
two voltages in addition to terms proportional to each 
voltage. The average change in plate current equals 
(ib)ay. proportional to (v„v„),„ provided that v„ and v, 
have no dc components. 
In order to obtain a useful amount of output by in-

creasing the grid voltage excursion, plate rectification 
occurs due to the nonlinearity inherent in the exponen-
tial curvature. The multiplying circuit of Fig. 4 would 
be ideal, had the plate current been proportional to the 
product of linear functions of plate and grid voltages. 
However, two methods will be described here for com-
pensating accurately the effect of plate rectification. 
One method compensates for the average value of plate 
rectification, whereas the other compensates for the 

instantaneous value. 

A. Compensation by Average Grid Rectification 

Since plate current is exponential against grid volt-
age, plate rectification occurs and the average change 
in plate current consequent upon application of alter-
nating plate and grid voltages contains a component 
determined by grid voltage only. This component is in-
dependent of plate voltage and can therefore be compen-
sated by changing the average potential to the grid. 
Since, as previously indicated, the grid current is sub-
stantially independent of plate voltage, it is therefore 
reasonable to see if the tube can bias itself automatically 
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to the proper operating point to compensate for average 
plate rectification by using the grid current to produce 
average grid rectification. 
Consider the circuit shown in Fig. 5 (a) which is simi-

lar to that shown in Fig. 4, except that a grid leak re-
sistor R, by-passed by a capacitor G is connected in 
series with the grid. Also, a plate load resistance R„ by-
passed by a capacitor C, is connected in series with the 
plate supply Ebb. Let the source impedances of the alter-
nating voltages v, and v, be negligibly small compared 
to the corresponding tube impedances in the operating 
region shown in Fig. 3. Let, also, the values of C, and 
C, be such that all the alternating voltages v, and v„ are 
effectively•applied respectively across the grid-cathode 
and plate-cathode spaces of the tube. 
With no alternating voltages applied to the system, 

let the dc potential at the plate be Eb, and the direct 
currents flowing in the plate and grid be /b and le re-

(b 

Fig. 5—Multiplying circuit incorporating a pentode under initial 
velocity conditions and using average grid rectification to 
compensate average plate rectification. 

spectively. The grid current h will flow through R9, 
thus biasing the tube negatively; the bias depending 
upon R, and its magnitude is Ec= IrR,. Also, the plate 
current lb will flow through R„, thus dropping the bat-
tery voltage to Eb at the plate. 
When ve is applied, grid rectification occurs and the 

current through R, increases. The total grid voltage be-
comes (—Er-l-vo—AE,) where AE, is the average recti-
fied grid voltage depending upon the magnitude of R, 
and the applied alternating grid voltage (see Appendix 
II). 
When the alternating voltages v, and v, are applied 

simultaneously, the plate current will be (/bi-ib); the 
average value changing from ibtO (lb+ (4)...). The total 
plate voltage will be (Eb+v,—(ib)„,./2,). Therefore, 
substituting these values in (5), the plate current con-
sequent upon the application of alternating voltages to 
the system is given by: 

Te 4- 4 = [mEb+mvp— m(ib)., 

Taking average values of both sides and solving for 
(ib)„,,. we get : 

(4)., — lb 
(gbP") by  — 1 

1 +  

f. mo(v„tbrr.)„„ 
1 + MbR p(tbi''' 0).v  

Equation (9) shows that the average value of the 
change in plate current consequent upon the application 
of v„ and vo is composed of an average product term of 
the form (v„t69ve)„,. and an additional voltage term de-
pending upon the alternating grid voltage only. Since 
this additional voltage term is due to plate rectification, 
therefore, if by means of grid rectification the value of 
AE, is so adjusted that tlw additional voltage term in 
(9) vanishes identically, then: 

= Opal.? 

i.e., the value of LIE, nuist be given by 

1 
AE, = — In (0„.„).v., 

b„ 
(10) 

which gives a condition for perfect grid bucking. Under 
this condition, (9) reduces to: 

(vrebr'..)”, 

1  moR,  (ebr ,0„„. 

Particular interest is taken in the simple case where 
vp=v, cos (wt-Fcb) and v.= l', cos wt (for other cases, 
see Appendix III). Substituting these values in (11) we 
get: 

Uio 

mo —111(jb„170) 
(i b).v.  „ cos 4),  (12) 

1 ± moR„  Jo(jb„Ve) 

where —j .11(jbpr9) is modified Besse! Function first 
kind first order, and Jo(jb,V„) is modified I3essel Func-
tion first kind zero order. Fig. 6 shows a plot of the 
quotient 

—jJi(jb„V,) 

fo(jb,V0) 

against b„1'0, and it will be seen that the deviation of 
this quotient from linearity is less than 3 per cent for 
values of b„ V„ up to 0.5. Multiplying both sides of (12) 
by R„ and considering only the linear portion of the 
Bessel quotient, we obtain 

ntoR„  1 
AEb  =   b,V,V, cos 0,  (13) 

1 + tn0R, 2 

which shows that upon the application of pure and co-
herent alternating plate and grid voltages, the de poten-
tial at the plate changes by an amount proportional to 
V, V, cos 4), provided that grid bucking is perfect. The 
circuit in this case can be used to measure the average 
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value of the product of two alternating voltages. Under 
these conditions, when the peak ac grid voltage is lim-
ited to less than 1/2 bp, the accuracy of measurement is 
better than + 1.5 per cent of full output. Meanwhile, 
for bp V, = 0.5, the full output is 12.5 per cent of the 
peak ac plate voltage at unity power-factor and with 
moRp = 1; being only doubled for moRp>>1. 
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s. "--- PERCENT DEVIATION FROM LINEARITY 
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20  30 

b V )  
Fig. 6—A plot of the quotient —  °' and its per 

P(j bpV,) 
cent deviation from linearity versus bpV,. 

As to grid bucking, it is possible (see Appendix II) to 
adjust the grid rectification efficiency so that the tube 
biases itself automatically to such an operating point 
that almost perfect grid bucking is achieved. The con-
dition for optimum grid bucking requires that the mag-
nitude of R, be given by: 

where 

1 
or: ob5IR = 1  (14) 

56,1, 

b, 

b, 
(see Appendix II). 
However, by examining (9), it will be apparent that 

when v9=0, the condition for perfect grid bucking de-
mands that (ib)„,, should be zero independent of the 
magnitude of v„. Therefore, practically, the multiplying 
circuit of Fig. 5 can be adjusted for optimum grid 
bucking by applying appropriate ac voltages to the grid 
with the plate input circuit short circuited, and adjust-
ing R, for no change in the dc component of plate cur-

rent. The same result can be achieved by fixing the 
value of R, and introducing a small adjustable grid bias 
to control the magnitude of /, so as to fulfill the requi-
site grid rectification efficiency for optimum grid buck-
ing. These practical methods of adjustment require only 
a fair knowledge of the parameters 5, bo, and /, in (14) 
for the particular type of tube used. It will be necessary 
to readjust the screen grid voltage in order to restore the 
plate current to its initial value before and during the 

adjustment. 
The circuit of Fig. 5(b) is similar to that in Fig. 5(a), 

except that the alternating voltages v„ and vg are fed in 
parallel with the plate and grid, respectively. In this 
arrangement, since capacitive feed is used, any dc com-
ponents in the applied voltages will not reach the tube. 
A resistance-capacitance filter Ro— Co is connected 
across the plate and cathode; the dc potential at the 
plate appearing across Co. 
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Fig. 7--Observed values of dc output voltage due to imperfect 
grid bucking versus rms grid voltage for various values of R, 
in the circuits of Fig. 5. 

Fig. 7 shows results of measurements of the dc out-
put voltage due to imperfect grid bucking in the circuit 

of Fig. 5(b) using the Type 954. The measurement is 
made by a balanced degenerative dc voltmeter con-
nected across Co. These curves show that for the par-
ticular value of R5=0.423 megohm, the output due to 
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imperfect grid bucking is less than 4 millivolts over an 
rms grid voltage range up to 40 millivolts. For smaller 
values of R, the output is positive, whereas for larger 
values the output displays a negative loop. The negative 
loop curves show that the ac grid voltage range can be 
increased to about 70 millivolts without having an ap-
preciable output voltage due to imperfect grid bucking, 
as shown by the curve for  0.434 megohm. 
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Fig. 8—Observed values of dc output voltage due to optimum grid 
bucking versus rms grid voltage for various values of the heater 
voltage in the circuit of Fig. 5. 

Fig. 8 shows results of similar measurements with the 
circuit initially adjusted for optimum grid bucking at a 
heater voltage about 5.7 volts. The curves show that the 
circuit adjustment for optimum grid bucking is not ap-
preciably affected by a reasonable change in heater 
voltage. 

The pentode Type 954 is particularly suited for a 
large plate voltage swing without showing a serious er-
ror, due to imperfect linearity of plate current-plate 
voltage characteristics. For this Type, 4 microamperes 
is a suitable value for /1„ and 1.0 microampere for Jr. The 
plate conductance at 4 microamperes is of the order of 
0.005 microampere per volt, corresponding to an in-
ternal resistance of 200 megohms. The requisite value 
of R, for optimum grid bucking is of the order of 0.5 
megohm, and a suitable value for R, is 100 megohms. 
Since the dc voltage drop across R, is 400 volts; the 
resistor should therefore be selected for minimum volt-
age coefficient. This is necessary in order to minimize 
resistor rectification due to dc polarization. Also, for the 
same reason, capacitors C, and Co should preferably 

be of the polystyrene dielectric type. With these cir-
cuit components, and with Et 6° 250 volts, the full out-
put at unity power factor is about 20 volts dc for 200 
volts peak ac plate voltage, and 70 millivolts peak ac 
grid voltage. 
Circuit Performance as a Wattmeter: The circuit of Fig. 
5(b) is particularly suited for a simple electronic watt-

samcji 
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4—.71 ALT 1140 
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Fig. 9—Basic circuit of electronic wattmeter incorporating 
the multipl)ing circuit of Fig. 5. 

meter. Fig. 9 shows a diagram of the basic circuit of 
wattmeter of this type in which V-1 is the basic measur-
ing tube, and l'-2 is a twin triode connected as a conven-

tional degenerative (lc voltmeter. The indicating meter 
µa is connected across a reversing switch S. The voltage 
component of power to be measured is applied to the 
plate of V-1, while all the current component practically 
passes through the series resistor r and develops a volt-
age drop which is proportional to current and is applied 
to the grid of V-1. 
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Fig. 10—Relative deflections of electronic wattmeter versus 
dynamometer wattmeter at unity power factor. 

Assuming that v= V cos (wt +0) and i= / cos WI, the 
change in the dc voltage across R, consequent upon the 
application of v and i is obtained by substitution in (13). 
hence: 
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1 
ziEb=   bp•r • (V/ cos 0) 

1 -I- mo/?7, 2 

which is proportional to the mean ac power dissipated 

in the load. 
The circuit was tested for wattmetric indication by 

comparing its reading with that indicated by a dyna-
mometer wattmeter at 60 cycles. Fig. 10 shows relative 
results obtained at unity power factor and Fig. 11 at 
variable power factors. The values of power factor indi-
cated in Fig. 11 are calculated from the reading of the 
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Fig. 11—Relative deflections of electronic wattmeter versus 
dynamometer wattmeter at various power factors. 

dynamometer wattmeter, a voltmeter, and an am-
meter. The curves show that both wattmeters agree 
closely. Fig. 12 shows that the deflection of the elec-
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Fig. 12—Relative deflection of electronic wattmeter versus 
rms grid voltage with a fixed ac plate voltage. 

tronic wattmeter with a constant ac plate voltage is 
very closely proportional to the magnitude of the ac 
grid voltage, as has been theoretically predicted and 

.r.shown in Fig. 6. 
Preliminary trials for determining the frequency 

f characteristic of the circuit shown in Fig. 9 indicated a ireasonably flat frequency response up to about 10 mega-

cycles. Some errors were observed above this frequency 
indicating the presence of feedback. The circuit was 
then tested with the grid input circuit short circuited 
and a variable frequency voltage of about 150 volts rms 
applied to the plate. In this test, a dc output of one per 
cent of full scale was observed at about 5 Mc increasing 
approximately as the square of frequency. Since, in this 
type of operation, the grid-plate capacitance is insuf-
ficient to cause appreciable error at this frequency, it 
was found that the observed errors are due to feedback 
through the cathode and screen-grid lead inductances. 
The effects of these two types of feedback, upon the 

performance of the tube under such operating conditions, 
are in opposite directions. One type of feedback can 
therefore be neutralized by means of adjusting the 
other. However, in the Type 954, an examination of the 
electrode structure showed that there are some auxiliary 
metallic parts, such as a top cap, a bottom ring, and a 
getter support, all connected to the bottom ring to-
gether with the cathode, rather than with the suppres-
sor, as is usually the modern policy of tube construction. 
The resulting direct capacitance between plate and 
cathode is of the order of 1.5 µµf. In the megacycle re-
gion, and with 150 volts rms on the plate, an apprecia-
ble radio-frequency current flows through the cathode 
lead inductance, thus developing an in-phase voltage in 
the grid circuit of the order of few millivolts. In the 
Type 954, the amount of feedback through the screen-
grid circuit is insufficient to compensate for this cathode 
feedback. However, with the aid of a small adjustable 
neutralizing capacitor of the order of 1 µµ1 connected 
between the plate and the screen grid it was possible to 
increase the feedback through the latter to an extent 
sufficient to compensate for the excessive cathode feed-
back. This arrangement extended the frequency range 
for the Type 954 to 20 Mc. There is a good possibility 
of exceeding this range by using tubes which do not 
have such an appreciable plate to cathode capacitance 

as in Type 954. 
The multiplying circuit of this wattmeter is highly 

sensitive to supply voltage changes the power supply 
should be well regulated. A good degree of stability is 
achieved by the use of a bucking tube of the same type 
as the wattmeter tube and connected to the other arm 
of the bridged degenerative voltmeter circuit of Fig. 9. 
Nevertheless regulation, within 0.2 per cent is neces-
sary at the low alternating plate voltage ranges. The 
circuit stability may also be improved by using tubes 
having tungsten or tantalum filaments since these have 
a value of b=e/kT of the order of 3 to 4 volts—'. The use 
of such tubes require a maximum ac grid voltage of the 
order of 100 millivolts rms for bp178= 0.5. This has the 
further advantage of reducing effects of stray pickup 
and feedback at high frequencies. 
In some fields of application of this wattmeter, as for 

instance in the measurement of power at low power-fac-
tors, the use of a two-tube push-pull arrangement may 
be necessary, in order to reduce the errors caused by 
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imperfect grid bucking and imperfect linearity of plate 
current-plate voltage characteristics. Fortunately, such 
errors in this type of operation can be determined and 
controlled. 

This wattmeter has the advantages of a wide fre-
quency range and simplicity, in addition to the fact that 
it absorbs only a minute fraction of the measured power. 
It also enables the measurement of %,ery small amounts 
of power. 

B. Compensation by Instantaneous Grid Rectification 

In this method of compensation, the instantaneous 
values of rectified plate current due to the exponential 
grid curvature are compensated by varying the instan-
taneous grid voltage on a proper logarithmic curvature. 
The system, in this case, obtains the product of the ap-
plied alternating voltages as if the plate current were 
proportional to the product of linear functions of plate 
and grid voltages. 

Consider the circuit shown in Fig. 13 which is similar 

Fig. 13—Multiplying circuit incorporating a pent ide under initi.d 
velocity conditions, and using instantaneous grid rectification 
to compensate instantaneous plate rectification. 

to that in Fig. 5 except that the by-pass capacitor C, is 
removed and the alternating voltage v„ is applied to the 
grid through the grid leak resistor R.. An external bias 
E„ is also shown. 
With no alternating voltages applied, the direct cur-

rent through the grid will bias the tube negatively; the 
bias will be E, =  E„, where lc= J  beE,. There-
fore: E„-I-Er= I,,R0e-b.E. When the external bias E, 
is much larger than E„ the value of R, will be practically 
(E/1), and the relation between E, and E,, will be 
given by: 

1  E„ 
E„ = 1„Ro-brEr, i.e.,  = — in   

b,  I,1R, 

indicating that the grid maintains a bias proportional 
to the logarithm of the applied external bias. 
When the alternating voltage v„ is applied, grid rec-

tification occurs, and the instantaneous voltage devel-
oped at the grid will be (-EA-e0), where e„ is given by 

-Re+ e, = 
1  E„  v, 
—In - — --
b, 

e, =  ln (1 ±  ).  (15) 
b,  E„ 

Let the dice( I curtent thfungh the plate be given by 
(6). The rectified 1d.it  iiiient onsequent upon appli-
cation of alternating ‘'olt.ige v9 will be given by: 

b +  b  (M P: 6 1 O t b,K, • A,.'b s In  i $ 

ibe by/b, III (II 

Let in the ideal case bp= b,, then alb  lb(Vg! 

eating that the output plate current is all exact dupli-
cate of the input voltage v„, and that plate reef ificat ion 
is perfectly compensated. The system, in this case,  
haves as if the plate current were accurately propor-
tional to the product of linear functions of plate awl 
grid voltages. 
\\ hen the alternating voltages v,, and v„ are applied to 

the system, the plate voltage will be (Eb-f-v,-(it,).,, 
and the grid voltage will be ( -E,  The plate cur-
rent consequent upon application of alternating voltages 
will be: 

b +  - ini Eb + MVp M(ib)bv, R p + nit—bp/Sri bpi!), In  1, 

▪ [hi-mov,,- m0(  R„ I [1+ 7:1-, 

and if b,,= b„, then: 

V 

lb  p  (lb  MO(i b)1v.1 4) 

mo 
rpv, -  

E„ 
116) 

Equation (16) holds for all wave forms of the voltage 
v„ and vg. It will he seen from (15) and (16) that, when 
the instantaneous voltage across the grid-cathode space 
of the tube is a proper logarithmic function of the ap-
plied voltage vg, the compensation of the exponential 
curvature is accurate. In this case, the circuit obtains 
the product of the two voltages vp and v„ without pro-
ducing errors due to increasing the grid voltage excur-
sion. 

Taking average values of both sides of (16) and as-
suming that v„ and v0 have no dc components, the change 
in the dc voltage across R is given by: 

moR„  1 
AEb =  =  vpv0)...  (17) 

1 + moR,» Ea. 

Although the circuit is extremely simple, yet it has the 
disadvantage that the accuracy of obtaining the prod-
uct (v,,v„) depends upon the discrepancy in the ratio 
bp/b, from unity, in addition to a working frequency 
range limited by the frequency characteristics of R, and 
its associated capacities. The circuit can be arranged to 
give satisfactory performance up to high audio frequen-
cies. 

However, the system is greatly improved by the ad-
dition of a radio-frequency logarithmic circuit. This ad-
ditional circuit depends upon the fact that, with proper 
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adjustments, the plate current of the pentode tube is 
accurately logarithmic against plate voltage; the rela-

tionship being: 

b  A ± K ln Eb•  (18) 

where A is a constant and K is the slope of the 16—In Eb 

• curve. Fig. 14 shows the circuit diagram and operating 
• characteristics of the Type 6AU6 for a logarithmic rela-
tion over the plate voltage range from 0.5 to 2.0 volts. 
In this circuit the value of K is mainly controlled by the 
screen grid voltage and the self-bias resistor. If the di-

2 30 
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0  0  0.1 s 

through a coupling capacitor C3 and across a resistor R3. 

The voltage drop across R is injected in the grid circuit 
of V-1 through the cathode lead. If the plate current of 
V-3 is much greater than the cathode current of V-1, as 
is actually the case, feedback from V-1 into V-3 is 

negligibly small. 
With no alternating voltages applied, let the system 

be adjusted that at any instant, the plate current of V-1 
is given by (5); whereas the plate current of V-3 is 
given by (18). The direct current through the plate of 
V-3 will flow through R, whereas the sum of the screen 
grid and plate currents will flow through R3, dropping 
the battery voltage Ebb3 to Eb3 at the plate. 
When the alternating voltage vg is applied, the conse-

quent voltage drop across R sill be given by KR 
In(1  (v5/Eb3)); the grid voltage of V-1 thus becomes 

v, 
— E, ± KR ln (1 + —Eb ). 

When the alternating voltages vp and vg are applied 
simultaneously, the plate voltage of V-1 will be 
[Eb-l-vp— (ib).„. Rp], and the plate current will be: 

/b+ ib= [mEb-Fmvp 
—tn(ib). .Rp-1- n]ebr1-E,+KR In (l+vo/E63)1 

= [fb + MOVp —/113(ib)iw ypiebrKR In (1+vp/Eb3) . 
02 

If by a careful pre-adjustment b,KR =1, then: 

01 

Fig. 14—A pentode arrangement for a logarithmic plate cur-
rent over the plate voltage range from 0.5 to 2.0 volts. 

rect current voltage on the plate is adjusted to the mid-
dle of the logarithmic range and a limited alternating 
voltage applied to the plate through a low impedance, 
the consequent change in plate current will be: 

vp 
= K In (1 + 

Eb 

ib = 
V0 

movp + —(Tb— nt0(ib)9v. RP) 

Eb3 

nto 
vv p, — mo(ib).v.Rp, 

Ebs 

which is similar to (16). The change in the dc plate volt-
age consequent upon application of vi, and vg is given 

by: 

(19)  moR,  1 
AEb = (ib).v.R, =   (vpvg).,. • (20) 

1 + Mo Rp  Eb3 

Fig. 15- Multiplying circuit incorporating a pentode under initial 
velocity conditions combined with a logarithmic circuit to com-
pensate instantaneous plate rectification. 

Consider the multiplying circuit shown in Fig. 15, 
r- which is similar to that in Fig. 13 except that an addi-
tional logarithmic circuit is coupled to the grid circuit of 
V-1 by means of the base resistor R. The alternating 
voltage I), is applied between plate and cathode of V-3 
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In practice, values of K of the order of 1.0 milliam-
pere are obtained from ordinary receiving tubes. The 
required value of R is about 100 ohms assuming bp= 10 
volts'''. With these values the frequency range of the 
circuit is extended to the neighborhood of 30 Mc. How-
ever, it is necessary to compensate for the unavoidable 
shunting capacities across R. These usually amount to 
about 15 micromicrofarads and a small inductive com-
ponent of R is desirable. 

APPENDIX I 

"Retarding-Field" Characteristics of Mulligrid Tubes 

The extension of the exponential mode of operation of 

diodes to multigrid tubes was accomplished by investi-
gating—at first—the retarding-field characteristics of 
triodes. 

In a triode, when the plate voltage is reasonably low, 
and the grid voltage is sufficiently negative so that a 
virtual cathode is formed at the grid, the grid current-
grid voltage characteristic becomes exponential with a 
slope b9 closely equal to b. Since the plate current con-
stitutes electrons which pass through the grid mesh, the 
plate current-grid voltage characteristic is also expo-
nential, but with a slope b, considerably less than b. Fig. 
16 shows these exponential curves of the Type 954 con-
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Fig. I6—"Retarding-Field" characteristics of Type 954 connected 
as a triode: 4 and 4 versus E, for various values of E. 

nected as a triode with grids 2 and 3 strapped to the 
plate. The curves are taken for plate voltages between 5 
and 40 volts. The slope b, of the In/c—E, curves is, in 
all cases, fairly close to that observed for the same tube 
connected as a diode, i.e., 9.64 volts-'; but the slope b„ 

of the In 15 — E, curves is only 6.81 at 1E5=5 volts, de-
creasing to 3.62 at  =40 volts. This considerable de-
crease in the observed value of b, is due to the fact that 
the field distribution between grid and cathode is appre-
ciably affected by the plate voltage.? 
It was inferred that the dependence of bp upon plate 

voltage can be avoided by shielding the plate from the 
grid-cathode region. This was proved by taking meas-
urements of bp for tetrodes and pentodes. Fig. 17 shows 
results of the measured values of b„ against E6 for the 
Type 954 connected progressively as a triode, tetrode, 
and pentode. In these measurements the screen grid po-
tential was held constant at a value just convenient to 
permit a few microamperes to flow in the plate circuit. 
From these curves it is evident that as the plate is pro-
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Fig. 17—Measured values of t„ versus E, for the Type 954 
connected as a triode, tetrode, and pentode. 

gressively more and more shielded from the cathode, the 
value of bp increases and becomes substantially inde-
pendent of plate voltage. 

With a fixed value of bp, the general shape of the re-
tarding-field characteristics of multigrid tubes are as 
those shown in Figs. 2 and 3 for the Type 954. These 
characteristics differ from those of triodes in that the 
slopes bp and bp, and the grid current are substantially 
independent of plate voltage. Furthermore: the plate 
current varies linearly with plate voltage. In general, 
different types of multigrid tubes have different values 
of the constants m, n, and I,, in (3) and (5). The values 
of bp and bp mainly depend upon the operating tempera-
ture of the cathode. For tungsten filaments, the value of 
b is of the order of 3 to 4 volts-'. In all types, cathode 
stabilization is important in order to obtain consistent 
performance, and tube ageing for at least 100 hours may 
therefore be necessary. 

Perhaps the most interesting feature of these charac-
teristics is the wide range over which the plate current 

7 E. G. James, G. R. Polgreen, and G. W. Warren, "Instruments 
Incorporating thermionic valves and their characteristics," Jour. 
1EE, vol. 85, p. 242; August, 1939. 
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varies linearly with plate voltage. If, however, we con-
sider the effect of E b upon E. when all other electrodes 
are at a constant potential, it is conceivable that the 
plate current varies in accordance with the function 
ebibm where µ is the amplification factor. When µ is 
high, the value of the exponent bEbiµ is a small fraction 
of unity and the function becomes practically linear 
with E b. Furthermore, as the plate voltage is increased, 
the position of the potential minimum moves towards 
the cathode causing µ to increase. This increase in 
with E b tends to make the mode of variation of 4 with 
Eb more closely linear over a wider range of E b.  The 
curves of Fig. 3 show practically good linearity over the 
full plate voltage range from 20 up to 500 volts. In tubes 
having a higher screening factor, this linear range ex-
tends to 1,000 volts, but the internal resistance becomes 
excessively high. 
Fig. 18 shows the values of µ and r„ for the Type 954 

as calculated from the data in Fig. 2. The curves show 
that j.i increases accurately linearly with plate voltage, 
but is substantially independent of grid voltage. On the 
other hand, r„ is independent of plate voltage, but varies 
exponentially with the grid voltage. The transconduct-
ance can be obtained from Fig. 2 by multiplying the 
value of 4 by the slope bp. All these relations are appar-
ent from an examination of (5). 
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APPENDIX II 

Comparison of Perfect and Practical Grid Bucking 

In the description of the operation of the multiplying 
circuit of Fig. 5, it was assumed that the tube can bias 
itself automatically to the proper operating point to com-
pensate for average plate rectification by using the 
grid current to produce average grid rectification. [M-

r- der this assumption, the average rectified grid bias Ishould be given by (10) for perfect grid bucking. It will 
be proved here that, at least for the cse where vg= V, 
cos tut, perfect grid bucking can almost be achieved by a 

particular adjustment of the grid leak resistor. In this 
case the value of AE, from (10) should be given by: 

1 
AE, = — In Jo(jb„Vg).  (21) 

bp 

Considering the grid circuit, and with no alternating 
voltage applied, let the direct current through the grid 
be given by: 

When v„ is applied, the grid voltage becomes (—E5-1-v0 
—AE,), and the grid current will be: 

+ 

giving 
4  1] . 

Solving for AEC= (ic)av,R, by taking average values of 
both sides and multiplying by R, we get: 

AE, = 1,R0[(eber0)5,..e-bg°E, — 1], 

and when vg= V, cos wt, then: 

AE, = I,R9[10(jb9V9)• C be "̀  —  1].  (22) 

Equation (22) relates the average rectified grid volt-
age to the applied ac grid voltage. This expression is 
similar to that obtained by Aikens on the theory of the 
diode voltmeter, and has no explicit solution. 
If, however, it is possible to adjust the magnitude of 

the grid leak resistance R, so that the average rectified 
grid voltage is equal to that required for perfect grid 
bucking, then R, should be determined by substituting 
from (21) into (22) and solving for R9. Hence: 

1 [Jo(jb„V„)]'+'• In Vo(jb„V,,)] 

bpI,  [J0(jb,V9)]— [Jo(jb,V,)]1+1 

Equation (23) shows that for the case 5=0, i.e., 
bp= b., the denominator vanishes, and R, should be in-
finite. But, for the case 5 positive, i.e., 14<b0 which is 
usually true, the value of R, becomes finite. In this lat-
ter case, it is clear from (23) that the magnitude of R, 
for perfect grid bucking should depend upon the magni-
tude of V,. This indicates that it is not possible with a 
simple linear grid-leak resistor to achieve perfect grid 
bucking at all values of ac grid voltages. 
Let therefore the adjustment of the grid leak resist-

ance be such that (21) and (22) are satisfied only at 
small values of V,. We have then: 

right-hand side of (21) 

1 
— In (1 + 14217.2)  
b, 

and right-hand side of (22) 

8 C. B. Aiken, "Theory of the diode voltmeter," PROC. 1.R.F., 
vol. 26, pp. 859-877; July, 1938. 

Rg (23) 



1014  PROCEEDINGS OF THE I.R.E. September 

fb,W ,2 (1 + 6)}1,917 02 
I, R,   

1 + b,I,R,  1 
I 

bJ,R, + 

By equating both results, we get: 

1 
R, —   or ob9lcR 9 = I. 

5bul, 

z- 1 
/oR,,   

1  moR„Z 

(14) 
mo Z  (v„ebPv9). 

With the adjustment of the grid leak resistor as given 
by (14), it is possible to calculate the dc output voltage 
of the circuit of Fig. 5 due to imperfect grid bucking. Re-
arranging (22) we get: 

• 1  1 
E. = — In (oo), — — In (1 + AE )̀.  (24) 

bp  b, 

For small values of v, the rectification efficiency is 
low, and AE,.//,/?, is small compared to unity, thus: 

In (1 +   AE  ̀
I,R, 

Therefore, 

In (000).„. 
Ec. 

1+ buI,R, 

for a first approximation. Using successive approxima-
tion, and substituting from (14) into (24), we get: 

ebpARe =  p 9o9) .,. 111,X 

where 
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Fig. 19—Theoretical values of the dc output voltage due to imperfect 
grid bucking versus bpV, for various values of EbuhRg close to 
unity for the multiplying circuit of Fig. 5. 

Let 

Z =(eb9v,),.,-144E+ = (eb905)nv. . [(,b eg)., 1-111C, 

then (9) can generally be rewritten as: 

Z — 1  moRnZ  (V pebP ")ay. 
(ib)ay. Rp =  I bRp   

1 +  M0 RpZ  1 +  Mo Rp Z  (ebPvg)ov. 

from which the absolute value of the dc output voltage 
due to imperfect grid bucking is given by: 

(25) 

and the per cent error in the dc output due to imperfect 
grid bucking is given by: 

lb Z — I (e°°°).v.  .100  
(26) 

Equations (25) and (26) are general and apply for any 
wave form of the ac grid voltage. For the case  = 
cos WI, Fig. 19 shows a plot of the dc output voltage due 
to imperfect grid bucking as calculated from (25) for 
various values of 6b,I,R9 close to unity. These curves 
show that for the condition (3b9I,R9=1, the output is 
positive, increasing as b„I', is increased; but for values 
slightly greater than unity, the output shows a negative 
loop. It is interesting to see that the curves in Fig. 19 
agree in shape and order of magnitude with those ob-
tained experimentally in Fig. 7. 
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Fig. 20  Theoretical percentage error due to imperfect grid bucking 
versus rms grid voltage for various values of bb,I,R, close to 
unity for the multiplying circuit of Fig. 5. 

Fig. 20 shows the per cent error in the dc output volt-
age due to imperfect grid bucking as calculated from 
(26) for unity power factor. These curves show that it is 
possible to adjust the grid leak resistor such that for 
rms grid voltages less than 40 millivolts, the order of the 
error is less than one per cent at unity power factor and 
with only 15 volts rms on the plate. 

It should therefore be concluded from the above that 
if a linear grid-leak resistor is used, the adjustment for 
optimum grid bucking corresponds to a value of 15b,IrR0 
slightly greater than unity'. The requisite grid rectifica-
tion efficiency for optimum grid bucking equals lb, 1.„ 
for values of bp V; less than 0.5, decreasing slightly for 
higher values. 

A PPEN DIX III 

Accuracy of Measurement by the Multiplying Circuit of 
Fig. 5 under Complex Irave Forms 

It was proved in the text that (ib)ov. of (9) is propor-
tional to (17,179 cos 0) in the simple case where 
cos (70-1-4), v,= 1', cos WI and h5179.9.5. If the alter-
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nating voltages v„ and vg have complex wave forms, the 
accuracy of measurement of (vvg),,. is subject to an er-
ror caused by the fact that only average plate rectifica-
tion is compensated. This type of error does not exist in 
the multiplying circuit of Fig. 15. 
Equation (9) gives the quantities generally involved 

in determining the value of (ib).v. under any wave form 
of the alternating voltages vp and vg. Also, (26) gives the 
per cent error in the indicated reading. Estimation of 
this error under standard wave forms—expressed in 
Fourrier Series—indicates that second harmonic terms 
contribute almost to the full value of the discrepancy in 
the indicated reading from that of a perfect multiplying 
circuit. The error will therefore be considered due to sec-
ond harmonic. Two cases will be illustrated here. 
Case a: v„= V, cos (wt +0), and vg =. V, (cos wt +k9 cos 

2 2vt) where k, is the amplitude ratio of the second har-
monic to the fundamental of the ac grid voltage. The fol-
lowing expressions are used in the analysis: 

= jg(jbV,) + [J0(jbkV,,) — 1] 

ik .(bV 0)41  lk.bV .) 

ay . = V , cos 01— j..11(jbV .) 

k .(bV 02[1 ± k .bV  i(b17 02]1. 

Fig. 21 shows the calculated per cent error versus rms 
• value of the fundamental grid voltage for various values 
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Fig. 21—Calculated error in the indicated reading of the multiplying 
circuit of Fig. 5 when the alternating grid voltage contains a 
second harmonic. 

of k„. These curves show that the error is of the order of 
20 per cent for 100 per cent second harmonic at b,V, 
= 0.5; decreasing to about 3.5 per cent at b,V,= 0.125. 

Case b: v.= V. cos wt, and v,,= V„ [cos (wt+0)+k, 
cos (2 wt+0) I, where k„ is the amplitude ratio of second 
harmonic to fundamental of the ac plate voltage. The 
following expression is used: 

(vgebvg), = V cos (1)[—.if J.(jbV  kp:1-2J2(jbV 

Fig. 22 shows the calculated per cent error versus the 
rms value of the ac grid voltage for various values of 
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Fig. 22—Calculated error in the indicated reading of the multiplying 
circuit of Fig. 5 when the alternating plate voltage contains a 
second harmonic. 

k,. The curves show that the error is of the order of 14 
per cent for 100 per cent second harmonic at b,V, = 0.5; 
decreasing to about 2 per cent at bpV,= 0.125. 
It will therefore be concluded that though the meas-

urement of ac power by the wattmeter circuit of Fig. 9 is 
subject to a reasonably serious error when the current 
and voltage are complex, advantage can be taken by re-
ducing the voltage drop across the series resistor r. The 
accuracy is greatly improved by using the appropriate 
series resistor which gives a value of b,V, about 0.125 
(quarter full scale). Under this condition, the error in 
the measurement of the total ac power is of the order of 
+5 per cent when both current and voltage contain 100 
per cent second harmonic; decreasing to less than 3 per 

cent for 50 per cent. 
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Graphical Analysis of Tuned Coupled Circuits* 
A. E. HARRISONt, SENIOR MEMBER, IRE, AND N. W . MATHERt, MEMBER, IRE 

Summary—A new basis for normalizing the transfer admittance 
of two coupled tuned circuits permits the representation of this ad-
mittance by a single universal curve which is a parabolic locus on the 
complex plane. Within the limitations of the assumptions of high 
Q and small frequency deviations, data can be obtained from this 

curve for different Q ratios, as well as the usual values of coupling 
and relative tuning. The method also simplifies the calculation of the 
input admittance of coupled circuits. Extension of the method to 
triple tuned circuits is possible, but the applicability of a single 
universal curve is lost. 

ALTHOUGH THE representation of the transfer ad-
mittance of two coupled tuned circuits by a 
parabolic locus was published by Smith,' the idea 

has not received the attention it merited. Subsequently 
and independently, the same representation was worked 
out by Johnson, Hamilton,' Spangenberg,' Chang,' and 
probably others. 

This method of representing an admittance by a locus 
on the complex plane with the conductance as the real 
co-ordinate and the susceptance as the imaginary co-
ordinate is quite general. A straight line parallel to the 
imaginary axis is the locus of the admittance o( a single 
tuned circuit, two coupled tuned circuits have a para-
bolic locus, and a cubic curve represents a triple tuned 
circuit. The parabolic locus is the most useful, however. 
It is applicable only for high-Q circuits when the fre-
quency deviation is small, but the error introduced when 
the Q is very low will be illustrated. 

The parallel circuit of Fig. 1 has been chosen for ii-

1, 

E, 

Fig. 1—Tuned coupled circuit considered in the analysis. 

lustration, because these circuit constants are most 
convenient for an admittance analysis. The results ap-
ply equally well to a circuit with a resistance in series 
with the inductance if the Q of the circuits is high. In 
low-Q circuits where the source of the losses becomes 
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important, the circuit is usually loaded by a shunt re-
sistance, and the circuit of Fig. 1 is generally applicable. 
An analysis for the case when both circuits are tuned 

to the same resonant frequency coo gives the following 
relation for the transfer admittance Yr: 

w  le WO 

T =  (1 -  k2h / G 1G 2 ti [-  —(1 -  k2) 
k,  k,2 c.) 

\ 2 
WO  W 2 

- Q1 Q2  ( 
W  WO2 1  1 k2) ] 

412 

-  (Q1 +  Q2) (  2 
WO 

(1) 

k=   (2) 

(coefficient for critical coupling)  (3) 

1 

‘/L2C2 

WOC1  1 

Q1 = 

GI WOL1G1 

WOC2  1 

Q2    =   

G2  WOL2G2 
(6) 

In order to convert (1) into the parabolic form, Q 
must be high. A Q of 100 is sufficiently high to make the 
parabolic locus accurate within 1 per cent for a fre-
quency deviation corresponding to the 3 db points on 
the curve. The error will be larger for larger frequency 
deviations, but in general the parabolic locus is reasona-
bly accurate within the values of frequency. deviation of 
greatest interest if the Q of the circuits is 100 or more. 
Under these conditions, co/coo and wo/co can be re-

placed by unity. For small values of the coupling coef-
ficient k, the term (1 —le) may also be considered unity 
and (1) becomes quadratic in terms of the quantity 
[(0.,2/(00 2) _ 

1]. It will be more convenient to express the 
relationship in terms of the frequency deviation ratio 
Aco/wo or b. The approximate relation is 

1.02 
1  26. 

WO2 
(7) 

When the-se approximations are substituted in (1), the 
result is 

k, 

—k,-2 -  4Q1 Q26 2] 

-  2( Q1  Q2)6}  (8) 
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In this form, the equation for the transfer admittance 
is a parabola, but a different parabola will be required3-5  
for every value of the Q ratio (Qi/Q2). This difficulty is 
easily overcome by a change of variable. Consider the 
basic equation for a parabola with its vertex at the ori-

gin. 

Ax2 = By.  (9) 

If both terms are multiplied by A/132, the result is of the 

form 

X' = y2, (10) 

indicating that a change of variable can eliminate the 

coefficients. 
A variety of possibilities exist for the new variable in 

the expression for the transfer admittance. If we choose 
4 Q1Q26/(Q1 -FQ2), this term reduces to the familiar uni-
versal frequency deviation parameter 203 when Q1 is 
equal to Qa. This term may also be rewritten 

4Q1Q26  46  26 

Qi ± Q2  ! +!  i(DI ± D2) 

Qi  Q2 

where D represents the dissipation factor and is the re-
ciprocal of the circuit Q. An extension of this form of the 
variable to single- and triple-tuned circuits would give 

26 
=-- — 
Di 

26 
az = 

i(Di + D2) 

26 
a2 = 

i(D1 ±  D 2 +  D3) 

In the limiting case with extremely small coupling and 
equal Q for all circuits, a unity value of this parameter 
would correspond to the 3-db, 6-db, and 9-db points for 
single-, double- and triple-tuned circuits, respectively. 
The corresponding phase shifts from the midfrequency 
would be 45, 90 and 135 degrees. 
Another variable can be chosen' which relates a unit 

-- value of the ariable with the 3-db points when the cou-
pling coefficient corresponds to transitional coupling, 
(maximal flatness). This parameter can also be ex-
tended to single- and triple-tuned circuits, and the rela-

tions are 

(11) 

26 
71 = — 

Di 

206 
72 =   

DI + D 2 

46 
= 
Di -F D2  Da 

6 Suggested in a Sperry Gyroscope Company report by W. W. 
Hansen. 

In this case a unit value of  corresponds to the 3-db 
point in each case, and the phase shift from the midfre-
quency value will be 45, 90, and 135 degrees, respec-

tively. 
It is probable that this frequency deviation parameter 

will be the most useful one in the analysis of coupled cir-
cuits, and it has been selected as preferable to the more 
familiar form. Equation (8) can be converted by intro-
ducing the frequency deviation parameter in (13b) and 
the result is 

kg (Di  D2)2 /42 k2 
N/U-16-2- j2   

2142 I. [ (Dt ± D2)2 

( 2 0.6 ) 21  (  2 0-6  V . 

DI ±  D2 ) J  \D1+ D2 )f 
The construction of the parabola will be simplified if 

it is defined by a focus and a direq.trix. While this could 
be done without modifying (14), the symbols will be 
simpler if the dissipation factors are replaced by cou-
pling coefficients. This can be done by relating (D1 +D2) 
to the critical coupling kg, and the transitional coupling 
coefficient kr, which is the largest value of k which 
allows a single minimum in the magnitude of the 
transfer admittance. The relations are: 

(D1  D2)2 = 2(142 kr2) 

1 
kr2 =  —  (D1 2 +  D 2 2) 

2 

kr 2 1 f pl  D2 \  1 / Q2  Q1 \ 

7 72 +  F1 1 =  V-Q-S ± 4T2 ) . 

Substituting these relationships in (14) gives 

k2 
1 + 

kg (  /0 2) 
Yr  VG1G2 1 —  kg' 

142 ler2 
1 + --

kg2 

26   
- ( 042 kr2)21 - 0 (‘ /142  kr2) 

26   \ 

(14) 

(15) 

(16) 

(17) 

. (18) 

Several important relations can be obtained from 
(18). First, the parabola is determined uniquely by the 
term within the brace. If the transfer admittance is 
normalized, the distance from the vertex to the focus 
and the directrix is  as indicated on Fig. 2. Second, the 
position of the origin of co-ordinates is determined by 
the coupling coefficients and is located a distance 
(1 -Fk2/0)/(1 +102/k,2) below the vertex. Third, the 
frequency scale is proportional to the real component 
of the admittance, and a unit value of the frequency 
deviation parameter 26/  1N-?--1-k2.2 corresponds to a 
distance of 'VI along the horizontal axis. (Note that 
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negative values of frequency deviation correspund 
distances along the ptisitive real axis.) 

11'hen the frequencN deviation parametrf has the 
%able W hit 11 IllakeS  Yr a minimum, i.e., 

s kc1 10' 

,  -{ k= 
t A/ 

k,2 1 A.,' 
1  111 1 

the vertical co-ordinate of the parabola has a value oil 

unity. These two points on the curve correspond to the 
maximum response of the circuit. As the coupling is 
increased, the position of the origin of co-ordinates 

moves downward, but the distance between the real 
axis and the horizontal line determining the admit tani e 

DIRECTRIX 

• FOCUS 
1 • 0/_,It 

1 • 

ORIGIN   
CONDU‘TANCE 

.26 
141— T,171-0. 

2—I.ocus of the normalized transfer a•linit ta me 
VT 

(4./k. 0 4;1(1 
on the complex admitt.Ince ()lane 

SUSCEPTANCE 

Fig. 3  Ftlect  ()•••1 the normalized transfer admittance for two 
• ircuits of e(pial () :Ind identical tuning %then the coupling is 
equal to the critical toupling. The to-ordinate scale represents 
unit values of normalized Auseeptance and conductance. 

1111111111.1  rel11.1111))  • 4)11'4.1111  •IIII1  the  mini ma  im  .,t 

1111114 ' %%1411.1 \ S I" " •ii  11 "1 11r11(1 "  ‘11  the.)e ItlatI o1101 

ale 11111s11.11ril 1)%  I.ig. 2 

(*tr• silt\ 

It j lt,ii nu,  /of  ill•s1/ .111/11' 111 115e 111\V'(.)1 111 1/1t5, 

111111 4i/1 e  1111' 111  1.111 1/11  111/111  1111' S11111111' 1 .1̀.1*  %1 hen the 

grumeti 'II mean (,) JJj the IViA() (ill 1111 5 I,  10 0 or noire 
iif • iinsiderahle interest. \ comparison of the higli 

ase  the  (,) equal to 10 and 5 is shown in 

l'ig•  i"r I l%() I Ill lilt' "I 4*(licli () ik0(1 (II 1011004. 
n  the  thu *lent of oupling k is equal to the 11114 ii 

‘'.1111es  Of  the frequency deviati(in 

paptmeter 25's  4 kr'  are  5111/V4'11  :15 1/1/11115 011  111e 

1,111.V1,. N1/11' 111.1t t 111' 11-1'11111111' \' d e vi ati on  is n o longer 
linearly related III  the  n il  to11111011ellt  Of  the  ad-
mittance. 

Filed 1,1 Defuning 

.\II ()I the previous dis( tission has been limited I,, th•• 
( ase when the two circuits have been tuned to the satin-
frequency. It has heen slimvn  that the rife( t iii de 
tuning is to shift the vertex of the parabola. This 

leni is handled 1)%' (1 01111111.; 11 IllidfreqUelleV •1!-, tilt .ittl 

age of I he two resonant frequencies by the relatiiin 

U.j + 

- 211 

where col a n d 0)2 are the resonant frequencies of the 1%%•, 

circuits, r(spectively. .1 fractional thinning ratio (5,., 
defi ne d 1/ V 

— — (.02 
i10 (21) 

Le,  Wo 

These relations may be introduced to obtain as a final 
result for the &tuned case 

- (;,(;,(1 4 
k,A 

( 2,, V 

\  4 k,7) 

1 

) 

(5 

114  

2  
kf' 

Comparison (if (22) and (18) slim s that the effect of 
symmetrically (let uning  the two circuits adds an 

imaginary term which is equivalent to increasing the 
coupling coefficient k. In addition, if the dissipation 



1949  Harrison and Mather: Graphical Analysis of Tuned Coupled Circuits  1019 

factor D of the two circuits is not the same, there is a 
translation of the parabolic locus along the real axis 
which depends upon the ratio D2/D1 and the fractional 
detuning. The shape and size of the parabola are not 
affected, but the vertex follows a path in the complex 
plane determined by a family of curves which are also 
parabolas with a width depending on the ratio D2/D1. 
These relations are illustrated in Fig. 4. The location 
of the focus and the directrix with respect to the vertex 
are as given in Fig. 2, but have been deleted in Fig. 4 

in order to simplify the illustration. 

-r I: i 26 ' 

kilt-cf * k : ) 
t  -  t 

1 t 

SUSCEPTANCE i
c; 

TAN GE 

Fig. 4—Effect of symmetrical detuning on the locus of the nor-
malized transfer admittance. The dotted parabola represents the 
shift of the vertex when D2/Di =i• 

Input Admittance 

Although the transfer admittance of two tuned 
coupled circuits is probably used most frequently, the 
input admittance is sometimes desired. It is a consider-
ably more complicated function than the transfer ad-
mittance because the frequency deviation ratio appears 
in both numerator and denominator. The numerators 
are the same, therefore it is simple to obtain an expres-
sion for the ratio of the two admittances. This ratio 
permits calculation of the input admittance from the 
transfer admittance, which can be obtained easily from 
the parabolic locus, using the relation 

k  T 

k V 
itinputZ—t  -- 

G2  i 1  Q2\  2(6 +60) 

I M i  --N ti k i M O 2 1 N/k. + kr2 

(23) 

Triple-Tuned Circuits 

The graphical method as outlined in the preceding 
sections can be extended, with certain modifications, to 
triple-tuned circuits, although it is no longer possible to 
represent the admittance loci by a single universal 
curve. The analysis will not be given in detail, since it is 
quite involved, but the results will be stated and il-
lustrated. 

If the discussion is limited to the high-Q case with 
zero coupling between the first and third tuned circuits, 
and all three circuits are tuned to the same resonant 
frequency wo, the expression for the transfer admittance 

Y73 may be written7 

.VGIG3 (D1 + D2 + D3)3 
Y73  14,g4 — (f2 + 1)2 

8k12 1t23 0)11)3 

2x2 — j[2(f2 ± 1)x — x3[1.  (24) 

The symbols P, get, and x are used to simplify the writing 
of (24) and are defined below. The parameter x is a fre-
quency deviation parameter equivalent to 73 in (13c). 
The symbols P and g4 are functions of the coupling and 
the dissipation factors of the circuits and replace the 
coupling coefficients used in the analysis of two tuned 

circuits. 

46 

x = -F D2 -I- DB 

2 
f2=   (k122 k232 D1D2 

(D1 -I- D2 -I- D3)2 

( f 2 + 1)2 

4 

(25) 

+ D2/33  D1D3) — 1 (26) 

2 
 (DID2D3+ D1k232 D3k122) (27) 
(D1 D2 + Dar 

M 12 

—    
N/LiL2 

Mu 
k23 - 

0 .2/.2 

• Inspection of (24) indicates that the form of the 
curve obtained by plotting (24) is fixed once the choice 
of the value for f2 is made. Typical curves for the por-
tion of (24) within the braces are shown in Fig. 5 to 

(28) 

MMEMMEMMOMMOMUMM M U M 
MSUMMEMEMSOMEMMEMMIIMMEMMOMM 

P . 
MINIMMOMMOIMMOM MIMMEMMEAMEMMEM 

MEMMEMMWERIMMMOMO MMUMEMMOMMOI 
M E M IMO SI MOP MCIIIMEEECDER MAINI 
11111111 M MIN allIM MOOPROM MIIMININ 
MIIMMEMMMOPMOWIMONOMOMMEMMERM 
ININSIMMEWSMINTAMEMEMEMMINIMMEMM 
MEMMOMMEMEAMEMMI MINME NOMMEMEM 
MEMMEMOUVWMI NIMMEMEMOMMOMMEMM 
MMEMMEMMINIMMEMOMMOMOMMOMOMME 

(29) 

Fig. 5—Loci of the normalized transfer admittance of tep e-tuned 
circuits illustrating the effect of the coupling factors P and g4. 
The co-ordinate scale represents unit values of normalized sus-
ceptance and conductance. 

illustrate this point. A value of unity for f2 has been 
chosen. The effect of varying g4 only shifts the curve 
along the real axis and does not change the shape of the 
curve, provided f is held constant. 

7 See forthcoming paper by N. W. Mather, "An analysis of triple-
tuned coupled circuits." The notation has been changed somewhat 
for this paper. 
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There is no simple geometrical construction for the 
locus of the transfer admittance Yrs similar to the 
directrix for a parabola. However, there are several 
points on the locus which are easily located, and these 
points are shown in Fig. 6. If one or more curves are 

X•0 

i.330%0 

i.09(fIset -3 ....... 

CONDUCTANCE 

-------
•3 

Fig. 6—Graphical construction of the locus of the transfer 
admittance of a triple-tuned circuit. 

accurately known, it is not difficult to interpolate a 
curve for a different value off after the crossover point 
and limits to the curve are located with the aid of 

Fig. 6. Also, since the real component of the transfer 
admittance varies as the square of the frequency devi-
ation parameter, the point on the locus corresponding 
to a given value of x can be located by means of a 
parabola with an imaginary component equal to x and 
the real component equal to (2x2). The vertex will be 
at the point on the locus corresponding to x=0. This 
construction is illustrated by the dotted curve on Fig.6 
The same parabola may be used regardless of the value 
of f2. provided the vertex of the parabola is located as 
indicated above. 
The most interesting case occurs when the coupling 

factors are related by the equation 

4g' = f4.  (30) 

This relation produces three equal magnitude minima 
in the magnitude of the transfer admittance Y73, pro-
vided f2 is greater than zero.' The special case with 

4g 4 =  = 0 
(31) 

is the transitional case between a one-minimum case 
and the three-minima case, i.e., the case giving "maxi-
mal flatness." When f is negative, there is only one 
minimum. 

A family of curves similar to Fig. 5 can be plotted 
for various values of f2 as shown in Fig. 7. For conven-
ience, the relation for the three equal minima case de-
fined by (30) is illustrated, although the curves will be 
applicable to other values of circuit loss and choice of 
coupling by shifting the x=0 intercept along the real 
axis to correspond to the actual value of g4. 
Although the factors /2 and g4 are quite useful for ob-

taining the transfer admittance when the coupling co-
efficients and dissipation factors are known, they are 
not very helpful in solving the more difficult problem of 
determining the proper coupling to use with circuits 
of known losses in order to obtain the desired response 

Fig. 7—Loci of the normalized transfer admittance of triple-tuned 
circuits for the case with three equal minima. The co-ordinate 
scale represents unit values of normalized susceptance and con-
ductance. 

characteristic. The relation between coupling and cir-
cuit losses for the case with three equal minima may be 
obtained by substituting (30) in (27) and solving (26) 
and (27) simultaneously for k122 and k212: 

1 
k122 = — [1    

8  DI  

D2 ] 
[(1)2 + D3)2 + 3D12 

+ 2.(2(D1i- 1)2 ± D3)2] (32) 

(33) 

Since p is positive for the case with three equal 
minima, it is necessary to restrict the value of D2 in 
these equations in order to obtain real values for the 
coupling coefficients. Therefore the relation 

D2 I (D1 — Da) I  (34) 

must be satisfied in order to obtain three equal minima 
in the magnitude of the transfer admittance. It is ob-
vious that D2 can be greater than the value indicated 
by (34), but the coupling cannot be adjusted to give 
three equal-minima.' 

The value of P used in (32) and (33) determines the 
type of response. If f2=0, the transitional case will be 
obtained, while the choice off =4 will give two maxima 
in the transfer admittance with a magnitude of ap-
proximately N/2 Yrrnii, These points would correspond 
to 3 db points in the response characteristic of the 
circuit. 

1 k232  [ I ±  D 2 n  

8 DI —  f(DI + D2) 2 3D32 

• 2f2(D3 ± D2 + D3)21• 
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An Analysis of Interlinked Electric and Magnetic 
Networks with Application to Magnetic Amplifiers* 

D. W. VER PLANCKt AND M. FIS H MANt, ASSOCIATE, IRE 

Summary—A general system of equations is developed for the 
analysis of interlinked electric and magnetic networks. These equa-
tions are app ied to the study of the steady-state behavior of six basic 
types of magnetic amplifier a ithout feedback. The equations, which 
are non linear, are solved to give the currents as functions of time for 
certain given applied voltages and given circuit and core parameters. 
An experimental check is included to confirm the correctness of the 
analysis. A comparison of the results for the six basic types shows 
that the use of two separate magne ic cores has important advan-

tages over the single three-legged core so commonly used in present 

practice. 

INTRODUCTION 

M
AGNETIC A MPLIFIERS, also called dc-con-
trolled reactors, saturable reactors, and trans-
ductors, consist of electric and saturable mag-

netic circuits so interlinked that a direct current con-
trols the reactance of an ac circuit)-8  One form appears 
in Fig. 1(a). Here there are two identical iron core trans-
formers with one pair of similar windings in series with 
a dc control voltage, and the other pair in series with an 
ac source and a load. The winding polarities are such 
that fundamental-frequency voltages induced in the two 
control windings are in opposition. The direct current 
determines the average saturation of the cores which, 
in turn, affects the inductive reactance of the ac circuit. 
With proper design, amplification occurs, since but a 
small change of control power results in a large change 

of load power. 

Besides this simple arrangement, there are more com-

plex schemes involving cores with constricted sections 

or several materials and circuits with additional coils to 

provide bias and feedback. Numerous variations of the 

elementary magnetic amplifiers, such as shown in Figs. 

• Decimal classification: R363. Original manuscript received 

Lby the Institute, October 1, 1948. Revised manuscript received, Feb-ruary 24, 1949. Presented, National Electronics Conference. Chicago, 
Ill., November 6. 1948. This work was done in part under Office of 
Naval Research Contract N6ori-47 Task Order V. and in part was 
submitted by M. Fishman in partial fulfillment of the requirements 
for the degree of doctor of science at Carnegie Institute of Tech-
nology. 
.1 Carnegie Institute of Technology. Pittsburgh. Pa. 
t Formerly, Carnegie Institute of Technology. 
'John B. Taylor. 'Even harmonics," AIEE Trans., vol. 28, p. 

725; 1909. 
I E. F. W. Alexanderson, "Controlling Alternating Currents," 

U. S. Patent 1,206,643, November 28, 1916, application filed Decem-
ber 7, 1912. 
' E. F. W. Alexanderson and S. P. Nixdorf, "A magnetic amplifier 

for radio telephony." Psoc. I. R.E., vol. 4. p. 101; April, 1916. 
I A. Boyajian, "Theory of d-c excited iron-core reactors and regu-

lators," Trans. A IEE, vol. 43, p. 919; 1924. 
I E. C. Wentz, "Direct-current controlled reactor," Electric Jour., 

4— vol. 28, p. 561; Oct, b r, 1931. 
' Uno Lamm, "The Transductor," Esselte Aktiebolag, Stock-

holm; 1943. 
1 E. C. Wentz, "Saturable core reactor now smaller, more capable," 

Westinghouse Engineer, vol. 3, p. 115; November, 1943. 
• A. S. Fitzgerald, Jour. Frank. Inst., vol. 244, p. 249; 1947. 

1 through 4, are possible, all having very similar char-

acteristics. While some of these forms have found 

favor,' " no general discussion of their relative merits 

could be found. 

Em CO. at LOAD 

b 

(c) 

Fig. 1—Schematic representation of Type 1 magnetic amplifiers. This 
type has two identical but magnetically separate cores which 
also may be of toroidal or shell form. In (b) and (c) the cores 
may be placed in parallel planes with windows in line to permit 
uniform distribution of all windings. 

The purpose of this paper is to develop a more precise 

analysis than those published heretofore. "."." While the 

analysis applies in general to all magnetic amplifiers in 

both transient and steady states, it is carried through 

here only for a steady-state solution of certain of the 

simpler  circuits.  Circuits  employing  feedback  are 

treated in a companion paper. 

DESCRIPTION OF SOME BASIC ARRANGEMENTS 

Besides the arrangement in Fig. 1(a), already men-

tioned, the two others in this figure behave exactly as 

the first, except that in (b) the use of a single control coil 

E. F. W. Alexanderson, "Means for Controlling Alternating 
Currents," U. S. Patent 1,328,791, January 20, 1920, application 
filed November 26, 1915. 
" K. Reuss, "Die VerstArkerdrossel," Arch. far Elekt., vol. 33, 

p. 777: Deren bet., 1939. 
II T. Buchhold, "Met- gleichstromvormagnetisierte Wechsel-

stromdrosselspulen und deren ROckkopplung," Arch. far Ekkt., 
vol. 36, p. 221; April, 1942. 
it A. Uno Lamm, "Some fundamentals of a theory of the trans-

doctor or magnetic amplifier." Trans. A I EE, vol. 66; 1947. 
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through both cores eliminates voltage components at 
power frequency from all parts of the control circuit, 
which may be advantageous from the standpoint of in-
sulation. 
Instead of two separate cores as in Fig. 1, a single core 

having two magnetic loops with a common branch may 
be used as in Figs. 2 and 3. In Fig. 2 the center leg car-
ries a direct component of Aux but no power-frequency 
component, while in Fig. 3 the reverse is true. The form 
in Fig. 2(b) is very common,6 while the forms in Fig. 3 
are rare, although (a) has been used." Because of mag-
netic saturation, the behavior of a core with a common 
portion is quite different from that when the core is 

Em cos wt  LORD 

(a) 

(b) 

Fig. 2—Type 2 magnetic amplifiers. These have to magnetic cir-
cuits with a common branch in which there is no fundamental-
frequency component of flux. 

(a) 

Edc 

Fig. 3—Type 3 magnetic amplifiers. These have two magnetic cir-
cuits with a common branch in which there is no dc component of 
flux. This type is derived from Fig. 2 by interchanging the control 
and load windings. 

split into two separate parts as in (b) and (c) of Fig. 1, 
even though the cross section of the common part is 
twice that of each separate core. 
Wherever, in Figs. 1, 2, and 3, the load circuit has two 

separate coils in series, additional arrangements may be 
derived by connecting these two coils in parallel. For 
example, Fig. 4 is thus derived from Fig. 1. Parallel 
connection of control coils is not permissible. 
Altogether, there are twelve possible arrangements 

employing a magnetic network of two loops as in the 

(a) 

(b) 

Fig. 4—Type 4 magnetic amplifiers. These are like Fig. 1, except that 
the load coils are connected in parallel. 

TABLE I 

CLASSIFICATION OF TYPES HAVING MAGNETIC 
NETWORKS OF Two LOOPS 

Type Form 

Mag- 
neiic 
Loops 
Have 
Com- 
mon 
Branch 

Fundamental 
Pouer-

Frequency 
Components 
of Flux  
Aid or  
Cancel in 
Common 
Branch 

Num-
ber of 
Con- 
trol 
Wini:sd-

Num-
ber  of  

Load 
W.ind-
ings 

Load-
Winding 
Connec-
tion 

1 a 
b 
c 

No — 
2 
1 
2 

2 
2 
1 

Series 
Series 
— 

2 a Yes Cancel 2 2 Series b 1 2 Series 

3 a Yes Aid 2 2 Series c 2 1 — 
4 a No — 2 2 Parallel b 1 2 Parallel 

5 a Yes Cancel 2 2 Parallel b 1 2 Parallel 
6 a Yes Aid 2 2  1 Parallel 
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foregoing examples. These twelve are of six basic types, 
as shown in Table I. The classification is based on the 
following considerations: 
1. Whether or not the two magnetic circuit loops 
have a common branch; 

2. If there is a common branch, whether the funda-
mental power-frequency fluxes aid or cancel in this 

branch; and 
3. Whether the load windings (if there are two) are 
connected in series or in parallel. 

As will be shown, these points of difference are impor-
tant in the analysis. The types are subclassified into 
forms according to the number of coils in the load and 
control circuits. The forms of each type differ as to leak-
age reactances and winding resistances, but these dif-
ferences are less important than those between types, 
and are neglected here, so that all forms of a given type 
are assumed to be equivalent. 

PLAN OF ANALYSIS 

The object of the analysis is to predict the instantane-
ous currents as functions of time in terms of magnetic 
material characteristics, core dimensions, numbers of 
turns, and impressed voltages for magnetic amplifiers 
in general. The approach is to treat the magnetic cores 
as simple lumped magnetic circuits neglecting leakage 
fluxes, the varying cross sections at corners, and the ef-
fects of eddy currents. Thus the magnetic amplifier be-
comes a system of interlinked electric and magnetic net-
works. The procedure is to introduce the following rela-

tionships: 
(a) Kirchhoff's voltage law for each loop of the elec-

tric network; 
(b) Law of continuity connecting flux density, loop 

fluxes, and cross sectional area; 
(c) The B-H characteristic of the magnetic material; 

and 
(d) Ampere's line-integral law for each loop of the 

magnetic network. 
While these determine the problem, a general solution 
would be extremely laborious, if not impossible, and 
useful results are obtainable only by further simplifica-
tion, as will be shown for the specific group of magnetic 
amplifiers classified in Table I. 

VOLTAGE EQUATIONS 

The voltage equations are written in terms of loop 
currents identified by numerals, the general indices be-
ing n and p. Similarly, in the magnetic network use is 
made of loop fluxes identified by Greek letters with the 
general index v. 
The positive directions for currents are chosen arbi-

trarily. The positive directions for fluxes are chosen so 
that they all traverse a common branch in the same 
direction; which is apparently always possible if the 
magnetic network is planar. With this convention, the 
sign of the number of turns of a coil may be plus or 

minus, and is determined after the positive directions for 
currents and fluxes have been chosen. 
The system of equations resulting from the applica-

tion of Kirchhoff's voltage law to the electric network 
may be written compactly in the matrix form: 

IjeII =  + IIR.,11 .11i,11 (1) 

where 
en= the instantaneous emf applied to the nth loop of 

the electric network (volts) 
N„= the number of turns of the coil in the nth elec-

tric loop linking the vth magnetic loop  (di-
mensionless) 

cb,= the instantaneous time rate of change of flux in 
the vth magnetic loop  (webers/second) 

R„= the resistance common to loops n and p of the 
electric network (R„ is the total resistance of 
loop n)  (ohms) 

ip = the instantaneous value of the pth loop current 
(amperes). 

MAGNETIC EQUATIONS 

The magnetic network is assumed to be divisible into 
a finite number of parts j in each of which the flux den-
sity is sensibly uniform. Thus, to express flux density in 
terms of loop fluxes and cross-sectional area, one finds 
the total flux in a given part of the magnetic network 
and divides by the cross-sectional area. To express this 
relation in a general set of equations which will account 
systematically for branches common to more than one 
loop flux, it is convenient to introduce a matrix 
an element of which is the reciprocal of the cross-
sectional area of the jth part of the magnetic network 
associated with flux loop v. As a consequence of the sign 
convention for loop fluxes, the elementsliSidi are always 
positive. Thus, one can write 

II BII =  .110,11 (2) 

where 
B5= the magnetic flux density in the jth part of the 

magnetic network  (webers/meter2) 
= the reciprocal of the area of the jth part of the 
magnetic network if 0, threads that area; other-
wise, zero  (meter-2 ). 

In this analysis, the relation of flux density B to field 
intensity H need be known only in curve form. Since 
in the solution II will be found from B, H is said to be 
some known function of B, or for the jth part of the net-

work 

H =  i(B,).  (3) 

In the application which follows it is assumed that one 
magnetic material is used throughout; hence, the sub-
script j after II on the right of (3) may be omitted. 
Moreover, hysteresis is neglected, so that (3) becomes 
the normal magnetization curve. 
Because of the assumed uniformity of field in each 

part j of the core, the line integral of H can be ex-



1024  PROCEEDINGS OF THE I.R.E.  September 

pressed as the summation of a finite number of products 
of magnetic field intensity and path length. Thus Am-
pere's law gives the system of equations: 

=  Hill (4) 

where 

N„= the number of turns in the pth electric loop 
linking the yth magnetic loop  (dimensionless) 

L.,= the length of the jth part of the magnetic net-
work if 4), traverses  it;  otherwise,  zero 
(meters) 

in (4) can be obtained from IIN„11 in (1) by 
interchanging rows and columns. 

APPLICATION OF THE ANALYSIS 

For illustration, the foregoing analysis is applied to 
the magnetic amplifiers of Table I. In this application 
further simplifications are made, as follows: 
(a) The voltage impressed on the coils in the load 

circuit is sinusoidal (load replaced by a short-
circuit); 

(b) The dc voltage impressed on the control circuit is 
constant and its source has no impedance to har-
monic currents; 

(c) Steady-state conditions exist; and 
(d) Coil and circuit resistances are very small, al-

though, as will be seen, their effects are not neg-
lected entirely. 

While these ideal conditions sometimes may be ap-
proximated only roughly in practice, results based on 
them are, nevertheless, useful for gaining a better under-
standing of magnetic-amplifier behavior and for draw-
ing comparisons between types. 

SOLVING FOR THE CURRENTS 

As the first step in solving for the currents, (1) is 
applied, resulting in the matrices shown in Table II. 

TABLE II 

MATRICES OF (1) FOR THE BASIC TYPES 

Type 114  IIN„,ll  114;.11  IIR.P11  110 

I 

and 
2 

IEd, 

E„, cos will 

ii II N1  NI 

il N2  — N2 

qi.„ II 

0,9 II 

Ril 0  II 

0  R22 II  

II 

.. 

ii 1 

.2 . 

3 
Ed, 

cos (di 

I 1V1 —NI 

I N2  N2 II I 160 

I RI, 0 

0 Rn /2 i 

4 

and 

5 

Eck 

E. cos COI 

E., cos wg 

NI  NI 

N2  0 

0  — N2 

1 4'." 
0,fi 

1 R1, 0 0 

. 0 R22 0 
i . 0 0 Rn 

il 

h 
13 

6 

Ed, 

E„, cos CO8 

E„, cos wg 

NI —NI 

N2  0 

0  N2 

li 
• 
0. 
. 
Os 

R,, 0  0  

0 R22 o 
0 0 R22 

4 
h 

Here the general values of voltages e„ and of turns N., 
are replaced by specific values indicated in Figs. 1 
through 4, and the general values of total circuit resi!•t-
ance R„,, are shown as R11 or R22, as the case may be. (In 
types 4, 5, and 6, R33 = R22.) Then, neglecting the re-
sistance drops for the time being and noting that as a 
consequence E de must also be a negligibly small quan-
tity, one can solve for 4)„ and 4,0. The result for each 
type is that 

(5) (tra =  sin cot -I- (Do 

where (1)„, is E„1/2coN2 for types 1, 2, and 3, and Em/ N2 
for types 4, 5, and 6. clDo is a constant of integration, as 
yet unknown. The other loop flux 02 in types 1, 2, 4, 
and 5 is --43„, sin cot-f-c130, and in types 3 and 6, cf,„, sin cut 
--(Do. Considerations of symmetry show that the time 
averages of O. and 4)0 must be the same in magnitude, 
and thus there is but one constant of integration to be 
found. For types 4, 5, and 6, only two of the three equa-
tions of (1) are needed to determine the fluxes, a fact 
which proves useful later on. 

The next step is to find the flux densities in the differ-
ent parts of the core, using (2). In doing this, symmetri-
cal cores with parts of uniform area, as indicated in Figs. 
1 through 4, are assumed. In the three-legged cores, 
Figs. 2 and 3, the center leg is assumed to have twice 
the area of either of the other legs. 

Having the flux densities B, the field intensities II are 
found using the magnetic characteristic of the material, 

TABLE III 

MATRICES OF (4) FOR THE BASIC TYPES 

Type 

2 

3 

4 

5 

6 

111,11  II L.111  Illl 

IN,  N2 

NI —N2 
LO 

0 L 

NI N2 1 

NI — N2 I 23 

NI N2 

—NI N2 

_ 

L'  0  L" 

it 0  L'  L" 

!, 

IL 

110 

li  L'  0  L" 

' i2  0  L'  L" 

I NI N2 0 

N,  0  — N2 

1.1 

03 

L 0 '1 

0 L II 
+ 

I _ I 

N,  N2  0 

NI 0  — N2 
12 

L' 0  L" 

0  L' L" 

11„ 

I _ i 
II,, 

NI N2 0 

—NI 0  N2 
L' 0  L" 

0  L'  L" 

H + 

_ 

I 
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assumed here to be the normal magnetization curve. The 
time functions representing values of H which occur are 
indicated symbolically in the last column of Table III 
where the order of matrix elements is first the part of the 
core carrying cfia alone, then the part with 00 alone, and 
finally, if present, the part carrying their sum. The 
meaning of the symbols, using the notation of (3), is 

17+ = H(B„, sin cot + Bo) 

H_ = 11(—B„, sin cot + Bo) 

ho = H(130) 

Elm = H(B.) 

where B„, is 41„,/A and Bo, given by 410/A, replaces the 
unknown constant of integration. 
The actual time variation of H is determined graphi-

cally for any assumed value of B„„ as illustrated in Fig. 
5 by projecting the displaced sinusoids of B at the upper 
left across to the magnetization curve, and then down 
onto a new time scale to give the curves of H+ and H_ 
shown at the lower right. 

1 

wt   

LII 

ft 

Fig. 5—Graphical construction using the normal magnetization 
curve of the core material to get the time variation of the field 
intensities. 

(6) 

The currents are related to the field intensities by 
(4), which is expanded in Table III. Here L is the total 
length of either flux loop, while L' represents the length 
of a part carrying either ck, or chs alone, and V' a part 
carrying their sum. For the first three types, these pairs 
of equations are solved for the two currents with the 
results shown in Table IV. For types 4, 5, and 6, how-
ever, there are three unknown currents, and so another 

equation is needed. It is found by manipulating the 
voltage equations so as to eliminate the time deriva-
tives of flux, but now not neglecting the resistances. The 
resulting equation and the pair in Table III are then 
solved simultaneously for the three currents, with the 
results shown in Table IV. Here two new quantities ap-
pear: Ii, which is the average (dc) value of control cur-
rent given by 

and k, given by 

11 = 

k = (2R22/R11)(N1/N2)2. 

TABLE IV 

TIME VARIATION OF INSTANTANEOUS CURRENTS 

Type Current 

1 =  F H -112 Ni 
it= L [Ha.— H_II2N2 

2 = L' Ill  H_ 1/2.Vt+L"Ho/Nt 
i2= L'  ]/2 N2 

it= L' III++  1/2A4 
i2=L'11/4.— H l/2N2+L"H,,/Ns l 

4 
it= RUH++ H-)12+ Nati/ Ni(1+k) 
it= RUH+ + LH +  IP Nt(1 +k) 
it= IkL(H+—H-)12—LH-+ Nth 1/N0(I +k) 

ii+is=LIH+—H_)/No 

5 
= IkL1(11+-FH_)12 +k V Ho+ NI r, Imo +k) 
i2= IkL'(H+— H-)12+  ++L"H  11/ Nt(l+k) 
it= (kV (H+ H_)/2—L'H--L"Ho+ N,I1 1/N2(1 +k) 

L' fri+ ]/N2 

6 
it= Pa:(f-r++ _)12 +  11 Nt(1 + k) 
it= [kL'(H+— H_)/2  L' 

+(1 + k)L"  N2(1 +k) 
4= [kLi(H+— H-)/2—L'H-

+(1 +k)L"  F 
4+4= L' [14— H_1/ N2-1-2L" H./ Art 

The physical significance of k is that in types 4, 5, and 
6 there are two low-resistance circuits linking the two 
flux loops similarly; the control circuit and the series 
path through the load coils. Then, even though the 
resistances otherwise may be negligibly small, their ratio 
is significant in fixing the division of induced currents 
between the paths. 

DETERMINING THE INTEGRATION CONSTANT 

The expressions for the currents in Table IV depend 
through (6) on the average value of flux density Bo, so 
far unknown. To determine Bo, one finds I, the dc value 
of control current, by taking the time average of is; 

thus, 

1 21 

hi = — f 
21. 0 

(9) 

Evaluating this, one finds for types 1 and 4, 2 and 5, 
and 3 and 6, respectively, the following values of N, hi' 
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LH, L'Il.,-1-L"H0, and L'II  where 

1 1.2r 

= —  H(B,,, sin cot  Bo)d(wt).  (10) 
27 0 

This integral is evaluated graphically as the net area 
between the curve of H+, illustrated in Fig. 5, and its 
time axis. Since one wishes to find Bo for a given II, a 
process of trial and error is necessary, or a family of 
curves may be constructed as in Fig. 6. This family 
represents a property of the material independently of 
the frequency, the core configuration, and circuits as-
sumed. 
To obtain, Bo, then, for given E. (which determine-

B„,) and given I one uses the curves in Fig. 6 directl 
or, in the case of types 2 and 5, a trial and error pro 
cedure involving Fig. 6. 

IN wEBERS/MET
ERE 

1.4 

1.2 

1.0 

0.8 

0.6 

0,4 

0.2 

Bsyn • 

8.00.2 

Bra •• .4 
• 

Om •0.8 ( 7  

Bpi •0.8 

Bm • 10 

1200  1600 2000 2400 
HAv  IN AMP TURNS/METER 

Fig. 6—Effect of superimposed alternating flux density on the dc 
magnetization curve. The upper curve is the measured normal 
magnetization curve; the others are calculated from it. This 
family represents a property of the core material independently 
of the core geometry and circuit conditions. 

EXPERIMENTAL CHECK 

The method of analysis has been checked by com-
paring the calculated currents with oscillograms for a 
variety of conditions. An example is given in Fig. 7 
which applies to type 2, form (b), shown in Fig. 2, 
using the core material described by Fig. 6. The check is 
good, even though the conditions are such as to make 
the flux density reach very high values, which accounts 
for the large harmonics in the currents. With this mate-
rial the effect of neglecting hysteresis is imperceptible 
in a case like this, but it is observable, though never 
large, in cases where the maximum flux density is low. 

i00 
4 

So 

100 

Fig. 7-0scillograms of currents and applied ac 
with calculated currents for circuit (b) in Fig. 
curves are plotted to scales determined by the 
tivity. 

NI =2,000 turns  RI, =135 ohms 
N2=1,800 turns  R22 = 207 ohms 
L' = 0.124 meters  A = 4 .2 X10-4 (meters)2 
L" = 0.056 meters 

- 
RADIANS 

voltage compared 
2. The calculated 
oscillograph sensi-

/1=0.034 amperes 
E„, = 320 V2 volts 
2r60 (sec.) -' 

SERIES AND PARALLEL CONNECTIONS COMPARED 

To compare series and parallel connection of load 
coils, types 1 and 4, the ones with separate cores, are 
considered first. All conditions are assumed identical ex-
cept that N2 for type 4 is twice that for type 1, so that 
the ac volts per turn is the same in both. Then the expres-
sions for total load 'current (i2 for type 1 and 12-Fi3 for 
type 4) shown in Table IV are identical. Moreover, the 
relation between Bo and I is the same for both, and 
thus, under these conditions, the flux densities in the 
respective cores of the two types are equal at every in-
stant, and the two have identical external, character-
istics except for differences in the instantaneous values 
of ii. The instantaneous values of mmf for each mag-
netic loop are the same in the two types, but because of 
the additional electric loop in type 4 the distribution of 
ampere-turns among the electric circuits differs in the 
two types. Analyzed in another way, it can be shown 
that even harmonic components of ampere-turns are 
necessary to produce the sinusoidal variations in the 
two fluxes. In type 1 these harmonics are carried en-
tirely by the control circuit, while in type 4 they are 
carried in part by the series path through the two load 
coils. It should be noted that, had the control circuit not 
been assumed to have zero impedance, the series and 
parallel connections would not be equivalent. 

Comparisons of type 2 with type 5 and of 3 with 6 
also lead to the conclusion that the series and parallel 
connections are equivalent. Thus types 4, 5, and 6 may 
be eliminated from further comparisons. 



1949  Ver Planck and Fishman: Magnetic Amplifier Network  1027 

CORE ARRANGEMENTS COMPARED 

To study the relative merits of types 1, 2, and 3, it is 
assumed that the purpose of a magnetic amplifier is to 
cause the greatest change in reactance—that is, the 
greatest change in load current with constant ac voltage 
across the load coils—with the least change in control 
current. For a given type and given applied voltage, the 
load current 12 is some function of the average control 
current /2, and of time t. The intention is to study in the 
three types the effect of /2 on N2i2(/i, t). Values of this 
function with the control current switched on and off are 
shown in columns 3 and 4, respectively, of Table V. 
Here a new quantity is introduced: 

H d 
2 

H(Bm sin cot -I- Bo) — H(Bm sin cot —   

H+ — H_ 

2 
(11) 

which varies in time phase with H.. In studying Table 
V, it is to be noted that, because of saturation, 

> Ho  (12) 

Ha> L.  (13) 

Also, the various /Ps all are functions of the flux densi-
ties, and therefore direct comparisons of items in the 
table must be made only with B. and Bo the same in 
all three types. Furthermore, core total lengths and 
areas must be the same throughout. Thus comparisons 
of the currents, which in general will differ from type 
to type, are made with applied ac voltage, Bo, NI, N2, 
and weight of core held constant. 
As a first criterion, take the difference of load current 

produced, Table V, fifth column. This difference is 
identical for types 2 and 3, but requires more control 
excitation in type 2 than in type 3. In this respect, then, 
type 3 is superior to type 2. Now compare type 1 with 
type 3. The difference in 12 produced in type 1 is greater 

than in type 3 in the ratio L/L', but the control current 
required by type 1 is greater in the same ratio. But type 
1 is superior to type 3 because with the same amount of 
magnetic material a greater change in load current can 
be obtained, although to realize this superiority it might 
be necessary to increase the copper in type 1 over that 

in type 3. 
The conclusion is different if one takes as the criterion 

the ratio of the load current resulting from /2 to that 
with /I= 0, as shown in the last column of Table V. 
This ratio is identical for types 1 and 2, but is produced 
by a smaller /2 in type 2; type 2 is thus better than type 
1 in this respect. The relative standing of type 3 is not 
so apparent, but it is probably inferior to type 2. 
These comparisons are based on theoretical consider-

ations for one assumed kind of operation; practical con-
siderations, however, might rule. For instance, difficulty 
of matching two separate cores might outweigh their 
theoretical advantage and dictate the use of the three-
legged core where every lamination is in both magnetic 

circuits. 
CONCLUSION 

A general system of equations for interlinked electric 
and saturable magnetic networks has been developed. 
As an example of their application, the equations have 
been applied to the steady-state solution of certain com-
mon magnetic-amplifier circuits without feedback, and 
in this connection a systematic classification of these 
magnetic amplifiers into basic types was developed. 
Conclusions of practical interest were reached as to the 
relative behavior of the several types of magnetic ampli-

fier studied. 
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COMPARISON OF TYPES 
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automatic controls and analogue computers, 
on which subject he has published a number 
of papers, lie is a member of Sigma Xi. 

G. A. KORN 

oe. 

• 
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N. W. Mather (A'46-M'47) was born 
in Upland, Calif., on April 29, 1914. He was 
graduated from the University of California 

in 1936 with the B.S. 
degree in electrical 
engineering, and was 
later awarded  the 
M.S.  degree  from 
Princeton University. 
Until 1942 he was 
employed by the Otis 
Elevator Co., when 
he joined the U. S. 
Naval Reserve, and for 
twenty-eight months 

N. W. MATHER  was connected with 
the Navy radar in-

struction program. Later he was a con-
struction superintendent in the electron-
ics division of the assistant industrial 
manager's office of the Mare Island Navy 
Yard. He became visiting assistant profes-
sor of electrical engineering at Princeton 
University in 1946, and was made associate 
professor in 1947, his present position. 

In 1948 Mr. Mather was Chairman of 
the Princeton Section of the IRE. He is an 
associated member of the AIEE, a member 
of the American Society for Electrical Edu-
cation, Eta Kappa Nu, and Sigma Xi. 

For a photograph and biography of 
J. HESSEL, see page 1434 of the November, 
1948, issue of the PROCEEDINGS OF THE 
I.R.E. 

- For a photography and biography of 
D. W. VER PLANCK, see page 902 of the 
August, 1949, issue of the PROCEEDINGS OF 
THE I.R.E. 

Correspondence 

J. R. Pierce (S'35-A'38-SM'46-F'48) 
was born at Des Moines, Iowa, on March 27, 
1910. He received the B.S. degree in electri-

cal engineering from 
the California Insti-
tute of Technology in 
1933, and the Ph.D. 
degree in 1936. Since 
1936 he has been a 
member of the tech-
nical staff of the Bell 
Telephone  Labora-
tories, where he has 
worked on various 
vacuum-tube  prob-

J. R. PIERCE  lems. 
Dr.  Pierce  re-

ceived the IRE Fellow award in 1948 for his 
"many contributions to the theory and de-
sign of vacuum tubes." He is also the re-
cipient of the Eta Kappa Nu "Outstanding 
Young Electrical Engineer" award for 
1942, and the IRE Morris Liebmann Mem-
orial Prize for 1947. He has served on the 
IRE Papers Procurement Committee. 

The Theory and Design of Progres-
sive and Ordinary Universal Wind-
ings* 

A paper by Kantor' contains several defi-
nite contributions to the science of univer-
sal coils. However, due to rather unfortu-
nate wording, a number of statements made 
and conclusions reached could easily be 
misinterpreted. It is proposed to clarify 
these. 

1. Accuracy of the Basic Equation of the 
Universal Winding 

From a reading of the Summary,' par-
ticularly the statement that "equations are 
derived which are considerably simpler and 
at the same time more accurate than those 

r-given by Simon," one might infer that the 
form of the basic equation of the universal 
winding as given by Kantor is more accu-
rate than that originally derived by the 
writer,' whereas, as Kantor himself points 
out subsequently in the body of his paper, 
both equations express absolutely identical 
relationships, the particular one given by 
Kantor being merely an alternative form of 
the other. In fact, his equation can be ob-
tained directly from that originally given 
by the writer merely by inverting both sides 
and rationalizing the denominator of the 

• Received by the Institute. March 21. 1949. 
2 M. Kantor. 'Theory and design of progressive 

and ordinary universal windings,' PROC. 1.R.E.. vol. 
35, pp. 156.3-1570; December, 1947. 
'A. W. Simon. On the theory of the progressive 

universal windings," Paoc. I.R.E.. vol. 33. pp. 868-
871; December. 1945. 

fraction appearing on the right-hand side of 
the resulting equation. The only new con-
tribution made by Kantor in this connection 
is to show that the expression for the re-
ciprocal of the gear ratio r, as defined by the 
writer, can be put into somewhat simpler 
form than that for this gear ratio itself. 
Kantor's derivation of the basic formula of 
the universal winding is, of course, exactly 
parallel to that originally given by the 
writer, except that the gear ratio r is re-
placed throughout the derivation by its 
reciprocal 1/R. 
Also from a reading of the Summary, 

particularly the statement that "the pres-
ent paper offers a more thorough treatment 
of the subject ... by employing theoretical 
expressions to replace previously required 
empirical rules," one might infer that the 
formulas given originally by the present 
writer for the gear ratio and the number of 
crossovers (throws) per turn were largely 
empirical. There was, however, nothing em-
pirical about either the deduction or the 
form of these equations: the only empirical 
thing about them was that the constant k 
in the crossover formula had to be deter-
mined empirically. Kantor's contribution 
in this connection is to show how the value 
of this constant can be deduced from a knowl-
edge of the coefficient of friction between 
the material of the insulation and that of the 
dowel, thus making the empirical determina-
tion of k unnecessary. 

2. Selection of the Number of Crossovers 
(Throws) per Turn 
From Kantor's theory on the factors 

which influence the selection of the number 

of crossovers per turn, it might be inferred 
that it is necessary in practice to vary this 
factor in accordance with the coefficient of 
friction between the surface of the dowel 
and that of the insulation; that is to say, 
with every change of material of the dowel 
or of the insulation. Actually, this is not the 
case, for the following reasons: (1) After the 
first layer is down, the wire is wound not on 
the surface of the dowel but on the surface 
of the insulation of the underlying layer; 
hence, the discussion given by Kantor ap-
plies primarily to the problem of producing 
a stable first layer. (2) The necessity for 
altering the number of crossovers per turn 
with every change of material of the dowel 
can be obviated entirely by the simple ex-
pedient of roughening the surface of all 
dowels (if necessary) previous to winding. 
In fact, it might be noted parenthetically 
in this connection, that winding on smooth, 
i.e., polished or glazed dowels, imposes an 
unnecessary handicap in manufacture, and 
should be avoided in any case. Hence, 
while Kantor's analysis of the factors deter-
mining the selection of the number of cross-
overs per turn, in particular the deduction 
of the constant k from the coefficient of 
friction a, is a definite contribution to the 
science of universal coils, it is of more aca-
demic than practical i nportance. In the 
writer's experience the insertion of the em-
pirical constant of I in the crossover formula 
has always given satisfactory results, irre-
spective of the type of dowel or textile in-
sulation used, provided only that the sur-
face of the dowel was sufficiently rough. In 
fact, a value of I for this constant would 
correspond, according to !Cantor's theory, 



1030  PROCEEDINGS OF THE I.R.E. September 

Corr pondcnce 

to a value of p of 0.21, which is in good agree-
ment with the values actually found by him 
for such materials as cardboard, wood, 
bakelite, etc.; that is, for materials gener-
ally used. 

3. Determination of the Progression 

With reference to the pitch of the pro-
gression, which determines directly the 
number of turns per unit length of the coil, 
it should be pointed out that, contrary to 
the impression one might receive from a 
reading of Kantor's discussion of the subject, 
this factor can be arbitrarily selected in 
general; it is fixed or predetermined only if 
it is prescribed that the winding is to fulfill 
also a certain geometric condition; in par-
ticular, if it is to exhibit a certain ratio of 
width of close-packed layer to spacing be-
tween close-packed layers. Actually, how-
ever, in practice the number of turns per 
unit length, which will determine, for exam-
ple, such factors as total band coverage in 
the case of permeability-tuned coils, will be 
of greater importance in design than the 
particular geometric ratio referred to; hence, 
the pitch will usually be selected independ-
ently and the geometric ratio allowed to 
take what value it may (between limits). 
It is true, of course, that a value of this ratio 
of 1, as recommended by Kantor, is a desir-
able but not at all a necessary condition. 

4. Accuracy of Various Approximate For-
mulas for the Gear Ratio (Ordinary Uni-
versal Winding) 

At the outset of a discussion of the ac-
curacy of a formula for the gear ratio, it 
should be pointed out that the fundamental 
factor to be considered in this connection is 
not the error in the gear ratio itself, but the 
error in the gear-ratio parameter, since the 
latter determines directly such fundamental 
magnitudes as the number of turns per 
layer, spacing between centers of adjacent 
wires, etc. The gear-ratio parameter P is the 
quantity defined by the equation: 

r = Tc/TD = (2/n)(1 ± 1/P) 

as explained in a previous paper.2 Of the 
various gear-ratio formulas proposed, we 
have the original (accurate) form given by 
the author: 

2 [  (1—a2) 
1± Va2-1-62(1   

r= Tc/TD—  ; (1) 

the alternative (accurate) form, which can 
be derived merely by the inversion of (1), 
as given by Kantor: 

R=2"D/Ta— n T."2-"'(' -a2) (2) 
2 L  (1—b2) 

the approximate form, derived from (1), as 
given by the author: 

r = (2/n)(I ± (N/77---F  a2);  (3) 

A. W. Simon. "Winding the universal coil," Elec.. 
ironies, vol. 9. pp. 22-24; October, 1936. Errata. p. 52; 
November. 1936. 

another approximate form derived from (3) 
by neglecting the a2 term: 

r = (2/n)(1 ± .va2  b2); 

the first approximate form of Hershey :' 

r = (2/n)(I ± a);  (5) 

and, finally, a second approximate form, 
given originally also by Hershey and later 
by Kantor: 

(4) 

R = (n/2)(1  a)  (6) 

where the upper sign refers in all cases to 
progressive layering and the lower one to 
retrogressive layering. 
The error introduced in the gear-ratio 

parameter by the use of the various formu-
las obviously will depend on the magnitude 
of the quantities a and b; hence, it becomes 
of interest to determine what range of values 
these quantities take in practice. They are 
defined by the relations 

= s/qc = 1/p., 

b = ns/qrd = akin 

(7) 

(8) 

where q represents the number of crossovers 
per turn, w the number of wires per layer, 
and k the empirical constant in the crossover 
formula. The minimum value of q in any 
case is 2, so that if we let w vary from the 
rather extreme case of only 5 wires per layer 
to the more typical case of 50 wires per 
layer, and take for k the recommended 
value of j, we have a varying from 0.10 to 
0.01 and b from 0.021 to 0.0021. The error 
introduced into the gear-ratio parameter 
under these conditions is given in Table I. 

_ 

suggests that we write another approximate 
form, namely, 

R = To/Tc = (n/2)(1 /ii- b'),  (9) 

thus taking the effect of diameter into ac-
count. If the corresponding parameters are 
found on the basis of this formula, we have 
for a =0.10, P=8.78, with an error of 0.5 
per cent; and for a =0.01, P=96.8, with an I 
error of 0.0 per cent. Hence this formula is 
to be recommended over any of the other 
approximate ones. 

5. Accuracy of Various Approximate For-
mulas for the Gear Ratio (Progressive Uni-
versal Winding) 

Since the quantity e occurs to the first 
power in the denominator of the basic for-
mula as given by the present writer for the 
gear ratio in the case of a progressive uni-
versal winding, the approximate formulas 
derived therefrom will hold over a narrower 
range than those drived from the alter-
native form with e in the numerator as 
given by Kantor. Accordingly it is recom-
mended that, in progressive universal-coil 
calculations, either 

R = (n/2) 11 -T- (e  %/a'  b2) I (1()) 

R = (n/2)11 T- (e  a)J  (11) 

be used, depending on whether it is desired 
to take the effect of diameter into account 
or not. 

Or 

6. Universal-Coil Design Procedure 

In view of the foregoing, little change is 
recommended in universal-coil design pro-
cedure as outlined previously by the author,' 

TABLE I 

ERROR IN THE GEAR RATIO PARAMETER 

a  (1) (3) (4)  (5) 

0.10 
0.01 

none  1.0% 
none  0.0% 

11.0%  13.4-%  2.0% 
0.9%  3.2%  2.2% 

From the Table it is seen that, for the 
range considered, the approximate formula 
(3) originally given by the author is more 
accurate than any of the other approximate 
formulas, although in the range most likely 
to occur in practice (a—.0.01), the difference 
between the values given by the various 
formulas is not marked. The Hershey-Kan-
tor form (6) has the advantage over the 
form (3) originally given by the author in 
that it is simpler, and over the other ap-
proximate formulas (4) and (5) in that it 
holds over a wider range for a given degree 
of accuracy. The reason for the error in (6) 
is, of course, that the effect of diameter 
(involved in b2) has been neglected. This 

• L. M. Hershey. The design of the universal 
winding," PROC. I.R.E., vol. 29. pp. 442-446; August. 1941. 

with the exception, perhaps that in pro-
gressive universal-coil design the approxi-
mate formulas (10) or (11) can advanta-
geously replace the formulas originally given 
by the writer; while in ordinary universal-
coil design, (6) or (9) can advantageously 
replace (3). Vat-) ing the number of cross-
overs per turn with a change of material of 
the dowel, or selecting the pitch of the pro-
gression to produce a spacing ratio of 0.5, 
however, are unnecessary procedures and, 
accordingly, are not recommended except 
in special cases. 

A. W. SIMON 
University of Tulsa, 

Tulsa, Okla. 

'See footnote references  2 and  3, and  also:  A. w.  
Simon, "Universal coil design .' Radio, vol. 31. pp. 
16-17; February-March, 1947. 
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The Duo- Mode Exciter* 

During the course of an investigation at 
the Northwestern University Micrcwave 
Laboratory' of multiplexing systems using 
two or more modes, a device was required 
for independently launching the TElo and 
TE20 modes in the same guide. It was neces-
sary that this device have a low voltage-
standing-wave-ratio (VSWR) over a wide 
frequency range with a minimum of cross 
talk between inputs. 

€,C, TER FOR 

T620  .'ODE 

(-ARM - 

.-ARM 

M ITER FOR 

7E, MODE  

OuTGO ,NG MOOR 
04 DUO-MODE 

Gu ,DE 

z?6. 

mart.  050' BRASS 

Fig. 1—Duo-mode exciter. 

The duo-mode exciter is shown in Fig. 1. 
The vertical arm we shall designate the E 
arm, and the horizontal arm the H arm. 
When energy is transmitted down the Harm 
in the TE10 mode, it widens along the sym-
metrical 45° nozzle to form a TElo mode in 
the duo-mode guide. When energy is trans-
mitted down the E arm in the TEio mode, 
it forms components in each side of the duo-
mode guide that are 180° out of phase. This 
TE20 mode is reflected at some point along 
the H arm nozzle at which the width of the 
guide is less than cutoff for the TEN mode. 
The distance of this nozzle from the E arm 
(see Fig. 1) is such that the TE20 mode is re-
inforced in the direction away from the H 
arm. 
The TEio mode from the H arm cannot 

propagate up the E arm, since the 0.4-inch 
dimension of the E arm is less than cutoff 
width for the TEio mode. Consequently, the 
E arm and H arm are isolated from each 
other. 
The results of the experimental test of 

the duo-mode exciter are given in Fig. 2. 
Without any additional matching, the 
VSWR remained below 1.6 from a frequency 
of 8,830 to 9,530 Mc. During these tests the 
duo-mode guide was terminated with a load 
having a VSWR of about 1.02 with either 
mode. With small posts about  inch in 
length and positioned in the E arm and H 
arm as shown in Fig. 1, the VSWR remained 
below 1.6 from a frequency of 8,960 to 9,740 
Mc. Any frequency in this range could have 
been chosen as center frequency for match-
ing. Our center frequency was 9,375 Mc and 
the VSWR at this frequency was 1.02 look-
ing into the E arm, and 1.04 looking into the 
H arm. 

• Received by the Institute. February 23. 1949. 
I The duo-mode exciter was developed in a project 

sponsored by the U. S. Army Signal Corps, contract 
No. W 36-039 sc-32283. 
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Fig. 2—Voltage-standing-wave-ratio of duo-
mode exciter. 

The separation between inputs was 37 db 
at 9,375 Mc with the duo-mode guide ter-
minated with a load having a VSWR of 1.02 
with either mode. The modes produced were 
very pure, the null point of the TE20 mode 
being more than 60 db below the peak value 
of electric intensity of the TE20 mode. 

W. A. HUGHES 
M ORTON M. ASTFtAllAN 

Northwestern University 
Microwave Laboratory 

Evanston, Ill. 

Note on the Theoretical Efficiency of 

Information Reception with PP M* 

For small PIN ratios, the now classical 
expression for the information reception ca-
pacity of a channel 

C = W Igo (1 + PIN) 

can be written, subrtituting kTW for N, 

PT0  CTo = WT P/N Igo e = —  1g2 e = —lg e 
kT  kT 

where E designates the energy available for 
the reception of the information packet con-
taining CTo binary symbols. 
If quantized PPM and an ideal low-pass 

channel are utilized, and if the available en-
ergy E is concentrated into one pulse, the 
ratio of the pulse height to the rms thermal 
noise will be V2E/KT, and the voltage gate 
should be set at a proper fraction aV2E/KT 
of the pulse height, so as to minimize the 
mathematical expectation of a random posi-
tive thermal pulse exceeding this gate at any 
one of N prearranged sampling epochs, or of 
a random negative thermal pulse preventing 
the information carrying pulse from exceed-
ing the gate at the proper epoch. This math-
ematical expectation can be written: 

N C 
V2ir .1 a NI e-42dx 2E kT   

\ ñr f(I-a) 'JZEIkT 

and the minimizing operation just indicated 
determines the optimum value for a: 

• Received by the institute, February 23, 1949. 

1  kT 
a = — '-  1g. 2 2E 

When this value is substituted for a in the 
expression given above for the mathematical 
expectation of errors, the first integral in 
this expression will always be smaller than 
the second. Therefore, the minimum mathe-
matical expectation of errors will be smaller 
than 

2 f exindx. 
V27 J11242131kT(1-kTIE lg. N) 

The lower limit of this probability integral 
can be as large and positive as desired, pro-
vided the expression within parentheses is 
positive, no matter how small. This indi-
cates that the information yielded by the 
position of the pulse, which is equal to 
lgo(N-1-1), can approach the theoretical limit 
E/KT Igoe, with as little equivocation as de-
sired. 

M ARCEL J. E. GOLAY 
Signal Corps Engineering Laboratories 

Fort Monmouth, N. J. 

A Tribute to van der Bijl* 

I have just learned of the death on De-
cember 2, 1948, in Johannesburg, of Hendrik 
Johannes van der Bijl. I did not know Dr. 
van der Bijl, but I feel a sense of personal 
loss at his passing, since, as a student at 
Cornell University, I studied his textbook 
on vacuum tubes. There must be thousands 
of radio engineers who feel as I do. 
In 1920 Dr. van der Bijl was one of the 

few men who fully grasped the importance 
of the vacuum tube. As he stated so well in 
the introduction to his book: "The insertion 
of the grid into the valve resulted in a device 
of tremendous potentialities—one that can 
justly be placed in the same category with 
such fundamental devices as the steam 
engine, the dynamo, and the telephone." 
Dr. van der Bijl's name will live forever 

in the radio art. It was he who first gave 
the quantitative effect of the grid in a 
vacuum tube, resulting in the well-known 
van der Bijl equation for the plate current 
of the triode tube. It was he who invented 
the modulated class-A amplifier, which is 
extensively used in the carrier-supression 
systems. A description of the operation of 
the van der Bijl modulator can be found 
in any standard radio engineering text-
book. His book, "The Thermionic Vacuum 
Tube and its Applications," published in 
1920, was the first authoritative textbook 
on vacuum tubes and electronics. The 
esteem with which his book is still held, 
after all the intervening years since its pub-
lication, is evidenced by its inclusion in the 
reading list of radio references in the current 
"RCA Receiving Tube Manual." 

WILLIAM D. BEYITT 
Central Radio Propagation 

Laboratory 
National Bureau of Standards 

Washington 25, D. C. 

• Received by the Institute. March 22, 1949. 
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Institute News and Radio Notes 

TECHNICAL COMMITTEE NOTES 

The Radio Transmitters Committee met 
on June 13 at IRE Headquarters, with J. F. 
McDonald, Chairman, presiding. At present 
the committee is concerned chiefly with the 
preparation of Standards on Methods of 
Testing Transmitters. J. B. Heffelfinger has 
been appointed Chairman of the Radio-
telephone  Transmitters  Subcommittee, 
which will operate in the midwest. Reports 
on the status of work were submitted by the 
subcommittees on Telegraph Transmitters, 
H. R. Butler, Chairman; Pulse Transmit-
ters, Cledo Brunetti, Chairman; Single Side 
Band Transmitters, A. E. Kerwien, Chair-
man; and FM Transmitters.... A meeting 
of the Wave Propagation Committee was 
held on June 20 under the Chairmanship of 
C. R. Burrows to consider the FCC's Ad 
Hoc Committee's Report for The Evalua-
tion of the Radio Propagation Factors con-
cerning the Television and Frequency Modu-
lation Broadcasting Services in the Fre-
quency Range between 50 and 250 Mc. The 
results were summarized in a report sub-
mitted to the JTAC.... The Committee on 
Electron Tubes and Solid State Devices met 
at Headquarters on June 2, with L. S. 
Nergaard, Chairman, leading the discussion. 
A proposal to have this Committee sponsor 
a Professional Group on Electron Tubes was 
tabled temporarily. The relative merits of 
operating the Electron Tube Conference 
with simultaneous sessions and extending 
the length of the meeting as compared to 
having two short conferences during the 
year were discussed and a consensus of opin-
ion favored extending the length of the Con-
ference by one day... . On June 8 the 
Electroacoustics Committee headed by E. 
S. Seeley met. F. V. Hunt, H. F. Olson, 
W. F. Meeker, and P. S. Veneklasen were 
appointed members of the new subcommit-
tee on Loudspeaker Testing, with M. J. Di 
Toro as Chairman.... B. B. Bauer, Chair-
man, and H. F. Olson make up the subcomit-
tee appointed to study the proposed ASA 
Standard on Secondary Microphone Calibra-
tion for the IRE.... P. F. Siling, Chairman 
of the Joint Technical Advisory Committee, 
announced the appointment of Donald G. 
Fink as Chairman and John V. L. Hogan as 
Vice-Chairman for the coming year, July 1, 
1949, to June 30, 1950 at the J une 23 meeting 
of the Committee. It was agreed to bind the 
official correspondence between the FCC and 
the JTAC, together with the minutes of all 
JTAC meetings to date. This volume will be 
released as the PROCEEDINGS OF THE 
JTAC, Volume Ill. . . . The Nucleonics 
Symposium Planning Group for the Second 
Annual Joint IRE-A1EE Conference on 
Electronic Instrumentation in Nucleonics 
and Medicine met on June 15, with Harner 
Selvidge, Chairman, presiding. The Sym-
posium is scheduled for October 31 and No-
vember 1 and 2, and will be held at the Hotel 
Commodore in New York City. The papers 
which will be presented at the Symposium 
will be published in a single volume entitled 

"Proceedings of the Symposium," which will 
be made available to those registering or 
upon order at an extra charge to those who 
did not attend the meetings. W. A. Geo-
hegan is Chairman of the Papers Procure-
ment and Program Committee; R. D. Chipp 
of the Committee on Local Arrangements; 
Norman Beers of the Publicity Committee. 
Ward Davidson is Treasurer. The Papers 
Procurement and Program Committee of 
the I RE-AIEE Planning Group for the 
Symposium met on June 27, and the papers 
to be presented will be announced at an early 
date. 

IRE-URSI MEET 

The U.S.A. National Committee of the 
International Scientific Radio Union (URSI) 
and The Institute of Radio Engineers held a 
joint technical meeting in Washington, D. C. 
on May 2, 3, and 4. General open technical 
sessions were held on May 2 and 3, and or-
ganization meetings of the four U.S.A. 
National Commissions which sponsored the 
meeting op May 2 and 4. Twenty-seven 
fundamental scientific and research papers 
were presented on radio standards, methods 
o,f measurement, terrestrial radio noise (nat-
ural and man-made), communication theory, 
antennas, and circuits. 
On Monday morning, Commission One, 

Radio Standards and Methods of Measure-
ment, headed by its chairman, J. H. Dell-
inger, offered papers by J. H. Rowen and 
V. H. Rumsey; Frank M. Greene and Max 
Solow; Douglas A. Venn, Joseph G. Ruben-
son, and W. E. Waller; A. A. Oliner; and 
H. E. Sorrows, W E. Ryan, and R. C. 
Ellenwood. In the afternoon, G. F. Metcalf, 
chairman of Commission 7, Electronics, In-
cluding Properties of Matter, presented a pro-
gram including papers by Philip Parzen; 
Harold Jacobs, Armand LaRoche, and Al-
fred Mazzei; W. S. Ament; Frank S. Quinn, 
Jr.; George Birnbaum and D. C. and J. 
Franeau; Warren W. Berning; and H. A. 
Thomas, R. L. Driscoll, and J. A. Hipple. 
Tuesday morning, Commission 4, Ter-

restrial Radio Noise, under its chairman, J. 
C. Schelleng, offered papers by C. F. W. An-
derson, Edward W. Allen, Jr., and Leonard 
W. Thomas. The concluding session, held 
on Tuesday afternoon, was under the aus-
pices of Commission 6, Radio Waves and 
Circuits, including General Theory and An-
tennas, and its chairman, L. C. Van Atta. It 
included papers by V. H. Rumsey; Henry J. 
Riblet, Charles H. Papas; R. M. Hatch, Jr. 
and D. K. Reynolds; David Middleton and 
Richard M. Hatch, Jr.; Saul Fast; M. L. 
Harvey, M. Leifer, and Nathan Marchand; 
W. M. Goodall; and John F. 13rinster. 
Abstracts of the papers were prepared in 

booklet form as a program. Copies are still 
available at 81.00 each, and may be obtained 
from Newbern Smith, Secretary, U.S.A. 
National Committee, URSI, National Bu-
reau of Standards, Washington, D. C. 

IRE-URSI TO MEET IN FALL 
The regular IRE-URSI Fall Meeting, 

sponsored jointly by the IRE Professional 
Group on Wave Propagation and Antennas 
and the U. S. A. National Committee of the 
International Scientific Radio Union, will 
be held on Monday, Tuesday, and Wednes-
day, October 31, November 1 and 2, in 
Washington Four U. S. A. National Com-
missions of URSI will participate: Com-
mission 2—Tropospheric Radio Propaga-
tion; Commission 3—Ionospheric Radio 
Propagation; Commission 5—Extraterres-
trial Radio Noise; and Commission 6— 
Radio Waves and Circuits, including Gen-
eral Theory and Antennas. 
The first two days will be devoted to 

individual or joint meetings of two or more 
Commissions, held in the National Academy 
of Sciences, 2101 Constitution Avenue, 
N. W., and the Auditorium of the New 
State Department Building, Twenty-first 
and Virginia Avenues, N. W. The third day 
will consist of a general assembly of all 
Commissions, followed by individual ad-
ministrative meetings of the several Com-
missions. 
Meetings will be of a modified sympo-

sium type, comprising invited papers, con-
tributed papers, and informal discussions 
at the discretion of the chairmen. 

Industrial Engineering 
Notes' 

ELECTRONIC BRAIN DEVELOPED 

A fundamental advance in the organiza-
tion, storage, and dissemination of knowl-
edge is foreseen in an "electronic brain" 
developed jointly by the U. S. Departments 
of Commerce and Agriculture. The machine 
stores "vast amounts of scientific informa-
tion in its system," selects what is desired 
by its operator, and then hands him copies 
of the material requested. A report de-
scribing the Rapid Selector in detail (PB 
97535) is available from the OTS, Depart-
ment of Commerce, Washington 25, D. C., 
for $2.50 each copy. 

INTERFERENCE SUPPRESSION FOR 

ARC W ELDERS DEVELOPED 

A successful method for effectively sup-
pressing radio interference caused by the 
operation of high-frequency stabilized arc 
welders was reported on by the Signal 
Corps. 1Vith the use of a double-screened 
room and with adequate filtering of the power 
lines at the point of entry into the screened 
room, it was possible to reduce radio inter-
ference outside the room to a point where 
measurement was almost impossible. The 

The data on which these NOTES are based were 
selected, by permission. from "Industry Reports.• 
Issues of June 17 and 24. and July 1 and 8. published 
by the Radio Manufacturers  Association, whose 
helpful attitude is gladly acknowledged. 
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report (PB 97469) may be obtained from 
the OTS, U. S. Department of Commerce, 
Washington 25, D. C. 

FCC REGULATIONS 

The FCC issued an initial decision 
renewing the license of Sarkes Tarzian for 
a high-frequency AM experimental troad-
casting station at Bloomington, Ind. The 
experiments in transmission and reception 
of high-frequency AM broadcasting have 
been carried on since the spring of 1946. . . . 
An order revising its rules governing per-
formance measurements of AM and FM 
broadcast systems was issued recently by 
the FCC. The Commission rules require all 
AM and FM stations to make certain per-
formance measurements at yearly intervals, 
with one such set of measurements being 
made during the four-month period pre-
ceding the date of filing application for 
renewal of station license. These rules were 
eased so that applicants for renewal of 
licenses expiring prior to February 1, 1950, 
are not required to indicate that these 
measurements have been made. The full 
requirements for AM and FM broadcast 
stations are contained in Part 3 of the 
"Commission Rules and Regulations" and 
the "Standards of Good Engineering Prac-
tice Concerning Both Standard and FM 
Broadcast Stations," which can be pur-
chased from the Superintendent of Docu-
ments, Government Printing Office, Wash-
ington 25, D. C.... The FCC issued a 
check list of its rules and regulations to 
enable individuals possessing books of the 
Commission's Rules and Regulations to 
check for completeness. The list (Mimeo-
graph No. 37927), which brings the rules 
up to date as of June 27, 1949, may be 
obtained from the Secretary of the FCC, 
Washington 25 D. C. ... Printed copies of 
the new rules governing the mobile and 
other nonbroadcast services invoked in the 
Report and Order Dockets 8658, 8965, 
8972, 8973, 8974, 9001, 9018, 9046, and 
9047, issued by the FCC May 3, 1949. are 
now available from the Superintendent 
of Documents, U. S. Government Printing 
Office. 

TELEVISION NEWS 

E. U. Condon, Director of the National 
Bureau of Standards, is assembling a corn-

Books 

mittee of independent authorities to study 
the present status and future of color 
television. The objective of the study will 
be to determine the present status of color 
television and to estimate when color tele-
vision may be feasible for public service and 
commercial operation. Among those asked 
to serve on the committee were Donald G. 
Fink, JTAC Vice-Chairman and editor 
of Ekdronics; Stuart L. Bailey, President 
of the IRE; William L. Everitt, head of the 
University of Illinois' department of elec-
trical engineering; and Newbern Smith, 
Chief of the Central Radio Propagation 
Laboratory at the Standards Bureau. Dr. 
Condon would serve as Committee Chair-
man . .. The FCC explained its rule pre-
venting the separate operation of aural and 
visual transmitters of a television station, 
stating that it is intended to insure that tele-
vision channels shall be used only for 
simultaneous visual and aural television 
programming and for incidental or test 
purposes, and not for separate aural broad-
casts. To permit a television sound channel 

Calendar of 

COMING EVENTS 

1949 National Electronics Confer-
ence, Chicago, Ill., September 26-
28 

National Radio Exhibition, Olympia, 
London, England, September 28 
to October 28 

SM PE 66th Semiannual Convention, 
Hollywood, Calif., October 10-14 

AIEE Midwest General Meeting, 
Cincinnati, Chio, October 17-21 

Radio Fall Meeting, Syracuse, N. Y., 
October 31, November 1-2 

1949 Nucleonics Symposium, New 
York, N. Y., October 31, November 
1-2 

1950 IRE National Convention, New 
York, N. Y., March 6-9 

to be used either to duplicate AM or FM 
aural broadcasts, or to originate aural 
broadcasts only, would not be an economical 
use of radio frequencies and would not be 
in the public interest. ... Precautionary 
cathode-ray safety rules for tube and set 
manufacturers, service men and dealers, and 
television set owners were issued by the 
RMA Cathode Ray Safety Committee. 
The Committee laid emphasis on the fact 
that the cathode-ray tube is not dangerous 
except when improperly handled, and 
stated further that rumors concerning the 
harmful effects of ultra-violet rays reputedly 
emitted by picture tubes are unfounded. . . . 
At the end of June there were 69 commercial 
television stations on the air. There were 
49 construction permits outstanding, and 
386 applications pending but "frozen." 

RADIO AND TELEVISION NEWS ABROAD 
Prime Minister J. B. Chifley of Australia 

announced that his country will use a tele-
vision standard of 625 lines when television 
is inaugurated there as a government 
monopoly. The use of a greater number of 
picture lines than either the British (405) 
or the American (525) should, he stated, 
ensure a better image than is available 
under either of the other two standards. 
Australia plans to erect stations in its six 
capital  cities—Brisbane,  Sydney,  Mel-
bourne, Adelaide, Perth, and Hobart.. . . 
Five television manufacturers are now 
producing television receivers in Canada, 
with the present Canadian market esti-
mated at 1,500,000 persons residing along 
the United States border within the range 
of American television stations at Toledo, 
Buffalo, Rochester, Detroit, Cleveland, and 
Seattle. Sales of radio receiving sets by 
Canadian manufacturers in March totaled 
55,283 units valued at $4,050,501, compared 
with 40,551 sets valued at $3,978,361 during 
the corresponding month in 1948. 

PRODUCTION No-rEs 
Television receiver production by RMA 

member-companies in May was slightly 
under the previous month's output. May's 
production was 163,262 sets, as compared 
with 166,536 in April. For the first two 
months of 1949, 752,335 television sets 
were produced; 383,869 FM-AM and FM 
sets; and 2,586.135 AM only sets—all sets 
totaling 3,722,339. 

Table for Use in the Addition of Complex 
Numbers (Table til Brug ved Addition af 
Komplekse Tal) by Jorgen Rybner and K. 
Steenberg Sorenson 
Published (1948) by Jul. Gjellerupe Forlag, Copen-

hagen. Denmark; obtainable from Scandinavian Rook 
Service. P. 0. Box 99, Audubon Station. New York 
32. N. Y. 95 pages-I-x(s, pages. 91 X121. 0.50. 
Published in parallel Danish and Eng-

lish texts, this pamphlet contains a table 
which facilitates calculations with complex 
numbers by rendering possible the addition 
or subtraction of such numbers in polar 
form. It is actually a supplement to Professor 

Rybner's "Nomograms of Complex Hyper-
bolic Functions" (see page 1271 of the Oc-
tober, 1948, issue of the PROCEEDINGS for re-
view), which includes the conversion be-
tween rectangular and polar co-ordinates 
and the function RIcr..1-Fr/0 represented 
in this table. 
It was considered appropriate to prepare 

an extended numerical table over 90 pages 
long of this function, because it was found 
impossible to construct the corresponding 
nomograms with an accuracy sufficient for 
practical calculations. The function Nat •• 

1-Fr/0 is represented giving R and a as 
functions of rand  for 0 5, 51 at intervals 
of 0.01 and for 0 60 5 li10° at intervals of 
10. These quantities are connected by the 
following relations: 

R'- 1 + r2 2r cos 4> 

sin a  r -- sin 46 

44(1 - a) 
1-r  (1, 

tg  . 
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Earth Conduction Effects in Transmission 
Systems, by Erling D. Sunde 

Published (1949) by D. Van Nostrand Co., Inc.. 
250 Fourth Ave.. New York. N. Y. 360 pages +5-page 
index +xiii pages. 102 figures. 61 X91. $6.00. 

The material in this book is primarily 
concerned with fundamental methods in the 
analysis of earth conduction effects and 
basic principles underlying protective de-
vices against resultant circuit disturbances. 
This work will be welcomed particularly by 
those who are faced with interference and 
protection problems in wire communications 
systems. An orientation and exposition is 
provided which, in a large measure, was 
heretofore lacking in a field covered only by 
articles widely scattered throughout the 
literature. To engineers who are not on en-
tirely alien ground with Maxwell's equa-
tions, boundary value problems, and tran-
sient analyses, the information is clearly 
presented and readable with unduly tedious 
mathematical treatments minimized or cited 
in the references. 
Starting with basic electromagnetic con-

cepts and equations, the author develops 
equations for evaluating earth resistivity 
from simple tests for a number of different 
assumed variations in earth structure. He 
next evaluates the resistance to ground for a 
variety of grounding electrodes and consid-
ers the effect of chemical treatment of the 
ground to increase the effectiveness of the 
electrodes. The heating effects due to large 
ground currents and earth potentials in-
duced are also covered. 
Theoretical analyses are made of mutual 

impedance and propagation characteristics 
of earth-return conductors. These lead into 
a study of inductive interferences between 
power lines and communications lines and 
between lightning channels and communica-
tions lines. An analysis of the surge char-
acteristics of earth-return conductors is 
made. This is followed by the mechanism of 
lightning strokes and methods of protection 
of both overhead and underground facilities 
against lightning damage. There is also in-
cluded a chapter on the mechanism of cor-
rosion of buried metallic structures and 
methods  of  reducing  such  corrosion. 
Throughout the book, most of the analyses 
presented are based upon idealized condi-
tions which can never be wholly realized in 
practice. However, since they check well 
with experience, they will be of great value 
to those who will make engineering use of 
the comparison. 
The text proper is presented in nine 

chapters fortified by an extensive appendix 
on definitions and tables of functions, which 
will assist the reader, should he wish per-
sonally to work out mathematical detail 
omitted in the text or cited by reference. 
The appendix closes with a comprehensive 
reference list covering literature germane to 
the subject. 
To the knowledge of the reviewers, this 

book is the first of its kind, covering a diffi-
cult field very well and filling a need long 
neglected. It should be of considerable value 
to practicing engineers and as a reference for 
graduate students majoring in communica-
tions and power system engineering. 

HAROLD A. ZAHL AND GEORGE G. BOWER 
Signal Corps Engineering Laboratories 

Fort Monmouth, N. J. 

FIRST CALL! 

AUTHORS FOR NATIONAL 
CONVENTION 

R. M. Bowie, Chairman of the 
Technical Program Committee for 
the 1950 IRE National Convention, 
requests that prospective authors 
of papers to be considered for 
presentation submit the following 
information to him as soon as 
possible: 
(1) Name and address of author. 
(2) Title of paper. 
(3) Abstract of sufficient length 

to permit the Committee to assess 
the paper's suitability for inclusion 
in the Technical Program. Since 
the merit of the prospective paper 
must necessarily be judged by the 
abstract, it should be clear and 
informative. 
Material should be mailed to 

R. M. Bowie, Sylvania Electric 
Products Inc., Box 6, Bayside, L. I., 
N. Y. The deadline for acceptance 
of abstracts is November 21, 1949 

Waveforms, edited by Britton Chance, 
Frederick C. Williams, Vernon Hughes, 
Edward F. MacNicol, and David Sayre 
Published (1949) by the McGraw-Hill Publishing 

Co., 330W. 42 St., New York 18. N. Y. 774 pages + 
9-page index -Hoch pages. 763 figures. 6 X9. $10.00. 

This book, which is a notable addition to 
the Radiation Laboratory Series, should 
prove of great value to workers in the com-
munication and electronics fields. Based 
upon wartime developments in this country 
and in the United Kingdom, it contains a 
wealth of material not previously available, 
and is the first book to cover completely the 
application of nonlinear circuit elements to 
the generation and shaping of current and 
voltage pulses and waves. The purpose of 
the book is to give a comprehensive survey 
of basic circuit techniques used in the gen-
eration and manipulation of voltages and 
currents by linear and nonlinear circuit ele-
ments. 
An introductory discussion of operations 

on wave forms leads to a treatment of the 
generation of sinusoidal waves, pulses, and 
special wave forms, such as triangular waves, 
rectangular waves, exponentials, hyperbolas, 
and parabolas. Chapters on amplitude selec-
tion (clipping), comparison, and discrimi-
nation, and on time selection include the 
subjects of switch circuits and multiple-coin-
cidence circuits. The subject of amplitude-
modulation of electrical waves by electrical 
and mechanical signals is followed by a dis-
cussion of time modulation and demodula-
tion circuits that is particularly timely. 
Chapters on frequency multiplication, fre-
quency division, and counting, and on math-
ematical operations on wave forms should 
prove of special value in the field of elec-
tronic computers. The final chapters cover 
oscillographic techniques, storage tubes, 
electrical delay lines, and supersonic delay 
devices. 
The treatment throughout the book is 

comprehensive and clear, and the authors 

and editors are to be complimented upon the 
excellence of style and freedom from errors. 
Some readers may be handicapped in places, 
however, by unfamiliar nomenclature. A 
small amount of duplication of subject Mal 
ter is inevitable in a book written in so slirt 
a time by a large number of authors. 
Although the book contains the first ade-

quate analysis of the effects of tube and cir-
cuit capacitance upon the triggering of trig-
ger circuits (multivibrators), the authors 
have not discussed specifically the effects of 
shunt tube and circuit capacitances upon 
the upper frequency limit and output wave 
form of other devices, such as clippers and 
differentiating circuits. 
The reviewer has found the reading of 

this book very profitable, and will undoubt-
edly continue to find it an invlauable refer-
ence source. He enthusiastically recommends 
it to teachers and research workers in the 
fields of electrical engineering, physics, and 
,ipplied mathematics. Since much of the 
,ubject matter is fundamental, the book will 
not become obsolete rapidly, and it should 
prove to be a bible in its field. 

HERBERT J. REICH 
Yale University 

New Haven, Conn. 

Television Antennas: Design, Construction, 
Installation, and Trouble-S000ting Guide, 
by Donald A. Nelson 
Published (1949) by Howard W. Sams and Co.. 

Inc., 2924 E. Washington St.. Indiana polis 7. Ind.. 
166 pages. 124 figures. 51 X81. 51.25. 

This pamphlet is intended primarily for 
the guidance of service technicians in the 
selection and installation of proper television 
antennas and accessories. An introduction 
dealing with television transmission, the 
television receiver, frequency allocations, 
and television networks is followed by chap-
ters on receiving antenna principles, an-
tenna construction, commercial antennas, 
antenna installation, and common installa-
tion problems. 

Tables of Generalized Sine- and Cosine-
Integral Functions 

Published (1949) by the Harvard University Press, 
Cambridge, Mass.. 2 volumes. 462 dnd 560 pages + 
XXXViii pages. b20.00. 

The tables in these two volumes, XVIII 
and XIX in the Annals of the Harvard Uni-
versity Computation Laboratory, were com-
puted by the Automatic Sequence Con-
trolled Calculator. Carried to six decimal 
places, the tables are timesavers in the in-
vestigation of such problems as self- and 
mutual impedances, radiation resistance, 
and distribution of current in antennas and 
antenna rays of various types. 

Automatic Record Changer Service Manual, 
Volume Two (1948) 
Published (1949) by Howard W. Sams and Co.. 

Inc., 2924 E. Washington St., Indianapolis 7, Ind. 
432 pages. 81 X11. $6.75. 

This volume covers forty-five models of 
automatic record changers manufactured in 
1948, including the new LP and dual-speed 
changers, plus wire and tape recorders. In-
cluded are change cycle data, information on 
adjustments, needle landing data, "hints 
and kinks," complete parts lists, and copi-
ous illustrations and diagrams. 
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Advances in Electronics, Volume I, edited by 
L. Marton 
Published (1948) by the Academic Press. Inc.. 125 

E. 23 St.. New York. N. V.451 pages +9-page author 
index and 14-page subject index +xii pages. 126 figures 
81 X9I. $9.00. 

The purpose of this book as stated by the 
editor, is to provide a series of reviews to be 
published annually. "It becomes more and 
, more perplexing," he states in the preface, 
"for the research worker to gather all infor-
I mation required when attacking a new sub-
ject, or when supplementing his own knowl-
edge by information from neighboring 
fields. . . . When the total number of publi-
cations is considered, it becomes imperative 
to produce some guide to the research worker 
who wishes to acquaint himself with ad-
vances in related fields." 
Ten monographs by ten well-qualified 

authors make up this volume. "Oxide-
Coated Cathodes" by Albert S. Eisenstein 
!, (65 pages) discussed the theoretical aspects 
of the subject very competently from the 
standpoint of the modern theory of semi-
conductors. Sections are included on prop-
erties of the coating, the interface, the com-
plete cathode, and thin oxide film phenom-
ena.' 
Kenneth G. McKay's "Secondary Elec-

tron Emission" (65 pages) covers the second-
ary emision of pure metals, insulators, and 
composite surfaces thoroughly and is, to the 
reviewer's knowledge, the only article in 
English on the subject. A list of 260 refer-
ences is appended.  . 
"Television Pickup Tubes and the Prob-

lem of Vision" by A. Rose (36 pages) treats 
the subject from a general point of view, 
relating the performance of the various 
pickup tubes to the sensitivity and range of 
photographic films and the human eye. Sec-
tions are included on the relation between 
intelligence transmitted versus bandwidth 
and signal-to-noise ration; however, detailed 
description of the various devices is not 
given. 
R. G. E. Hutter discusses the theory of 

deflection for both small and large angles 
quantitatively in "The Deflection of Beams 
of Charged Particles" (52 pages). The de-
focusing effects of deflection fields are de-
scribed in such a manner that the various 
defocusing components may be examined 
separately. 
Mark G. Inghram's "Modern Mass 

Spectroscopy" (50 pages) covers the basic 
principles of the mass spectroscope and also 
describes the ion sources used and the prin-
ciple types of apparatus. "Particle Acceler-
ators," by M. Stanley Livingston (48 pages), 
explains the participles upon which particle 
accelerators are designed and operated in an 
especially thorough manner. 
A. G. McNish, in "Ionospheric Re-

search" (30 pages), gives, for the most part, 
results obtained since the beginning of World 
War II and their correlation, but does not 
describe the equipment used. Early work on 
the problem is reviewed in Jack W. Herb-
streit's "Cosmic Radio Noise" (34 pages), 
and the equipment used is described. 

1 Dr. Eisenstein has sent the reviewer the correc-
tions to typographical errors in his monograph. On 
page 13 the fraction  in equation (6) is an exponent. 
On page 30, insert e as the denominator of the quan-
tity in line 6 and add the exponent 5 to the effective 
mass ore in equation (33). On page 50 the logarithm 
in equation (26) should be the natural logarithm. 

Kenneth A. Norton discusses service 
range and the effects of factors such as an-
tenna height, terrain, reflection, and inter-
ference in "Propagation in the FM Broad-
cast Band" (44 pages). "Electronic Aids to 
Navigation," by J. A. Pierce, covers only 
general aspects of the subject. 
With ten contributors, each writing on 

ten different topics, it is not surprising that 
there is no uniformity in the volume; yet all 
the monographs are written on a completely 
professional level. Some of the authors, such 
as Eisenstein, McKay, and Hutter, assume 
a more specialized preparation and interest 
on the part of readers than do others, such 
as Rose and Pierce. The authenticity of the 
information given in all of the papers can 
seldom be questioned. On the other hand, 
some formulas in at least one paper are in-
complete or there are missing terms. In an-
. other paper special symbols are used in 
mathematical expressions with no explana-
tion of their meaning, while a third contains 
poorly composed or improperly punctuated 
sentences which require two readings. 
Most of the papers constitute the only 

recently published surveys of these subjects 
generally available and in practically all of 
them the references are extensive and up-to-
date. This work should, in the opinion of this 
reviewer, win wide recognition and become 
an important part of the literature of elec-
tronics. 

GEORGE D. O' NEILL 
Sylvania Electric Products Inc.. 

Bayside, L. 1., N. Y. 

Fundamentals of Electric Waves, by Hugh 
Hildreth Skilling 
Published (1948) by John Wiley and Sons. Inc.. 

440 Fourth Ave.. New York 16. N. Y. 240 pages+ 
5-page index +vii pages. 86 figures. 6 X91. $4.00. 

This is the second edition of an excellent 
book which first appeared in 1942. Intended 
for use by individuals who have the equiva-
lent of electrical engineering training at the 
college senior level, it presupposes a knowl-
edge of static and low-frequency electric 
and magnetic fields, as well as of mathe-
matics through calculus. For its purpose, 
that of introducing the student to vector 
analysis and Maxwell's equations, together 
with simple applications, the book has been 
well planned, and should serve, particularly 
for those who are somewhat timid, to take 
the chill out of that first plunge into waters 
often suspected of being rather icy. Some 
students may not need all the pictorial and 
pedagogic aids Professor Skilling uses so 
skillfully—for example, in his exposition of 
gradient, divergence, and curl—but many 
others will find them most helpful in their 
first introduction to vector fields. 
The first half of the book treats magnetic 

and electric fields by vector methods, and 
the emphasis throughout is on imparting 
sound physical ideas and concepts. Max-
well's equations are subsequently introduced 
and used in discussing a variety of topics, 
such as wave propagation, reflection, radia-
tion, antennas, waveguides, and cavity re-
sonators. However, in a book of this size and 
scope, the treatment must necessarily be 
kept at a fairly elementary level. 
The present edition differs from the first 

in that the mks system of units is used rather 
than the "Gaussian" system, and that the 

material used to illustrate the application of 
Maxwell's equations has been increased. 
Problems are given with each chapter, and 
this fact, taken in conjunction with the 
lucid style of writing employed, makes the 
book suitable both for self-study and for 
classroom use. 

W. D. HERSHBERGER 
RCA Laboratories 
Princeton. N. J. 

A Textbook of Radar, by the Staff of the 
Radiophysics Laboratory Council for Sci-
entific and Industrial Research, Australia 

Published  (1947)  by Angus and  Robertson, 
Sydney. Australia. 570 pages +9-page index. 347 
figures. 51 X81. $8.35. 

This textbook, according to the pub-
lisher, "is of a standard suitable for graduate 
and research students of universities and 
technical colleges and for engineers engaged 
in research and development in industry." 
It includes chapters on fundamentals, the 
magnetron, triode power oscillators, modu-
lators, microwave, transmission and cavity 
resonator theory, transmission line and 
resonator techniques, aerials, aerial duplex-
ing, receivers, local oscillators, frequency 
convertors, amplifiers, display circuits, auto-
matic ranging circuits, radar systems, 
ground radar, shipboard radar, airborne 
radar, and radar navigation. Each chapter 
was written by a different author. 
A few of these chapters, such as those 

on fundamentals and modulators, are very 
lucidly written, and are composed of ma-
terial which is excellently chosen, so that 
practically all important considerations are 
mentioned and yet not treated in such 
minute detail that coherence and unity are 
lost and the balance of the book upset. 
Most chapters, unfortunately, do not 

live up to this high standard. The chapter 
on microwave transmission theory is con-
cerned with the derivation of the wave-
guide equations from Maxwell's equations 
and related subjects. It is as out of place 
in a book on radar as would be chapters 
on electron optics and network theory. 
The chapter on display circuits plunges into 
discussions of such topics as "gate gener-
ators," "clamping circuits," etc., without 
the benefit of any adequate discussion as to 
types of displays and what is to be ac-
complished by them. The chapter on re-
ceivers, in common with many of the others, 
is full of statements which are either flatly 
incorrect or so loosely and poorly worded 
that only an expert in the field could draw 
the correct implications from them. For 
instance, in this chapter on receivers, in 
discussing AFC, the author makes the 
erroneous statement (page 339) that "the 
basic method is to use the leakage power 
from the TR switch." (On page 403, how-
ever, it is pointed out correctly that it is 
preferable not to use TR leakage because 
of complications caused by the leakage 
"spike.") In this same chapter it is stated 
(on page 335) that "The fluctuation(s) in 
the anode current . . . cause fluctuating 
voltages to be developed across grid-cathode 
impedances, and after amplification result 
in noise modulation of the electron beam 
of the indicator." This statement is not 
incorrect, but the confusion to the careful 
student reader who will try to puzzle out 
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why "grid-cathode impedances" and the 
"electron beam of the indicator" were 
singled out for especial mention in connec-
tion with thermal noise is unfortunate. 
The book omits any mention of a num-

ber of important items, such as servo sys-
tems for antenna position or range tracking, 
radar altimeters, and pulse doppler tech-
niques for moving target indication. A 
number of other important items, such as 
circuitry for automatic frequency control 
circuitry for automatic gain control, and 
waveguide rotary joints are either dis-
cussed very inadequately or are merely 
alluded to with no discussion at all. 
Some of the material in the book is 

hopelessly out of date. For example, the 
chapter on receivers (page 340) shows 
"typical" receivers utilizing tube types 
6AC7, 61-16, 954, and 953! Many who read 
this book will be exasperated by the fre-
quent references to unpublished reports. 
The reviewer is puzzled to know the reason 
for these references; they are generally 
unavailable to readers and the material in 
the book is obviously not original, so that 
there is no necessity for disclaiming credit 
for any ingenious devices or methods de-
scribed. 

N. I. KORMAN 
Radio Corporation of America 

Camden, N. J. 

Radio Wave Propagation, by the Committee 
on Propagation of the National Defense 
Research  Committee; C. R. Burrows, 
Chairman, S. S. Attwood, Editor 
Published (1949) by the Academic Press. Inc., 

125 E 23 St.. New York. N.Y. 511 pages +vi pages+ 
2-page glossary +35-page bibliography. 566 figures. 
8 X11. 

This book should be of great interest 
and value to engineers concerned with radar 
and communication circuits operating at 
frequencies above 30 Mc. A vast amount of 
information on radio wave propagation at 
these frequencies has been compiled in this 
voluminous publication. There are excellent 
theoretical treatments of basic phenomena 
and also many good discussions of practical 
application problems. More than 150 charts 
and 30 nomographs greatly facilitate the 
use of the material. 
The book is essentially a consolidation 

of the three volumes of the Summary 
Technical Report of the Committee on 
Propagation of the N.D.R.C. The work 
under the general supervision of this commit-
tee during World War II involved the co-
operation of many groups in the United 
States, England, Canada, New Zealand, and 
Australia. Numerous wartime reports by ex-
perts from these groups are assembled in the 
book, the names of about forty-five of these 
authors being found in footnotes. Since the 
book is a compilation of many reports by 
many authors, there is understandably, a 
noticeable lack of co-ordination and consid-
erable duplication, although in some cases 
this permits an insight into the historical de-
velopment of a subject. However, the great-
est inconvenience to users will probably be 
the lack of an index. 
There are three sections or volumes into 

which the book is divided. Among the sub-
jects treated in the first section are standard 
propagation, nonstandard propagation, dif-
fraction, refraction, ducts, siting, and cover-

age. Meteorological theory and methods of 
forecasting propagation characteristics by 
meteorological measurements are presented 
in the second section, together with such 
topics as reflection coefficients, absorption, 
scattering, and echoes. The results of many 
experiments are included. The final section 
is a general discussion of propagation 
through the standard atmosphere, involving 
such subjects as ground reflection, at-
mospheric refraction, antenna gain, and the 
calculation of field strength and coverage 
diagrams. Results of a number of transmis-
sion experiments and an extensive bibli-
ography are included in an appendix. 
The chairman, editor, and publishers 

have done a real service by making such a 
wealth of information on microwave propa-
gation available in a single book. 

JOHN D. KRAUS 
Ohio State University 
Columbus 10, Ottio 

Keys and Answers to New Radiotelegraph 
Examination Questions, by Alexander A. 
McKenzie 

Published (1949) by Alexander A. McKenzie. 245 
Poplar Ave., Hackensack, N. J. 62 pages. 54 X84. 
$1.00. 

This pamphlet, based upon the FCC's 
"Study Guide and Reference Material for 
Commercial Radio Operator Examinations, 
Revised July 1, 1948," and upon mimeo-
graphed supplement four, has been com-
piled as an interim aid to applicants for 
radiotelegraph first- and second class li-
censes. It includes answers to all Element 
One questions and Element Five questions 
233 through 296, as well as Element Six 
questions 226 through 295. 

Industrial Electricity, Volume II: Alternat-
ing Currents, by William H. Timbie and 
Frank G. Willson 

Published (1949) by John Wiley and Sons. Inc., 
440 Fourth Ave.. New York 16. N. V. 773 pages +7-
page index +ix pages. 568 figures. 54 X9. $5.96. 

This well-written book will give the 
high-school graduate or the lower classman 
in an engineering school a thorough knowl-
edge of ac theory and ac machines. Indeed, 
it is well adapted for self-study, since 
numerous illustrative problems and dia-
grams are to be found throughout the text, 
and a basic knowledge of algebra, geometry, 
and trigonometry is all that is required in 
the way of mathematical preparation. 
The text is a shorter treatment of the 

material covered in the author's two-
volume text, "A.C. Electricity and Its 
Application to Industry." This indicates 
that the text is better adapted for the study 
of ac power work rather than that of elec-
tronics, in spite of the fact that at the end 
of the text are included two chapters on 
transmission lines. 
However, the material given is reason-

ably complete and the information is well 
presented. The machines described are of 
recent design, and indicate that the text is 
up to date. Particularly noteworthy is the 
summary at the end of each chapter giving 
the reader a review of the chapter, as well 
as pointing out the highlights. The problems 
are very practical and relevant to the text, 
and help the student fix the fundamentals 

of the subject in his mind. Owing to the 
elementary nature of the treatment, how-
ever, more advanced material is treated 
rather sketchily. For example, rate of 
change is mentioned in the text, but very 
little is said as to just what the term means. 
The book is remarkably free of errors, 

but one or two have been noted. On page 
29, in equation (7-1) it appears that the 
author forgot to put 108 in the denominator 
of what is apparently intended to be a 
fraction; and on page 174, example 11, in 
the equation for Branch 1 he has written 
1 -1-(E/R1), instead of /=- (E/R1)• 
These, however, are minor matters. In 

general, the book covers the material indi-
cated by the title; the table of contents and 
index are fairly complete; and the typog-
raphy is of high quality. The text can, 
therefore, be highly recommended to stu-
dents. 

ALBERT PREISMAN 
Capitol Radio Engineeting Institute 

Wast.ington, D. C. 

Radio Laboratory Handbook, by M. G. 
Scroggie 

Published (1948) by Mire and Sons. Ltd.. Dorset 
House. Stamford St.. London, S. E. 1, England. 
Fourth edition. 424 pages, 6-page index. 170 diagrams 
46 photographs. 44 X7. 

The purpose of this handbook is to guide 
a laboratory worker in setting up and prop-
erly utilizing a laboratory. Dedicated to the 
use of both "home experimenters" and "dull 
professionals," the book comprises a com-
pilation of data concerning laboratory tech-
niques, instruments, and procedures. Some 
special instruments not commercially avail-
able are described, but a large proportion of 
the material is devoted to a description of 
commercially available British laboratory 
instruments. 
Since practically all of the laboratory in-

struments considered in the book are British-
made, full use of the volume for the purpose 
intended is somewhat limited in this country. 
However, it has value as a study of British 
Laboratory practices and instruments; fur-
thermore, a large proportion of the material 
is devoted to general methods of measure-
ment which do not consider, a specific in-
strument. Hence, for that portion all that is 
required is the ability to interpret such 
British terms as valve, H. T. accumulator, 
etc. 
Much of the material presented is cau-

tionary, in that pitfalls are pointed out— 
"what may be neglected," "deceptive for-
mulae," and the use of judgment in plotting 
results. Preferred practices, such as the use 
of decibels and the importance of handiness 
in instruments, are also stressed. 
It is interesting to observe how few test 

instruments are exported from the United 
States to Great Britain. An occasional Gen-
eral Radio instrument and the Boonton Q 
meter seem to be the only ones used. 
The book is presented in a clear and read-

able manner. Such mathematics as is used 
consists only of working formulas, such as 
inductance and capacitance formulas, and 
the like. 

MURRAY G. CROSBY 
126 Old Country Road 

Mineola, L. I. 
N.Y. 

(Books continued on page 1038) 
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Modern Radio Technique, by A. H. W. 
Beck 

Published (1948) by the Macmillan Co., oil Fifth 
Ave.. New York, N. Y. 173 pages+2-page index+2 
pages of tables+1 page of symbols +1 page of bibli• 
ography+x pages. 55 figures. 51 X81. 

This book describes the operation of 
velocity-modulated tubes with considerable 
attention to their design. As a result, the 
text consists largely of mathematical equa-
tions, requiring a rather complete knowl-
edge of existing field theory, which is not 
usually acquired without a corresponding 
predilection for certain methods. The author 
is English and the material is a result of 
his experience in England during the war, 
so that the methods and constructional 
details described may be found to be more 
nearly representative of British practice. 
Presumably the book is intended as a 

guide to those entering the field. It is, 
however, of doubtful value for this purpose. 
Short books of this kind, owing to their 
limitations in size and scope, often tend to 
describe the application of concepts that 
have been of value to the author in meeting 
his particular problems, rather than covering 
the entire field without prejudice. As a 
result, some very useful and accurate design 
methods have been entirely omitted. 

For example, the chapter on cavity 
resonators leads one to believe that the 
calculation of resonances and loss factors of 
even simple cylindrical shapes commonly 
used are subject to large errors. This is not 
necessarily true. Methods are availible— 
with which the author is evidently not 
acquainted —which allow the calculation 
of resonances and loss factors to any de-
sired degree of accuracy, for many cylindri-
cal shapes in common use. The results have 
been consistently checked by tests, even 
including some glass as a dielectric. Thus, 
the author's conclusion that "the calculated 
loss would bear little relation to the meas-
ured loss" is obviously due to poor methods 
of calculation. 
Again, in the chapter on velocity-modu-

lated amplifiers, the impression is given 
that "debunching" as a result of space-
charge effects may not be very important 
and cannot be calculated with any accuracy. 
Both of these conclusions are wrong. A 
wave theory has been developed which does 
exactly this. Although a reference to this 
theory was given, the author apparently did 
not read his own work. 

W.  C.  H AHN 
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Radio Servicing: Theory and Practice, by 
Abraham Marcus 
Published 119481 by Prentice-Hall. Inc., 70 Fifth 

Ave.. New York 11. N. Y. 752 pages +23-page 
index +xix pages. 410 figures. ö X9. $5.95. 
Mr. Marcus' book is intended for those 

"who are not beginners in radio nor yet 
advanced enough to study the subject on an 
engineering level." These readers will find a 
clear, nonmathematical discussion of elec-
tron tubes and their use as rectifiers, AM 
detectors, amplifiers, and oscillators. They 
will also find good explanations of many 
practical circuits of power supplies, radio 
receivers, and amplifiers, such as are en-
countered in commercial equipment. Also 
included are chapters on electrical and 
radio theory, components and parts, special 
tubes, servicing procedures and techniques, 
and repair and alignment. 
Thorough in its scope, the book discusses 

volume control (manual, AVC, delayed 
AVC, amplified delayed AVC, and quiet 
AVC), tuning indicators, tone compensation 
and  control,  selectivity control,  band-
switching and band-spread, noise suppres-
sion circuits, push-button tuning, and auto-
matic frequency control. 
One fault might be that the book is 

written mainly from the AM point of view. 
The comparison of the relative bandwidth 
requirements of AM and FM could be 
more adequately discussed. 
"Radio Servicing: Theory and Practice" 

should be of value to those who want not 
only a textbook, but also a reference book. 

FRANK R. ARAMS 
RCA Victor Division 

Lancaster. Pa 
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Television, How It Works 

Published (1948) by John F. Rider. Inc.. 480 
Canal St.. New York 13. N. Y. 194 pages +9-page 
"troubleshooting chart. 229 figures. 81 X11. 

Designed as an elementary textbook in 
television, this book, written by various 
staff members of the Rider Co., explains the 
operation of the television receivers on to-
day's market. 
The opening chapter presents an over-all 

picture of television, followed by a chapter 
on the television channels and characteris-
tics of the video signal, operating bandwidth 
characteristics, and the carrier and inter-
mediate frequencies. The third chapter dis-
cusses antennas designed for the reception 
of television signals, and the next eight 
chapters cover the receiver proper. The final 
chapter contains practical discussions of text 
instruments, signal generators, etc., used in 
the alignment and maintenance of receivers, 
alignment procedures, and "trouble-shoot-
ing" suggestions. 

Auto Radio Manual 

Published (1949) by Howard W. Sams and Co.. 
Indianapolis. Inc. Over 300 pages. profusely il - 
lustrated. 84X11. 84.95. 

This volume gives uniform service data 
for most of the automobile radios produced 
since 1946. It covers 100 different postwar 
models put out by 24 manufacturers. 

IRE People 

New Publications 

More than 140 new American Standards 
approved since January of this year are 
included in the midyear list of standards 
and special publications just issued by the 
American Standards Association. The list 
shows a total of 1,124 standard specifica-
tions, methods of test, building require-
ments, dimensions, safety codes, and defi-
nitions and terminology in all fields of en-
gineering, as well as for materials and 
equipment used by the ultimate consumer. 
The 28-page list of American Standards 
(July, 1949) may be obtained from the 
American Standards Association, 70 E. 
45 St., New York 17, N. Y., without 
charge . . . For many years the extreme 
difficulty of obtaining high-accuracy tables 
of sines and cosines with decimal subdivi-
sions of a degree has seriously inconven-
ienced workers in such fields as observational 
astronomy, geodesy, navigation, optical 
instrument design, ballistics, rocket research 
radar, and aircraft design. To meet this 
need the National Bureau of Standards has 
just issued a large (101- X71 inches) 95-page 
booklet, "Tables of Sines and Cosines to 
Fifteen Decimal Places at Hundredths of 
a Degree," (NBS Publication AMS 5), 
which is available for forty cents per copy. 
Here the columns of signs and cosines are 
arranged side by side for convenience in 
cases where both the sine and cosine func-

tions are desired for the same argument, or 
where Taylor's theorem is to be used for 
interpolation. Alongside the tabular entries 
are presented the second central differences, 
which are sufficient for interpolation to the 
full 15 decimal places. . . . Another NBS 
publication, "Accurate Determination of 
the Deadtime and Recovery Characteristics 
of Geiger-Muller Counters" (RP 1965), by 
Louis Costrell, describes in nine pages an 
electronic gating instrument for the deter-
mination of deadtime and recovery charac-
teristics of Geiger-Muller counters to an 
accuracy of two microseconds. The theory 
of operation of Geiger-Muller counters is 
briefly presented, and experimental data 
are given showing variation of deadtime and 
recovery time with counter pressure and 
overvoltage. The price of the booklet is ten 
cents. . . . Chester Snow's 22-page "Stand-
ard of Small Capacitance," put out by 
NBS for 15 cents per copy, derives a 
formula for computing the electrical capaci-
tance of an absolute standard consisting of 
a modification of the ordinary parallel-
plate capacitor with co-planar guard. . . . All 
of the three aforegoing publications are 
available from the Superintendent of Docu-
ments, U. S. Government Printing Office, 
Washington 25, D. C. . . . An extensive 
bibliography on the industrial uses of 
radioactive tracers is available without 
charge from Arthur D. Little, Inc., Cam-
bridge 42, Mass. 

The Government of the Republic of 
France has awarded William Dubilier 
(A'14-M'18-F'29), radio inventor and pio-
neer, the Diploma of Officer of the Academy 
and the Order of Academic Palms. 
Further, at the annual meeting of the 

Association des  Ingenieurs-Docteurs de 
France, held at the Sorbonne in Paris on 
June 1, 1949, the awards committee (consist-
ing solely of professors of the Sorbonne and 
members of the French Academy of Sciences) 
unanimously voted to Mr. Dubilier the 
honorary medal of the organization. The 
presentation was made on June 25 at the 
French Embassy in New York City. 
Mr. Dubilier is well-known among his 

fellow engineers as a long-time contributor 
,._. to the fields of radio telephony; transmitting 
and receiving condenser theory, practice, 
and construction; and a successful and ef-
fective inventor in many communications 
and electrical fields. It was his development 
of the power condenser or capacitor that 
has made modern broadcasting and com-
mercial radio possible. 
Born in New York City on July 25, 

1888, Mr. Dubilier was educated at the 
Cooper Institute there, as well as at Euro-
pean universities. When he was twenty-one, 
he was invited to go to the Pacific Coast by 
the Standard Oil Co. to build a broadcasting 
station for that Company's communication 

ic•-• with Alaska. Subsequently, after an ill-fated 
' expedition to Russia to build a broadcasting 
I station for the Czar's palace, he founded 

1. 
1 the Dubilier Condenser Co., Ltd., in Eng-
land, and later the Dubilier Electric Co. of 

New York, which became the Cornell-
Dubilier Electric Corp. 
Among the 300 patents which have been 

issued to him in the United States is one for 
his invention of the first portable electric 
heater. Currently he is vice-president and 
technical director of the Cornell-Dubilier 
Electronic Corp., and president of the Radio 
Patents Corp., both in New York City. 

Donald G. Fink (A'35-SM'45-F'47), 
editor of Electronics and newly appointed 
Chairman of the Joint Technical Advisory 
Board, was chosen by the Radio Manu-
facturers Association as technical advisor to 
the American delegation which attended an 
international meeting on television standards 
in Zurich, Switzerland, from July 1 through 
5. The delegation was instructed to support 
American television standards as adopted 
by the FCC and to try to prevent hasty 
adoption by the international body of tele-
vision standards not compatible with the 
United States system. 
Mr. Fink was born in Englewood, N. J., 

on November 8, 1911. After receiving the 
bachelor of science degree from the Massa-
chusetts Institute of Technology in 1933, he 
spent a year in graduate study there before 
joining the editorial staff of Electronics in 
1934. During the war he took a four-year 
leave of absence in order to work on the de-
velopment of the Loran system of long-
range navigation at the Radiation Lab-
oratory. The Loran transmitters now in use 

are based on his designs, and he is the author 
of "Microwave Radar," the first radar text-
book. 
Appointed head of the Loran division of 

the Laboratory in 1943, Mr. Fink served 
both in the European and Pacific areas, later 
being transferred to the Washington, D. C., 
office of the Secretary of War. In 1945 he 
returned to Electronics as executive editor. 
He was awarded the War Department's 
Medal of Freedom in 1946 and the Presi-
dential Certificate of Merit two years later. 

Ross K. Gessford (A'38-M'44), formerly 
engineering specialist in cathode-ray tubes, 
has been appointed chief engineer for the 
television tube division of Sylvania Electric 
Products Inc. 
Born on June 27, 1906, at Niagara Falls, 

N. Y., Mr. Gessford was educated at George 
Washington University and the University 
of Maryland, receiving the B.S.E.E. degree 
from the latter in 1929. From 1929 to 1936 
he was employed by the Westinghouse 
Electric Corp., where he progressed from 
student engineer to research worker in 
design and development engineering. In 
1936 and 1937 he worked for the Ken-Rad 
Tube and Lamp Corp. as a design and 
development engineer for radio tubes. He 
joined Sylvania in the latter year and has 
been continuously associated with the re-
search, development, and engineering of 
radio and cathode tubes since that time. 
Mr. Gessford is a past chairman of the 

Emporium Section of the IRE. 
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L. Jerome Stanton (A'47-M'49), stall 
member of the RCA Institutes' Home 
Study Course, has also been appointed a 
special consultant on communications and 
television problems to the Audio Facilities 
Corp., recently established in New York 
by a group of engineers, including IRE 
member Lewis S. Goodfriend (S'47-A'48). 
Mr. Stanton was born in Independence, 

Ore., on October 10, 1910, and began his 
career as an engineer and writer on tech-
nical and scientific subjects while studying 
in the U. S. Navy Radio School during his 
naval service from 1929 to 1935. After 
working as a free-lance writer, in 1938 he 
was appointed chief engineer of Lorden 
Enterprises, Inc., in California, and there 
developed one of the first successful wired 
systems of music distribution. In 1939 he 
became a radio and electrical inspector at 
the Lockheed Aircraft Corp., Calif., leaving 
in 1941 to become chief radio operator on 
board a vessel of the Luckenbach Steamship 
Co. 
In 1944 Mr. Stanton joined the staff of 

the OSRD as a technical writer. Two years 
later he was appointed to the staff of Air 
Trails Pictorial and Astounding Science 
Fiction as associate editor. He returned to 
free-lance writing in 1947, joined the Arma 
Corp. as a technical writer in 1948, left in 
1949, and joined RCA shortly afterward. 
Mr. Stanton is a member of the Audio 

Engineering Society, the American Radio 
Relay League, and the American Associa-
tion for the Advancement of Science. 
Mr. Goodfriend was born in New York 

City on May 21, 1923. In 1940 he became 
a technician in sound research at the 
Stevens Institute of Technology, leaving in 
1942 to join the staff of the National De-
fense Research Committee's Project 17, 
where he remained for one year. In 1945 he 
became a member of the counter battery 
fire-control sound location unit of the U. S. 
Marine Corps Material Section. 
He completed his course of study at the 

Stevens Institute of Technology in 1947, 
with the degree of mechanical engineer, and 
he thereupon joined the staff of the Stevens 
Institute as a research engineer. While con-
tinuing to teach at Stevens, he became a 
development engineer with Rangertone, Inc. 
in 1949. He left in the fall of the same year 
in order to devote full time to the Audio 
Facilities Corp. 

Ralph A. Lamm (S111'46) has been ap-
pointed chief of the National Bureau of 
Standards' missile engineering section, where 
his duties will not only be the direction of 
guided missile engineering, including elec-
tronic, electrical, aerodynamic, servo-me-
chanic, and mechanical phases, but also to 
co-ordinate the Bureau's program with in-
dustry. 
Mr. Lamm was born in Bisbee, Ariz., 

on July 13, 1908, and began his career as a 
custom radio builder in 1926. Joining the 
Pioneer Radio Manufacturing Co. in 1930, 
he left two years later to take charge of the 
design and production engineering of all 
types of electronic equipment, radio, and 
television receivers for the Troy Radio and 
Television Co. At the same time he acted as 

A. Daniel Collins (S'47), student 
at the University of Michigan Col-
lege of Engineering, died early this 
year. 
Born in Ohio on March 19, 1917, 

Mr. Collins was educated at the 
Celina High School in Celina, Ohio. 
Ile expected to be graduated from 
the University of Michigan with the 
B.S.E.E. degree this year. 

consultant for the city of Los Angeles on 
radio safety ordinances. 
From 1942 until 1944 Mr. Lamm was a 

staff member of the Massachusetts Institute 
of Technology, conducting research and 
development on radar receivers and systems 
at the Radiation Laboratory. In 1944, as 
director of the MIT field experimental sta-
tion at the National Bureau of Standards, 
Mr. Lamm was responsible for the research, 
development, and engineering of all elec-
tronic equipment used in automatic homing 
missiles, including the "Bat" and the "Peli-
can." Ile also served as consultant to the 
Navy Department's Ordnance Bureau on 
guided missile work being done by the Na-
tional Bureau of Standards. He joined the 
NBS staff in 1947. 
In recognition of his contributions to the 

war etTortaalr. Lamm has been awarded the 
Presidential Certificate of Merit, Certifi-
cates from the Office of Scientific Research 
and Development, the U. S. Navy Bureau of 
Ordnance Merit Award, and the Depart-
ment of Commerce Meritorious Service 
Award. lie is a member of the Electronics 
Club. 

Directing the activities of the committee 
secretariat will be the task of Fred A. Dar-
win (SM'46), newly appointed executive 
director of the Commit tee on Guided Missiles 
of the Research and Development Board, 
National Bureau of Standards. 
Mr. Darwin was born in Chattanooga, 

Tenn., on May 28. 1913. He attended the 
University of Chattanooga from 1929 to 
1931 and the U. S. Naval Academy at Ann-
apolis, 11Id., from 1931 to 1935, receiving 
the bachelor of science degree in the latter 

Leo Edwin Shire (A'27), former 
export sales representative of th( 
Beech Aircraft Corp, in Wichita 
Kansas, died last year. 
He was horn on October 20 

1898, in Mexico, Mo., and received 
the B.S.E.E. degree from the 19is 
souri University School of Mine 
and Metallurgy in 1925. !mined] 
ately after graduation he started 
his radio career in the engineering 
department of the Andean National 
Corp.. Ltd.. in Cartagena, Columbia, 
South America, and he remained 
there for a number of years. 

year. In 1936 he was granted the M.S. degree 
in electrical communications engineering by , 
Harvard University, and the following year 
he entered the employment of the Western 
Union Telegraph Company as an apprentice t 
engineer. When he left in 1941, he had risen 
to the rank of senior engineering supervisor. , 
Upon the outbreak of war, Mr. Darin 

joined the services as a naval reserve com-
mander, heading the I FF (radar identifica-
tion) and radar beacon design section in the 
radio division of the Navy Department's 
Bureau of Ships. In 1946 he joined the 
Hazeltine Electronics Corp. at Little Neck, 
L. I., N. Y. 

New associate director of Tele-Tech, 
television and communications engineering 
magazine, is John H. Battison (10'47-SM '49). 
A prolific writer of scientific articles for lead-
ing publications, Mr. Battison resigned from 
the American Broadcasting Co., where he 
had been employed as assistant chief alloca-
tions engineer since July, 1947, in order to 
take up his new post. 
Mr. Battison was born in England on 

August II, 1915, and educated at the Uni-
versity of London, from which he received 
the bachelor of science degree in radio com-
munication in 1936. Meanwhile, in 1934, he 
had entered the employment of the E. K. 
Cole Radio Corp. as a research engineer, 
and he continued with that organization 
until 1937, when he became supervisor of 
radio equipment production for the British 
Air Ministry. 
In 1939, upon the outbreak of hostilities, 

he joined the British Royal Air Force, and 
served six and one-half years as bomber 
pilot and squadron leader. At the war's end 
he came to the United States as research 
engineer for the Midland Broadcasting Co. 
in Kansas City, later becoming technical 
director for that company. He came to New 
York City in 1947 and served briefly with 
the Federal Radio and Telephone Co. before 
joining the American Broadcasting Co. 

Victor B. Corey (A'45) .has been ap-
pointed manager of the engineering physics 
division of Fredric Flader, Inc. Associated 
with the company since 1946, Dr. Core) has 
supervised research and development on 
sonic true airspeed, true air temperature, 
and machine number indicators; radiation 
physics; servomechanisms for indication and 
control; analogue computers; and long-
range automatic navigation. 
Born in Missouri on February 9, 1915, 

Dr. Corey received the B.A. degree from 
Central College in Fayette, Mo., in 1937. 
Until 1941 he served as a teaching assistant 
in the physics department of the State Uni-
versity of Iowa; and was a research assistant 
at the University for a year following. He re-
ceived the M.A. degree from the University 
of Iowa in 1939; the Ph.D. in 1942. From 
1942 until 1946 he was research physicist for 
the Sylvania Electric Products Inc., in 
Flushing, N. Y. 
Dr. Corey is a member of the American 

Physical Society, the Acoustical Society of 
America, and the Am:rican Association for 
the Advancement of science. 
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The Program for New Aids to Air Navigation* 
D. W. RENTZELt 

Air navigation requires adequate communication and desirable and comprehensive guid-
ance means. A summary of present-day practices and a schedule of future plans in this field are 
presented in some detail by the Administrator of Civil Aeronautics of the United States Govern-
ment. Engineers working, or planning to work in this field, will be well advised to study the con-
tents of this address.—The Editor. 

THE ART of piloting an aircraft from 
one spot to another, when the earth 
is invisible through cloud and storm, 

las progressed rapidly in the past 20 years. 
3ut today, civil and military aviation jointly 
ire entering a revolutionary new phase of 
dr navigation which will have a major im-
3act on the American way of living, and 
ml our ability to defend ourselves in case of 
war. 
Back in the days when an airplane was a 

lovelty, a pilot could fly when and where 
le pleased without fear of collision, provid-
ng he maintained a safe altitude above the 
;round. The notion of air traffic control 
would have amused and amazed him. 
But by the early 1930's, enough air 

traffic had developed to make definite air-
ways necessary, particularly in the more 
congested areas. Too, the need for guidance 
when the pilot no longer could see the earth 
became more and more pressing. As a result, 
the Federal Government installed a system 
of airways throughout the country, using 
the best radio devices known at that time. 
This air navigation system centered 

largely around four-course low-frequency 
radio ranges, plus radio-location markers, 
and low- and medium-frequency voice com-
munication channels. Just before the start 
of World War II, the Civil Aeronautics Ad-
ministration began installing very-high-
/frequency instrument landing systems (ILS). 
This system, which provides radio beams 
down which a pilot can fly his plane until he 
sights the runway, was adopted by the 
military forces. 
The low-frequency ranges and com-

munication systems served a useful purpose, 
tand still are in general use today. But they 
have serious drawbacks, and have been out-
moded by new electronic inventions which 
appeared before and during the war. 
Those of us who travel by commercial 

airlines know how uncertain the schedules 
are during periods of bad weather. This un-
certainty has been a grave handicap in the 
development of air travel, and has slowed 
down the growth of air freight and air ex-
press, It has caused the airline companies 
tremendous annual losses. 
This outmoded air navigation system 

also has seriously handicapped our military 

c-
• Decimal classification: R526. Original manu-

script received by the Institute. March 8. 1949. Pre-
sented. 1949 IRE National Convention, March 8, 
1949, New York, N. V. 
D.  C . Civil Aeronautics Administration, Washington. 

air operations using the same system during 
instrument weather conditions. Speed is the 
essence of modern warfare; in case of sudden 
'attack we must be able to move large num-
bers of military aircraft quickly and un-
erringly to the points where they are needed. 
The enemy will not wait for favorable 
weather, or give us time to acquaint our 
pilots with unfamiliar devices. 
Fortunately, all significant groups con-

nected with civil and military aviation have 
agreed on a definite program to modernize 
our airways and make all-weather flying a 
universal reality. This program was devel-
oped through the Radio Technical Com-
mission for Aeronautics, and the plan itself 
is commonly referred to in aviation circles 
as "SC-31," because it was prepared by 
Special Committee 31 of the RTCA. 
The first, or transition, phase of this 

revolutionary new air navigation program 
will be completed about 1953. A good start 
already has been made in developing and 
installing the new devices needed for this 
part of the program. The ultimate program, 
which envisions some devices which a highly 
imaginative Buck Rogers might envy, is 
scheduled for completion about 1963. 

OMNIRANGE AND DME 

Now let us look at some of the old and 
the new air navigation equipment. Earlier, I 
mentioned the four-course low-frequency 
range. This range offers, as the name im-
plies, only four paths to or from the range. 
In order to stay on one of these courses, the 
pilot must listen continuously to dots and 
dashes which blend together when he is in 
the exact center of the airway. Needless to 
say, this is exacting, and during thunder-
storms and periods of heavy static, the range 
becomes difficult and even impossible to 
hear, There is danger, too, of the pilot con-
fusing the courses and flying on a wrong 
heading. 
To replace this kind of range, the CAA 

has been installing what is known as omni-
directional, or omniranges. These offer the 
pilot an almost unlimited number of courses 
which he may fly. And the omniranges, op-
erating in the very high-frequency part of 
the radio spectrum, are largely free of static 
and interference. 
Best of all, with the omnirange, the pilot 

can fly by eye instead of ear. An occasional 
glance at a vertical needle in his cockpit is 
all the pilot needs to keep him on the right 

heading. About 250 of these omniranges are 
now operating in the United States, and the 
CAA program calls for an eventual total of 
about 400, blanketing most of the country 
with signals. 
The omnirange gives the pilot simple, 

clear information about the course he is 
flying. If he is flying northeast, for example, 
on a course of 45 degrees, the numerals zero 
four five will be continuously visible. And 
the words "to" or "from" will tell him 
clearly whether he is on a course to or from 
the station. This course indication is entirely 
independent of the aircraft compass, and 
shows the track actually being flown, regard-
less of cross winds and the plane's heading. 
The difference betwen the omnirange course 
and the indicated magnetic heading continu-
ously shows the pilot the amount of correc-
tion necessary for cross winds. But the pilot 
need not concern himself with this unless he 
wishes; if he flies by the vertical needle his 
wind correction is automatic. 

DME 

Each omnirange eventually will be 
equipped with a device called "distance-
measuring equipment," or DME. With 
suitable equipment in the aircraft, the pilot 
always will know his exact distance to the 
omnirange. This information will be dis-
played in the cockpit by a simple pointer 
on a dial. With the omnirange and the 
DME combined, the pilot continuously 
will know his exact position in space, with-
out having to work out navigational prob-
lems. 
In addition to all this, an electronic brain 

called a course-line computer has been de-
veloped. This device solves difficult naviga-
tion problems with the speed of light. Using 
this computer, a pilot will not need to fly 
directly to or from an omnirange. He can 
set a course from one selected point to an-
other, and then let the computer, which 
uses signals from near-by omniranges, guide 
him accurately to his destination. 
These new devices, all of which will come 

into general use in the next few years, will 
make possible multiple airways between 
cities, relieving the traffic congestion which 
already has passed the saturation point in 
many parts of the country. 
Very-high-frequency voice radio, which 

is static-free, is coming into general use along 
the airways. It is making a definite contribu-
tion to safer flying. For the ultimate pro-
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gram, however, a private-line system will be 
developed  for  instantaneous  automatic 
transmission of information between ground 
and air. 
So far, we have discussed the new equip-

ment which will guide aircraft along their 
routes. Equally importanc, however, is the 
problem of getting them safely into the air, 
and onto the ground, during low visibility. 
For all-weather flying, this is just as impor-
tant as safe and reliable navigation en route. 

ILS AND GCA 

We have available today two entirely 
different methods of bringing aircraft safely 
to a landing through low ceilings. One, men-
tioned earlier, is called the "instrument 
landing system," and uses radio beams. The 
second, using precision radar principles dis-
covered during the war, is called "ground-
controlled approach (GCA)." Each system 
has advantages, and each system has draw-
backs. Each can be used separately. But 
when used together, as recommended under 
the RTCA program, they provide the pilot 
with a double check on his position at all 
times, and achieves the closest to ultimate 
safety which our present knowledge permits. 
With the "instrument landing system 

(I LS)" two radio beams are transmitted from 
the airfield. Received aboard the aircraft, 
these beams operate a cross-pointer indi-
cator, which is simply a dial with two needles 
crossing in the center. The vertical needle, 
which also is used with the omnirange, tells 
the pilot whether he is properly lined up 
with the center of the runway and, if not, 
which way he must turn. The horizontal 
needle tells him whether he is above or below 
his proper glide path, and how to correct his 
descent, if necessary. 
The 1LS system is simple, positive, and 

in wide use by our scheduled airlines. Al-
ready, it has permitted the CAA to lower 
landing minimums front 400-foot ceilings to 
as low as 200 feet in many locations, greatly 
improving schedule reliability. Similar re-
ductions in ceiling minimums have been 
approved where radar systems are in use. 
The radar landing system, called "ground-

controlled approach (GCA)", permits a 
controller on the ground to "talk the pilot 
down" over ordinary voice radio channels. 
The ground controller watches two radar 
screens. 
The first, known as the surveillance radar 

screen, enables the operator to locate air-
craft flying within a 30-mile radius of the 
airport. After positively identifying the air-
craft on approach as a particular dot on the 
screen, the controller guides him safely into 
and through the holding pattern. 
When the plane is ready to head in for a 

landing, a precision radar screen comes into 
play. The correct path to the runway is 
shown by lines on the screen, and if the dot 
representing the plane gets off the lines, the 
controller tells the pilot exactly how to cor-
rect his course. 
This ground-controlled approach radar 

may be used independently, or to monitor 
an approach made on the instrument landing 
system. 
At present there are about 80 civilian 

instrument landing systems in operation. We 
have improved-type surveillance and preci-
sion radar equipment for ground-controlled 
approaches at LaGuardia Field in New 
York, at Washington National Airport, and 
at Chicago. As rapidly as funds and manu-
facturers' delivery schedules permit, we are 
installing additional GCA radar sets at the 
busiest airports. 

RADAR 

At other large airports CAA is planning 
to install the surveillance radar unit alone. 
This will permit the traffic controller to 
watch all the aircraft in his vicinity through 
radar, even when the weather has closed in. 
The controller can be certain that each plane 
is in its reported position, thus reducing col-
lision hazards and speeding up the landing 
and takeoff sequences at the airport. 
There has been some misunderstanding 

by the public of the whole subject of radar. 
Nlany people believed that war-developed 
radar would, in some magic way, instantly 
transform aviation into an all-weather 
transportation system, free of hazards and 
navigation problems. Ultimately, it promises 
to do just that. But we still have quite a 
way to go. 
For one thing, military ground radar 

equipment designed for use on the fighting 
fronts proved to be inefficient and unsatis-
factory for everyday civilian use. An ex-
tensive program was necessary to design, 
test, and produce ground radar which is 
economical and equally useful for civilian 
and military aircraft. 
Airborne radar, as produced during the 

war, was a heavy item of equipment. Also, 
it required one or more men to operate it, 
in addition to other members of the crew. 
Overseas, where there were no other naviga-
tion aids, it was a necessary piece of military 
equipment, well worth the extra weight and 
man power. 
But in a country like the United States, 

with adequate navigation aids, airborne 
radar of the wartime type cannot justify 
itself in commercial operation. A pilot can 
get far more navigational information front 
radio ranges, and use it more easily, than 
from radar equipment in his plane. 
However, airborne radar does show 

promise in two special fields. Numerous ex-
periments have indicated that a satisfactory 
light-weight radar can be produced which 
will help pilots to detect and fly around 
thunderstorms and other turbulent areas. 
Eventually, also, someone may develop a 
satisfactory radar collision warning device. 
New applications of radar and television 

really will come into their own in the ul-
timate RTCA program, which wilrprovide 
an air traffic system of almost inconceivable 
magnitude and precision. Some of the equip-
ment needed has not yet been invented. 

But the specifications have been laid down, 
and the principles on which it will operate 
are understood. No one doubts the ability 
of American electronic engineers to produce 
the needed air and ground devices. 

BY 1963 

Here, in a general way, is how this ul-
timate air navigation system will work: 
Even before a pilot takes off on a flight, 

a landing time will be reserved for him at his 
airport of destination. As he flies along, a 
dial will tell him in minutes and seconds 
whether he is ahead or behind his exact 
schedule, and he will slow down or speedup 
accordingly. 
In the cockpit the pilot will see a pic-

torial presentation of everything around 
him. This picture, probably televised to hint 
from the ground, will show his own aircraft 
in relation to others in his vicinity, indicate 
obstructions or other hazards, and even 
show the location of storms and turbulent 
air. 
At the sante time, radar will be continu-

ously watching him from the ground. By 
means of a block system something like that 
used on railroads, the pilot will be assured 
that he is in safe air space at all times. 
The aircraft of the 1960's will carry 

equipment which continuously transmits to 
the ground the readings of the various cock-
pit instruments. Electronic brains on the 
ground will check these readings auto-
matically against information derived front 
radar and other sources. If, for example, the 
altitude shown by ground radar differs from 
altimeter reading in the cockpit, the pilot 
will be instantly and automatically notified. 
If the pilot wishes to change his altitude 

or his flight plan, he will be able to query 
the ground stations by pushing an appropri-
ate button. Approval or disapproval will be 
flashed back to his cockpit in a fraction of a 
second, since the calculations will be made 
by automatic machines on the ground. 
This ultimate system, fantastic though it 

may sound, is designed to meet the everyday 
needs of civil and military aviation 15 years 
hence. It will, of course, solve the weather 
problems which plague aviation today, and 
it will permit aircraft to fly their schedules 
with clocklike precision and absolute re-
liability. 
Furthermore, the RTCA system is de-

signed with military as well as civilian re-
quirements in mind. In case of war, the 
system will give instant warning of un-
friendly aircraft, and permit interceptors to 
be vectored to attack. It will permit quick 
and heavy concentration of airpower any-
where it is needed within the country, and 
then will assist in maintaining a continuous 
flow of supplies and manpower to the area. 
This tremendous new program, on which 

the Army, Navy, Air Force, and CAA are 
jointly agreed, will open the way for a whole 
new era of aviation in which the blessings 
of fast, safe, reliable low-cost transportation 
will be shared by every American citizen. 
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Multipath Television Reflections 
E. G. HILI.St, ASSOCIATE, IRE 

Summary—The frequency dependence of the direction from 
which reflected television signals reach the receiver complicates 
the antenna design necessary to reduce reception of these reflected 
signals. A formula is derived for the strength of these reflections, 
and an analysis is made of some reflecting areas in order to find a 
reason for this frequency dependence. An antenna arrangement 
that appears particularly useful for reflection reduction is described. 

O
NE OF THE most difficult types of television 
interference to eliminate is that causing multiple 
images, or "ghosts," in the picture. Although in 

a great number of locations the transmitting stations 
are all in the same direction from the receiver, the re-
flections causing displaced images do not generally 
come from the same directions for all the stations. This 
has resulted in the widespread use of double antennas, 
one for the high and one for the low television bands, 
which can be individually oriented. . 
Let us consider a building or other object located at 

point A in Fig. 1 as causing a reflection such that sig-

A 

Fig. 1—Double-path transmission. 

nals from the transmitter T reach the receiver R by path 
d2—d3 as well as by path d1. For an equivalent isotropic 
transmitter power Pg in the directions of interest the 
ower per unit area incident on A is Pt/47rd22. Let A be 
the equivalent isotropic reflecting area defined for in-
cident and reflecting directions T, A and A, R, which 
differs from the area much used in radar calculations in 
which direction T, A is coincident with —(A, R), while 
in this case of television reflection, no such relation 
exists between the two directions. The reflected energy 
incident on R will then be 

r̂ 

PI ii 

4/rd22 47rd32 

" Decimal classification: R583.7 X1(113.307. Original manuscript 
received by the Institute, November 26, 1948; revised manuscript re-
ceived, March 21, 1949. 
t Webster-Chicago Corp., Chicago, Ill. 

The energy incident on R per unit area due to direct 
transmission from T will be Pe/ 4rdi2. The square root 
of the ratio of these two energy intensities will be the 
ratio of "ghost" field strength to signal field strength or 

--1(r1hr)"2dild2d3.  (1) 

The reflected signal will be relatively strongest when 
either d2 or d3 is a minimum and the other is nearly equal 
to di, which means that the source of reflection is near 
either the transmitter or the receiver. Due to the sym-
metry of (1) in d2 and d3, it makes no difference which 
the reflector is near. The formula can then be written 

Eu/E,  (A/r)"2/2d  (2) 

where d is the shorter distance to either T or R when A 
is near one of them.  • 
Reflections can then be divided into two categories: 

(1) those originating near the transmitter, all of which 
come from nearly the same direction as the desired sig-
nal, and (2) those that originate near the receiver, which 
can come from any direction. Reflections of the former 
type are obviously the harder to discriminate against by 
means of directional receiving antennas. 
Since reflections do not all come from the same direc-

tions at different frequencies even though the transmit-
ters are all located in the same direction from the re-
ceiver, if these reflections are originating in the vicinity 
of the receiving antenna, this must mean that the re-
flectors are relatively frequency sensitive. If the reflec-
tions originate in the vicinity of the transmitters no 
'such conclusion can be drawn, since the angles at which 
incident waves from the various transmitters strike a 
given reflector would be different unless the transmit-
ting antennas were extremely near each other relative 
to the distance from them to the source of reflection, 
which is not generally true of transmitting antennas 
located on tall buildings in a large city. 
To see just how frequency sensitive various reflectors 

are, let us first consider a plane reflecting area large com-
pared to a wavelength and oriented so as to produce the 
maximum reflection toward the receiver as shown in 
Fig. 2. The total energy incident on the plane will be 
equal to S cos alP1/4ird22 where S is the physical area 
of the plane and al the 'angle of incidence. The plane 
will then act as a uniformly excited plane array and will 
re-radiate with a beam width inversely proportional to 
frequency. Its isotropic gain, considering it as an an-
tenna of area S will be' 4rS/X2 where X is the wave-

1 H. T. Friis, "Transmission line formula," PRoc. 1.12.E., vol. 34, 
pp. 254-256; May, 1946. 
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length. Its equivalent isotropic reflecting area will then 
be 

A = (47S2 cos ai)/X2 (3) 

when the angle of incidence equals the angle of reflec-
tion. The ratio of carrier frequencies of the channel 13 
and channel 2 television stations is 211.25 Mc/55.25 Mc 
or 3.82. The relative signal-"ghost" field strengths in 
the two channels for large flat reflecting surfaces would 
then be different by the same factor or 3.82. For re-
flectors several wavelengths across the angle of inci-
dence equals the angle of reflection regardless of fre-
quency. Therefore, if located near the receiver, such a 
plane should cause "ghosts" in all channels with the 
relative "ghost"-signal field strength changing by a 
factor of 3.82 as frequency is shifted from channel 2 to 
channel 13. If located near the transmitters, it would be 
coincidental if the angles of incidence and reflection 
were constant for more than one channel. 

TRANSMITTER \  

PLANE'S 

RECEIVER 

Fig. 2—Reflection from a plane surface. 

Fig. 3—Square cylinder of rays impinging on a sphere. 

Let us now consider the echoing area of a sphere when 
the incident and reflected wave directions do not coin-

cide. The laws of geometrical optics2 apply if the sphere 
is large in wavelengths. Let us assume that a square 
cylinder of incident rays bounded by the lines 1, 2, 3, 4 
of Fig. 3 impinges on the sphere. Assume that the rays 
are all parallel to the X Y plane and that rays 1 and 2 lie 
in the X Y plane. If incident ray 1 makes an angle of al 
with the normal to the surface, its angle of reflection 
will also equal al. The angles of incidence and reflection 
of ray 2 are greater than those of ray 1 by Aa, so the two 
rays leave the surface no longer parallel but diverging 
at an angle Ma. 
Rays 3 and 4 are deflected both upward and to the 

left upon reflection. The angle AB that ray 4 makes wit h 
the X Y plane after reflection is given by the formula 
from trigonometry 

sin AB = 2 tan AC cos (a1 Aa), 

again assuming the angle of incidence equals the angle of 
reflection. This formula as Aa, AB, and AC approach zero 
approaches 

B = 2AC cos a. 

We see then that all of the energy incident in tin-
square cylinder is reflected in a rectangular beam 2Aa l 
wide and MC cos al deep. The area of the incident 
beam is R2ACAa cos ai where R is the radius of the 
sphere. If the beam has an intensity of I watts per unit 
area, the incident power is IRUCAa cos al watts. Divid-
ing this power by the solid angle of the reflected beam 
we get /R2/4 watts per steradian. If the sphere of radius 
R has an isotropic reflecting area of A, the power re-
flected by it in the direction of interest will be the same 
as if the total incident power IA were reflected uni-
formly over all 4r steradians. The signal intensity will 
then be 

/A/41- = IR2/4 watts per steradian. 

The echoing area of the sphere will then be, solving for 
A, 

A = TR2 (4) 

as is well known to be true when the directions of in-
cidence and reflection coincide as in radar operation. 
Equation (4) shows that the area is independent of both 
frequency and the directions of incidence and reflection. 
Displaced images, then, caused by reflections from a 
spherical shaped object, should appear on all television 
channels with equal intensity regardless of where the 
object is located, provided the television transmitters 
are close together, compared to the distance between 
them and the reflector. 

A similar analysis to the above for vertical cylinders, 
such as smoke stacks, where the radiation is always 
normal to the cylinder axis shows the echoing area of 

L. J. Chu, "Microwave Beam-Shaping Antennas," Research 
Laboratory of Electronics, MIT, Report 40; June, 1947. 
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such a cylinder to be 

A= 
2rRh2 cos a 

X 
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(5) 

where h is the cylinder height, R its radius, and a the 
angle of incidence with respect to a normal to the sur-
face. This type of echoing area, like that of a flat plane, 
is dependent on the included angle between directions 
from the reflector to the transmitter and to the receiver, 
but is not dependent on a particular reflector orientation 
as is the plane reflector, and does not vary as rapidly in 
magnitude with frequency as does the equivalent iso-
tropic area of a plane. The "ghost"-signal field strength 
ratio due to reflection from such a cylinder would then 
change from channel 2 to channel 13 by a factor of only 
(3.82) 1" or 1.96. 
In considering smaller reflectors we might see how 

close an object must be for the receiver to give a visible 
displaced image. Assuming a "ghost"-signal field 
strength ratio visibility threshold for the television re-
ceiver of approximately 0.01 and an area equivalent to 
that of a sphere of 1.96 foot radius which, because of 
resonances occurring with such a small sphere, is 16.3 
square feet' in both channels 2 and 13, the distance to 
the reflector would have to be 

d = 07701127;' 1 2 Eg =  114 feet, 

which is so small that a displaced image caused by it 
would barely be visible as a "ghost." For objects smaller 
than this 1.96-foot sphere, the Raleigh sixth power law 
soon governs, and reflections quickly become negligible 
with decreasing reflector size, even though they are 
much more frequency-dependent than larger sized re-
flectors. 
The corner reflectors so effective in radar work would, 

of course, be of little interest here because of the spars-
ity of structures simulating them, and because they 
would cause "ghosts" only if placed on a line passing 
through the receiver and transmitter, and not located 
on the portion of the line between the two. 

SEPARATELY ORIENTABLE ARRAY 

One antenna type that can be used for countering the 
difficulty presented by the frequency dependence of the 
direction from which reflected telpvision signals ap-
proach the receiver is one made up of several separately 
orientable arrays; one for each station in a particular 
locality. The various array outputs are fed into a filter 
unit which selects the desired array for a particular 
channel. 
The antenna of Fig. 4 is made up of 7 four-element 

parasitic arrays. As the maximum number of stations 
presently to be located in any one service area is seven, 
nd since in no area will two stations occupy adjacent 
channels, the arrays of Fig. 5 each cover two adjacent 

3 P. J. Rubenstein, Research Laboratory of Electronics, MIT, 
Report 42; April 3, 1943. 
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channels, except for the low-frequency array for each 
band which cover only one channel each. Fig. 5 shows a 
picture of the filter box used with the array. The box is 

Fig. 4—An individually orientable antenna. 

Fig. 5—A filter unit with cover removed. 

designed to fit around the antenna mast so as to mini-
mize the necessary lengths, for economic reasons, of the 
seven 92-ohm coaxial cables leading into the box. A 
single 300-ohm twin lead carries energy from the box to 
the receiver. The box contains seven doubly tuned 
filters, one of which is shown removed in the figure. The 
circuit of the filter unit is shown in Fig. 6. The filter 
unit serves to pass energy from a particular array to the 
main transmission line only at the desired frequencies 
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of operation of the array, and to transform the 92-ohm 
impedance of each array up to the 300 ohms of the 
main transmission line. 

TWIN LEAD 
TO RECEIVER 

Fig. 6—Circuit of a filter unit. 

Fig. 7 shows radiation patterns of the complete an-
tenna with filter box when the arrays corresponding to 
the two filters in operation are oriented 90 degrees apart. 
These patterns were taken for two adjacent channels 
and at a frequency midway between the channels. The 
gain of the antenna is the 8 db of each array, minus 
the losses in the filter box at any particular frequency. 
The coaxial cable feeding the folded dipole of each 

array passes through a hole in the center portion of the 
grounded part of the folded dipole and is run inside the 

tube of the dipole, so that the braid can be fastened to 
one of the dipole terminals and the central conductor 
of the cable to the other dipole terminal without un-
balancing the normally balanced folded dipole. The 
seven arrays of the antenna show negligible mutual ef-
fects when two adjacent arrays are separated by a 
quarter wavelength at the frequency of the longer ar-
ray. 

Fig. 7 --Reception patterns of a 
complete antenna. 

CONCLUSIONS 

If the frequency dependence of reflected signal direc-
tions were reduced, the television receiving antenna 
problem would be considerably simplified. One possible 
solution to the problem would be to place all television 
transmitting antennas of a given service area on the 
same structure. Other possible solutions would be, of 
course, the development of improved receiving an-
tennas, or improved "ghost" suppressors, such as of the 
delay line type, or the adoption of circularly polarized 
transmitting and receiving antennas. 

Regenerative Amplifiers* 
Y. P. \lit, Assoc'  IRE 

Summary—This paper describes the principles and applications 
of regenerative amplifiers, which may be used, for example, to mark 
the instant when two voltages become equal. A peak voltmeter cir-
cuit based upon the switching properties of a regenerative amplifier 
is introduced to minimize the error encountered in measuring low 
duty-cycle pulses. The use of a regenerative amplifier in forming a 
pulse-width descriminator circuit is also described. 

INTRODUCTION 

. 1 Yi  NoluPtpLuOtYvIoNltaGgea ol ar ragne aainnipolui fin et roc!' rne gi; ce. n me r adt i one , the  

  change abruptly from one constant value to an-
other when the input voltage is raised to a critical value, 

• Decimal classification: R363.23. Original manuscript received 
by the Institute July 19, 1948; revised manuscript received, Novem-
ber 8, 1948. 
t North Dakota State College, Fargo, N. Dak. 

and to change back to its original value when the input 
is reduced to another critical value. A regenerative am-

plifier may be considered as a variant of the familiar 
Eccles-Jordan trigger circuit, with the difference that 
in the latter circuit only one switching process occurs 
during a single input pulse and the output voltage does 
not return to its original value until the arrival of the 
next puls(1. In the regenerative amplifiers to be de-
scribed two switching processes occur during a single 
input pulse, and the output voltage returns to its origi-
nal value at the end of each input pulse. 
Fig. 1 shows a typical regenerative amplifier circuit. 

The purpose of cathode follower T3 is to remove the 

loading effect on the plate circuit of T2 due to the screen 
current of 7.1. Circuit constants of regenerative ampli-
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tiers may be determined by using Kirchhoff's law. With 
the calculated values listed in Fig. 1, the circuit will 
trigger on with E„,„5= 100, and trigger off with &but = 50, 
for a difference in input voltage of one-half volt. 

90K  22K 

30.a 

8 OOK  T2 
65N7 

112 
2 51,4 

6U 

130..1 

T3 

6J5 30K 

• 
ISO 

40 

Fig. 1—A typical regenerative amplifier circuit. At the time of 
switching, C1 and C2 act as coupling capacitors. 

SPECIAL CIRCUITS 

A variant of the circuit of Fig. 1 is shown in Fig. 2. 
This circuit can be adjusted to trigger on or off for the 
same critical value of input voltage, depending upon 

INPUT 

OUT 

14 

Fig. 2—Regenerative amplifier which can be adjusted to switch 
on and off at the same critical value of input voltage. 

whether the input voltage is increasing or decreasing, 
respectively. Because positive feedback is introduced 
by the cathode resistor RI, plate current can flow in only 
one tube at a time, and can be caused to transfer 
abruptly from one tube to the other by varying the in-
put voltage. When the input voltage is zero or small, T1 
is cut off, and T2 conducts. When the input voltage 
reaches a certain value, say Ec, the plate current of T1 
starts to flow, a switching process takes place and the 
late current transfers from T2 to T1. Because the volt-
age across C cannot change instantly, the voltage on the 
screen of T1 remains constant during the switching proc-
ess. After the switching process, T1 conducts, capacitor 

C discharges, and the screen voltage of Ti reduces. The 
amount of reduction is governed by the magnitude of 
voltage E1 because at the instant the grid of T4 reaches 
E1, diode T3 conducts and further discharge of C is 
thereby stopped. This reduction lowers the operating 

path of Th i.e., causes T1 to operate along a lower trans-
fer characteristic. Thus the second switching process 
can be arranged to occur as soon as input voltage is re-
duced to E, again (or even above E,\, by adjusting the 
magnitude of El. After the second switching process, T1 
is cut off and C charges back to its original value. The 
circuit is then ready to repeat the cycle when the input 
voltage reaches the same critical value. The choice of 
time constant R2C is governed by the characteristics of 
the input voltage, such as repetition frequency, rise, and 

decay times. 
A somewhat different form of regenerative amplifier 

is shown in Fig. 3. This circuit generates a sharp positive 

Fig. 3—In conjunction with a diode, a regenerative amplifier may 
be used to mark the instant when two voltages are equal. 

pulse as soon as the unknown voltage equals the refer-
ence voltage. Either thermionic diodes or germanium 
crystals can be used for T1 of this circuit, or for T1 and 
T2 of the circuit of Fig. 4. When the circuit is in its 

Fig. 4—Alternative method of using a regenerative amplifier for 
marking the instant when two voltages become equal. 

quiescent condition, the unknown voltage is higher than 
the reference voltage, and diode T1 conducts. Thus the 
impedance between the grid of T2 and ground is very 
small (approximately equal to the plate resistance of T1 
plus the internal impedance of the reference voltage 
source). The amount of regeneration is therefore very 
small and no oscillation can be expected. As soon as T1 
is cut off, the amount of regeneration greatly increases, 
and the grid voltage of T2 reduces. Thus a switching 
process similar to that of other regenerative amplifiers 
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takes place, and ends with 7'2 cut off and Ts carrying 
maximum current. Since the grid-leak resistor R1 is re-
turned to 250 volts, the grid voltage of T2 increases ex-
ponentially toward 250 volts as C1 discharges. When the 
cutoff point is reached, the plate current of T2 begins to 
flow, a second switching process occurs, and the circuit 
returns to its normal condition. The sharpness of output 
pulse depends on the time constant RiCI. 
The circuit of Fig. 4 generates a sharp negative pulse 

as soon as the unknown voltage equals the reference 
voltage. At this instant, diode 7'2 conducts, and the 
amount of regeneration is hereby greatly increased. 
Therefore, cumulative processes will take place. The 
purpose of•cliode T1 is to prevent Cs from discharging 
through the unknown voltage source. The coupling 
transformer should provide a phase shift of 180 degrees. 
If the duration of the pulse is to be determined by the 
time constant RICI, the mutual inductance of the cou-
pling transformer must be large enough to support the 
pulse without material decay. 

PEAK VOLTMETER CIRCUITS 

Regenerative amplifiers are well adapted to the meas-
urement of the peak amplitude of voltage pulses. A peak 
voltmeter circuit, based upon the switching properties 
of a regenerative amplifier, is shown in block form in Fig. 
5. Before the application of an input pulse, triode T is 

INPUT 
REGENERATIVE 

AMPLIFIER 

mEmORy 

C =-- CONOENSER 

—H O T' 

B -SUPPLY 

CAT1400€ 

FOLLOWER 

'.1,F_GA1IVE  FEEDBACK 

Fig. 5—Block diagram of a peak voltmeter circuit. 

cut off, and the potential across C is zero. The regenera-
tive amplifier is triggered by the leading ledge of the 
input pulse, and produces a positive voltage to drive 
the grid voltage of T to zero, or slightly positive. Then 
the memory capacitor C charges. The voltage across C 
is coupled through the cathode-follower to the indicat-
ing device which consists of a dc milliameter and a re-
sistor in series. The input resistance of the cathode-fol-
lower is made very high in order to prolong the hold-on 
time of the memory capacitor C. The voltage on the 
indicating device is fed back negatively to the input ter-
minal of the regenerative amplifier for the purpose of 
reducing the potential developed by the input pulse. 
Therefore the regenerative amplifier will trigger off as 
soon as the voltage on the indicating device equals the 
amplitude of the input pulse. This in turn cuts off the 
plate current of T and blocks C from further charging. 
Once triggered off, the regenerative amplifier remains so 
until the input voltage rises above the voltage on the in-
dicating meter. 

The principal advantages of peak voltmeters of this 
type are: (1) Errors encountered in measuring pulses of 
low repetition frequency and short duration are greatly 
reduced. This results because the use of the B-supply 
instead of the measured pulse or the output of an am-
plifier to charge the memory capacitor greatly shortens 
the charging time, and makes it possible to prolong the 
hold-on time by increasing the capacity of the memory 
capacitor. Furthermore, this meter employs a regenera-
tive amplifier to trigger the charging current, thus Put--

mitting the final voltage of the memory capacitor to 
reach a value equal to the peak amplitude of the input 
pulse. (2) The meter reading is practically independent 
of circuit constants and operating voltages because the 
instrument is based on a comparison principle. 
The circuit diagram of a practical instrument of this 

type is shown in Fig. 6. T1, T2, and T3 are connected as a 

IN 

Fig. 6—Practical wiring diagram of the peak voltmeter of Fig. 5. 

regenerative amplifier similar to that of Fig. 1. The func-
tion of T4 is identical to that of triode T of Fig. 5. The 
negative bias voltages of T1 to T3 are all supplied by gas 
diode Tg. C functions as the memory capacitor. Ts serves 
as a cathode-follower with output meter Al and R5 in 
series as its load. To minimize the leakage due to the 
grid current of Tb, resistor R2 should be so dimensioned 
that T5 operates just at its "floating-grid" potential, at 
which the positive grid current becomes equal to the 
negative (positive-ion) grid current. Switch S is used 
for reset, and potentiometer R4 is the zero panel con-
trol. Before applying a signal to the input, potentiom-
eter R1 is adjusted so that T1 operates just at the critical 
point of cutoff, a milliameter may be connected in se-
ries with the cathode of T1 as an indicator for this ad-
justment. The regenerative amplifier is triggered by the 
application of a positive input pulse, and then T4 con-
ducts because the plate current of T2 suddenly falls to 
zero. This in turn causes memory capacitor C to charge 
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And develops a negative voltage across meter M and 
R6. While this instrument is designed for measuring 
positive pulses, in conjunction with a phase inverter, it 
may also be used to measure negative pulses. 

PULSE-WIDTH DISCRIMINATOR 

The name applied to circuits whose output is propor-
tional to the width of the input pulse is pulse-width 
discriminator. A regenerative amplifier may be used to 
augment the special circuit to be described to form a 
pulse-width discriminator. In Fig. 7, the input to the 

Fig. 7—Pulse-width discriminator circuit. 

grids of T1 and T2 is taken from the plate of the nor-
mally off tube of the regenerative amplifier, which is 
adjusted to trigger on and off when the input voltage 
reaches levels a and b respectively. Thus, the regenera-
tive amplifier acts as a pulse-slicer. When the circuit is 
in its quiescent condition, the grid-to-cathode potential 
of both T1 and T2 is zero, and T6 (a sharp cutoff triode) 
is operating just at the critical point of cutoff. T1 and T2 
are chosen to be identical in characteristics, and R3 is 
made equal to R4. Thus ect and e2, t he potentials across 
capacitors CI and C2 respectively, are equal to Eo (see 
Fig. 8). The application of an input pulse drives the 

E 

E2 E2 

E2 

;rid volthge of Ti an6 T2 

ect , voltage across Ct 

ecr  volt ge acroa  C2 

output volt,ge 

Fig. 8—Wave forms at various points of the circuit of Fig. 7. 

grids of T1 and T2 far below cutoff. Therefore C1 (with 
initial voltage Eo) charges, eel rises exponentially to-

ward a final value of Ebb with a time constant of R4CI. 

We have 

Ebb = (Ebb — E0) [1 — e-811 4c1]  E0. 

C2 (with initial voltage Eo) also charges, but e2 rises 
with a different time constant, namely, (R3-FR5)C2, as-
suming the plate resistance of diode 7' equal to zero. We 
can write 

E2 =  (Ebb —  Et)) [1 — e-111(nefie6)C2]. 

After the pulse, T1 and T2 again conduct. CI (with initial 
voltage E11) discharges, ed falls exponentially toward a 
final value of Eo with a time constant equal to 
Cirp2R4/(rp2-ER4), where ri,2 is the plate resistance of 
T2. But C2 cannot discharge until eci reaches the value 
L12, at which the potential across C1 and C2 are equal. 
Since /1-12 is the amount of time required for C1 to dis-
charge from En to (E0-FE2), we can find 

Cikirp2  
12 — 11. = ,  [In (1 — e-hae4ci) 

A4 1- rP2 

— In (1 — e- (R3-1-Rdc2) 

After time t2, both CI and C2 discharge through triode 
T2. If the plate resistance of diode 2"4 is very small, the 
potentials across both capacitors are approximately 
equal and decrease exponentially toward Eo with a time 
constant equal to (Ci-f-C2)r,2R4/(rp2-FR4). During the 
pulse, from to to ti, triode T6 conducts and capacitor C3 
charges because the grid of T6 rises with ea. After the 
time 12, triode T6 is cut off and capacitor C3 does not 
discharge. During the next cycle, T6 will not conduct 
unless the width of the input pulse increases or the volt-
age across C3 drops below that at the end of the previous 
cycle. The time between ti and 12 serves to insure that 
the output voltage increases by an amount equal to E2. 
Therefore (12-10) must be long enough to allow C3 to 
charge up to a voltage equal to E2. When the circuit of 
Fig. 7 is required to follow a series of pulsed signals of 
decreasing width, a proper resistance must be used to 
shunt capacitor Cb. In general the time constant of Cs 
and its shunting resistance should be small enough to 
allow the output voltage to follow the decreasing of the 
input pulse width, and at the same time must be large 
enough to permit C3 to hold most of its charge between 
pulses. 
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Design of Dissipative Band-Pass Filters Producing 

Desired Exact Amplitude-Frequency 
Characteristics* 

MILTON DISHALL SENIOR NI I !ABER, IRE 

Summary—The purpose of this paper is to present a basic 
method of obtaining the exact required values for all circuit con-
stants in a band-pass network using n finite-Q resonant citcuits to 
obtain either of two types of exact amplitude responses; the so-
called critical shape-coupled, Butterworth, or transitional type of 
response, and the so-called over-coupled or Chebishevi type of re-
sponse. 
The equation giving the gain obtained with the desired response 

shape is derived. Equations for the exact phase characteristics asso-
ciated with the above exact amplitude characteristics are also given. 
Some comments are made concerning a somewhat similar 

method of design, which makes use of the so-called "poles" of the 
network. 
Design sheets are presented giving the necessary equations for 

single-, double-, triple-, and stagger-tuned networks to produce 
either of the above two amplitude-response shapes. 

1. SYMBOLS 

n =total number of resonant circuits in networks of 
Figs. 3 and 4. 

N= total number of cascaded networks between which 
there is no coupling, e.g., separated by vacuum tubes. 

17=complex voltage output at any frequency. 
V= magnitude of the voltage output at any frequency. 
(See Fig. 7.) 

V„ = magnitude of the voltage output at the frequency 
of peak response. (See Fig. 7.) 

Vp= magnitude of the voltage. output at that point on 
the response curve that the designer defines as the 
edge of the pass band. For response-shape C, this 
voltage output is identical with the response at the 
valleys of the response inside the pass band. (See 
Fig. 7.) 

Af= frequency bandwidth between response points 
whose voltage output is V. (See Fig. 7.) 

Af„=frequency bandwidth between the peaks of re-
sponse-shape C at the voltage output of 17„. (See 
Fig. 7.) 
f3= frequency bandwidth between the response points 
whose voltage output is Vp, i.e., the frequency band-
width between the edges of the defined pass-band 
width. (See Fig. 7.) 

f,)=-resonant frequency of each resonant circuit. See 
Section 3.2. fo is also the geometric mean frequency 

* Decimal classification: R143.2. Original manuscript received by 
the Institute, May 11, 1948; revised manuscript received, March 
25, 1949. Presented, 1948 IRE National Convention, New York, 
N. Y., March 22, 1948, under the title, "Application of Tschebyscheff 
polynomials to the exact design of band-pass filters." 
t Federal Telecommunication Laboratories, Inc., Nutley, N. J. 
I1,This name is spelled variously in English, commonly as "Tcheby-

scheff." 

(1112)1/2 between two frequencies fi and 
same voltage response. 

coo = resonant radian frequency =22rfo 
F= total percentage band widt h bet ween (WI) frequencies 
F=U/fo —fo/f1=q2 —fil/fo, where fo=(fif2) 112 . 

Fp= percentage bandwidth between peaks of response-
s. h a pe C( = Af,,/fo 

lip= percentage bandwidth between edges of the de-
fined pass-band width I= (f02 —fin)/(f82f00"21• 

1= total decrement of a resonant circuit. See Figs. 3 
and 4. 

G„ =total conductance across nth resonant circuit of 

12 having the 

1 (  1  1  node network  =  --+  + 
R„  (2LX  

Sec 

Fig. 4(a). 

R„=total resistance in series with nth resonant circuit 

of mesh network See 

Fig. 4(b). 
Q= inverse of the total reso nan t-circu it decrement.  

K =resultant coefficient of coupling between resonant 
circuits. (See Figs. 3 and 4, and Sections 3.1.2 and 
3.2.2. 

I= magnitude of the equivalent constant-current gen-
erator that drives the net work of Fig. 3. For  a pento de 

generator I=g„,V,. For a "transformed" low-resist-
ance generator, see Fig. 6. 

C„ =total resonated capacitance in.the nth resonant cir-
cuit. 

L,,=total resonated inductance in I Itc nth resonant cir-
cuit. 

= general symbol for a coefficient of some power of 
(jF) in the complex polynomial form of the circuit-
response equations. The subscript of the I is identical 
with the power of (jF) for which I: is the coefficient. 
(See Section 6.2 and (2).) 

pb,Ure =general symbol for a coefficient in that com-
plex polynomial that produces the desired response-
shape 13 and C, respectively. The subscript is identi-
cal with the power of (jF) for which U is the coeffi-
cient. 

A„, B,„ C,„ etc. =specific coefficient of that (jF) whose 
power is p, in that specific complex polynomial for a 
network that has as many resonant circuits as the 

numerical position of the letter in the alphabet, e.g., 
C2 would be the coefficient of (jF)2 in the polynomial 
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for a triple-tuned network. (See Design Equations— 

Group 1.) 
1,1„6, Bp'; As', B9'; etc. =same as above, except applied 
) to that specific polynomial that produces response-
shapes B and C, respectively. (See Design Equations 

- —Groups 2 and 4.) 
Ani min = Minimum value of the magnitude of the com-
plex polynomial for an n-resonant-circuit network. 

(See (3).) 
nbi mini I nc I min =same as above, except for the com-
plex polynomial for shapes B and C, respectively. 

magnitudes of the real and imaginary parts, 
respectively, of the general expression for the complex 
roots of the equation giving response-shape B. These 
roots always occur in conjugate pairs and m is the 
pair number. (See Section 7.1 and (6).) 
i,,,e= same as above for response-shape C. (See 

(26).) 
phase angle, at the percentage bandwidth F, of 

the response shape (V,/ I7), i.e., the 0 in (V,/ V) <0, 
for amplitude-response-shapes B and C respectively, 
for an n-resonant-circuit network. (See (10).) 

T„(F/ Fs)= general Chebishevi polynomial in terms of 
the variable (Af/Afs) of highest power n. (See (17), 

(18), and (19).) 
s,„ c„= defined by (26). 
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At 3db 
Fig. 1—Selectivity characteristic of 5 cascaded stages, each stage 
containing a correctly resonated n-resonant-circuit network hav-
ing a proper Q distribution and being critical-shape-coupled. 
When Jo and Ai- are given, the two frequencies between which Af 
occurs are fi2 = [102+ (w/2)90+ (f/2). When fl and 12 are given, 
then fo= (1112)212. The number of tuned circuits per stage n is 
Unhealed on each curve. See (4) and (4a). 

2. INTRODUCTION 

ASTHE NEED increases for more and more chan-

nels in a given frequency band and as the voltage 
ratios between desired and undesired signals con-

tinue to increase, there will also be an increasing need for 
design information for band-pass filter networks that is 
more exact than that supplied by classical filter theory. 
It is well known that when a continuously increasing 

attenuation is required outside of a given pass band, a 
straightforward method of producing a very high rate of 
increase in attenuation is to use a large number of cor-
rectly coupled and correctly damped resonant circuits. 
For many designers, a further very important prac-

tical requirement arises at this point. For the exact de-
sign to be of practical value, no lossless elements (no 
infinite Q's) should be required. For multiple-resonant-
circuit filters, this last requirement has apparently not 
received much attention. In general, it has been stated 
that any dissipation in the reactive elements of a filter 
degrades its performance at the edges of the pass band. 
With correctly designed networks, this last statement is 
not true. With correct circuit element values using finite 
Q's, the amplitude response can be made identical to 
that obtained with infinite-Q elements. 
To show the increase in sharpness of cutoff as the 

number of resonant circuits is increased, the graphs of 
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Fig. 2—Selectivity characteristic of 5 cascaded stages, each stage 
containing a correctly resonated n-resonant-circuit-network hav-
ing a proper Q distribution and overcoupled for a 1-db peak-to-
valley ratio. When Jo and gare given, the two frequencies between 
which at. occurs are 112=.[102+(t*.172)91/2+ 0. 0)•  When 11 and fo 
are given, then Jo= (1if2)212. The number of tuned circuits per 
stage n is indicated on each curve. See (14) and (15). 

1 
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takes place, and ends with 72 cut off and T3 carrying 
maximum current. Since the grid-leak resistor R1 is re-
turned to 250 volts, the grid voltage of T3 increases ex-
ponentially toward 250 volts as C1 discharges. When the 
cutoff point is reached, the plate current of T2 begins to 
flow, a second switching process occurs, and the circuit 
returns to its normal condition. The sharpness of output 
pulse depends on the time constant RIC'. 
The circuit of Fig. 4 generates a sharp negative pulse 

as soon as the unknown voltage equals the reference 
voltage. At this instant, diode T2 conducts, and the 
amount of regeneration is hereby greatly increased. 
Therefore, cumulative processes will take place. The 
purpose of diode T1 is to prevent C3 from discharging 
through the unknown voltage source. The coupling 
transformer should provide a phase shift of 180 degrees. 
If the duration of the pulse is to be determined by the 
time constant RICI, the mutual inductance of the cou-
pling transformer must be large enough to support the 
pulse without material decay. 

PEAK VOLTMETER CIRCUITS 

Regenerative amplifiers are well adapted to the meas-
urement of the peak amplitude of voltage pulses. A peak 
voltmeter circuit, based upon the switching properties 
of a regenerative amplifier, is shown in block form in Fig. 
5. Before the application of an input pulse, triode T 

AF-GATIVE FEEDBACK 

Fig. 5—Block diagram of a peak voltmeter circuit. 

cut off, and the potential across C is zero. The regenera-
tive amplifier is triggered by the leading ledge of the 
input pulse, and produces a positive voltage to drive 
the grid voltage of T to zero, or slightly positive. Then 
the memory capacitor C charges. The voltage across C 
is coupled through the cathode-follower to the indicat-
ing device which consists of a dc milliameter and a re-
sistor in series. The input resistance of the cathode-fol-
lower is made very high in order to prolong the hold-on 
time of the memory capacitor C. The voltage on the 
indicating device is fed back negatively to the input ter-
minal of the regenerative amplifier for the purpose of 
reducing the potential developed by the input pulse. 
Therefore the regenerative amplifier will trigger off as 
soon as the voltage on the indicating device equals the 
amplitude of the input pulse. This in turn cuts off the 
plate current of T and blocks C from further charging. 
Once triggered off, the regenerative amplifier remains so 
until the input voltage rises above the voltage on the in-
dicating meter. 

The principal advantages of peak voltmeters of this 
type are: (1) Errors encountered in measuring pulses of 
low repetition frequency and short duration are greatly 
reduced. This results because the use of the B-supply 
instead of the measured pulse or the (Jut put of an am-
plifier to charge the memory capacit or greatly shortens 
the charging time, and makes it possible to prolong the 
hold-on time by increasing the capacity of the memory 
capacitor. Furthermore, this meter employs a regenera-
tive amplifier to trigger the charging current, thus per-
mitting the final voltage of the memory capacitor to 
reach a value equal to the peak amplitude of the input 
pulse. (2) The meter reading is practically independent 
of circuit constants and operating voltages because the 
instrument is based on a comparison principle. 
The circuit diagram of a practical instrument of this 

t ype is shown in Fig. 6. T1, T2, and T3 are connected as a 

•   FEEDBACK 
B-

B, 

Fig. 6—Practical wiring diagram of the peak voltmeter of Fig. 5. 

regenerative amplifier similar to that of Fig. 1. The func-
tion of 7.4 is identical to that of triode T of Fig. 5. The 
negative bias voltages of T1 to T3 are all supplied by gas 
diode 7'8. C functions as the memory capacitor. T6 serves 
as a cathode-follower with output meter M and R6 in 
series as its load. To minimize the leakage due to the 
grid current of T6, resistor R2 should be so dimensioned 
that T5 operates just at its "floating-grid" potential, at 
which the positive grid current becomes equal to the 
negative (positive-ion) grid current. Switch S is used 
for reset, and potentiometer R4 is the zero panel con-
trol. Befor applying a signal to the input, potentiom-
eter R1 is adjusted so that T1 operates just at the critical 
point of cutoff, a milliameter may be connected in se-
ries with the cathode of T1 as an indicator for this ad-
justment. The regenerative amplifier is triggered by the 
application of a positive input pulse, and then T. con-
ducts because the plate current of T2 suddenly falls to 
zero. This in turn causes memory capacitor C to charge 

1 September 
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and develops a negative voltage across meter M and 
R6. While this instrument is designed for measuring 
positive pulses, in conjunction with a phase inverter, it 
may also be used to measure negative pulses. 

PULSE-WIDTH DISCRIMINATOR 

The name applied to circuits whose output is propor-
tional to the width of the input pulse is pulse-width 
discriminator. A regenerative amplifier may be used to 
augment the special circuit to be described to form a 
pulse-width discriminator. In Fig. 7, the input to the 

INPUT 

Fig. 7—Pulse-width discriminator circuit. 

grids of T1 and T2 is taken from the plate of the nor-
mally off tube of the regenerative amplifier, which is 
adjusted to trigger-on and off when the input voltage 
reaches levels a and b respectively. Thus, the regenera-
tive amplifier acts as a pulse-slicer. When the circuit is 
in its quiescent condition, the grid-to-cathode potential 
of both T1 and 7'2 is zero, and T5 (a sharp cutoff triode) 
is operating just at the critical point of cutoff. T1 and T2 
are chosen to be identical in characteristics, and R3 is 
made equal to R4. Thus e1 and e2, t he potentials across 
capacitors CI and C2 respectively, are equal to Eo (see 
Fig. 8). The application of an input pulse drives the 

E2 E2 

i 

E2 

grid voltage of Ti and T2 

ec, , voltace across Cl 

ec2,volt,ue acros.; C2 

Output VOlt,ge 

Fig. 8—Wave forms at various points of the circuit of Fig. 7. 

grids of T1 and T2 far below cutoff. Therefore C1 (with 
initial voltage Eo) charges, eci rises exponentially to-

ward a final value of E bb with a time constant of RaCi. 

We have 

= (Ebb — E0) [1 — e-I1114c1]  E0. 

C2 (with initial voltage Eo) also charges, but e2 rises 
with a different time constant, namely, (R3-I-R5)C2, as-
suming the plate resistance of diode T3 equal to zero. We 
can write 

E2 = (Ebb — E0) [1 — e-g,i(n3A-n.)C2j. 

After the pulse, T1 and T2 again conduct. C1 (with initial 
voltage En) discharges, eci falls exponentially toward a 
final value of Eo with a time constant equal to 
Cirp2R4/(rp2d-R4), where rp2 is the plate resistance of 
T2. But C2 cannot discharge until eci reaches the value 
E12, at which the potential across C1 and C2 are equal. 
Since t1-12 is the amount of time required for C1 to dis-
charge from Ell to (Eo +E2), we can find 

12  11 — 
CI R4rP2 

R4 + rP2 
[ln (1 — e-ti/R4c1) 

— In (1 _ 

After time 12, both C1 and C2 discharge through triode 
T2. If the plate resistance of diode 7'4 is very small, the 
potentials across both capacitors are approximately 
equal and decrease exponentially toward Eo with a time 
constant equal to (CI+ C2)rp2R4/(ro-FR4). During the 
pulse, from to to t1, triode T5 conducts and capacitor C3 
charges because the grid of T5 rises with e2. After the 
time 12, triode T6 is cut off and capacitor C3 does not 
discharge. During the next cycle, T5 Will not conduct 
unless the width of the input pulse increases or the volt-
age across C3 drops below that at the end of the previous 
cycle. The time between ti and 12 serves to insure that 
the output voltage increases by an amount equal to E2. 
Therefore (12—to) must be long enough to allow C3 to 
charge up to a voltage equal to E2. When the circuit of 
Fig. 7 is required to follow a series of pulsed signals of 
decreasing width, a proper resistance must be used to 
shunt capacitor C3. In general the time constant of Ca 
and its shunting resistance should be small enough to 
allow the output voltage to follow the decreasing of the 
input pulse width, and at the same time must be large 
enough to permit C3 to hold most of its charge between 
pulses. 
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Design of Dissipative Band-Pass Filters Producing 
Desired Exact Amplitude-Frequency 

Characteristics* 
MILTON DISHALL SENIOR MEMBER, IRE 

Summary—The purpose of this paper is to present a basic 
method of obtaining the exact required values for all circuit con-
stants in a band-pass network using n finite-Q resonant citcuits to 
obtain either of two types of exact amplitude responses; the so-
called critical shape-coupled, Butterworth, or transitional type of 
response, and the so-called over-coupled or Chebishevl type of re-
sponse. 
The equation giving the gain obtained with the desired response 

shape is derived. Equations for the exact phase characteristics asso-
ciated with the above exact amplitude characteristics are also given. 
Some comments are made concerning a somewhat similar 

method of design, which makes use of the so-called "poles" of the 
network. 
Design sheets are presented giving the necessary equations for 

single-, double-, triple-, and stagger-tuned networks to produce 
either of the above two amplitude-response shapes. 

1. SYMBOLS 

n =total number of resonant circuits in networks of 
Figs. 3 and 4. 

N= total number of cascaded networks between which 
there is no coupling, e.g., separated by vacuum tubes. 

V=complex voltage output at any frequency. 
V= magnitude of the voltage output at any frequency. 
(See Fig. 7.) 

Vp = magnitude of the voltage output at the frequency 
of peak response. (See Fig. 7.) 

Vs= magnitude of the voltage. output at that point on 
the response curve that the designer defines as the 
edge of the pass band. For response-shape C, this 
voltage output is identical with the response at the 
valleys of the response inside the pass band. (See 
Fig. 7.) 

Af= frequency bandwidth between response points 
whose voltage output is V. (See Fig. 7.) 

Af„=frequency bandwidth between the peaks of re-
sponse-shape C at the voltage output of V. (See 
Fig. 7.) 

Afs= frequency bandwidth between the response points 
whose voltage output is Vo, i.e., the frequency band-
width between the edges of the defined pass-band 
width. (See Fig. 7.) 

b=resonant frequency of each resonant circuit. See 
Section 3.2. Jo is also the geometric mean frequency 

* Decimal classification: R143.2. Original manuscript received by 
the Institute, May 11, 1948; revised manuscript received, March 
25, 1949. Presented, 1948 IRE National Convention, New York, 
N. Y., March 22, 1948, under the title, "Application of Tschebyscheff 
polynomials to the exact design of band-pass filters." 
t Federal Telecommunication Laboratories, Inc., Nutley, N. J. 
',This name is spelled variously in English, commonly as "Tcheby-

scheff." 

( N2)1/2 between two frequencies J., and f2 having the 
same voltage response. 
= resonant radian frequency = 2rf0 

F= total percentage bandwidth bet WCC11 I w() frequencies 
F=Y/fo —fo/f)=(f2—fi),/fo, where fo= (fif2)"2. 

Fr= percentage bandwidth between peaks of response-
hape  = Afp/f0). 

Fo= percentage bandwidth between edges of the de-
fined pass-band width [ = (f02—fi1)/(f#2f,1)"21. 

d = total decrement of a resonant circuit. See Figs. 3 
and 4. 

G„ =total conductance across nth resonant circuit of 

1 (  1  1   node network  =  --f-  + 
R,,  QLX.I.,,  M oc.)• 

See 

Fig. 4(a). 

R„ =total resistance in series with nth resonant circuit 

V   
of mesh network ( = R„ -E   X "." .  See 

Fig. 4(b). 

Q= inverse of the total resonant-circuit decrement. 
K =resultant coefficient of coupling between resonant 
circuits. (See Figs. 3 and 4, and Sections 3.1.2 and 
3.2.2. 

I= magnitude of the equivalent constant-current gen-
erator that drives the network of Fig. 3. For a pentode 
generator I=g,„1 -Q. For a "transformed" low-resist-
ance generator, see Fig. 6. 

C. =total resonated capacitance ittthe nth resonant cir-
cuit. 

L.= total resonated inductance in the nth resonant cir-
cuit. 

U,,=general symbol for a coefficient of some power of 
(jF) in the complex polynomial form of the circuit-
response equations. The subscript of the /- is identical 
with the power of (jF) for which U is the coefficient. 
(See Section 6.2 and (2).) 

= general symbol for a coefficient in that com-
plex polynomial that produces the desired response-
shape Hand C, respectively. The subscript is identi-
cal with the power of (jF) for which U is the coeffi-
cient. 

A,„ B,„ C,,, etc. =specific coefficient of that (jF) whose 
power is p, in that specific complex polynomial for a 
network that has as many resonant circuits as the 

numerical position of the letter in the alphabet, e.g., 
C2 would be the coefficient of (jF)2 in the polynomial 
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• for a triple-tuned network. (See Design Equations— 

Group 1.) 
Bpi); Apr, B,,'; etc. =same as above, except applied 

to that specific polynomial that produces response-
shapes B and C, respectively. (See Design Equations 
—Groups 2 and 4.) 

t lAni min  = Minimum value of the magnitude of the com-
plex polynomial for an n-resonant-circuit network. 

(See (3).) 
I A nbl mind Ancl min =same as above, except for the com-
plex polynomial for shapes B and C, respectively. 

r„,b, jb magn itu des of the real and imaginary parts, 
respectively, of the general expression for the complex 
roots of the equation giving response-shape B. These 
roots always occur in conjugate pairs and m is the 
pair number. (See Section 7.1 and (6).) 

r„,e, i„,e= same as above for responie-shape C. (See 
(26).) 

onb,on, = phase angle, at the percentage bandwidth F, of 
—+ 

the response shape ( V,,/ V), i.e., the 0 in (V,,/ V)<0, 
for amplitude-response-shapes B and C respectively, 
for an n-resonant-circuit network. (See (10).) 

Tn(F/F0)=general Chebishevi polynomial in terms of 
the variable (f/4f) of highest power n. (See (17), 

(18), and (19).) 
s„, c„= defined by (26) 
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Fig. 1—Selectivity characteristic of 5 cascaded stages, each stage 
containing a correctly resonated n-resonant-circuit network hav-
ing a proper Q distribution and being critical-shape-coupled. 
When Jo and Af are given, the two frequencies between which Af 
occurs are 112 = 11021- ( W/2)210 - 1- 112). When f and f2 are given, 
then fa= (f42)1/2. The number of tuned circuits per stage n is 
indicated on each curve. See (4) and (4a). 

2. INTRODUCTION 

S THE NEED increases for more and more chan-
nels in a given frequency band and as the voltage 
ratios between desired and undesired signals con-

tinue to increase, there will also be an increasing need for 
design information for band-pass filter networks that is 
more exact than that supplied by classical filter theory. 
It is well known that when a continuously increasing 

attenuation is required outside of a given pass band, a 
straightforward method of producing a very high rate of 
increase in attenuation is to use a large number of cor-
rectly coupled and correctly damped resonant circuits. 
For many designers, a further very important prac-

tical requirement arises at this point. For the exact de-
sign to be of practical value, no lossless elements (no 
infinite Q's) should be required. For multiple-resonant-
circuit filters, this last requirement has apparently not 
received much attention. In general, it has been stated 
that any dissipation in the reactiye elements of a filter 
degrades its performance at the edges of the pass band. 
With correctly designed networks, this last statement is 
not true. With correct circuit element values using finite 
Q's, the amplitude response can be made identical to 
that obtained with infinite-Q elements. 
To show the increase in sharpness of cutoff as the 

number of resonant circuits is increased, the graphs of 
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Fig. 2—Selectivity characteristic of 5 cascaded stages, each stage 
containing a correctly resonated n-resonant-circuit-network hav-
ing a proper Q distribution and overcoupled for a 1-db peak-to-
valley ratio. When fa and Ware given, the two frequencies between 
which Af occurs are f =If + (A W)hJ"' (Aff2). When fl and 12 
are given, then fa= (fif2)0 . The number of tuned circuits per 
stage n is indicated on each curve. See (14) and (15). 
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Figs. 1 and 2 should be examined. For five cascaded 
stages, and a required adjacent-channel rejection of 100 
db, the use of three resonant circuits per stage having an 
allowable peak-to-valley ratio in the pass band of 1 db 
more than doubles the available number of channels 
over the use of two resonant circuits per stage with criti-
cal-shape-coupled characteristics. 
The major purpose of this paper is to present a 

method and some of the resulting equations for obtain-
ing the necessary n simultaneous equations that must be 
solved to determine the exact circuit constants required 
for band-pass circuits that use n finite-Q resonant cir-
cuits (n=1, 2, 3, 4, 5, etc.) to produce either one of two 
types of exact response shapes; the so-called critical 
shape-coupled (maximally flat or transitional-shape-
coupled) response, and the so-called overcoupled re-
sponse. 

Briefly the method proposed is as follows: 
A. Express the determinant of the exact circuit-re-

sponse equation in the form of a polynomial in j(Af/f0) 
of highest power n, with descending consecutive powers. 
B. Solve for the complex roots of the exact amplitude 

equation that describes the desired-response shape. 
C. Use these roots to place the desired-response equa-

tion in the complex polynomial form described in A. 
D. Equate the corresponding n coefficients.  , 

3. CIRCUITS AND CIRCUIT CONSTANTS 

3.1 Circuit Producing an Amplitude-Frequency Charac-
teristic Having Exact Geometric Symmetry 
Fig. 3 shows the basic unbalanced band-pass "ladder 

network." As in the well-known constant-K filter, the 

RESONANT 

FREQUENCY (..) 

L.C, 

LiC. . J.1. 

.1c 

COEFFICIENT 

OF COUPLING (K) 

DECREMENTS 

d . 

0   

9 f C..lf 

Fig. 3—The basic band-pass circuit that is analyzed and the circuit 
constants. The network may begin and/or end with either a scries 
or a parallel arm. This network produces a response-frequency 
characteristic having perfect geometric symmetry for any per-
centage band width (A _fi)/ovoin. 

reactance structure of the series and shunt arms are in-
verse arms. However, it should be noted that in this 
paper each resonant circuit is considered to be dissipa-
tive, each circuit having its own specific Q. When cor-
rectly designed, this circuit can produce for any percent-
age bandwidth an amplitude response exactly described 
by the Butterworth and Chebishev equations given in 

sections 7 and 8. This result can be accomplished using 
finite Q's in all resonant circuits. It is worth repeating 
that, when this circuit can be used, no small-percentage 
passband approximation is required. 
The chain may start and/or end with either a series 

or shunt arm. It should be realized that if the network 
starts with a series arm and a constant-current genera-
tor, e.g., pentode tube, drives the network, then the 
constant-current generator should be connected across 
the resistor that produces the required resonant-circuit 
decrement. Similarly, if the network ends in a series 
arm and output voltage is to be used, it must be ob-
tained across the resistor that produces the correct 
resonant circuit decrement. 
The circuit constants that exactly and conveniently 

describe the circuit of Fig. 3 are the resonant frequency 
fo of the series and shunt arms, the coefficient of coupling 
K between adjacent resonant circuits, and the decrement 
d of each resonant circuit. The definitions of these cir-
cuit constants are obtained from examination of the 
exact circuit response equations for a specific network 
in the form of Fig. 3 (using, for example, five resonant 
circuits). 

3.1.1 Resonant Frequency fo 
In the circuit of Fig. 3, all series and shunt arms are 

tuned to exactly the same resonant frequency, fo = 1/2r 
(LC)". This frequency will also be the geometric mean 
frequency (1112)1/2 between any two frequencies f1 and 12 
having the same amplitude response. 

3.1.2 Coefficients of Coupling 

It is found that the determinant of the network of 
Fig. 3 can be expanded into the form of a polynomial in 
descending consecntive powers of j[(f/f0) — (fo/f)]; the 
coefficients of these various powers are completely inde-
pendent of frequency and involve only the decrements 
of the resonant circuits and certain capacitance ratios. 
The capacitance appearing in the numerator of these 
ratios is always that of a series resonant circuit, and the 
denominator capacitance is always that of an adjacent 
shunt resonant circuit. In this paper, these capacitance 
ratios will be called coefficients of coupling (squared) 
because they define a required relation between adjacent 
resonant circuits, and also because they are exactly 
equivalent to the well-known coefficients of coupling in 
the small-percentage pass-band circuits of Figs. 4(a) and 
4(b). Thus, between any two adjacent resonant circuits, 
K= Ceerie8/ Cparallel. 

3.1.3 Resonant-Circuit Decrement 

As they-appear in the determinental equation, the 
resonant-circuit decrements d are the inverse of the well-
known resonant-circuit Q's. For any series arm, d=R,cooc., 
where R. is the resistance in series with that arm and 
C. is the resonated capacitance of the arm. For any 
shunt arm, d=1/RpcooC„, where R, is the resistance in 
parallel with that arm and C, is the resonated capaci-
tance of the arm. 



IFor high- and very-high-frequency band-pass circuits  
where shunt capacitance of the usual generators cannot 
ie neglected), it should be noted that if the circuit of 
rig. 3 is used only odd numbers of resonant circuits 
an be employed, i.e., the first and last resonant cir-
uits must be parallel arms. 
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4(b), this response null occurs exactly at fnuiil.fo 

= [Kc/(KL ±Km)]112. 

Since the circuit of Fig. 4(a) has n nodes (where n is 
the number of resonant circuits used) and is most simply 
analyzed by the use of node equations, it will be called 
the node network, and the n-mesh circuit of Fig. 4(b) 
will be called the mesh network. It should be realized 
that these networks are physically different (thus sup-
plying the designer with a variety of physical configura-
tions) but are electrically related, in that wherever 
G, C, L, I, and V appear in the determinantal equa-
tion for Fig. 4(a), then R, L, C, E, and I appear in 
the corresponding determinantal equation for Fig. 4(b) 

(principle of duality). 

Fig. 4(a)—Basic node network to be analyzed and the resonant-
circuit constants that are used. For small-percentage pass bands, 
this network is exactly equivalent to that of Fig. 3, when equal 
numbers of resonant circuits are used. 

3.2 Circuits Producing an Amplitude-Frequency Char-
acteristic Having Geometric Symmetry for Only a 

Small-Percentage. Bandwidth 
When the required pass band is small, the circuits of 

Figs. 4(a) and 4(b) are exactly equivalent to that of 
Fig. 3, and are usually more practical to build physically. 
When a small-percentage band pass is needed, the cir-
cuit of Fig. 3 is often not the most desirable. For in-
stance, the required values for the coefficients of coupl-
ing between adjacent resonant circuits [(a.rim), - / C parallel) 

for Fig. 3] are approximately equal to the percentage 
: bandwidth; thus we see that, for a 5 per cent bandwidth, 
: the resonating capacitance of a series arm would have 
to be approximately 5 per cent of that used in the ad-
jacent parallel branch; to satisfy the resonance require-
ment, the inductance in the series branch must be 
twenty times that in the adjacent shunt branch; a satis-
factory inductance of this size is often undesirable or 
impractical. 
Figs. 4(a) and 4(b) are not exactly equivalent to Fig. 

3 because the effective coefficients of coupling between 
adjacent resonant circuits, which appear in the de-
terminantal equations for the circuits of Figs. 4(a) and 
4(b), are functions of frequency; i.e., we find that for 
Fig. 4(a), e.g., K= Kc(flfo)—(KL±Km)(folf). If we 
make the approximation that KcZ(KL-F-Km) and filo 
a.- 1, then the above K varies negligibly with frequency, 
and for the same number of resonant circuits the deter-
minantal equations for Figs. 4(a), and 4(b) are identical. 
The above assumption automatically means that the re-

sponse null, which can be obtained with the circuits of Figs. 
r-
4(a) and 4(b), is placed far from the pass band. In the 
circuits of Fig. 4(a), this response null occurs exactly at 
fnui do= RK ± Kir)/Kclin. In the circuits of Fig. 
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Fig. 4(b)—Basic mesh network to be analyzed and the resonant-
circuit constants that describe it. For small-percentage pass 
bands, this network is exactly equivalent to that of Fig. 3, when 
equal numbers of resonant circuits are used. 

It may be noted that when we use only the first two 
nodes of Fig. 4(a) with mutual-inductive coupling be-
tween these nodes, the familiar intermediate-frequency 
transformer of the common broadcast receiver is ob-

tained. 
For a small-percentage band pass, the constants that 

best describe the above circuits are the coefficients of 
coupling K between resonant circuits, the resonant fre-
quency fo of the resonant circuits, the decrement d of 
the resonant circuits (inverse of the resonant-circuit Q). 
It may be helpful for the reader to realize that the 

definitions of the above circuit constants are obtained 
from the exact node equations for a node network and 
from the exact mesh equations for a mesh network. 
Thus, if the reader will write the exact node equations 
for a triple-tuned circuit, then by correct manipulation, 
the above constants will be recognized. These constants, 
as they appear in the exact node and mesh equations, 
will now be described briefly. 

3.2.1 Exact Resonant Frequency fo 
The resonant frequency fo of each node is that fre-

quency at which the susceptance of the total capacitance 
(including mutual) attached to the node equals the 
susceptance of the total inductance (including mutual) 
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attached to the node. Figs. 4(a) and 4(b) give this exact 
general resonance frequency. 
In line with this definition, it should be noted that a 

fundamental and practical method of experimentally 
"tuning up" the resonant circuit attached to any node 
is effectively to short-circuit the two nodes on either 
side of the node in question, and then tune this resonant 
circuit for maximum output. In practice, the effective 
short-circuiting can be done by completely detuning the 
two adjacent nodes, thus allowing some signal transfer 
through the filter so that an output indicator at the end 
of the filter chain can be used for all the nodes. Mesh 
networks can be tuned up by effectively open-circuiting 
the two meshs on either side of the mesh in question, 
and then tuning the desired mesh for maximum re-
sponse. 

3.2.2 Coefficient of Coupling 
The coefficient of any one type of coupling, C, L, or 

M, between any two nodes is the ratio of the susceptance 
of that type common to the two nodes in question to the 
geometric mean of the total susceptance of that type 
connected to each node. For the correct coefficient of 
coupling between any two meshes of Fig. 4(b), substitute 
in the above statement the word reactance for suscep-
tance and mesh for node. Figs. 4(a) and 4(b) give these 
coefficients. 2 
Either inductive, capacitive, or mutual-inductive 

coupling, or a combination of them, may be used be-
tween the adjacent resonant circuits. The resultant co-
efficient of coupling is K=[Kc(f/f0)]—(KL±Km)(fo/f) 
and in the analysis to be considered, the frequency at 
which this quantity equals zero must not occur within or 
near the pass band. 
It should be realized that it is not necessary to use the 

same type of coupling between all the nodes of the net-
work. 
The designer will find that there is less chance of 

making an error in designing the coefficient of coupling 
if the following procedure is used: first, decide whether 
to use a node or a mesh network; second, decide what 
type of coupling to use; third, if a node network is to be 
used design the network using the exact circuit configura-
tion of Fig. 3 or if a mesh network is to be used use the 
exact configuration of Fig. 4; fourth, after the above 
design is completed then the T, ir, or transformer 
equivalents of Fig. 5 can be used to obtain different cir-
cuit configurations that, depending on the specific 
1.roblem, may be desirable. 

3.2.3 Resonant-Circuit Decrement d =1/Q 
For node networks, the decrement d of the resonant 

circuit is the ratio of the resultant equivalent con-

2 It should be noted that when more than two resonant circuits 
are in the network, this definition of coefficient of coupling is different 
from that given in Section IX of reference 16 of the bibliography. 
The required triple-tuned-circuit K given in references 16 and 17 
must be divided by 1.414 to correspond to the K of this paper. The 
definition of coefficient of coupling given in this present paper 
leads to simpler numerical constants in the equations for the circuit 
response. 

ductance across the resonant circuit to the susceptance 
of the resonant frequency of either the total capacitance 
or total inductance. The term "equivalent" is used to 
indicate that any series resistance in the inductance or 
capacitance of the resonant circuit should be trans-
formed into its eq Uivalent shunt conductance and added 
to any actual shunt conductance present to obtain the 
total resonant-circuit conductance. Figs. 3 and 4 give 
the resonant-circuit decrement. Naturally any shunt 
conductance due to the generator and the load must be 
considered, when calculating the decrement of the input 
and output resonant circuits. 

3.2.4 Equivalent Generator 
With reference to the equivalent constant-current 

generator that drives the first node, there are in practice 
two situations to be considered. If a vacuum tube is 
attached directly to the input circuit, the equivalent 
generator is, of course, g,„ rkg. If a transforming circuit 

is used to couple the generator to the resonant circuit, 
then Fig. 6 gives the equivalent "reflected constant-
current generator" for use with the node circuits 
(equivalent constant-voltage generator for use with the 
mesh circuits) and the "reflected decrement" portion of 
the total resonant-circuit decrement that results when a 
resistive generator and/or load are "transformed" into 
the first and last resonant circuits of the network. The 
equivalents of Fig. 6 thus allow application of the fol-
lowing analysis to the important practical cases where 
the actual generator is not a pentode but is, for example, 
the much-used equivalent 50-ohm generator and the 
load is, for example, a low-input-resistance crystal 
mixer. For this example, one could use a transforming 
circuit as given in Fig. 6 to couple the untuned generator 
and untuned load to the first and last resonant circuits 
of the chain. 

When a certain response shape is to be produced, the 
function of the transforming circuit that couples a 
nonresonant generator and/or load to the first and/or 
last resonant circuit should be thought of in the follow-
ing manner: The transforming circuit is used in conjunc-
tion with the generator and/or load resistance to couple 
a certain amount of decrement to the resonant circuit 
to make the total resulting resonant-circuit decrement 
equal to that value required to produce the desired-
response shape. Note that one does not design the trans-
forming circuit to produce a certain desired equivalent 
constant-current (or constant-voltage) generator. 

The total resonant-circuit decrement is the sum of the 
above-considered "reflected decrement" and the "un-
loaded decrement" of the resonant circuit (which is the 
inverse of the unloaded Q of the resonant circuit). The 
inverse of the sum of these two decrements is then, of 
course, the resultant resonant-circuit Q. 

4. BASIC RESPONSE SHAPES 

When the resonant circuits are correctly tuned, there 
are three basic types of symmetrical hand-pass shapes 
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Fig. 5—Five different coupling methods and the transformer, T, and r equivalents. The use of these equivalents in the circuit of Fig. 
4 enables the designer to obtain the same electrical performance with a large number of physically different circuits. 

that can be used to give the same pass-band width. 
Shape A: This shape corresponds to that obtained with 

the well-known "undercoupled" condition for the familiar 
double-tuned circuit. It may be described as a shape hay-
ing a single maximum in the center of the pass band. It 
is not the squarest possible single maximum and the 
attenuation outside the pass band does not increase as 

rapidly as possible. 

Shape B: This shape corresponds to that obtained with 
the well-known "critical-shape coupled" condition for the 
familiar double-tuned circuit, and has also been called the 
"maximally flat" and the "transitional" shape. It may be 
described as the type having the squarest possible single 
maximum in the center of the pass band and its attenua-
tion outside the pass band increases as rapidly as pos-
sible while still maintaining a single-peaked response., 
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Fig. 6—Five methods of "transforming" a nonresonant generator and/or load into the first and/or last resonant circuit of the 
network, the equivalent constant-current (and constant-voltage) generator, and "reflected decrement." (See Section 3.) 

Shape C: This shape corresponds to that obtained with 
the well-known "overcoupled" condition for the familiar 
double-tuned band-pass circuit. This type of shape has n 
maxima of equal height and (n —1) minima of equal 
height inside the pass band, where n is the number of 
resonant circuits used. For a given allowable number of 
decibels down for the edges of the pass band, this shape 
gives the maximum possible rate of increase of attenua-
tion outside the pass band. 
An additional characteristic of response-shape C 

should be mentioned here: It will be found that no 
matter what the peak-to-valley ratio, there is a fixed 
ratio, dependent only on n, between the bandwidth 
across the outside peaks and the bandwidth of the skirts 
at that number of decibels down equal to the valley 
response. With response-shape C, the symbol /ifs de-

notes this particular skirt bandwidth at the response 
value Vo that is equal to the valley response 171. 
Shape CI: In many practical cases, the designer can 

allow, for example, 1-db dips inside the pass band, but 
would like to define the edges of the pass band as the 
3-db down points. This type of response shape is a simple 
modification of the basic shape-C response. For example, 
suppose four coupled resonant circuits are to be used 
with an allowable peak-to-valley ratio of 1 db; the ratio 
between Afidb and Af3di, is fixed by the above data and, 
if we know this ratio, we thus know that Ahab required 
to give the desired Af3db bandwidth. One then designs 
for the basic shape-C response (i.e., 1-db dips and the 
"pass-band edges" at 1 db down equal to the above-
found Afidb)• 

In this paper, only response-shapes B and C will be 
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Fig. 7—The three geometrically symmetrical amplitude-response shapes considered and the shape constants 
to be used. These shapes are physically symmetrical when plotted on a logarithmic frequency scale. 

considered. Fig. 7 gives the above described three re-
sponse shapes, and the shape constants that describe 
the responses, for the voltage produced across the last 
node, when the node network of Fig. 4(a) is driven by a 
constant-current generator, and for the current pro-
duced in the last mesh when the mesh network of Fig. 
4(b) is driven by a constant voltage generator. 

5. MATHEMATICAL PROCEDURE 

The analytical procedure to be used in this paper con-
sists of the following steps. 
Step A. Express the general circuit response in its 

simplest possible form. For the networks of Figs. 3, 4(a), 
and 4(b), this form is that in which the determinantal 
equation is expressed as a polynomial in descending 
powers of j[(ftfo)—(fo/f)]• 
Step B. Express the desired response equation in the 

same form as the general circuit-response equation. 
Step C. Equate the corresponding coefficients in the 

two equations. 
This will produce the necessary number of simul-

taneous equations. 

6. CIRCUIT RESPONSE EQUATIONS 

6.1 Polynomial Coefficients of Complex-Circuit-Response 
Equation 
Consider the design of the shape of the transfer im-

pedance of the networks of Figs. 3 and 4(a), i.e., the 
resulting output voltage when the networks are cor-
rectly driven by a constant-current generator; and for 
the shape of the transfer admittance of the networks of 
Figs. 3 and 4(b), i.e., the resulting output current when 
the networks are correctly driven by a constant-voltage 
generator. 
By the straightforward application of Kirchhoff's 

laws to any specific network in the form of Figs. 3 and 
4, we find that the above-described transfer admittance 
and transfer impedance can be exactly written as 

For all the node networks of Fig. 4(a) and for all the 
networks of Fig. 3 that begin and end with shunt arms, 
the numerator for (17out//vn) of (I.) is 

1 
(Numerator)„ =  KI2 K23 K34 

COO(C1C 0 112  

where the K's are defined in Figs. 3 and 4(a). 
For all the mesh networks of Fig. 4(b) and for all the 

networks of Fig. 3 that begin and end with series arms, 
the numerator for (Iout/Egen) of (1) is 

' • • K ,,_1>,,, (1a) 

1 
(Numerator)„ =  K12 K23 K34 • • • K(n—l)n, (lb) 

coo(LiL.)" 

where the K's are defined in Figs. 3 and 4(b). 
The denominator of (1) is a polynomial in consecutive 

powers of j[(f/fo)  — (foll)], the highest power being n 
the number of resonant circuits used and, within the 
limitations of the discussion of Section 3, the coeffi-
cients (U) of the polynomial are independent of fre-
quency and are functions of only the coefficients of 
coupling K and decrements d as they are described in 
Section 3. 
Since the numerator of (1) is independent of fre-

quency within the limitations of the discussion of Section 
3, the response shape is fixed entirely by the denominator 
of (1). For the same number of resonant circuits, the 
denominators A n are identical for all the networks of 
Figs. 3 and 4. 
In the general notation of (1), U is used to denote 

an arbitrary number of resonant circuits. For any 
specific network, the letter used in the coefficients will 
be that one whose numerical position in the alphabet 
corresponds to the number of resonant circuits in the 
network. Thus, for a 5-resonant-circuit network, we 
would use E to represent the coefficients. The subscript 
on any coefficient is exactly the same as the power of 
the (jF) for which it is the coefficient. Thus, for example, 

rout  Vout  (Numerator)„ 

) or  ( ) • (iF) n U n-1( iF) n-1  n —2( iF)n-2 . . .  2(iF) 2 U 1( iF)  U0 

(1) 
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for a 4-resonant-circuit network, the coefficient of (jF)3 
would be represented by D3. 

Since the numerator of (1) is independent of fre-
quency, the peak value of the transfer admittance or 
transfer impedance is given by 

\ /gen /peak 

where 1A,,Imti, 
nomial of (1). 
Equation (2) will be used in a later section of this 

paper to find the gain obtained at the amplitude re-
sponse peaks. 
Dividing (2) by (1), we obtain the ratio of the peak 

response to the response at any frequency; this is the 
basic response-shape equation: 

Or 
(I (Numerator)„ 

Egen)pcok I An 
(2) 

is the minimum magnitude of the poly-

V,  /„  1 
-- or — =    [CIF)"  U„- i(jF)" ' 
I  a„ 

+ un_2(jF)"--2 + • • • + U2(jF)2 +  + u01. (3) 

In Design Equations--Group 1, the specific circuit-
response-shape equations are listed for n=1, 2, 3, and 4. 
Careful study of the series of response equations given 

in Design Equations--Group 1 will show the law of 
formation of the coefficients, and it should now be 
possible to write the general exact complex response 
equation for a chain containing any number of resonant 
circuits. 
Insofar as plotting of a response curve is concerned, 

the above equations enable us to obtain methodically 
the equations required to plot the amplitude- and phase-
response shapes for any number of tuned circuits, once 
the various circuit coefficient .of couplings and Q's are 
specified. The complex equation of Design Equations— 
Group 1 are, of course, expanded into their magnitude 
and phase-angle form when we plot the amplitude-and 
phase-response shapes. (All the even powers of (jF) are 
algebraically added together to give the real part of the 
determinant, all the odd powers of (jF) are added to-
gether algebraically to give the imaginary part of the 
determinant.) 

7. RESPONSE SHAPE B 

7.1 Desired-Shape Equation 

Our next step is to express the desired-shape equa-
tion given below in the form of Design Equations— 
Group 1, so that we can equate the above coefficients 
(('i, U2, U3, etc.) to the corresponding coefficients of the 
desired-response equation. 
When the straightforward procedure mentioned in 

Section 5 of this paper is applied to single-, double-, and 
triple-tuned filters, we find that the magnitude equa-
tions that result are exactly given by the general equa-
tion (4). This equation and the corresponding response 
shape are also shown in Fig. 8. 

( -11 = I + lo7„/17,02 _ IF/F0 12,,I . (4)  

VP { 1 [( :;) 2_ 1.1 v r i n 

M • I 

Fig. 8 -The exact equatitm descrilang response-shape 11 and the 
location of the roots of this equation on a semicircle 011  tht• 
complex plane. Equation (6) gives the exact root values. n i hp 
number of resonant circuits used and the response equation for 
an n-resonant-circuit network will have n roots. 

Remember that F=[(f/f0)—(fo/f) J has the Saint' 
numerical value for two different frequencies related to 
each other by fi =f02/f2, i.e., the actual response-fre-
quency curve of Fig. 4 will have geometric symmetry. 
To make the two sides of the response-frequency curve 
physically symmetrical, we should use a logarithmic 
frequency scale. Also, realize that 

Fd (fin  J.. — — ---) = — 
fo  fo 2 

(fat  .1.42 — fI Afe 

fo f J  (fsofst) 112  .10 

Solving for 4,14, we have the useful equation 

rrr/1')2 — 1 1.12. 
F,1 Lm ,/v) 2 — d 

(4a) 

where n is the total number of resonant circuits used in 
the filter chain. Equation (4a) was used to plot the re-
sponse curves of Fig. 1. 

Figs. 1 and 2 (see (14) and (15)) have been plotted in 
terms of the numerical bandwidth 4 to make them 
independent of a particular percentage bandwidth. The 
two frequencies producing a given 4 are then related to 

the resonant frequencyf o by f12 = [f02-1- (472)P ± (4/2). 
We note from this equation that for small percentage 
bandwidths, i.e., fo>> 4/2 the frequency plot of the 
resonance curve will have arithmetic symmetry. 
Insofar as cascades of networks are concerned, it 

should be realized, of course, that the voltage ratios of 
(4) and (4a) apply to one network, and when N identical 
networks are cascaded (i.e., separated by tubes) the 
voltage ratios to be used in (4) and (4a) must be the 
Nth root of the desired resukant voltage ratio. 
We will here assume that this type of response shape 

given by (4) can be obtained for any number of coupled 
resonant circuits. 

Solving for the roots of (4) we find this equation. can 
be expressed in complex form 

1 September! 
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VP 
= 

1 

Fo" 

[(17„/V0)2-1]1" 

twhere the real (r„,b) and imaginary (i.6) parts of the 
0, roots are given by (6a) and (6b). 

r„,b=F8l11[(V„IV0)2- 012 }̂ 
2m-1 

sin ( -- 
71- 

) )' 
(6a) 

(2m-1  r ) 
im b= F o 1/L(17 p/1702 _ 1 11/2n1 cos   (6b) 

n  2  

m =1, 2, 3, • • • nI2 for n even or (n+1)/2 for n odd, 
where n is the total number of tuned circuits used. 
The meaning of the letter m should be made clear by 

the following discussion. The complex roots of the re-

•iio )][iF  (— r2b+  i2 9]  r2b — ii2b) 1 • • •  (5) 

for any number of tuned circuits should now be quite 
clear. 

7.2 Gain Obtained with Response-Shape B 
By comparing the equations of Design Equations— 

Groups 2 and 1, we see that the quantity i _nb I min, 
which is the minimum value of the determinantal poly-
nomial for response-shape B as given in (7). 

( I Anb imin = F e[(1 pl V 8) 2 —  11112 .  (7) 

Therefore the gain at the peak of the response obtained 
with response-shape B is as given in (8). 

V „b =   [(17 „,/170)2 11112  
(K 12) (K23) (K34)  ( K (n-1)n)  

27rAfo(CiC,,)112  Fo Fo Fo  Fo 

sponse equation always occur in conjugate pairs, i.e., 
(r+ji) and (r —ji), and m is the pair number of the 
various pairs of roots. As plotted in the complex plane, 
these roots fall on a half circle whose center is fo as 
shown in Fig. 8 for 4 resonant circuits. It will be seen 
that m =1 gives the pair of roots whose real-frequency 
component is farthest from the midfrequency, m=2 gives 
the pair of roots whose real-frequency components is 
next farthest from the midfrequency, etc. The maximum 
value that m can reach is that which makes the cos 
factor equal zero and simultaneously, of course, the sin 
factor equals unity. Thus mmax is n/2 for an even num-
ber of resonant circuits and (n+1)/2 for an odd number 
of resonant circuits. 
By multiplying out the correct number of terms of 

the above general equation (5), we can prepare a list of 
general-shape equations for n =1, 2, 3, etc., which are in 
exactly the form taken by the general-response equa-
tions of Design Equations—Group 1. We use exactly 
as many factors of (5) as there are tuned circuits n. These 
rresulting equations are given in Design Equations— 
Group 2. We can now compare Design Equations— 

(8) 

Equation (8) alone is not of much use insofar as 
numerical gain calculations are concerned because the 
values of the K's in (8) must first be determined from 
the solution of the simultaneous equations given in 
Design Equations—Group 3. The required values for 
coefficients of coupling as obtained from Design Equa-
tions—Group 3 will be found to be in terms of (fig/to) 
and [( V,/ 170)2-1] and, when the expressions for the 
required coefficients substituted in (8), a useful gain 
equation will result, which is in terms of CI, C., Wo, 
(V/ V8) and the constant-current generator I. 

7.3 Resulting Phase Response of Amplitude-Response-
Shape B 
The exact phase-response shape associated with 

amplitude-response-shape B can, of course, be obtained 
from (5). We are neglecting the actual magnitude of the 
phase shift at the midfrequency, which from (2) is 
always plus or minus some multiple of 90 degrees, de-
pending on the number of inductive and capacitive 
couplings used. From (5), we see that O., the phase 
shift of ( V,/ v) at any percentage bandwidth F is given 
by 

F — iib  F-1-116) 
0„b= tan '( ----)  tan _  —  F —i2  +tan ' F+1:2  + • • • 

rib  rib  r2 7.26 

Groups 1 and 2 and equate the corresponding coefficients. 
Carrying out this procedure, we obtain the sets of simul-
taneous equations given in Design Equations—Group 3 
which have to be solved to find the required circuit con-
stants that will produce the B type of response shape. 
The simultaneous equations up to n =4 are listed, and 
the procedure for obtaining the simultaneous equations 

(9) 

where r„,b and i„,b are given by (6a) and (6b). There will 
be exactly as many terms in (9) as there are resonant cir-
cuits in the network. 
As an example of the use of (9), (6a), and (6b), we 

see that when a triple-tuned circuit is used to produce 
amplitude-response-shape B, the resulting phase shift 
of ( V,/ v) at any (Af/Afo) is given by 



1060  PROCEEDINGS OF THE I.R.E.--- Waves and l..lettrons Section .S'eplember 

03b= tan-' {21(Vp/V0)2:  1.73} 
Aft) 

{2[(17 p/170)2-1PII H +1.7 4 

[(179/V,1)2- 1 1 " r — ) } . (10) 

In a similar way, the exact phase-shift equation may 
be written for any number of coupled circuits that are 
correctly used to obtain response-shape B. 

7.4 Exact Design Equations for Response-Shape B 
(n=1, 2,3) 

The design sheets given next in this paper for single-, 
double-, and triple-tuned circuits used to produce shape 
B were obtained by solving the first three sets of 
simultaneous equations given in Design Equations--
Group 3 for the required circuit constants; substitution 
in (8) then gives the gain equations and substitution in 
(9) gives the phase-shift equation. In each case, the Q 
distribution chosen is the one that allows the designer to 
use the lowest possible Q value in the high-Q circuits of 
the network." Thus for the double-tuned network, the 
case of Qi= Q2 is considered. For the triple-tuned net-
work, the Q distribution Qi= Q2 (or Q3=Q2) ,is con-
sidered, and the coefficient of coupling distribution 
considered is K 12 = K 23. The reader should realize that 
the equations of Design Equations Group 3 are per-
fectly general and any Q distribution and coefficient of 
coupling distributing can be investigated. 
The problem of successfully solving the simultaneous 

equations of Design Equations—Group 3 in the cases 
where there are more than three resonant circuits per 
network, will be considered in another paper. It should 
be clearly realized that the coefficients of Design Equa-
tions—Group 2 give exact numerical values to which 
the general coefficients of Design Equations—Group 1 
are equated; thus, even though it may be impossible to 
obtain closed-form design equations for the required 
circuit-element values, it may still be possible to obtain 
the numerical solutions of these simultaneous equations 
by some form of "try-and-try-again" method. Graphs 
or alignment charts can then be prepared from these 
numerical values and thus complete and exact design 
information can be satisfactorily presented to the engi-
neer. 
7.4.1 Exact Design Equations for N-Cascaded Triple-

Tuned Circuits for Response-Shape B. (See Figs. 3. 
4, and 7) 

Jo    
Qi=v  2= 3.12H  v  170)2/N — 1 j1/6. 

Af8 

(23=  ( —Jo ) 0.734[(17 9/170) 2/N —  I ]I/6. 

K,2 = K23 = ( -1-112 )  1 O. 716   
[(v9x02/N- II" 

— - —  0.511 1(17,/170)" — I 11/6. 
22 4140C:11) 1/2  

11+ I(V ,/V0)2/v_ 1 i( Af/ Afs)  ,V /2 

Af  1( Vr/V) 201 - 1 11/6 
----
-*I 1( Vp/V0 " - I ]"6 

Op....ow= tan  2 [(1/ p/170)21N -11"6(-Af  ) -1 71 1 
Ain  I 

-4-tan ' 21(1' ,/1'0)21N- 1f1/6C V ) +1.73 1 
Ain  r 

1 .{ [(1,„/E-02/N_ III  fiyr + tan 

7.4.2 Exact Design Equations for N-Cascaded Double-
tuned Circuits for Response-Shape B (See Figs. 3,4, 
and 7) 

Qi =Q2= (----f2--) 1 . 414 [(Vs/  
Afs 

Aft,   1 
Ki2= (-- -) 0 . 707 

[(v r/v13)21̂' — 11114 
G,,. 

Gainper   0.7071(1/r/1102/N- 1f1/4. 
27%.1f(( '1C11) 1/2  

VP ' rf V p \ 2/N  1 / J \_L  N/2 

=- 1-4-I( ----V    Vs )  _ 1  A fO) f 

R  1,V9) 2/N-

Af  

(Jr 

At , rf  V p \ 2/N  ll 1/4 

R  Vs ) 

etago = tairl it1.414[(V„/I ,t)wv_iiii4 (_:_Af) 
Aft3  f 

+tan-1 r 1• 4141(V /V )2/N- 0/4(—Af--) +1}- 
A l/il 

7.4.3 Exact Design Equations for N-Cascaded Single-
Tuned Circuits for Response-Shape B 

Q=  )[(Vp/1- )2/N— Ajo 

G,„ 
Gain, stage  = —  vr/vo2/N _ i1/2. 

27-..1f$C 

Vp/ V = •{ 1 + 1(17 7,/ V 0 2/N — 1  — 
k Ard 

Af  [(179/V) 201 -1]I/2 
or 

„Ifs 1(, 070)2/N_ i ]ii-

0= tan-' {1(17p/1702/N - 1 ( 1} . 
4.4 
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8. RESPONSE-SHAPE C 

i.1 Desired-Shape Equation 
When the straightforward procedure given in Sec-
ion 3.1 is applied to single-, double-, and triple-tuned 
letworks, the three resulting shape equations can be 
generalized for n resonant circuits into the following 

general form 

V„/ V = 1 + [(Vp/V3)2 —  11 [T„(F/Fo).1 2) 1/2,  (11) 

where T„ is the Chebishev polynomial of highest power n 

as given by 

Ti — ) = 2"-- i( FF  n (F Y -2 Fo  0 1 !22 Fo 

+ n(n - 3) ( F \ n-4  

2!24 kFid 

n(n - 4)(n - 5)(F\"' 

• 3!26 \F8) 

It is known that the above Chebishev polynomial is 
also given by (13). 

Tn(f-)= 
Fo 

cos [n cos-1 ( A, 
Fo 

for 

cosh [n cosh-1 (- A, 
Fo 

for 

± • • •]. (12) 

( _F\ <1 

kFid 

(FF 

(13a) 

(13b) 

Thus we can write the shape equation for type C as 

V,/ V = 1 + I( V/ V8)2 - 1 ][c 

Vp/V = {1 + [(Vp/Vo)2 - 

and, solving (14) for (41,1f3), we obtain the useful 

irequations 

Equation (15b) was used to obtain selectivity curves 
given in Fig. 2. The discussion following (4) and (4a) 
concerning the quantities F and if should now be re-
read. The voltage ratios in (14) and (15) are the ratios 
for one network so that for N-cascaded identical net-
works the voltage ratios to be used in (15) are the Nth 
root of the desired resultant voltage ratios. 

8.2 Location of Peaks and Valleys Inside Pass Band 
A little thought will show that we will obtain the 

location of the peaks of the response if, in (15a) we set V 
equal to Vp; and we will obtain the locations of the 
valleys of the response if in (15a) we set V= Vo. 
Making the above substitutions, we obtain (16), 

which gives the location of the maxima of the response, 
and (17), which gives the location of the minima of the 

response. 

Afpeake 

WI9 
gvalleys 

(2m - 1 ir ) 

. 
= COS   

n.  2 

2m 7r 
= cos(,__ — „ 

n 2 

(16) 

(17) 

As before, m=1, 2, 3 • • • n/2 for n even, or (n+1)/2 
for n odd. m =1 gives the location of the pair of peaks 
and pair of valleys that are most distant from the mid-
frequency; m=2 gives the location of the pair of peaks 
and pair of valleys that are second most distant from the 
midfrequency, etc. 
From (16), we note the interesting point that the 

ratio of the bandwidth between outside peaks ALA to 
the bandwidth Afp (where the skirt response equals the 
valley response) is 0.707 for double-tuned circuits; 
0.866 for triple-tuned circuits; 0.922 for quadruple-

tuned circuits, etc. 

(n cos'  2 1/2 
Fo 

" 2 

11[cosh(n cosh-1 (— 
F ))1}   Fp 

inside pass band, 

outside pass band, 

(
F  1  ((V,/V)2 - 1)"2] 

= cos [— cos-  (1/„/V3)2 - I  inside pass band, 
Fo 1 
(F  1  , 1- pi 17)2 _ \I 12 

= cosh  - cosh  ) '  , outside pass band, 
Fo (V„/V0)2 - 1 

where n is the total number of resonant circuits used in 
the filter chain. 

VP 
=   

V  Fon/2̂ -1 

(14a) 

(14b) 

(15a) 

(15b) 

8.3 Mathematical Manipulation 
Solving for the roots of (14), we find it can be ex-

pressed in the complex form (18). 

(v/v02-1 pi2 I liF-(-rit-I-iii9i[iF-(-rie-jil)iLiF-(-r7c-i-ji79][.iF-(-r7c-ji2c) • • • (18) 
p   
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where the real (r„,e) and imaginary (i,c) parts of the roots 
are given by (19a) and (19b). 

—  irN 
rmc = Fs[s„] sin (2in 1 

2 )' 

,  (2m — 1  \ 
F 01C j . COS    

lt  )' 

where 

1 
s„ = sinh {— sinh-1 1/ [(V„/170)2 — 1 

c. = cosh {1— sinh-' 1/ [(17„/V)2 — 1 ]112 } 

(19a) 

(19b) 

and m=1, 2, 3, 4 • • • n/2 for n even, or (n+1)/2  for n 
odd. 
Consideration of (19) shows that if plotted in the 

complex plane, the roots of the Chebishev or Shape-C 

= 

ing out this procedure, we obtain the sets of simul-
taneous equations given in Design Equations- Group 
5, which have to be solved to obtain t he exact required 
circuit constants (Q and K) that will produce the C 
type of response shape. The simultaneous equations up 
to n =4 are listed, and the procedure for obtaining the 
simultaneous equations for any n should now be be quite 
clear. 

8.4 Gain Obtained with Response-Shape C. 
Comparison of the equation given in Design Equa-

tions- - Group 1 and those given in Design Equations — 
Group 4 shows that for response-shape C the value of 

2"-1 [(17„/17,5)2 — 11" 

and using (2) and (la), we see that the gain obtained at 
the voltage response peaks with response-shape C can 
be writ tell as 

IAnelmin is 
Aǹloin = 

  2"—'[(V/Vs)2  1],„(Ki2\(K23\tK34\  K(._,)„\ 
r  

2746(C „)" 2 ) Fs )k Fo )• 

type of response fall on a half ellipse as shown in 
Fig. 9. 
The meaning and use of m in (19) should be clear 

from Fig. 8 and from the paragraph in Section 7 that 
gives the meaning of m in connection with (6). 
By "multiplying out" the correct number of terms of 

the above general equation (18), we can prepare a list 
of general shape equations for n =1, 2, 3, etc., which are 
in exactly the form taken by general response equations 
of Design Equations—Group 1. These resulting equa-
tions are given in Design Equations—Group 4. (We use 
exactly as many factors of (18) as the number of resonant 
circuits in the networks.) 
We can now compare Design Equations—Groups 4 

and 1 and equate the corresponding coefficients. Carry-

• 

Vp/V 

{,*Vp  [C2°- )2-  F 11[T„(1 ..)r 
Vo.  p 

WHERE 

rn ( f). 

P  cos( n cos'  f t). 
Fs 
—F < I 

• 

tOSI1  n cosh  ->i 
r 0 

in •  m-2 

Fig. 9—The exact equation describing response-shape C and the 
location of the roots of the equation on a semiellipse on the 
complex plane. Equation (19) gives the exact root values. n is 
the number of resonant circuits used and the response equation 
for an n-resonant-circuit network will have n roots. 

(20) 

( 21) 

Equation (21) alone does not enable us to make any 

numerical gain calculations, because the required values 
for the coefficients of coupling K must first be found 
from the solution of the simultaneous equations given 
in Design Equations—Group 5. It will be found that 
the required coefficients of coupling will be a function 
of the desired percentage bandwidth Fs and the ratio 
(17/170), and when the expression for the required 
coefficient of coupling is substituted in (21) a useful 
gain equation results. 

8.5 Resulting Phase Response of Amplitude-Response-
Shape C 

From (18), we can obtain the exact phase-response 
shape that is obtained when response-shape C is used. 
This will neglect the actual magnitude of the phase 
shift at the midfrequency, which from (2) is always 
plus or minus some multiple of 90 degrees, depending 
on the number of inductive and capacitive couplins 
used. From (18), we see that the phase shift 0„ of (  r) 
at any percentage bandwidth F is given by 

r  . 
F+11) 0,:= tan--1 

+ tan-1  —  +tan-1   
r2r + • (22) 

where rme and ime are given by (19). There will be exactly 
as many terms in (22) as there are resonant circuits in 
the network. 

As an example of the use of (22) and (19), we see that 
when a triple-tuned circuit is used to produce amplitude-
response-shape C, the resulting phase shift of 1V,/ V) 
is given by 
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0 3c =  tan-1 — 1--- ) - 1.73 — [ 2S3   Af  C3 ] 

Afti  S3 

iJ\+ tan-1[2 + 1.73 — ] 
c3 

s3 A.fs S3 

tan-1 [-1 
S3  Aft3 

where s3 and c3 are given by (19). 
In any exactly similar way, the exact phase-shift 

equation may be written for any number of resonant 
circuits when they are used to obtain response-shape C. 

8.6 Exact Design Equations for Response-Shape C 

(n=1, 2,3) 
The design sheets given next in this paper for single-, 

double-, and triple-tuned circuits used to produce re-
sponse-shape C were obtained by solving the first three 
sets of simultaneous equations in Design Equations— 
Group 5 for the required circuit constants (with the 
Q distribution and K distribution given below). Single-
tuned design is, of course, identical for both response-
shapes B and C. Substitution in (21) gives the gain 
equation, and substitution in (22) gives the phase-shift 
equation. 

complete exact design information can thus be satisfac-

torily presented to the engineer. 

8.6.1 Exact Design Equations for N-Cascaded Triple-
Tuned Circuits for Response-Shape C (See Figs. 3, 

4, and 7) 
Let 

s3=sinh  sinh-1 1/ [(17„/170)207- 111/21 

fo  1 
Qt =Q3= —go 73 

Q2 =  

'VP 
Kl2 =  K 23 =  (0. 375 + 0. 5S32)1/2 . 

Jo 

Gm 
Gain,,,.. stage =  (1.5 + 2s32) [( V„/170) " —  / 2. 

2/ WO W/ C H OI / 2 

cosh 1 [  V p/17 )2/N  1 1 "2 1 

- = cosh  A 
Afs  (17„/Vs) "- 1 _1 r 

outside pass band, 

(Vp/V)21N- I 1/2 

= COS COS—Ale  I    
(Vp/170)2IN -1 

inside pass band. 

. 
0,, .tage= tan-1 —  - --0.8711+s32)"  +tan-1 — --1-0.87(1+s32)"  -I-tan-' — (- . 

2 [ ..lf  2 rlf  1 ilf 
53 A13  s3 Ale  s3go 

8.6.2 Exact Design Equations for N-Cascaded Double-
Tuned Stages for Response-Shape C (See Figs. 3, 4, 

and 7) 
Let 

In the case of the double-tuned circuit, the Q dis-
I tribution considered is the one that allows the designer 
to use the lowest possible Q, i.e., the distribution 

Qi = G. 
In the case of the triple-tuned circuit, the Q distribu-

tion considered here is the one that produced the 
simplest mathematical solution, i.e., Qi= Q3=Q and 
Q2 = .c; the K distribution considered is K 22 = K 23. This 

1 is not the most practical useful Q distribution because 
of the infinite Q required in the middle resonant circuit.17 
The solution of the three simultaneous equations given 
in Design Equations—Group 5 for the triple-tuned 
circuit has been accomplished for the much more prac-
tical Q distribution of Qi = Q2 = Q  (or Q3= Q2= Q), and 

Sr- this solution will be presented in a later paper. 
The problem of successfully solving the simultaneous 

equations of Design Equations—Group 5 for the cases 
where there are more than three resonant circuits per 
network will be considered in another paper. It should 
be clearly realized that the coefficients of Design 
Equations—Group 4 give us exact numerical values to 
which we are equating the general coefficients of 
Design Equations—Group 1. Thus, even though it 
may be impossible to obtain closed-form design equa-
tions for the required circuit-element values, it may 

ir" still be possible to obtain the numerical solution of 
these simultaneous equations by some form of "try-and-
try-again" method. Graphs or alignment charts can 
then be prepared from these numerical values, and 

s2=sinh  sinh-1 1/[(17„/17$)" -1]h/2). 

121=Q2  . fo 1.414 

° 52 

Ale 
K  2 =  (a) 7 07(1+522) 2' 

Jo 
Gm 

Gain per  tame =    1.414(1-1-s22)"2 
2ir Af 0(C IC 11)1 /2  

hf 
— =cosh 
Ale 

• [(17,/170)2/N-111". 

cosh-1 
[  (Vp/V)2iN  ]"2} 

Vd17102/N- 1 

outside pass band, 

Af  [ (Vp/1 02/N — I  

  = cos {4 cos'   
We  (17/Vo)2IN —1 

inside pass band. 

1.414 r 
Ormr  tan-'  52 1- Js  0.707(1+ s22)1/2] 

1.414[ 4 
-f- t ' - —  ----+0.707(1+$22)" • 

5 2  49 
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9. COMMENTS ON METHOD OF DESIGN THAT 
COMPLEX ROOTS (OR "POLES") OF NETWORK 

RESPONSE EQUATION 

9.1 Mathematical Procedure 
Although perhaps not stated from quite the viewpoint 

given below, there has recently been presented a method 
of design that also finds the complex roots of the desired 
amplitude-response-shape equation, and then finds the 
complex roots or poles of the circuit-response equations 
given in Design Equations—Group I. The complex 
roots of the desired amplitude-response equation are 
then equated to the corresponding complex roots of the 
circuit-response equation to obtain the necessary n 
simultaneous equations required for the solution for the 
n unknown circuit constants. 
Now, unfortunately, as we increase the number of 

resonant circuits in our n resonant-circuit band-pass 
network, the expressions for the complex roots or poles 

of the network in terms of the circuit constants K and Q 
become more and more complicated. To generalize, we 
can see from (2) that it will be necessary to solve an 
nth order equation to find the roots or poles of an n 
resonant-circuit band-pass network. It is thus theo-
retically impossible to obtain general expressions for 
the poles of band-pass circuits employing more than 5 
resonant circuits and, in practice, the general extiression 
for the poles of even a triple-tuned circuit having three 
finite and different Q's seems almost hoplessly compli-
cated. 
To demonstrate the above fact, the pole location 

(r +ji) for single-, double-, and triple-tuned networks are 
given below in (23), (24), (25), i.e., these are the roots 
of the corresponding equations of Design Equations- --
Group 1. 

F1 = — d + j0, single tuned,  (23) 

(  d2) 
F12 = 

2 

[K122 
(di — diy r 

, double tuned.  (24) 
2 

The roots of a triple-tuned circuit are 

Pi,2= — 11C2-1- i(a-I-13) ±i11/2 (a— 0), 

Pa= — E1C2 — (a+13)1±..70, 

where 

= - (-qi) RI» GYT21 " 
0= - - [GY+ )11/  

where 

q = Co— 1C2C1+-227C2, 

p=C1—iC22, 

where 

Co, Ci, C2 are given in Design Equations--Group 1. 

. (25) 

When the above three roots of the triple-tuned-circuit 
response equation are simultaneously equated to the 
corresponding three roots of the desired triple-tuned-
response equation, as obtained from (6) or (19), it is 
readily apparent that the solution of the resulting 
simultaneous equations for the required values of the 
circuit constants (K's and Q's) will indeed be a formi-
dable task. 

9.2 Stagger Tuning of Simple Interstage Circuits 
The great practical import ;ince of the pole t 

design method must not be overlooked, howe‘ cr. Wiwi' 
we consider the case of an over-all network consist iii 
of many simple band-pass networks (i.e., single and 
double tune(l) that are separated from each other by 
6U14111 tubes, i.e., there is no coupling between the dif-

ferent simple circuits, then this design method is ex-
tremely useful. For this case, the expressions for each of 
the many poles ro ;tin the simplicity of (23) and (24), 
and it is a relatively simple matter to solve the result-

ing simultaneous equations for the required circuit 
constants. (It will be noted that the expression for the 
poles of a double-tuned circuit (24) becomes quite 
simple for the case of Qi =Q2). 

9.2.1 Single-Tuned Interstage Circuits As Used to Obtain 
Response-Shape B (Small-Percentage Pass Band) 

For example, let us briefly consider the case of stagger 
tuning of a single-tuned-interstage circuit. When obtain-
ing the expressions for the poles of the networks, it is 
always important to consider the question of whether 
the resonant frequency of the networks used is identical 
with the mu/frequency of the desired response shape. For 
the case of stagger tuning of single-tuned interstage 
circuits, it is of course obvious that this cannot be the 
case, and therefore it is necessary to express the equa-
tion for the pole of the network in terms of both the 
desired midfrequency of the response and the resonant 
frequency of the circuits. 

A little thought will show that for the small-percent-
age pass-band case, the desired general expression for 
the pole of a single-tuned network which allows us 
mathematically to place the pole anywhere on the fre-
quency axis, is given by (26) 

= dm ± j(af.m/fo),  (26) 

where the subscript in has the same significance as in 
Section 7 and 8, d is the decrement (i.e., reciprocal of Q) 
of the single-tuned circuit being considered. and 
(fr./f0) is the percentage bandwidth (from the mid-
frequency of the desired response) between the required 
pair of resonant frequencies of the mth pair of single-
tuned interstages. (Equation (26) can he obtained from 
the usual simple expression for the transfer impedance 
of a single-tuned circuit by effectively changing the co-
ordinate-system reference by simply expressing the 
resonant  frequency  of  the  resonant  circuit  as 
fr=f0(1±K/2), where K is twice the percentage fre-
quency difference between the desired. midfrequency fo 

1 
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and the circuit resonant frequency ft.) 
By equating the above circuit pole expression of (26 ) 
o the amplitude-response-shape-B pole expression of 
(6), we obtain the first two design equations of the 
design sheet for stagger tuning to produce response-

shape B. 
The following equations give the desired-response-

shape equation in three different forms. The final equa-
tions are the gain equations in two different forms. 
These gain equations are obtained by realizing that the 
total output voltage of the stagger-tuned chain at any 
frequency is given by simply multiplying together the 
responses of all the networks in the chain, thus obtain-
ing (27). 

= 
. I /0) 0C  I2/W0C2 

or 

or 

At r  (vp/n2-1 1112n  

L (vp/1702-
log  (Vp/V)2-1 1" 

(Vp/V102— 1J 

log (Af/Affi) 

Gain„ stage=   [(V „/11,)2— 1]1/2n 

27,g3C 

n= 

Or  n= 

Gaintota 
log ( 

[(17,/17/02— 111/2) 

log  Gm  \ 
27,6J8C 

13/co0C3 I4/0,0C4 • • • 

AfT2 

±j Aftl  )][jF  d2 ± j  )1[• • • 
fo  Jo 

The gain at the peak of the response is obtained when 
the magnitude of the denominator of (27) has its mini-
mum value. We have already seen that for response-
shape B this minimum value is given by (8). Thus, 
making use of (8), we obtain the total-gain equation; 
the nth root of this total-gain equation gives the equa-
tion for gain per stage as included in the design sheet. 

9.2.2 Single-Tuned Interstage Circuits Used to Obtain 
Response-Shape C (Small-Percentage Pass Band) 

By going through exactly the same line of resoning 
used in Section 9.2.1, using the pole expressions of (19) 
for amplitude-response-shape C, and the value of 
I Ane I inin for response-shape C given by (20), we obtain 
the equations given on the design sheet for stagger tun-
ing of single-tuned interstage networks used to produce 
response-shape C. 
It should be realized that the voltage ratios given on 

the stagger-tuning design sheets are the ratios for a one-
staggered n-tuple design, if N of these n-tuples are to be 
cascaded, then the voltage ratios to be used on the de-
sign sheets should be the Nth root of the over-all re-
sulting desired voltage ratio. 
In the interests of simplicity, a general many-termed 

phase-shift equation has not been included on the stag-
ger-tuned design sheets. By referring to Sections 7.3 
and 8.5, the reader should be able to write the correct 
phase-shift equation for any specific stagger-tuned de-
sign. 

9.3 Stagger Tuning of Single-Tuned Interstage Circuits 
for Response-Shape B (See Fig. 10) 

1 =  Wolfe   sin  (2m-1 
  90°). 

Q.  [(7,1110)2-1 ]1/2n  n 

Afo   2m-1 

v plV 02-111/2. 
(f4 — .4)m = r,„  cos 90°). 

U V = I 1 + I( Vid170) 2 — 1 I(Af/4/0) 2̂ 1"  

(27) 

where 

G.= geometric mean of all Gm's, 
C= geometric mean capacitance. 

rn  1  ••• 

m.2 

102 

fto 

m. nkt1 (n,odd) 

m. p,even) 

Fig. 10—Definition of symbols in the stagger-tuning design equations 
Thus m =1 gives the resonant-frequency difference and the re-
quired Q for that pair of circuits that are staggered the greatest 
distance from the midfrequency, m =2 is for the next greatest 
distance, to the limiting cases  (n -1-1)/2 for n odd and 
tn,„..= n/2 for n even. 

9.4 Stagger Tuning of Single-Tuned Interstage Circuits 

for Response-Shape C (See Fig. 10) 

1  Als (2m-
--= — s„ sin   
Q.  fo 

1 sn=sinh  sinh-' 
n 

c,,= cosh 

1 
90 ). 

[(v/v)2— On} 

( 2m-1 
COS    900). 

1 
{-1 sinh-i   

[(V/V)2— 0/2} 
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For shape outside the pass band, 

= 11+ [(17,,/Vpy- 11 

• Icosh2 [n cosh-1 (,f/ 43)]11' 12 Or 

Af 51  . rV„/V) 2-1 11 2 

 =cosh .1  cosh'   , or 
Afp  t 11  (V Id V A 2 - 1 -1  1 

cosh-' r  (vr/v)2-  1 lt 2 L(vp/u2-1...1 
n= 

cosh-' (.1f/Af5) 

For shape inside the pass band, 

V5/V= 1+ [(V„/170)2- 1] 

• [cos2 [n cos-' (..1f/..1.6)1 I /I 2, 

Gai 

 =cos 2m-1 (   90 o) , 

n 

.1  fill  2m 
=cos (-- 90'). 

A ii 

[(V „/Vo)2 -1 j'12  ̂or 
2""TAI/C 

(  2 Gaint,),„! 
log   

[(17,4',)2-1]I/2) 
-   

log  "  

where 
(; =geometric mean of all Gm's. 
C=geometric mean of all C's. 
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Design Equations-Group 1 

Exact Circuit-Response-Shape Equations in the Complex Polynomial Form for an n-Resonant-Circuit Network. 

=  fiF  + 

.10 = d. 

Single-Tuned Circuit 

Double-Tuned Circuit 

- i(iF lt !Mil') -I- Bo]. 
•2 ni 

/31 =  (11. 

B. = Kns + did,. 
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Triple-Tuned Circuit 

= 1  [('F)3+c2UF)2+ci(iF)+cob 
13 .13! min 

C2 = d1  d2  (13. 

= K122 ± K232 + dId2  dId3  d2d3. 

CO = K122d3  K2.32d1  d1d.43. 

Quadruple-Tuned Circuit 

=  ,  [(jF)4 D3(j11 2 D2(jF)2 DI(IF)  Do]. 
1. 4 .1,1 min 

D3 =  d2  d2  d4. 
132= K122 ± K232 ± K342 + d1d2  d1d3  d2d3  d2d4  (144. 

= KI22d3  K122d4  K232d1  K232d4  K342d1  K342(12  d1d2d3  d1d44  d1d3d4  d2d344. 

Do = KI22K342 K122d44  K222d1d4 + K3426142  clid2d3d4. 

Design Equations—Group 2 

Exact Complex Polynomials for Response-Shape B. 

Single-Tuned Circuit 

= 
1  

— 11112  Aobj 

.1„" = 1[    ((vpivt3) 2 _ 11212] Fp. 

Double-Tuned Circuit 

— Rin2 + BibuF) + Bob] 
,r2  F32 1(1,p / 1'0)2 — I 11/2 

1 
B1" = 1.414 [   

[(Vr/170)2 — 111/4 

1 
2 FR2 = 1[   

[(17p1110)2 — 

Triple-Tuned Circuit 

=    [(i F) 3 C20(i F) 2 C1 6(i F) ±  Co"]. 
17 3 pa I [(V p/ V 0)2 — 11212  

1 

= 2 [ ((lip/170)2 —  

1  2 
C16 = 2 [-- -------  F02. 

[(Vp/1/02 — 1113  

1 

Coo = 1 [[(Vidl'8)2 — 111/4] 31:113.  

Quadruple-Tuned Circuit 

l'p 
-41,4 = Fe/  E( v9/  vo  _ 1 II, RiF)4 W W1' + D26( j )2 + W V)) + 

1 
Da6 = 2.61 [(vp/vor —  Fs. 

1 
D2° — 3.41 1 12 Fa2. 

[(Vp1110)2 — 11'4 " 

1 r 
Dib m 2.61 I  lvs)  Fe. 

[(vp 2 — ill's 
1 

000 1 
107p/VOr — 111/S 
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Design Equations—Group 3 

Exact Simultaneous Equations to be Solved for Circuit Constants (K's and Q's) of an n-Resonant-Circuit Network 
to Produce Response-Shape B when the Circuits are Correctly Resonated. 

Single-Tuned Circuit 

F0   
=, 
l(VviV0)2 — 11412 

Double-Tuned Circuit 

F0 
d2 = 1.414   

[(v,/ v8)2 — 1 IR 
FO2  

KI22  dId2 = 
1(1714/170)2 — 112" 

Triple-Tuned Circuit 

Fft 
+  = 2   

[(Vp/ 170)2 — 111/6  
Fo2 

KI22  K232  4(12  dId3  d43 = 2 
— 11214  

K12 2d3  K2324  +  41161 43 =    
1.0 7p / V o )2  1 13/6 

Quadruple-Tuned Circuit 

d2  (13 -I-  = 2.61    F0 
[(V5/1r0)2 — 1)1/4 

F02 KI22 ± K232 + K342 ± dId2  dida + did, ;I- dada + dad, + dad, = 3.41 1(vpiv  )2 11212  

K222d3 Ki22d4  K232di K232d4  Ka42di K342d2  d1d2d3 -I- d1d2d.  d1d3d4  d.43d4 = 2.61 

F04 
Ki22K342 Ki?dad,  K232did4  K342d1c12 did2d3d4 = 

[(Vp/V )2 — 114/4 

Design Equations—Group 4 

Exact Complex Polynomials for Response-Shape C. 

-  = 

Ae = 

Single-Tuned Circuit 

F0/[(Vp/1 -0)2 — 11112  

1 

[(v/1'8)2 — 1]I/2 

Double-Tuned Circuit 
V p  1 

-  = 
V  F 2/ 2 [( V pi 173) 2 ]1i: kiF)2 Bie(jF) + Be 

B1c= 1.414s2F0. 

Be = 0.5(s22 c22)F32. 

= sinh  sinh-1  1   
2  [(17„/V0)2 — 111/21' 

c2 = cosh )-1 sinh-1  1   
2  i(Vp/V0)2 — 111/4 • 

Triple-Tuned Circuit 

_    
=    [VP + ce(iF)2 + Ce(fF) + v 1103/4[(vp/v8)2 — 1 1"2 

C2C = 2S3P8. 
• = (1 . 25s32 + 0. 75C32)e8t• 
• =  25S32 + O. 75C12)1708. 

F03 

[(Vp/V )2 — 113/4 
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c, ..- cosh 1-3 sinh-I 107p/1 V — 111/1 . 

I   

1   

)I —3 sinh-1 

1 

Quadrup/e- Tuned Circuit 

  I(jF) i 1)/(jF)' -4- 1)1(.in1 ni•(pF) + nil 
F04/810',/  - 11" 

03e  2.61.14F0. 

(2.41s,'  c43)1:01. 

Die s4(0.923s,'  1.69 0)F0'. 

— o.u5(5.44 + &we,' + 
1 

s,  sinh 1-
4 

1 
cosh 1— 

.4 

1 
sinh'   

[(Vidir011 1114 
1 

Ifrs fr.1)2 — II"( 

Design Equations —Group 5 

Exact Simultaneous Equations to be Solved for Circuit Constants (K's and Q's) of an n-Resonant-Circuit Nemork 
to Produce Response-Shape C when the Circuits are Correctly Resonated. 

1.$ 
Ill  • 

- 11— 

di +  1.414s2Fo 

K112 4- did: (0.5 -4- 5:1)Fol. 

Single-Tuned Circuit 

nosibk-Tuned Circuit 

Triple-Tuned Circuit 

(It + 4:12 + d, = 2s3F. 

K121 +  + d1d3 +  (0.75 + 2.513)1:0' 

Kuldi  didids  s:(0.75 

Quadruple-Tuned Circuit 

d:  d3  d: = 2.614F. 

K121 4- Ku' -1-  + did: -I- (IA  11d4  Ma A- dsdi + dad. — (I -I- 3.41s42)Re. 

Ki2V3+ K112d4 -4- K23'd1  K=scl:  Kuidi  didida + d1d,S. + M d. + d,d,d4 = 34(1.69  2.61s41)Fis3. 

Kis2K,42 Ku2dsd,  K2321144  K142d1d:  d14ad,d4 (0.125;+ s,' 

In all the above equations, 

1 
sinh  (0.0 .5)2 — 11 . 

CORRECTION 

The authors have brought to the attention of the 
Editor the following error in the paper "Considerations 
in the Design of a Radar Intermediate-Frequency Am-
plifier," by Andrew L. Hopper and Stewart E. Miller, 
which appeared on pages 1208-1220 of the November, 
1947, issue of the PROCEEDINGS OF THE I.R.E. 
On page 1215, the expression i;=‘,/ mu- f R, 

should read VG= N'413K T Af R,.' 

Dwight 0. North and W. Robert Ferris, "Fluctuations induced 
in vacuum-tube grids at high frequencies," PROC. I.R.E., vol. 29, 
pp. 49-50; February, 1941: 

2 
—=4BKT j gI.  

Since 
1 

1;,=i,R,, and g,=— 
R. 

R,. 
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Cathode Neutralization of Video Amplifiers* 
JOHN M . MILLER, T JR. „ ASSOCIATE, IRF. 

Summary—The usual cathode bypass capacitors are eliminated, 
and replaced by a resistor connected from cathode to cathode of 
succeeding stages. It is shown that no gain need be sacrificed, and 
a great reduction in low-frequency phase shift is obtained. The addi-
tion of a small capacitance across a portion of the intercathode 
resistance gives an improvement in high frequency response and 
phase shift. Gain and stability equations are derived, and a circuit 
diagram of a practical amplifier is given. 

IN VIDEO amplifier stages having tubes of very high transconductance, it is customary to use cathode 
bias resistors in ordet to minimize variations in plate 

current that might be caused by variations in electrode 
operating potentials, replacement or aging of tubes, etc. 
A cathode bypass capacitor is normally used in each 
stage to avoid loss in amplification due to degeneration. 
However, even with the largest practical values of ca-
pacitance, there is usually an appreciable amount of 
phase shift at very low frequencies.' 
The cathode bypass is sometimes omitted when a very 

small value of cathode resistance can be used. This ar-
rangement may be moderately successful in 4n early 
stage where the signal is so small that little bias is needed 
to prevent the flow of grid current. However, the dc sta-
bility is not nearly so good as that which is obtained 
with a large cathode resistance. 
In the circuit described here, the cathode bypass ca-

pacitors are omitted, and the resulting cathode degener-
ation is effectively eliminated or greatly reduced by the 
use of a neutralizing resistor connected between the 
cathodes of succeeding stages. 
The circuit of such an amplifier is shown in Fig. 1. The 

high-frequency compensation is not shown. The circuit 
is otherwise normal, except for the resistor R ko con-

resistance of the tube; a condition that normally exists 
in pentode video amplifiers. 
For convenience, RI, has been included in R2 in deriv-

ing the gain equations, and R3 has been included in RI. 
It has also been assumed that there is no voltage drop 
across the plate and screen grid supply bypass capacitors 

V-I V-2 

Fig. 1 - Elementary schematic diagram of a two-stage video 
amplifier using cathode neutralization. 

or across the grid bk.cking capacitors. While this condi-
tion does not usually hold completely true in practice, 
the gain equations would otherwise become very un-
wieldy, not only because of the complex circuit meshes 
that result, but because the equations would include 
signal frequency as a function. As a practical matter, 
the value of R ko must be determined for proper opera-
tion at medium fre'quencies, unless a complex network is 

substituted for R k0 that would correct for the attenua-
tion and phase shift in the bypass and grid blocking 
capacitors. 

At medium frequencies, the gain of the amplifier is 

Gain = Ri( Rk0  Rkl  Rk2)  R, ,R1-. g„,ig„,2R2 — - 
(1) ERko  Rkj + Rk2 ± g„62 Rk2( Rk0  Rkl)  gosi Rkl( R1.0 ±  R42) ±  — R1)] 

nected between the cathodes of the tubes, and the ca-
pacitor C, which serves merely to improve the perform-
ance at high frequencies. The effect of C will be neg-
lected in the following expressions for the gain of the 
amplifier. 

Also, the plate load resistance of each tube will be as-
sumed to be negligible compared with the internal plate 

* Decimal classification: R363.4. Original manuscript received by 
the Institute, August 2, 1948; revised manuscript received, April 20, 
1949. 
t Formerly, Ripley Co., Inc., Middletown, Conn., now, Bendix 

Radio, Baltimore, Md. 
1 F. E. Terman, "Radio Engineers' Handbook," McGraw-Hill 

Book Co., New York, N. Y., First Ed., Sec. 5, Fig. 6; 1943. 

When Rki and R k2 equal zero, a situation that is equiv-
alent to a conventional amplifier circuit having per-
fectly bypassed cathodes, (1) reduces to 

Gain = g„,,g„,2RiR2.  (2) 

In order to obtain the same gain with 
cathode resistors, R ko must have the value 

Rk IRk 2( I /I? — g,,,, — 
(3) 

g„,ig„,2R/.1R/:2 

HI I )  j e . d 

The value of R ko for oscillation, or infinite gain, is 

1 
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Rko = 
gmlgm2 Rk1 Rk2 R1  (Rkl  Rk2  gm2 Rk1 Rk2  gm1 Rk1 Rk2) 

(1 +  gml Rk1)( 1 gm2 Rk2) 

The derivation of equations (1) through (4) is given in 
he Appendix. 
It is of some interest to determine how close together 
he values of R10 for oscillation and for normal gain may 
ome in a typical case. Let us assume that gml and gm2 
re 0.009 mho; Rki and R k2 are 160 ohms, and R1 equals 
,000 ohms. These are values that might exist in an am-
)1ifier using 6AC7 tubes. From (3), the value of R10 for 
iormal gain is 331 ohms, and from (4), the value for 
)scillation is 215 ohms. It is apparent, therefore, that a 
easonably close tolerance should be placed on R k0 in the 
nanufacture of amplifiers of this type. The cathode bias 
•esistors need not be held to such close tolerances, and 
iormal variations in tube transconductances are not 
roublesome. However, resistor R1 must be held to a 

airly close tolerance. 
Since the cathode of the first tube is at an ac potential 
.hat is 180 degrees out of phase with its grid voltage, 
:here will be some increase in the input capacity of the 
implifier, accompanied by a decrease in the input ca-
3acitance of the second stage.2 If desired, these effects 
:an be corrected by shunting cathode resistors Rid and 
Rk2 with small capacitors of such value that the ampli-
fier will function in the manner of conventional ampli-
fiers with bypassed cathodes at high frequencies, but 

II 25 

(4) 

tube internal plate resistance, the output impedance of 
the amplifier will be reduced, as the system consists es-
sentially of positive current feedback.2•4 
If desired, R klt R k2, and R ko may be rearranged to 

form a wye rather than a delta, with C connected in 
shunt with either of the ungrounded cathode resistors. 
Fig. 2 shows the circuit diagram of a portion of a prac-

tical amplifier that uses cathode neutralization. C8 yields 
a considerable increase in gain and reduction in phase 
shift, for frequencies above 3 mc per second. 
As the screen grids of the tubes in Fig. 2 are bypassed 

to the low potential side of the cathode resistors instead 
of directly to the cathodes, the screen grid alternating 
currents will flow through the cathode resistors, so that 
the expressions for gain given previously will apply only 
approximately. 
As a practical consideration, amplifiers incorporating 

the circuit of Fig. 2 that were manufactured in produc-
tion runs were very uniform in gain and frequency re-
sponse without any individual selection of parts or 
tubes. Both low- and high-frequency response were 
greatly improved over previous designs. 
The cathode neutralization principle could also be 

used in some audio amplifier applications. The value of 
Rko chosen would be somewhat modified by the fact that 

 liJ3 TO ENTEANAL 
LOAD 

Fig. 2—Schematic diagram of a portion of a production video amplifier using cathode neutralization. 

will function as a cathode neutralized amplifier at lower 
frequencies. 
It can be seen from a comparison of (1) and (2) that 

the output impedance of the amplifier is not affected by 
the use of cathode neutralization. However, if the plate 
ad resistance is not negligibly small compared with the 

2 MIT Radiation Laboratory Series, "Waveforms," McGraw-
Hill, New York, N. Y., Vol. 19, Sec. 2.4, p. 26. 

in most audio amplifiers the tube plate load resistance 
is not negligible, compared with the tube internal plate 
resistance. Also, heater-cathode leakage might create a 
hum problem in the early stages of high gain amplifiers. 

3 See Sec. 5. Par. 11, p. 402 of footnote reference 1. 
'1-I. F. Mayer, "Control of the effective internal impedance of 

amplifiers by means of feedback," PROC. I.R.E., vol. 27, p. 213, 
March, 1939. 
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APPENDIX 

The four simultaneous equations for the operation of 
the circuit of Fig. 1 are: 

it = [ei  Rk1(13 - i1) jgrni 

i2 =  - (i2  i3) Rk2 ign,2 

Rk0i3  R k1(i3  il) 

Gain = i2R2/ei 

= Rk2(12   

(5) 

(6) 

(7) 

(8) 

where g„,, and g„,2 are the transconductances of V-1 and 
V.2. 
Solving (5)for i3 we obtain 

ig = 

il 

- e + Rklil + 
gmi 

R kl 

(9) 

Dividing both sides of (6) by g„,2, and substituting (9), 

22 

gm2 

or 

= i1R1  i2Rk2  i31?k2 

Rk2/  
i1R1  i2Rk2  + &tit + —  , 

Rki  gm' 

12 ( RA2 +  = 

gm2 

whence 

il(R1 R k2 
Rk2 

RA1gml 

22 ( 1Rk2  + —7, el 
)  Rk2 

gm2   

Rk2 
R1 Rk2 

R klgml 

Solving (7) for 13, and substituting (9), 

Rklil  Rk2i2 

RA.0 + R21 + Rk2 

Gain = R2 

ii 

- Cl + Rkiii + 

RA, 

Rk2 
C', 

R21 

(10) 

Solving (11) for i,, and substituting (10), 

R k k2i2  el(Rko + R kl  R) 
- - - 

1 
( RA,  (Rk0 +  RA, +  Rk2) —  R11 1 

gmt 

( 1 \  Rk2 
i2  R 2 + --- + ---- el 

gm2  RA,. _ 

R k2 
RI R k2 

R k Igm 

Transposing, and factoring out 12, 

Rk IR k2 i2 [( R  1kl  (RAO + R2., + Rk2) —  R 12 
gml 

et 

RA2 

R, + R + 
RI igmi 

R k0  RA, ± R12 

1 R22 + 

-)(R2 0 + Ril + R22) - RI 12 
g,„i 

1 

Rki RA2 
R, + R2-2 + 

Cross-multiplying, 

i2 R AIR 22(Ri+ R22+  R22  ( Rk2+ -I 
• Rk  g.2 

• RR21+-1-) (R20+Rki+RA2) -Rk(23. 
gmi 

=  (R20+ R21+ R22) (Ri- Rk 
Rk2 

Rk1gml) 

[(  1 Rk1+ —)(Rk0+ Rkl+ Rk2)  Rk12]} . (12) 
Rki 

Substituting (12) into (8), we obtain 

1 
- (Rko + R21 + R22)(Ri + RA2  Rk2  Rk2 [(Rkl  (R 1:0 ± RA1 + Rk2)  Rk12] 

RkIgml  R kl  grn1 

Rk1Rk2(RI R k2  R " Rklg  ( Rk  ) [( Rkl  (Rk0  Rkl  R k2)  Rk1 2] 

ml  gm2  gml 

Cross-multiplying, 

Rki211 RA1R k2i2 =  ei(Rko + R k I  Rk2) 

1 
il ( Rkl  Rkl  Rk2).  (11) 

gml 

Multiplying out numerator and denominator, cancelling 

equal terms of opposite signs, and multiplying numera-

tor and denominator by g„,i g„,2, we obtain equation (1) 
of the main text: 
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Ri( Rko  Rkl  Rk2)  Rk1 Rk2 

Gain = gmig.2R2[   
Ak0  Rki  Rk2  gm2 Rk2( Rk0  Rkl)  gmI Rkl( Rk0 +  RA2) +  gmlgm2 Rki Rk2( Rk0 —  RI) • 

In order for the gain in (1) to be equal to gmism2RIR2, 
he fraction inside the brackets must be equal to RI. Di-
iding both sides of this identity by RI, cross-multiply-

and solving for R ko,  we obtain (3) of the main 
ext : 

(1) 

1 
RkiRk2(— — gmt — gm2 -4- gmigm2R1) 

R 
Rk0   1  (3) 

gmiRki  gni2 Rk2  gml.gm2 Rk1 Rk2 

In order for the gain of (1) to become infinite, the de-
nominator of the fraction in the brackets must be equal 
to zero. Setting up this identity, and solving for R ko, we 

obtain (4) of the main text: 

gmIgni2 Rk1 Rk2 R1  (Rkl  Rk2  gm2 Rk1 Rk2  gmI Rk1 Rk2) 

Rko 
(1 +  gmiRki)(1.-1- gm2Rk2) 

A New Figure of Merit for the Transient 
Response of Video Amplifiers* 

R. C. PALMERt, ASSOCIATE, IRE, AND L. MAUTNERI, SENIOR MEMBER, IRE 

Summary—A figure of merit suitable for comparing the transient 
-esponse of television video amplifiers is proposed. The parameters 
ire adjusted so that when applied to a shunt-peaked interstage, the 
igure of merit reaches a maximum for an overshoot of approximately 
1 per cent. Application of the suggested form to other types of inter-
;tages arranges the various networks in the order of their suitability 

.n television amplifiers as considered from their transient responses. 

1
 r 1HE STUDY of amplifiers for video applications 

has, in the past, been considered from the view-
points of both steady-state and transient re-

sponse. In the process of developing wide-band ampli-
fiers on a steady-state basis, it has been assumed that 
iThe desired goal is to achieve a flat amplitude charac-
teristic for the widest band of frequencies. It has been 
further assumed that the accompanying phase-shift 
characteristic be linear within limits which will make the 
over-all amplifier useful for the particular application. 
Although the experimental verification of a given ampli-
tude characteristic is not difficult, the determination 
of the accompanying phase characteristic often presents 
a considerable problem. For minimum phase-shift net-

'Decimal classification: R 363.4. Original manuscript received 
;ay the Institute, April 13, 1948; revised manuscript received, Janu-
ary 21, 1949. Presented, 1948 IRE National Convention, New York, 
N. Y., March 23, 1948. 
t Allen B. DuMont Laboratories, Inc., Passaic, N. J. 
t Television Equipment Corp., New York, N. Y. 

(4) 

works, and these are the types which will be considered 
here, Bode' has shown that the phase characteristic is 
uniquely defined by the amplitude characteristic; how-
evr, this determination, while straightforward, is 

nonetheless involved. 
A figure of merit for comparing the relative utility 

of wide-band amplifiers on a steady-state basis has been 
generally accepted as the gain-bandwidth product. By 
considering the interstages alone, normalizing these to a 
reference midfrequency impedance level, the steady-
state figure of merit degenerates to a comparison of the 
upper frequency limit at which the impedance of the 
network falls to some specified value. This cutoff fre-
quency may be considered as that at which the inter-
stage network impedance has decreased to 70.7 per cent 
of its midfrequency value, or alternatively, as that 
frequency which, when multiplied by the midfrequency 
impedance, gives the same product as the area contained 
under the impedance versus frequency curve. This 
latter value may be more useful for mathematical 
manipulation, as considered by Hansen2 and DiToro.2 

H. W. Bode, "Network Analysis and Feedback Amplifier De 
sign," D. Van Nostrand Co., Inc., New York; N. Y., 1945. 
$ W. W. Hansen, "Transient response of wideband amplifiers," 

Electronic Ind., vol. 3, pp. 80-82, 218-220; November, 1944. 
M. J. DiToro, "Phase and amplitude distortion in linear net-

works," PROC. I.R.E. vol. 36, pp. 24-36; January, 1948. 
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In video applications, the fidelity of pulse reproduc-
tion is, in reality, the final criterion by which we seek 
to judge the utility of various interstages. Since the 
steady-state response only indirectly measures the fi-
delity of pulse reproduction, it is but an intermediate 
step in the evaluation of the transient response. In par-
ticular, since the steady-state figure of merit does not 
take cognizance of the variation of the time-delay char-
acteristic near the cutoff frequency, it is of relatively 
little use in transient work. 
The purpose of this paper is to analyze video inter-

stages from a transient viewpoint solely, and to propose 
a figure of merit by which the relative utility of an 
amplifier for transient applications can be specified. 
Although the criterion that is proposed does not rest 
upon a coherent mathematical development, it, never-
theless, does consider for the first time those factors 
which, from both an experimental and theoretical view-
point, must be dealt with in order to make a fair ap-
praisal. 
Some definitions are in order before proceeding fur-

ther. Assume the input signal takes the form of a unit 
step, which is the integral of the sometimes used A 
function. An ideal amplifier from a transient standpoint 
will reproduce such a wave form exactly,4 and a typical 
amplifier which fails to do this will, in general, repro-
duce the initial step with a function that has a finite 
slope and may also have an "overshoot" or "under-
shoot" which, in a simple case, will take the form of a 
damped sinusoid. The steepness of the maximum slope 
will be a measure of the rise time, and this parameter 
has been previously defined in several different ways. 
One must decide whether the rise time should be spec-
ified in a manner which is of practical value, or in a 
manner which lends itself to easy mathematical manipu-
lation. Although we penalize ourselves somewhat for 
doing so, the former method is elected here. Kal!man, 
Spencer, and Singer5 have suggested that this parameter 
be defined in terms of the time interval within which the 
output amplitude wave form traverses the 10 to 90 per 
cent points. This has been found, in practice, to be desir-
able inasmuch as one is seldom concerned with the 
delay which may take place from the origin to the 
10 per cent value, and provided the overshoot is not 
excessive and the wave form follows a normal shape, 
the 90 per cent value represents a convenient point at 
which the wave form excursion may be said to have 
been completed. If the interstage is normalized with 
respect to impedance level, the absolute magnitude of 
the maximum variation of the output wave form from 
its end value of unity will be defined as the overshoot. 
These two parameters will be referred to as the rise time 
r and the overshoot 7, and are shown in Fig. 1. The 

That is, excluding any delay which merely translates the wave 
form along the time axis. 

6 H. E. Kallman, R. E. Spencer, and C. P. Singer, "Transient 
response," PROC. I.R.E., vol. 33, pp. 169-195: March. 1945. 

Laplace transformation has been used in analyzing th 
interstage networks to be described here, the method 
following those of Gardner and Barnes.° In carrying out' 
such an analysis, it is found that the rise time varics . 
inversely with both R and C, so that it is convenient to 
conduct one analysis for each network configuration and . I .. 

RELATIVE 
RESPONSE 

OVERSHOOT  

.9 

RISE TIME TIME 

2 

Ce 

3 

Fig. 1 —Typical transient response. 

t 
4 RC 

specify the rise time in t/RC units. The value of shunt 
capacitance C, in the case of two-terminal networks, 
will consist of the total distributed interstage capaci-
tance; in the case of four-terminal networks, the con-
vention that has been followed has been to consider sC 
as the sum of the input and output capacitances of the 
network. This then permits the use of recurrent filter 
networks without penalizing the ultimately derived 
figure of merit for the midpoint shunt capacitances of 
the system. 

In comparing the performance of any interstage, one 
is concerned with the quantities absolute rise time, 
overshoot, and gain (or impedance level). In order to 
make the figure of merit independent of impedance level, 
the relative rise time r must be introduced as a recipro-
cal function. It is considered important that the figure 
of merit also be some inverse function of the overshoot 
7. The amount that the figure of merit should be 
penalized for increasing values of overshoot rests upon 
two foundations. If the figure of merit relates only to 
single interstages, it should be so arranged that the 
value of the figure of merit increases with decreasing rise 
time, up to a point where the overshoot becomes so 
large as to be objectionable from a practical standpoint. 
For values of overshoot greater than this value, the 
figure of merit should decrease rapidly. In television 
applications, values of overshoot greater than 2 per cent 
may lead. to a perceptible and possibly objectionable 
ringing in the reproduced picture in the case of sharp 
black and white transitions. Consequently, such a value 
of overshoot should be given some weight in determining 

6 M. F. Gardner and J. L. Barnes, "Transients in Linear Sys-
tems," vol. 1; John Wiley and Sons, Inc., New York, N. Y.; 1942. 



It what point the figure of merit will begin to become enalized with respect to increasing values of 7. 
A much more important factor in establishing his 
alue of 7, however, occurs in relation to the use of the 
gure of merit for multistage applications. Kallman, et 
l.,5 and Elmore7 have shown the relation between the 
se time of a single interstage as compared to the over-
II rise time accruing from the recurrent use of such 
tterstages. If the value of 7 is small, these results can 
e summarized by saying that the over-all rise time of n 
milar interstages is equal to the rise time of a single 
ich interstage multiplied by the square root of n. 
lowever, if 7 is not small, this relationship does not 
old, and we are led to inquire as to the value of 7 
eyond which the approximation becomes in error. The 
•ork of Bedford and Fredendalls fortunately gives us 
lme clue to the establishment of the iralue of 7 from 
-tis standpoint. They have given graphical data show-
tg the performance of 16, 32, and 64 recurrent shunt-
eaked interstages, in each case these data being tabu-
ited for three different values of 7 of a single such 
lterstage. Based upon these results, it is found that if 
he overshoot has a value equal to or less than ap-
roximately 2 per cent, the rise time agrees fairly well 
iith the relationship given above, and the overshoot 
emains substantially constant. However, for values of 
• greater than 2 per cent, the overshoot of the over-all 
mplifier increases enormously, and concurrently the 
iven relationship for the rise time does not hold. From 
his standpoint, therefore, it seems fair, in the case of a 
hunt-peaked amplifier, to permit the figure of merit 
o increase for decreasing rise time, up to a point where 
he overshoot approximates 2 per cent. For values of 
iarameters in such a network that lead to greater values 
.f 7, although the rise time may still continue to de-
rease, it is felt reasonable to have the figure of merit 

RELATIVE 
RESPONSE 

Fig. 2—Transient response, shunt-peaked interstage. 

7 W. C. Elmore, "The transient response of damped linear net-
to/orks with particular regard to wideband amplifiers, Jour. Appi. 

vol. 19, pp. 55-63; January, 1948. 
8 A. V. Bedford and G. L. Fredendall, "Transient response of 

inulti-stage video-frequency amplifiers," PROC. I.R.E., vol. 27, pp. 
• 77-284; April, 1939. 
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decrease sharply inasmuch as such a configuration is 
deemed of little use for transient work such as television, 
where the recurrent use of such a network would cause 
excessive overshoots. 
It has seemed expedient, therefore, to derive the figure 

of merit based upon this data and to consider the shunt-
peaked network first. In Fig. 2 is shown a typical shunt-

RISE TIME 
t 
RC 

2.5 

20 

1.5 

1.0 

0.5   

0 
0  0.1 

OVERSHOOT 

  12.5% 

10.0 

7.5 

  5.0 

  2.5 

  0 
02  0.3  04  0.5  06 

/C1R 

Fig. 3—Variation of r and y  m=L/CR2 for shunt-peaked 
interstage. 

peaked network, and it will be observed that there are 
an infinite number of variations possible, depending 
upon the assigned value of the parameter m, where m 
is given by m =L/CR2. In Fig. 3 the relationship be-
tween rise time and m is given graphically, and we can 
see that as m is increased from a value of 0 (which cor-
responds to a simple RC interstage), the value of T 

decreases initially at approximately a linear rate. Also, 
in Fig. 3 is shown the relationship between 7 and m 
for the same network. One observes that for a value of 
m <0.25 there is no overshoot; and as m increases 
beyond this value, the overshoot increases, eventually 
becoming approximately a linear variation. It is found 
that a value of m=0.388 will give an overshoot of ap-
proximately 2 per cent, and based upon the data of 
Bedford and Fredendall for recurrent shunt-peaked 
interstages, this value has been selected as representing 
the point beyond which the figure of merit should be 
penalized for increasing values of 7. The expression for 
the figure of merit which we shall now propose will 
take cognizance of this fact, leading to a figure of 
merit for a shunt-peaked interstage which will have a 
maximum value for this value of m. A suitable form 
for the figure of merit, F, is as follows 

F = ar-ie-612  (1) 

where 
F=a numeric specifying the relative quality of a 
shunt-peaked interstage from the transient view-
point 

a =a constant to give a suitable magnitude to F 
= the rise time in units of time normalized by the 

factor RC 
7= the fractional overshoot 
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APPENDIX  Solving (11) for 11, and substituting (10). 

The four simultaneous equations for the operation of  R AI R A2i2 +  el(16,0 -1- RAI -f Rc2) 
the circuit of Fig. 1 are: 

11 = [ei  Rki(i3 -  (5) 

i2 =  IiI RI  (i2  id) Rk2]gm2  (6) 

Rkoi3 Rki(13 - /1) = Rk2( 12  13),  (7) 

Gain = i2R2/e1  (8) 

where g„,i and g„,2 are the transconductances of V-1 and 
17-2. 
Solving (5) for is we obtain 

i3 = 

- 

R AI 
(9) 

Dividing both sides of (6) by g„,2, and substituting (9), 

i2 

g-2 

or 

12(R, 

whence 

=  il RI  i2 RA2 +  i3 R k2 

R k2 

=  i1 R1  i2 Rk2 +  -- - ( — 

Rki 

+ 

1 =  R  4_  Rk2 

gm2  

i2 ( 1 )  Rk2 
R k2 +  +  el 

gm2  A k1 

Rk2 + 

R k2 

R klgml 

Solving (7) for 13, and substituting (9), 

i3 = 

R A1i1 +  Rk2i2 

RAO  RAI +  Rk2 

gml 

Rk2 
el. 

Rkl 

-  Rkiii 
gmi 

(10) 

Si = 

1 
(RH  (Rio -i- RAI 

gm' 

1  R 

i2 (R k2  - 
g1,42  R/1 

RA2 
RI -1- RA2 + 

R A 

Transposing, and factoring out 

R41 R42 

[  1 (Rki + ---•-) ( RA0 + R, i -1- 162) — I? i i' 

C' 

R A 7) 

- el 

+e' 

RI + R,2 + 

R/2 

R , • R 1 1 I?)•2 

(Rk i -1 1 ) R  • R 1 ± R,•21 — Ri 2 

( Rk2 )  1 

\ Rkl i  A' 

(7ross-mult11)1ying, 

Rk2 

i2 { RAI RA2 ( R1 + 1 42 +   )  (R A2 + KJ' 
Rkig„,i   

• [ ( Rk1 + -1  ) ( RAO -I- R AI + RA2)  RI.12] 
gmi  } 

= e1 {- (Rk0-1-Rki -f-Rk2)(RI-FRI,2+  Rk2  

1 
+-22 -R [(Rki+ —)(Rk1)+Rkl+Rk2)-Rk121} . (12) 
Rki  gmi 

Substituting (12) into (8), we obtain 

-- (RA0 + R41  RA2) ( R1 ±  RA  +  Rk2 ) 4.  Rk2 [(  1 
  R kj + ---- ) ( Rk0 + RA1 + R k2)  R k1 2] Rkigml  Rki 

Gain = R2 
1 1 

/6, IRk2 (RI + R k2 +  Rk2  ) (RA2 +  (RAO + RAI ±  R k2 ) —  R A1 2] 

Rkignit  gm2  gm' 

Cross-multiplying, 

Rki2ii  RA.1 Rk2i2 =  el( Rk0 + R kl + R k2) 

1 

il ( RAl + - - ) ( Rk0 + Rkl + Rk2). 

gml 

(11) 

Multiplying out numerator and denominator, cancelling 
equal terms of opposite signs, and multiplying  numera-

tor and denominator by gmi gm2, we obtain equation (1) 
of the main text: 
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Gain = gnagm2R2[ 
RI( Rk0  Rkl  Rk2)  Rk1 Rk2 

Rko  Rkj  Rk2  gm2 Rk2( Rk0  Rkl)  gml Rkl( Rk0  Rk2)  gmlgm2 Rk1 Rk2( Rk0 —  Rl) • 

In order for the gain in (1) to be equal to gmignaRiR2, 
the fraction inside the brackets must be equal to RI. Di-
viding both sides of this identity by RI, cross-multiply-
ing, and solving for R k0,  we obtain (3) of the main 
text: 

Rko =   
(1 + gmiRki)(1.-E gm2Rk2) 

Rk0 

1 

Ria Rk2 (--  gml  gm2  gmlgm2 R1) 

Ri 

gml Rkl  gm2 Rk2  gmlgm2 Rk1 Rk2 

In order for the gain of (1) to become infinite, the de-
nominator of the fraction in the brackets must be equal 
to zero. Setting up this identity, and solving for Rico, we 
obtain (4) of the main text: 

(1) 

gm1gm2 Rk1 Rk2 R1  (Rkl  Rk2  gm2 Rk1 Rk2  gmi Rk1 Rk2) 

A New -Figure of Merit for the Transient 
Response of Video Amplifiers* 

R. C. PALMERt, ASSOCIATE, IRE, AND L. MAUTNERT, SENIOR MEMBER, IRE 

Summary—A figure of merit suitable for comparing the transient 
response of television video amplifiers is proposed. The parameters 
are adjusted so that when applied to a shunt-peaked interstage, tne 
figure of merit reaches a maximum for an overshoot of approximately 
2 per cent. Application of the suggested form to other types of inter-
stages arranges the various networks in the order of their suitability 
in television amplifiers as considered from their transient responses. 

I
r I HE STUDY of amplifiers for video applications 

has, in the past, been considered from the view-
points of both steady-state and transient re-

sponse. In the process of developing wide-band ampli-
fiers on a steady-state basis, it has been assumed that 
the desired goal is to achieve a fiat amplitude charac-
teristic for the widest band of frequencies. It has been 
further assumed that the accompanying phase-shift 
characteristic be linear within limits which will make the 
over-all amplifier useful for the particular application. 
Although the experimental verification of a given ampli-
tude characteristic is not difficult, the determination 
of the accompanying phase characteristic often presents 
a considerable problem. For minimum phase-shift net-

* Decimal classification: R 363.4. Original manuscript received 
by the Institute, April 13, 1948; revised manuscript received, Janu-

- ary 21, 1949. Presented, 1948 IRE National Convention, New York, 
N. Y., March 23, 1948. 
t Allen B. DuMont Laboratories, Inc., Passaic, N. J. 
t Television Equipment Corp., New York, N. Y. 

(3) 

(4) 

works, and these are the types which will be considered 
here, Bode' has shown that the phase characteristic is 
uniquely defined by the amplitude characteristic; how-
ever, this determination, while straightforward, is 
nonetheless involved. 
A figure of merit for comparing the relative utility 

of wide-band amplifiers on a steady-state basis has been 
generally accepted as the gain-bandwidth product. By 
considering the interstages alone, normalizing these to a 
reference midfrequency impedance level, the steady-
state figure of merit degenerates to a comparison of the 
upper frequency limit at which the impedance of the 
network falls to some specified value. This cutoff fre-
quency may be considered as that at which the inter-
stage network impedance has decreased to 70.7 per cent 
of its midfrequency value, or alternatively, as that 
frequency which, when multiplied by the midfrequency 
impedance, gives the same product as the area contained 
under the impedance versus frequency curve. This 
latter value may be more useful for mathematical 
manipulation, as considered by Hansen2 and DiToro.2 

H. W. Bode, "Network Analysis and Feedback Amplifier De-
sign," D. Van Nostrand Co., Inc., New York; N. Y., 1945. 

2 W. W. Hansen, "Transient response of wideband amplifiers," 
Electronic Ind., vol. 3, pp. 80-82, 218-220; November, 1944. 

M. J. DiToro, "Phase and amplitude distortion in linear net-
works," PROC. I.R.E. vol. 36, pp. 24-36; January, 1948. 
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In video applications, the fidelity of pulse reproduc-
tion is, in reality, the final criterion by which we seek 
to judge the utility of various interstages. Since the 
steady-state response only indirectly measures the fi-
delity of pulse reproduction, it is but an intermediate 
step in the evaluation of the transient response. In par-
ticular, since the steady-state figure of merit does not 
take cognizance of the variation of the time-delay char-
acteristic near the cutoff frequency, it is of relatively 
little use in transient work. 
The purpose of this paper is to analyze video inter-

stages from a transient viewpoint solely, and to propose 
a figure of merit by which the relative utility of an 
amplifier for transient applications can be specified. 
Although the criterion that is proposed does not rest 
upon a coherent mathematical development, it, never-
theless, does consider for the first time those factors 
which, from both an experimental and theoretical view-
point, must be dealt with in order to make a fair ap-
praisal. 
Sonic definitions are in order before proceeding fur-

ther. Assume the input signal takes the form of a unit 
step, which is the integral of the sometimes used A 
function. An ideal amplifier from a transient standpoint 
will reproduce such a wave form exactly,' and a typical 
amplifier which fails to do this will, in general, repro-
duce the initial step with a function that has•a finite 
slope and may also have an "overshoot" or "under-
shoot" which, in a simple case, will take the form of a 
damped sinusoid. The steepness of the maximum slope 
will be a measure of the rise time, and this parameter 
has been previously defined in several different ways. 
One must decide whether the rise time should be spec-
ified in a manner which is of practical value, or in a 
manner which lends itself to easy mathematical manipu-
lation. Although we penalize ourselves somewhat for 
doing so, the former method is elected here. Kai!man, 
Spencer, and Singer' have suggested that this parameter 
be defined in terms of the time interval within which the 
output amplitude wave form traverses the 10 to 90 per 
cent points. This has been found, in practice, to be desir-
able inasmuch as one is seldom concerned with the 
delay which may take place from the origin to the 
10 per cent value, and provided the overshoot is not 
excessive and the wave form follows a normal shape, 
the 90 per cent value represents a convenient point at 
which the wave form excursion may be said to have 
been completed. If the interstage is normalized with 
respect to impedance level, the absolute magnitude of 
the maximum variation of the output wave form from 
its end value of unity will be defined as the overshoot. 
These two parameters will be referred to as the rise time 
T and the overshoot 7, and are shown in Fig. 1. The 

'That is, excluding any delay which merely translates the wave 
form along the time axis. 

'H. E. Kaltman, R. E. Spencer, and C. P. Singer, "Transient 
response," PROC. I. R. E., vol. 33, pp. 169-195: March. 1945. 

Laplace transformation has been used in analyzing the 
interstage net works to be described here, I he methods 
following those of Gardner and Barnes.° In ,irrying out 
such an analysis, it is found t hat the rise time varies 
inversely with both k and C,  t hat it is convenient to 
conduct one analysis for each net work configuration and 

RELATIVE 
RESPONSE 

C11:: 

L.2G1R2 

Tf 6 

R  C2  OUTPUT 

2  3 

Fig. 1 -1 ypical tr.,,1  I-ponse. 

specify the rise time in t/RC units. The value of shunt 
capacitance C, in the case of two-terminal networks, 
will consist of the total distributed interstage capaci-
tance; in the case of four-terminal networks, the con-
vention that has been followed has been to consider C 
as the sum of the input and output capacitances of the 
network. This then permits the use of recurrent filter 
networks without penalizing the ultimately derived 
figure of merit for the midpoint shunt capacitances of 
the system. 

In comparing the performance of any interstage, one 
is concerned with the quantities absolute rise time, 
overshoot, and gain (or impedance level). In order to 
make the figure of merit independent of impedance level, 
the relative rise time r must be introduced as a recipro-
cal function. It is considered important that the figure 
of merit also be some inverse function of the overshoot 
7. The amount that the figure of merit should be 
penalized for increasing values of overshoot rests upon 
two foundations. If the figure of merit relates only to 
single interstages, it should be so arranged that the 
value of the figure of merit increases with decreasing rise 
time, up to a point where the overshoot becomes so 
large as to be objectionable from a practical standpoint. 
For values of overshoot greater than this value, the 
figure of merit should decrease rapidly. In television 
applications, values of overshoot greater than 2 per cent 
may lead to a perceptible and possibly objectionable 
ringing in the reproduced picture in the case of sharp 
black and white transitions. Consequently, such a value 
of overshoot should be given some weight in determining 

6 M. F. Gardner and J. L. Barnes, "Transients in Linear Sys-
tems," vol. 1; John Wiley and Sons, Inc., Nev York, N. Y.; 1942. 
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at what point the figure of merit will begin to become 
penalized with respect to increasing values of 7. 
A much more important factor in establishing his 

value of 7, however, occurs in relation to the use of the 
figure of merit for multistage applications. Kallman, et 
al.,' and Elmore7 have shown the relation between the 
rise time of a single interstage as compared to the over-
all rise time accruing from the recurrent use of such 
interstages. If the value of -y is small, these results can 
be summarized by saying that the over-all rise time of n 
similar interstages is equal to the rise time of a single 
such interstage multiplied by the square root of n. 
However, if -y is not small, this relationship does not 
hold, and we are led to inquire as to the value of -y 
beyond which the approximation becomes in error. The 
work of Bedford and Fredendall" fortunately gives us 
some clue to the establishment of the value of 7 from 
this standpoint. They have given graphical data show-
ing the performance of 16, 32, and 64 recurrent shunt-
peaked interstages, in each case these data being tabu-
lated for three different values of 7 of a single such 
interstage. Based upon these results, it is found that if 
the overshoot has a value equal to or less than ap-
proximately 2 per cent, the rise time agrees fairly well 
with the relationship given above, and the overshoot 
remains substantially constant. However, for values of 
7 greater than 2 per cent, the overshoot of the over-all 
amplifier increases enormously, and concurrently the 
given relationship for the rise time does not hold. From 
this standpoint, therefore, it seems fair, in the case of a 
shunt-peaked amplifier, to permit the figure of merit 
to increase for decreasing rise time, up to a point where 
the overshoot approximates 2 per cent. For values of 
parameters in such a network that lead to greater values 
of 7, although the rise time may still continue to de-
crease, it is felt reasonable to have the figure of merit 
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Fig. 2--Transient response, shunt-peaked interstage. 

W. C. Elmore, "The transient response of damped linear net-
works with particular regard to wideband amplifiers," Jour. Appl. 
Phys., vol. 19, pp. 55-63; January, 1948. 

• A. V. Bedford and G. L. Fredendall, "Transient response of 
multi-stage video-frequency amplifiers," PROC. I.R.E., vol. 27, pp. 
277-284; April, 1939. 

decrease sharply inasmuch as such a configuration is 
deemed of little use for transient work such as television, 
where the recurrent use of such a network would cause 
excessive overshoots. 
It has seemed expedient, therefore, to derive the figure 

of merit based upon this data and to consider the shunt-
peaked network first. In Fig. 2 is shown a typical shunt-

RISE TIME 
t 
RC 
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1.5 

1.0 

0.5 
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10.0 
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2.5 

0  0 
0.1  02  0.3  0.4  05  06 

mel-/GR2 

Fig. 3—Variation of r and 7 with m = L/CR2 for shunt-peaked 
interstage. 

peaked network, and it will be observed that there are 
an infinite number of variations possible, depending 
upon the assigned value of the parameter m, where m 
is given by m=L/CR2. In Fig. 3 the relationship be-
tween rise time and m is given graphically, and we can 
see that as m is increased from a value of 0 (which cor-
responds to a simple RC interstage), the value of r 
decreases initially at approximately a linear rate. Also, 
in Fig. 3 is shown the relationship between 7 and m 
for the same network. One observes that for a value of 
m<0.25 there is no overshoot; and as m increases 
beyond this value, the overshoot increases, eventually 
1becoming approximately a linear variation. It is found 
that a value of m=0.388 will give an overshoot of ap-
proximately 2 per cent, and based upon the data of 
Bedford and Fredendall for recurrent shunt-peaked 
interstages, this value has been selected as representing 
the point beyond which the figure of merit should be 
penalized for increasing values of -y. The expression for 
the figure of merit which we shall now propose will 
take cognizance of this fact, leading to a figure of 
merit for a shunt-peaked interstage which will have a 
maximum value for this value of m. A suitable form 
for the figure of merit, F, is as follows 

F = ar-le-b7̀  (1) 

where 
F=a numeric specifying the relative quality of a 
shunt-peaked interstage from the transient view-
point 

a =a constant to give a suitable magnitude to F 
=the rise time in units of time normalized by the 
factor RC 
= the fractional overshoot 
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b =a second constant which determines the amount 
by which the figure of merit F is penalized for 
different values of -y. 

Carrying out computations with such a figure of merit 
and utilizing the known data for shunt-peaked inter-
stages reduces (1) to 

F = 10007—'€-"°1̀.  (2) 

}'lotting F versus the network parameter m in Fig. 4, 
it is observed that the maximum figure of merit for the 
shunt-peaked interstage has a value of 755. For m=0, 
corresponding to a simple RC interstage, the correspond-
ing figure of merit is 450. The figure of merit is permitted 
to increase- beyond the critically damped case into the 

-1 -1002( 2 
F.1000r 6 

1000 

500 

OUTPUT 

0   L /CR 2 
0  01  02  03  0.4  0.5  0.6 

Fig. 4—Figure of merit versus m=L/CR2 for shunt-peaked 
interstage. 

region where overshoot becomes apparent, reaching a 
peak for a value of m corresponding to an overshoot 
which we consider the maximum permissible from two 
viewpoints: 

1. The practical consideration, wherein greater over-
shoot may result in objectionable distortion in a trans-
mitted picture, in the case of a television system. 
2. From the standpoint that a greater overshoot will 

render a multistage amplifier of limited application be-
cause its over-all overshoot is then very objectionable. 
The logic of this arrangement becomes apparent when 
one realizes that the figure of merit for n similar stages 
of a shunt-peaked amplifier with small overshoot is 
given simply as the figure of merit for one interstage 
divided by the square root of n. It should also be clear 
that this figure of merit is independent of the gain of 
the amplifier or the corresponding impedance level of 
the interstage. Of course, in a given case and for a fixed 
value of shunt capacitance, one is always at liberty to 
reduce the gain by reducing R; this then makes the 
absolute rise time in microseconds less, but the value 
of F, the figure of merit, remains constant. 
The figure of merit defined above, while resting on a 

well-established experimental background, does not 
have any profound mathematical basis. Nevertheless, 
from an engineering standpoint, it does provide a useful 

rule-of-thumb measure of the relative quality of such an 

interstage for certain video applications. 
One is now led to inquire as to the application of such 

a figure of merit to other types of interstages, both 
two- and four-terminal varieties. There are two aspects 
to such networks: (1) their configuration, and (2) the 
parameter values specified for such a configuration. If 
we apply the figure of merit derived herein to a typical 
four-terminal network, for example, one has no assur-
ance that the value thus determined represents the high-
est figure of merit possible with the particular con-
figuration. However, the derivation of the optimum 
parameter values for a given four-terminal network 
represents a vast amount of effort. Since it must be addi-
tionally demonstrated that the overshoot resulting from 
the recurrent use of such an optimum interstage is not 
objectionable, there seems to be a real value at this time 
in appraising certain configurations for at least the pa-
rameter values which have already been investigated. 
There appears to be some assurance that for any net-
work, if the overshoot resulting from its use singly is 
small, the recurrent use of such networks will not give 
rise to a poor transient response, at least from a stand-
point of excessive overshoot. With this thought in mind, 
and assuming that a 2 per cent overshoot permits of 
this extrapolation, we have tabulated the figure of merit 
for a number of typical interstages. 
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Fig. 5--Transient response, series-peaked interstage. 

In Fig. 5 is given the transient response for a series-
peaked network for two values of the parameter k in-
dicated in the circuit diagram. For the value k=1.4, 
it is seen that there is a 6.4 per cent "undershoot, 
which, of course, may be as objectionable as an over-
shoot. The fact that 7 appears squared in the defini-
tion of F"means, of course, that an "undershoot" is 
considered in the same fashion as an overshoot. A value 
of k=2.0 gives a 10 per cent overshoot, further penaliz-
ing the resulting figure of merit. In Fig. 6 is given the 
transient response of a network which will be referred 
to as "Doba's network" because the particular value of 
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parameters specified tor this configuration is due, it is 
believed, to S. Doba of the Bell Telephone Labora-

RELATIVE 
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Fig. 6—Transient response, Doba's network. 

tories. In Fig. 7 is shown the network referred to as the 
series-shunt network; and in Fig. 8, the so-called "Dietz-

RELATIVE 
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Fig. 7—Transient response, series-shunt interstage. 

old network," again the name being derived from the 
fact that the particular parameter values specified are 
believed to be due to R. L. Dietz°ld of the Bell Tele-

TABLE I 

Interstage 

Dietzold's Network 
Series-Shunt Peaking 
Doba's Network 
Shunt Peaking, m=0.388 
Shunt Peaking, m=0.3 
Series Peaking, k =1.4 
Shunt Peaking, m=0.5 
Uncompensated RC 
Series Peaking, k=2.0 

/7==1,0Mr-1,--looy2 
1,128 
1,065 
797 
755 
697 
672 
572 
450 
344 

phone Laboratories. By way of summary, Table I com-
pares the figures of merit for the interstages discussed. 
In view of the decreased rise time that one may 

achieve with some of the more complicated four-
terminal networks, and the concurrent increase in figure 
of merit, one gains the feeling that if a more compli-
cated network may be justified from the standpoint 
of improved rise time, such an improvement may be 
gained at the expense of the more involved adjustment. 
There has been a tendency in the past with respect to 
production types of video amplifiers to adhere to the 
simplicity of the shunt-peaked amplifier, because the 
complexity of adjustment of the more involved net-
works has rendered their use ill advised. The justifica-
tion for this feeling may well be questioned in the 
future as more profound methods become available for 
the evaluation of the sensitivity of the figure of merit 
to change in parameter values. However, in the light 
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Fig. 8—Transient response, Dietzold's network. 

of present limited knowledge, there seems to be a defi-
nite engineering utility for the application of a simple 
figure of merit of the type described herein to all of the 
common types of video interstages. It must be borne in 
mind, however, that the figure of merit assigned on the 
basis established above, to a given interstage configura-
tion with presently proposed parameter values, may not 
in fact represent the ultimate in either performance or 
figure of merit for such an interstage. 
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Design Equations for Reactance-Tube Circuits* 
J. D. YOUNGt, ASSOCIATE, IRE, 

Summary —Without assuming the usual approximations, design 
equations are derived for several systems of reactance-tube modula-

tion. Empirical methods are used to derive expressions for the total 
band swept, in which the effect of each parameter can be directly 
evaluated. The analysis was completed without the use of the 

usually accepted simplifying relationships between the impedances 
of the feedback network.'-3 The critical point where a given-type 
network changes from an apparent inductance to an apparent ca-
pacitance is noted. 

INTRODUCTION 

Variable-Impedance Circuit  . ir I HE sysTENI under consideration is shown in. 
Fig. 1, where 

E,/E0 = Zi/(Z1 4 Z2)  (1) 

and assuming a constant current generator 

EWE' = -  Z2)/(Z0 ±  Z2).  (2) 

From (1) and (2) it follows that 

- gmZoZi = Zo (3)  

Equation (3) is the general relation of the system, 
which, if satisfied completely, would show conditions 
for oscillation. For convenience, (3) will be considered 
in two cases, in the first of which Z1 and Z2 are composed 
of parallel capacitance and resistance, while in the sec-
ond case they are parallel inductance and resistance. 
In both cases, it can be shown that the reals and imagi-
naries cannot be simultaneously satisfied at any positive 
frequency and, therefore, are inherently stable systems. 
In both cases, the part of (3) corresponding to the reac-
tive component must vanish, and its vanishing will de-
termine a definite frequency, very nearly, at which the 
system will oscillate if supplied with an external nega-
tive resistance. 

CAsE I 

The following definitions refer to Fig. 1, where Z, and 
Z2 are parallel CR circuits: 

AND H. M. BEC K t, MEMBER, IRE 

Z„ =  R„,i( 1 —I— PO) 

=  Ri/(1 

Z2 =  R  (1 - )12) 

= 1?„(C„,11,0 1 2(w/wo  wo/w) 

= — coCtRI 

12 = — coC2R2 

where 
(L000)-"2= resonant angular frequency of the sin-
gle tuned circuit Z0 alone 

ce=27rf =resonant angular frequency of the entire 
variable-impedance circuit as shown in Fig. 1, 
under operating conditions. 

On substituting these quantities in (3) and clearing, 
the following relationship will result: 

- g„,RoRi + .ig„,RoR1t2 = R5(1 - .j12 -  - /1/2) 

+  R1(1  1/2 ±  PO ±  10/2) 

+  R2 (1  PI ±  P o +  /011)• 

Fig. 1 Variable impedance circuit. 

(4) 

From the reals the following cxpre siott for o.f/coo is ob-
tained: 

w/wo 
.{(g„,RoRi+ Ro R1 + R2)1.0Co  R0RIR2(C0C1± (oC2)} ' 

=  RoR,R2(CoCi + C0C2  CiC2) 

* Decimal classification: R145. Original manuscript received by 
the Institute, August 20,1948; revised manuscript received, January 
20,1949. 

t Naval Research Laboratory, Washington, D. C. 
1 "Reactance tube modulator," Electronics, Reference and Di-

rectory Issue, vol. 14, p. 47; June, 1941. 
'August Hund, "Frequency Modulation," first edition, McGraw-

Hill Book Co., Inc., New York, N. Y., 1942; pp. 155-174. 
11 N. Marchand, "Reactance tubes," Communications, vol. 26, pp. 

42-45; March, 1946. 

(5) 

Now, in -(5), let  g,, the "C1,1  " operating 
point on the "g„. - e,," curve, cm-rcsponding to the 
"center" angular frequency co.., and let the equal posi-
tive and negative increments Ag,„ correspond to incre-
ments A20., and Aico. 

Then, defining ...Ice  and rearranging terms, 
the following will result: 
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M.% 

{(geRoRi  Ag„,RoRi  Ro  R1-1- R2)L0C0 R0R1R2(C0C1  CoC2) } 112  

R0 R1 R2( C0 C1  C OC 2 ±  C1 C2) 

{(gcRoRi — Ag„,RoRi+ Ro R1 + R2)L0C0  R0R1R2(C0C1  CoC2)} 112  

R0 R1 R2( C0 C1 + CO C2 + C1C2) 

(6) 

Then, from (5), with gm gr and co  we can refer the  The circuits of case 1, along with the associated 
total band swept, Ace, to the operating angular fre-  formulas, are listed in Fig. 2. 
quency cor, as follows: 

) 
Ho' ÷/97/ g]  [ A  * / 414 ihTA.1"  f-9 d 

co  A(.. wo (7.1) 

coo wc 
A pft, •Ro  •Rt  

fie 19,91C-o Then we see that by a number of elementary opera-
tions, the ratio of total band swept to operating center 
frequency is 

•  I  Ag„, 

1  1  R2  R2 C1  R2 C2 

Ro  R1  RO R 1  Lo  Lo 

1 1 2 

.g,,,  

1 1  1  R2  R2 C1  R2 C2 
gc. 

t  R0 R1 R0 R1  Lo  Lo 

Rewriting (5) will give the necessary explicit expression 

for (40 

C1 C2 

=  {O),2 [1 

C0( C1 ±  C2) 

g,RoRt Ro  ±  R2'( 112  

R0 R1 R2 C0( C1 +  C2)  I 

From (8) the quantity under the radical must be posi-

tive and (7) is then defined only for 

gcRoRi Ro  + R2 
Cilc2 >    (9) 

RoR1R2(CoCi  C0C2  C1C2) 

If the inequality in (9) is reversed, we see that wo has 
no real definition in terms of (4, and we must return to 
(4). It appears that, for the region where the inequality 
is reversed, apparently the significance of the im-
aginaries and reals interchange, and we must use the 
nominally imaginaries which are now the reals. It can be 
shown that this is legitimate as it will be found to 
check in the correct limits with published information •2 
In this region, then, from the "imaginaries" of (4), 

▪ 'co, and wo are defined as follows: 

(7) 

(8) 

dif _    A p c   

C 2  /7. 4n, R.R, IY 'To  zo 
4 

[ ac,,  
A' • /7, HA Co Ca 

P 
A "cm   

f c  ../ # &Si # ALIA  #  LI - 1.  / # Mt C. # Rt C C  Le t #9] 
C 2  /To  o 

I-

U. ' &k1 ( 1 C oC-1) Roir a Ves) 

C2 IR 

CIL 7[ 4- 
FC /  A_C.)  9C A in, * —77; — 4- IL /  49,476  9c1 

/Po 

r A. ; # C * /if,DCr + 9 L i- Ri *fii /*i' 4:elip'(, 9]  

21 .9117   

4/o r[4/c 2 r   Re Re Co C/ 

r 4/,4/. / * kill'E/a #A 6 ffea lla 
/Po Co 

I 

LI pm   (10.2) 
1- c 
iTo 77, ÷  2'̀ '9] 

[ 4/4 r GA  1 o.  9liTO RI CRO A/1 ‘, of j., r,  
floco 

Fig. 2—Formulas for case I. 

CASE II 

Again referring to Fig. 1, the definitions of case II are 
identical to case I, except that Z1 and Z2 are now 
parallel LR circuits, and the corresponding t's are 

ti = Ri/coLi 

12= R2/(41.2. 

Aca _ (i  

1  2.  1  Ci + Co + Co + _CI_ + , 

Ro R,  RoC2  A il:2  A 2t- '2  R2 C2  1' r 
— +  +  ,  0  ,  0  , 

...1g„, 
— 11 + - - 

1  1  C,  Co  Co  CI 
1  -- + —0 +   +  +  +  +  ge 

Ro  R1  R11C2  R1C2  R2C2  R2C2 

j  g0RoRIR2C2 + RIC1(R0 + R2) + R2C2(Ro + RI)} 112  

G.) Wo =  , k 1 ± 
R1 C0( R1 ±  R2)  . 

—112 

-1/2 

(10) 
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Replacing the t's in (4) with quantities defined here the 
vanishing of the imaginaries this time yields the desired 
expression for co/wo. 

APPENDIX I 

Considering only the feedback network within the 
broken lines of Fig. 1, exclusive of the tube and tuned 

= {  R2L01.2(goiRoRi + Ro + RI) + RIL0L2(Ro + R2)} U2 
—  1 
(00   • RoLiLo(Ri + Ro) 

Considerations similar to those used in case I, yield 
the following expressions: 

Aco 
+ 

01,  j  1  1  L2 L2 L2  L2 

Rn  R,  R0L1 RiLo  R21.0  R21.-1 

(.00 = 

1  1  L2 L2 L2  L2  

-R0 -I- ± RoLi+ RiLo+ R2Lo+ R2L1 + g'l 

{042  R2Li(gcRoRi + Ro + R1) + R1L2(R0  R2)} 112  

L1L2C0R0(RI ± R2) 

1/2 

and (13) will hold only as long as 

R2/.1(gcRoR1 + Ro + RI) + RiL2(Ro + R2) c ,2 > 
( 15) 

L1L2C0R0(R1 + R2) 

In the region where the inequality is reversed, we 
must return to (4) and obtain 

Aco  Ag„, 
— = {1    

1  1  R2 —+—+—+ R2C0 + R2C0 + gc 

and 

070 = 

Ro Rol?'  Li  L2  1 

11+  1  1  R2 R2C0 R2C0 

R0+ Ril-ROR1+ L + L2 + gc 

Ag„, -1/2 

LIL2(geRoR2 + Ro + R1 + R2)] 

R0R1R2C0(L1 + L2) 

1  1/2 

C al ±  L2) 

in which again the quantity under the radical sign 
must also be positive. 

Case II should not be interpreted to cover the condi-
tions wherein the interelectrode capacitances become of 
primary importance. Some of the more conventional 
inductive circuits are listed in Fig. 3. 
It should be noted that cases I and II are special de-

velopments of a more general condition in which Zi and 
Z2 are both parallel LCR circuits. 

(16) 

(17) 

1/2 

(12) 

(13) 

(14) 

circuit, leads to an interesting development, the results 
of which may be correlated with the regions defined by 
the inequalities (9) and (15). From Fig. 1, 

R2 

EI Z1  
= 

En  Z1 + Z2 

_ R1(1 - 112) 

R,(1 - 112) + R2(1 - iii) 

7z (- 11f ..,[  
A e  i ....L.,...ct  4. 2  - - '  i 

R. R. efle *Itt Le+ 9 !..1  L L2 

-  7 [  , , I i 144 P. ....deJ_ Qc  .", . . .' .   
::CeR, ,,, •R,) 

(18) 

(19) 

(0.1) 

(14.1) 

-1z 

4-  .9C 

  4.1 41122.  (13.z) 

[0-/e 
z Ce  j 

r) -   1.1 f c "  „/ #44  [  4 _  o 

Ide Ide E  -1.-,-1-ge-&-.22 Zi atefi] 
I70 /7 17r Ce (17.1) 

(14.2) 

..1E . [ - Fr -   
*, ,------ * 7—:—• 5' , — "-  ,v'-:  

-1,149.41to,__LL‘l i .90 Rt Co   

Fig. 3—Formulas for case II. 
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r-

Rationalizing (19) will give 

E1 A 
— = — + j 
E0 D 

where 

(20) 

A = Ri(Ri + R2) ± R1t2(R112  R2ti) 

B = RIR2(11 — 12)• 

Corresponding to the definitions given under case I, 

B = R1R2(— wciRi  wc2R2) 

and under case II, 

In both cases, 

tan 4, 

R1 R2 

= R1R2 1 71—.1— 

=  = R1R2(11  12)  

A  A 

and, since A is always positive, if 12>11 the phase angle 
will be negative, and if 12<11 the phase angle will be 

positive. 
This shows that there are distinct regions where a 

given phase-shift network is capable of either phase 
delay or of phase advance corresponding to a change-
over from effective inductance to effective capacitance 
for that circuit. These regions are defined by the in-

equalities (9) and (15). 

APPENDIX II 

Numerical Example 

The parameters for the following problem were chosen 
from an example given in footnote reference 4, the essen-
tial details of which are shown in Fig. 4, to illustrate the 
present method and to show that its use obviates the 
necessity for the more cumbersome methods of succes-

sive approximations. 
The problem will be to accomplish the maximum 

bandwidth swept at a geometrical center frequency of 
23 Mc. The oscillator is a 955 and the reactor a 6AC7. 
The reactance circuit of Fig. 1 for case I is chosen as the 
basic circuit, and use is made of the associated formulas. 

Er LOW 

•Er HIGH 

RFC 

Fig. 4—Frequency-modulated oscillator circuit, M and M' are the 
modulation input and C are the coupling capacitors. 

' Joseph I. Heller and Oscar Friedman, "Notes on factors affecting 
the selection of values for use in the phase net of reactance tubes," 
Panoramic Radio Corp., New York, N. Y., Report, October 23, 1944. 

The following information is available: 

fc=23 Mc (geometrical center frequency) 
g=0.0075 mho (since gc=g,„../2 by definition, and 

maximum g„, of a 6AC7 can approach 0.015 mho) 
gm =0.0075 mho (since the change in g,„ is seen to be 

one-half of maximum) 
CO = 25 µIA (this is the distributed capacitance of the 

oscillator coil plus the tube and stray capaci-
tances) 

C1=20 ilµf (this is the input plus stray capacitances 
of the 6AC7) 

C2=1 mg (this order of capacitance is realizable in 
practice) 

1  1  1' - 
R0=  Qo  (where Ro' =  , and Qo 

R,  r,  co,Co 

R0 =20K S2 

is the value of Q obtainable in 

the reactance tube at cutoff. 

A practical value is Qo =110. 

Ro' = 30,000 ohms. r„ =106 for 

a 6AC7. R„=50,000 ohms was 

used in this example) 

RI =12K S2 (this should be as large as possible. The 
effective R1 is the electronic loading c. 13,000 
ohms in parallel with the 200,000-ohm grid re-
sistor used) 

R2 = 2,000 S2 (R2 as shown by (9) should be as small as 
possible for maximum bandwidth swept. The 
minimum of R2 is limited by its damping effect on 
the oscillator.) 

In solving the problem it is first necessary to find wo, 
which in turn will give the design value of Lo. From (8) 

and 

0) 0 
fo = — = 19.17 Mc 

2/r 

1 
=   = 2.76 /211. 

wo vn 

For this problem the bandwidth swept is given by (7) 

= 7.61 Mc. 

The results of an approximate solution obtained by 
using formulas (8.4) and (7.4) are given in the Table I. 
Following is a summary of the results obtained for 

the problem, as given by the various methods of ap-
proach. 

TABLE I 

Method of Solution 14co  Lo At 
ih  Mc 

Successive approximations as 
given in footnote reference 4 

Present design using (7), (8) 
Present design using less exact 
equations (8.4), (7.4) 

19.7  2.62  7.60 

19.17  2.76  7.61 
18.4  2.99  8.30 
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It will be noted that the solution presented here in-
volves considerably less work than usual procedures, 
and this typical example will sufficiently illustrate t 
usefulness of the present method. 

CoNcLusioN 

In approaching the solution of any reactance tube 
problem, it is first necessary to decide which one of the 
circuits given in Figs. 2 and 3 is most nearly applicable 
to the problem at hand. The several associated equa-
tions readily show the parameters that should be 
changed and the direction of the change to produce de-
sired results. The degree of accuracy of the design de-
pends on the particular method chosen and its respec-
tive formulas. For usual purposes, the approximate 

1114111(01S  SIH M II in Figs. 2 and .3 ‘vill give sufficient 
att•urac\-. 'Alan \ times when :I  p.111 .11111:11"  SVtiteill  is 
wider consideration, it is often useful to know the then-
ref ical maximum bandwidths available; and I hese limits 
are easily obtainable as can be seen from the text. It is 
believed that these particular formulas might be ex-
tremely helpful in problems of reactance-tube circuits 
wherein theoretical litnits are being approached. 

4 C. F. Schaefier, "Frequency Nlodulation," Pffor. I.R.E., pp. 66 
67; February, P.)10. 

.\ ugust 11011d, "leaciance tubes in  applications," Net - 
Irenifs, vol. IS, pp. 68 71, 14 i; October, 1942. 

E. Williams. "I?eaciance xalve frequency modulator," Wireless 
Eng., vol. 20, pp. 369 371; .\ ugust, 1943. 

A. Ross and B. Sandel, "I>esign of electronic reactance net 
works," .1 IVA Tech. Rev., vol. 6, February, 19-13. 

Medium-Frequency Crossed-Loop Radio Direction 
Finder with Instantaneous Unidirectional 

Visual Presentation* 
L. J. GIACOLETTOt, SENIOR MEMBER, IRE, AND SAAI  AssoctATE, IRE 

Summary —A radio direction finder is described whicH uses a 
crossed-loop collector system, electronic switch, single superhetero-
dyne receiver, and synchronous rectifier to produce an instantaneous 

unidirectional visual indication of the direction of arrival of an electro-
magnetic wave. Design data and operating characteristics are con-
sidered, with details given of the new components. 

....o.cnoN 
THE RADIO DIRECTION FINDER to be de-

scribed was a Signal Corps development calling for 
  a direction finder covering the frequency range of 
1.5 to 18 Mc. The equipment was to be transportable in 
a small vehicle and consist of components of such size 
and weight as to be readily portable by three men. Each 
set was to be assembled for operation in less than twent y 
minutes by two nitm, with operation being possible in 
the field, in the open, or under canvas. The performance 
requirements were that it should be as accurate and sen-
sitive as the electronic art permitted without undue 
complexity of operation or compromise of transportabil-
ity. It was desirable that the equipment be capable of 
obtaining bearings on transmissions of short duration. 
Development of the radio direction finder was first 

begun in August, 1943, and pursued actively until Au-
gust, 1945, when field tests were completed and the per-
formance of the set demonstrated. 
The initiation of development first required a decision 

as to the basic mode of direction finding to be employed. 

* Decimal classification: 12501 X561. Original manuscript re-
ceived by the Institute, July 27, 1948; revised manuscript received, 
November 18, 1948. 
i' Formerly, Signal Corps Engineering Laboratories, Fort Mon-

mouth, N. J., where the work described herein was completed; now, 
Radio Corporation of America, RCA Laboratories Division, Prince-
ton,'N. J. 
$ Signal Corps Engineering Laboratories, Fort Monmouth, N. J. 

Th, requirements of transportability and operation lim-
ited the collector system to mop antennas. For direction 

Ii nding on transmissions of short duration, direction 
finders requiring- a manually or motor-rotated collector 
system were ruled out ; the dual-channel instantaneous 
direction finder was eliminated because of difficulties of 
providing equalized phase and gain. This narrowed the 
field of possible modes of operation to the selective-
modulation type of direction finder' in which radio-fre-
quency voltages proportional to t he direct ion of arrival 
of a signal are suitably "tagged" at the input, pass 
through a common receiver, and are then decoded. Sonic 
prior successful wurk2 on a It-ft-right, square-wave-
switched, cardioid I ype of direct ion finder ItR1 to a fur-
ther examination of this method of operation. A brief 

examination indicated that, provided certain circuit 
characteristics could be achieved, a crossed-loop square-
wave-switched cardioid t ype of direction tinder would 
work satisfactorily. 

II. THEORY OF OPERATION 

The over-all operation of the set can best be under-
stood from the block diagram in Fig. I. The collector 
system is a set of crossed balanced loops with a vertical 
sense an ten.na. Under ideal conditions, loop A receives 
a radio-frequency signal proportional to sin 0 (0 is azi-
muth angle of arrival of signal). This voltage is fed push-

C. \V. Earl), t, S. Patent 2,213,273. September 3, 1940. C. F. A. 
Wagstaffe, U. S. Patent 2,213.871. September 3, 1940. 

2 E. Cole and R. E. McCov, U. S. Patent 2,397,128, March 26, 
1946. A few prior patents on related art are: C. C. Jones, U. S. 
Patent 2,146,745, February 14, 1939; F. J. liooven, U. S. Patent 
2,190,787, February 20, 1940; and W. S. Hinman, U. S. Patent 
2,266,038, December 16, 1941. 
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Fig. 1—Block diagram of the radio direction-finder set. 

pull into a radio-frequency switch, switching at a fre-
quency ft (approximately 253 cps). The output of this 
switch (voltages el and el as shown in Fig. 1) is essen-
tially a constant-amplitude radio-frequency voltage 

with el and e2 180 degrees out of radio-frequency phase, 
since the switch receives input voltage from either end of ' 
the loop to ground. Loop B operates similarly, except 
that its radio-frequency signal is proportional to cos 0 
and the ra(lio-frequency switching frequency is fB (ap-
proximately 340 cps). Generally, el and el are not equal 
in amplitude to e3, el, although for the case illustrated in 
Fig. 1 0=45°) the amplitudes are equal. The outputs of 
the A and B switches are combined with the sense-an-
tenna voltage, which has been shifted through 90 de-
grees in order that it will be in phase with either el or ez. 
Ideally, the sense antenna voltage should be just equal 
to the maximum loop-antenna voltage, although prac-
tically it is sufficient to insure that the sense-antenna 
voltage always be larger than the loop-antenna voltages. 
When voltages el, ezare added to the sense-antenna volt-
age, the result is a square-wave modulated signal; simi-
larly, e3, e4 added to the sense-antenna voltage, gives a 
square-wave modulated signal. The combination of 
these two signals produces a signal with a complex en-
velope which is nonrecurernt in shape, since IA and fir 
are purposely chosen to have a nonintegral relationship. 
The resulting radio-frequency signal passes through a 
conventional receiver composed of two rf stages, penta-

..119:11Sh 

CAr•OOL AA. 
0$01.‘014/1 . 
omOiClrOr 

rCIC 

40. 

grid converter, two if stages, diode detector with provi-
sion for beat-frequency oscillator injection; and an audio 
amplifier and power amplifier. Automatic-volume-con-
trol and pulse noise-suppression circuits are also pro-
vided for optional use. The output of the diode detector, 
consisting of the combination of two square waves of 
frequenciesf A and fB also, goes to buffer amplifiers which 
feed into synchronized rectifiers A and B. Each rectifier 
is switched synchronously with its associated rf input 
circuit. Consider first the nonsynchronous square-wave 
signal, which is applied in parallel to both grids of the 
synchronous rectifier; the net result is that the output 
is balanced out due to the push-pull action of the circuit. 
In the case of a square-wave signal which is in synchro-
nism with the switching frequency, a difference voltage is 
produced at the anodes which is proportional in magni-
tude to the peak amplitude of the input square wave of 
like frequency. The polarity of this difference frequency 
is determined by the relative phase of signal and syn-
chronous switching voltage applied to the grids of the 
synchronous rectifier. The charging time constant in the 
anode circuit of the synchronous rectifier is made long 
compared to the switching frequency, so that the differ-
ence voltage is largely direct current with a small super-
imposed alternating component. The output voltage 
passes through additional dc filters to remove the re-
maining alternating components, and is then connected 
to an appropriate pair of oscilloscope deflection plates. 
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The oscilloscope electron beam is deflected out in an X 
and Y direction proportional to cos0 and sine and there-
fore indicates the direction of arrival of the signal. Since 
dc voltage polarities change for a signal coming from a 
direction 180 degrees from 0, an unambiguous direction 
of arrival is shown on the oscilloscope. For improved 
presentation, the deflected oscilloscope spot is converted 
into a line by having a trigger discharge circuit periodi-
cally short the oscilloscope deflection plates to ground. 
In order to permit net operation of several direction 

finders for position location, a communication control 
unit is incorporated in the set; this control unit permits 
talking and listening over an interconnecting line as well 
as the connection of the receiver output to the line for 
remote monitoring. A third position permits signal 
matching by connecting one earphone to the receiver 
and the other earphone to the line. 
In the above discussion, audio modulation on the ra-

dio-frequency signal was not considered. Audio modula-
tion will have no effect on the operation of the direction 
finder as long as it does not contain a component that is 
synchronized with either switching frequencies A or B 
or any harmonics thereof; this condition is unlikely to 

exist in practice. Since the square-wave switching volt-
ages are also present in the audio output, some loss in in-
telligibility is experienced. In practice, it is found that 
this is not too serious, particularly for code signals; si-

multaneous direction finding and monitoring are there-
fore possible. A switch is provided for disabling the 
switching circuit; the receiver is then connected directly 
to the sense antenna and serves as a sensitive intercept 
receiver. When mounted on a turret-head mounting 
plate, the set can also be operated as a manually rotated 
aural null direction finder (one loop only directly con-
nected to the input), or a visual null direction finder 
(only one rf switch in operation; null indicated by elec-
tron beam at center). 

A rotating crossed-hair alidade and a reverse illumi-
nated angular scale are provided to facilitate reading 
bearings. A two-position switch is provided for varying 
the time constant of the dc filter. The short-time-con-
stant filter allows bearings to be taken on shorter-dura-
tion signals, as well as giving a clearer picture of the 
character of the bearing. The longer-time-constant filter 
acts to "freeze" a bearing in position; i.e., tends to read 
the average bearing for a "swinging" reading. In addi-
tion, the longer time constant removes more of the noise. 

1.,31 CII. y 

•  - • .4i-.4"  - • • 

September 

Fig. 2—The radio dire( tion-hnder set up for operation. 

A typical ground installation of the set is shown in 
Fig. 2. Vehicular installation is also possible. 

III. COMPONENT PERFORMANCE 

Since the operation of the set is essentially dual chan-
nel up to the input of the first rf stage, considerable at-
tention was devoted to the design of this portion of the 
set. It was considered inadvisable to tune or resonate the 
loop antennas, as tracking problems are severe; loop 
mistuning could produce large bearing errors, as well as 
reversal of sense. Although untuned loops provide a 
smaller pickup voltage and require somewhat larger di-
mensions, freedom from unbalance is obtained due to 
their inherent low impedance; placement of antenna and 
position of operator and near-by objects become rela-
tively unimportant. For improved voltage pickup, two 
sets of loops are used, one self-resonant at 14.5 Mc for 
use from 1.5 to 8 AIc, and the second self-resonant at 
22.5 Mc for use from 8 to 18 Mc. Physically, each col-
lector system consists of two square two-turn loops at 
right angles to each other mounted on one corner with a 
vertical sense antenna mounted on the opposite corner 
with a shielded lead passing along the vertical common 
diagonal of the squares. The low- and high-frequency 

TABLE I 

RADIO-FREQUENCY-S WITCH PERFORMANCE DATA OF 7F8 

Frequency (Mc) 1.5 2.0  0.5  9.0 

RI voltage gain 8.0 6.0  2.3  1.5 

Switching ratio 

Grid input impedance (ohms) 

Grid rf input ('iv) for receiver (5+N/N)=10 

70  35  25 

2,200  750  360 

12.5  16.0 

0.7  1.3 

13  10 

200  55 

18.0 

5.0 

9 

5.0  4.0  4.0  6.5  4.5  4.0 

N OTE: For all tests, the multivibrator was  opera ting  an d measurements  were  made  from  one  grid  to  the  common  output.  Signal  moduta-
tion was 400 cps, 30 per cent. 

75 

2,000 

3.2 
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loops are 22 and 16 inches on a side, respectively. The 
center of each loop antenna is grounded and the loop 
terminals are capacitively coupled to the balanced rf 
switch input. The sense antenna is inductively coupled 
to the tuned receiver input in order to provide the 900 
phase shift required to bring the sense-antenna voltage 
in phase with the loop-antenna voltage. 
In the development of the rf switch,' the following 

characteristics are important: 

(1) A high switching ratio.* 
(2) Large balanced rf gain with good stabil-

ity and minimum noise. 
(3) Adequate square-wave output voltage of 

good shape for use in operating synchro-
nous rectifier circuit. 

The following four types of rf switches were designed 

and tested. 
1. Grounded Anode (Fig. 3(a)). This circuit utilizes a 

dual triode connected as a conventional multivibrator' 
oscillating at a low frequency. Additional resistors are 
added in series with anode-to-grid coupling capacitor in 
order to maintain a large rf impedance at the grids. The 
rf is connected to the triode grids, with the output taken 
from a common cathode impedance. This circuit exhib-
ited good switching ratios but its rf gain (0.3 for a 

6SN7GT) was poor. 
2. Grounded Grid (Fig. 3(b)). This circuit is similar to 

the one above except that small capacitors serve to 
ground the grid at radio frequency, and the input is to 
separate cathodes with the output from a common im-
pedance coupled to the anode by means of small rf cou-

pling capacitors. This circuit exhibited excellent switch-
ing ratios and moderate gain, but was considered inade-
quate because of small square-wave output voltage and 
poor square-wave shape. 
3. Grounded Cathode (Fig. 3(c)). This circuit was 

found to have the best operating characteristics and was 
incorporated in the final design. Detailed performance 
data as a function of frequency are tabulated in Table 
I. Potential instability of the triode necessitated careful 
choice of circuit constants and placement of parts. Small 
resistors in series with the control grid together with 
large resistors in series with anode-grid coupling capaci-
tor serve to reduce regeneration. Several types of dual 
triodes were tried, including the 7F8, 6SN7GT, 6SU7GT, 
and 6SL7GT; of these the 7F8 was found to be the best. 
In order to insure equal rf gains both between triode sec-
tions and between tubes, it was necessary to test tubes 
and utilize only those tubes that had transconductances 

matched within 5 per cent. 
4. Dual Tetrode (Fig. 3(d)). This circuit is similar to 

Fig. 3(c) except for the addition of the two screen grids. 

$ H. M. Wagner and J. F. Herrick, "Self-switching amplifier," 
Electronics, vol. 20, pp. 128-131; June, 1947. This article contains an 
analysis of a switch similar to those described herein except designed 
for operation at hiiiher radio frequencies. 

4 Switching ratio is defined at the ratio of radio-frequency output 
voltage during on and off half-cycle of the multivibrator. 

6 O. S. Puckle, "Time Bases," John Wiley and Sons, Inc., London. 

p. 25, 1943. 
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Fig. 3—Electronic switch circuits. 

(a) Triode grounded-anode circuit. The constants in this circuit are 
determined chiefly by the frequency desired The one variable 
resistor controls the symmetry of the square wave. The value of 
the plate resistors determines the flatness of the positive cycle. 
The resistor between plate of one section and grid of the other 
section offers impedance to rf which is necessary for bet ter switch-
ing ratios. 

(b) Triode grounded-grid circuit. 
(c) Triode grounded-cathode circuit. 
(d) Tetrode grounded-cathode circuit. 
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Development of this circuit was initiated with the ob-
ject of improving the grounded cathode circuit, both 
from the standpoint of improved stability and improved 
operating characteristics. Comparitive tests using 7F8 
dual triode and 7G8 dual tetrode tubes indicated that 
(a) the 7F8 had a signal plus noise-to-noise ratio averag-
ing three times better than the 7G8 over the frequency 
range of 1.5 through 18 Mc; (b) the radio-frequency gain 
characteristics were about the same for both tubes; (c) 
switching voltage stability and wave shape were satis-
factory for both tubes; and (d) the square-wave output 
voltage of the 7F8 averaged 30 per cent higher than for 
the 7G8. The choice of the 7F8 tube was due primarily 
to (a) above, and, in addition, to the fact that the 7G8 
was considered a developmental tube at the time. 
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TABLE II 

SENSITIVITY VERSUS FREQUENCY DATA 

Frequency 
(Mc) 

Signal Input 

A 
(Av) (µv) 

2.2 
3.0 
4.0 
5.0 
6.5 
8.0 
9.5 
11.0 
12.5 
14.0 
16.0 
18.0 

0.5 
0.8 
0.3 
0.3 
0.7 
0.4 
0.4 
0.4 
0.9 
0.9 
1.0 
1.0 

1.3 
1.3 
1.0 
1.0 
0.7 
1.0 
0.9 
1.4 
0.9 
1.2 
0.9 
0.6 

1.0 

0.7 

0.6 

0.8 

1 .0 

1.0 

N OTE: (a) Signal input A is the input at the sense antenna with 
the switching tubes off for 4:1 signal-plus-noise to noise ratio. Signal 
modulation is 400 cps, 30 per cent. 
(b) Signal input B is the input at the grid of the switching tube 

with the switching tube on, for 4:1 signal-plus-noise to noise ratio. 
Signal modulation is 400 cps, 30 per cent. 
(c) Signal input C is the same as for signal input B but for full-

scale deflection on the oscilloscope tube (approximately 150 volts be-
tween plates). 
(d) Phantom antenna consists of a 100 Apt' capacitor in series with 

the input to the receiver. 

The superheterodyne receiver covered the frequency 
range of 1.5 to 18 Mc in six bands. It was believed at 
first that, because of the necessity of passing 

etanrcey. 

wave modulated signal with small en  % Hupe ''lion,  

a flat-top if response curve was desired. I  110 
however, that a bell-shaped response curve, celitcr fre-
quency at 470 kc with 3 kc bandwidth (at the half-
power point), was sufficient for passing the carrier and 
sidebands and, in addition, was convenient in align-
ment. A narrower bandwidth of, perhaps, 1 kc would be 
more desirable for separation of communication chan-
nels, but is insufficient for passing the direction finder 
intelligence. Because of the existence in the if stages of 
direction-finder intelligence at several amplitude levels, 
the linearity of these stages is also of considerable impor-
tance. For this reason, the automatic volume control 
can•be used only when the receiver is operated for inter-
cept purposes. 
Sensitivity versus frequency data at both sense-an-

tenna and switching-tube inputs are tabulated in Table 

The set was designed to operate with a dynamotor 
unit driven from a 12-volt storage battery. In addition, 
a 180-cps resonant-reed vibrator was used in conjunc-
tion with a transformer to furnish 6.3 volts at 0.6 am-
pere, insulated for 3,000 volts from ground, for the os-
cilloscope heater; -1,200 volts at 1 ma dc (rectified by 
means of 110 small disk selenium rectifiers) for oscillo-
scope acceleration and focus; and +500 volts, 10 ma dc 
(selenium rectifier) for the anode voltage of the syn-
chronous rectifier tubes. Careful shielding and filtering 
was used to reduce rf noise. 
In order to eliminate radar, ignition, and similar im-

pulse noises, an automatic noise limiter was provided. 
The circuit was adjusted to provide automatic limiting 
when impulse noise peaks exceed the average carrier 
level. Square-wave direction-finder intelligence modula-
tion is, accordingly, passed without distortion. 
The function of the synchronous rectifiers is to segre-

gate the N-S and E-W direction-finder intelligence and 
to provide dc voltages proportional thereto. The basic 
circuit consists of a pair of triodes operating as balanced 
modulators, as shown in Fig. 4. The detected signal 
voltage is introduced to the triode grids in parallel, while 
the square-wave switching voltage is applied in push-
pull. For proper operation, the grid bias is chosen so 
that each tube operates as a class-: amplifier during the 
"on" portion of the switching cycle and is completely 
cut off during the "off" portion of the cycle. If this is 
done, the push-pull dc output voltage is proportional 
only to the amplitude of an input voltage of frequency 
synchronous with the switching frequency. The polarity 
of the dc voltage difference is dependent upon the rela-
tive phase (established at the associated input switch) 
of the square-wave switching voltage and synchronotts 
input signal voltage. Proper "sense" is thus obtained. 
Since large output dc voltage differences are required 

for full oscilloscope deflection, the problem of linear 
Operation is a severe one. Some consideration was given 
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sponding oscilloscope deflection plate and acts to re-
move any ac variations in the anode voltage. The total 
time constant of this circuit is 50 milliseconds; by paral-
leling additional capacitance using a panel control, this 
time constant can be increased to 0.1 second. 
The method used for forming a radial line from the 

deflected oscilloscope spot consists in using triodes to 
short, periodically, the oscilloscope deflector plates to 
ground, as shown in Fig. 5. Three dual triodes are used; 
one acting as an unbalanced multivibrator, and the 
other two as electronic switches. Dissimilar tube char-
acteristics caused the discharge trace to differ from the 
charge trace, but since the discharge trace was hardly 
visible, this was not objectionable and the resulting line 
presentation was considered very acceptable. 
Since manufacturing tolerances on the oscilloscope 

(3BP1) permit perpendicularity of the deflection plates 

to be off by as much as +30, it is necessary to check 
tubes; no difficulty was experienced in obtaining tubes 
in which the plates were perpendicular within +1°. The 
unequal horizontal and vertical deflection sensitivities 
were compensated for by using different load resistors 
and providing screwdriver-adjustable controls in the 

switching rectifiers. 

IV. SYSTEM PERFORMANCE6 

The over-all performance of a direction finder is prob-
ably best summed up by data presenting the field 
strength required for a given quality of bearing. The 
data for a bearing readability of +1° are shown in Ta-
ble III; calibrated fields were obtained by operating the 
equipment in a calibrated screen room. Some indication 
of the character of the instantaneous bearing can be ob-
tained from Fig. 6(a), (b), and (c). By using the long-
time-constant integrating circuit, moderately good bear-
ings can be obtained on signals well below the input 

noise level. 

SmORT 
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'0 
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Fig. 5—Oscilloscope line formation circuit. 

to the use of dc amplifiers, but due to additional com-
plexity and potential instability, this was discarded. 
Instead, the problem was resolved by exhaustive circuit 
and tube studies together with use of a high B+ voltage 
(500 volts). Of the various tubes tested (7F8, 6SN7GT, 
6SL7GT, 7G8, 6N7, 6E6, and 6SC7), the 6SN7GT gave 
the best performance. As in the case of the rf switching 
tubes, matched performance of the four triodes is re-
quired, and tubes are selected with transconductances 
matched to 1 per-cent. A screwdriver-adjustable gain 
control is also provided, mainly to compensate for varia-
tion in transconductance due to aging. 
A three-section resistance-capacitor filter network 

couples each synchronous rectifier anode to the corre-

(c) 
Fig. 6—Bearing indication. 

(a) Signal strength, below noise level. 
(b) Signal strength, weak. 
(c) Signal strength, good. 

TABLE III 

FIELD STRENGTH VERSUS FREQUENCY DATA FOR -1-10 

BEARING READABILITY 

Frequency 
(Mc) 

Loop Antenna 
Field Strength for 
ti c' Readability 

(Aiv/m) 

1.5 
2.2 
4.0 
6.5 
8.0 
9.5 
12.5 
14.0 
16.0 
18.0 

Low frequency 
Low frequency 
Low frequency 
Low frequency 
Low frequency 
High frequency 
High frequency 
High frequency 
High frequency 
High frequency 

8.0 
6.0 
3.5 
2.0 
1.0 
2.4 
1.4 
1.4 
1.5 
1.5 

The evaluation of the field performance of the set in 
the lower frequency range (1.5-3.0 Mc) can be ascer-
tained from Fig. 7, in which is plotted the percentage of 

6 The most recent and most comprehensive attempt to specify 
direction-finder performance was work done by NDRC Division 13.1, 
E. I). Blodgett, Chairman. The last provisional draft was published 
July 12,1945, entitled "Standard Direction Finder Measurements." 
Performance data in this report were taken only in part in accordance 
with the proposed standards. 
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Fig. 7—Percentage bearing accuracy in the 
frequency range of 1.5 to 3.0 Mc. 

Test condition A: 442 signals received when ground wave only was 
known to be present. Of these, 4.8 per cent (21 signals) were re-
ceived but no bearings taken. 

Test condition B: 70 signals received when sky wave only was known 
to be present. Of these, 8.6 per cent (6 signals) were received but 
no bearings taken. 

total bearings whose inaccuracy was less than the indi-
cated value. These data were taken using test signals 
produced under a variety of conditions, including the 
following: 

(a) Ranges from 5 to 50 miles. 
(b) Different target transmitter antennas from verti-

cal whip to long horizontal doublet producing conditions 
of mixed vertical and horizontal polarization. 
(c) Signal strengths from below the noise Igvel to 

those capable of overloading the receiver. 
(d) Target located on flat clear terrain to locations 

below line of sight with intervening small hills. 
(e) Operation during daylight, twilight, and night 

time, producing conditions of good ground-wave and 
mixed ground and sky-wave. 
(f) Both interrupted, continuous wave, radiotele-

phone, and commercial signals. 

In view of the fact that the set was designed primarily 
for ground-wave reception, the test conditions specified 
above are considered quite severe. In operation, it is 
found that, because of the instantaneous visual bearing 
indication provided in the set, fairly accurate bearings 
can be obtained under some conditions of mixed polari-
zation producing swinging bearings. 
Using an SCR536 (handy-talkie, Frequency =3.64 

Mc) as a target at a distance of 200 to 600 yards, the 
average error with different antenna orientations was 
0.80; for distances from 600 to 1,200 yards, the average 
error was 0.87°. 
Although this set, together with other similar sets, is 

known as an instantaneous direction finder, practically, 
since data are coded at the input, it is necessary to re-
ceive for a finite time before a bearing of a given relia-
bility can be obtained. With the switching rates em-
ployed in this set, a theoretical minimum time (without 
dc filter) of 7 milliseconds is required. 
No performance data were obtained for operation as 

an aural- or visual-null direction-finder set. It was be-
lieved desirable to incorporate these additional features 
since they did not add in weight or complexity and, in 

the case of aural null, advantage could be taken of the 
possibility of direction finding on two continuous signals 
very close in frequency but separated in azimuth. Indi-
vidual bearings can, of course, be resolved instantane-
ously if the two signals are interrupted in random fash-
ion. The visual-null facility provided a means of very 
accurate direction finding under ideal conditions. 
Limited screen room tests indicated that the instru-

mental error was less than +1° for all frequencies and : 
azimuths. 

V. CONCLUSIONS 

It is believed that the method of operation described 
represents a new approach to an instantaneous direction 
finder. It is the purpose of this paper to record the work 
that has been accomplished, so that it will be readily 
available to anyone contemplating similar develop-
ment. 

While this equipment was designed primarily for radio 
communication direction finding, it is believed that it 
may also have important application to homing and 
navigation of ground, sea, and air vehicles, for position 
finding for rescue or control operations, and for wave-
propagation studies. With a suitable collector system 
and receiver, the same method of direction finding could 
be employed at frequencies other than the 1.5 to 18 Mc 
range employed in this set. Of particular interest would 
be the adaptation of the set to an Adcock-type collector 
system to reduce bearing errors on abnormally polarized 
radio waves. Further development work could be spent 
advantageously on the electronic switching circuits; 
and, in particular, the improvement to be realized in 
separating the switching and wave-generation functions 
in the input tubes should be studied. Other methods of 
"tagging" or modulating the input signal should be in-
vestigated; of the alternate methods available, the fol-
lowing were considered but not tried: 
(a) The sequential switching (electronic single-pole 

four-position switch)7 of the four loop voltages to the 
phase-shifted sense voltage with synchronously switched 
rectifiers. With this mode of operation, only a single 
fundamental switching voltage is employed. 

(b) The switching of the loop voltages directly to the 
quadrature sense voltage to produce phase modulations 
instead  of amplitude  modulation.  Synchronously 
switched phase detectors are then employed to decode 
the data. 
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Application of Activated Ceramics to Trans-

ducers —II. W. Koren. (Jour. Acous. Soc. 
Amer., vol. 21, pp. 198-201; May, 1949.) The 
conditions are examined under which eitanate 
ceramics can be made to have pronounced 
piezoelectric properties. Methods of applying 
the necessary stress to ceramic strips are de-
scribed. Various applications are mentioned, 
including a sensitive phonograph pickup. 

621.395.61:534.773  2129 
Interactions between Microphones, Coup-

lers and Earphones —K. C. Morrical, J. L. 
Glaser, and R. W. Benson. (Jour Acous. Soc. 
Amer., vol. 21, pp. 190-197; May, 1949.) 

621.395.61:621.317.32  2130 
The Substitution Method of Measuring the 

Open Circuit Voltage Generated by a Micro-
phone -M. S. Hawley. (Jour. ACOUS. Soc. 
Amer., vol. 21, pp. 183-189; May, 1949.) 
Analysis shows that the "normal" substitution 
voltage equals the open-circuit voltage for all 
types of acoustic measurement and for any 
value of the electrical impedance loading the 
microphone. 

621.395.625.2  2131 
The Design of a Balanced-Armature Cutter-

Head for Lateral-Cut Disc Recording —F. E. 
Williams, Proc. IRE, part Ill, vol. 96, pp. 
143-158; March, 1949.) The theory of cutter 
heads is developed with particular reference to 
the control of mechanical resonance by inertia, 
stiffness, and damping. Moving-coil and mov-
ing-iron systems are considered. The limitations 
set by the magnetic circuit make it impracti-
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cable to obtain modulation velocities of the 
order of 15 cm per second at 400 cps unless the 
fundamental resonance frequency of the me-
chanical system in made less than 3,000 cps. 

621.395.625.3:534.76  2132 
A Stereophonic Magnetic Recorder —M. 

Camras. (Pgoc. IR E., vol. 37, pp. 442-447; 
April, 1949.) An experimental 3-channel re-
corder and play-back unit is described and re-
sults obtained with it are discussed. Best results 
for a small room are obtained with a dihedral 
mounting of two loudspeakers. 

621.395.625.3  2133 
Graphical Analysis of Linear Magnetic Re-

cording Using High-Frequency Excitation — 
M. Carnras. (Pgoc. I.R.E., vol. 37, pp. 569-573; 
May. 1949.) "The addition of a high-frequency 
component to an audio signal which is to be re-
corded magnetically results in a low-distortion, 
linear recording .characteristic under certain 
conditions. This paper gives a graphical method 
for constructing the recording characteristic 
from the BR versus // curve of the record ma-
terial..An analysis accounts for such magnetic-
recording characteristics as variation in sensi-
tivity with bias, linearity at low recording lev-
els, adjustment for maximum sensitivity, and 
adjustment for minimum distortion." 

62L395.665.1  2134 
Contrast Expansion — Wheeler. (See 2171). 

621.395.813:621.395.623.7  2135 
Non-Linear Distortion in Dynamic Loud-

speakers due to Magnetic Effects — W. J. Cun-
ningham. (Jour A cous . Soc. Amer., vol. 21, pp. 
202-207; May, 1949.) An analysis of two kinds 
of distortion; that due to (a) the force between 
the voice coil and the magnet iron, and (b) the 
nonuniformity of the magnetic field. Distortion 
produced may be several tenths of 1 per cent. 
To minimize (b), the voice coil and the magnet 
gap should have unequal lengths. 

621.396.611.21:534.6  2136 
Low Loss Crystal Systems -1V. J. Fry. 

(Jour. AC0115. SOC. A mer., vol. 21, p. 272; May, 
1949.) Corrections to 1326 of June. 

ANTENNAS AND TRANSMISSION 
LINES 

621.315.2  2137 
High-Impedance Cable —S. Frankel. (Pgoc. 

I.R.E., vol. 37, p. 406; April, 1949.) An ap-
proximate expression for the inductance of a 
long solenoid surrounded by a cylindrical shield 
is derived by consideration of the multiwire 
transmission line obtained when coil and shield 
are cut lengthwise and unwrapped. Results ob-
tained appear to confirm the value of the cor-
rection coefficient given by Winkler. The for-
mula obtained for the distributed capacitance 
of the system agrees with that for a coaxial line. 
See also 1278 of June (Hodelin). 

621.315.212  2138 
Influence of Nonuniformity in a Coaxial 

Cable on its Parameters —L. A. Zhekulin. 
(Bull. Acad. Sci. (URSS), pp. 1089-1105; 
September, 1947. In Russian.) 

621.392.20'  2139 
Disk-Loaded Wave Guides—E. L. Chu and 

W. W. Hansen. (Jour. App!. Phys., vol. 20, 
pp. 280-285; March, 1949.) Dimensions of such 
waveguides for use in a linear accelerator are 
calculated with high accuracy by Schwinger's 
method, of which a qualitative explanation is 
given. Comparison with the work of J. C. 
Slater (MIT Technical Report No. 48, Sep-
tember 19, 1947) shows perfect agreement. 

621.392.26t  2140 
Geometrical Representation of the Charac-

teristics of an Active Obstacle inserted in a 
Waveguide -J. Ortusi and P 1,i:diner. (A trir 

Radiotlec., vol. 4, pp. 131-135; April, 1949.) In 
waveguide problems, it is often necessary to 
consider the reflections caused by impedances 
thrown back into the main waveguide by shunt 
or series matching stubs, which may be variable. 
A simple geometrical method is described for 
determining the coefficients of reflection, trans-
mission, and energy loss corresponding to such 
impedances and, conversely, for determining 
the impedance from measured values of the 
coefficients. The shunt and series cases are con-
sidered separately. 

621.392.26f:621.3.09  2141 
The Conditions of Propagation of Ho Waves, 

and their Applications--i. Ortusi. (Ann. Radio-
Rec., vol. 4, pp. 94-116; April, 1949.) Ho waves 
are defined as those for which the longitudinal 
current in the waveguide wall is everywhere 
zero. Discussion of: (a) mathematical theory 
for such waves in waveguides of circular section, 
(b) methods of producing them practically free 
fromparasites, (c) filters of various types favor-
ing the propagation of Ho waxes, (d) measure-
ment methods, (e) attenuation, (f) the effects 
of waveguide (k-formation or curvature and of 
the dielectric filling the waveguide, (g) curves 
showing the attenuation in circular waveguides 
compared with that for propagation in the open 
air by diffraction, and (h) applications to the 
construction of cavity wavemeters with very 
high Q and to problems connected with radar 
scanning. 

621.396.67  2142 
Antennas tor Circular Polarization- W. 

Sichak and S. Milazzo. (Elec. Commas., vol. 
26, pp. 40-45; March, 1949,) Reprint of .3343 
of 1948. 

• 
621.396.67  2143 
U.H.F. Aerials —J. Maillard. (O de tlec., 

vol. 29, pp. 110-123; March, 1949.) The gen-
eral characteristics of antenna radiation dr (-

outli ned  and the special features of uhf an-
tennas are considered. Various types are de-
scribed and their use for particular services is 
discussed. 

621.396.67 : 538.56 : 535.13  2144 
The Radiation and Transmission Proper-

ties of a Pair of Parallel Plates: Part 2—A. E. 
Heins. (Quart. App!. Math., vol. 6, pp. 215-220; 
October, 1948.) Formulas are derived for the 
reflection coefficient at the mouth of a semi-
infinite parallel-plate system excited by a plane 
wave. Fields are expressed by integral equa-
tions of the Wiener-Hopf type and the Fourier 
transforms are determined. Part 1, 1920 of 
August. 

621.396.67: 621.396.41 : 621.396.65  2145 
Use of a Reflecting Mirror and of Simple 

Electromagnetic Lenses for the Experimental 
23-cm Link between France and Corsica-J. 
Hugon. (Ann. Radio &c., vol. 4, pp. 157-160; 
April, 1949.) Communication could be effected 
by a link with direct visibility between Mont 
Agel and Calenzana or between Grasse and 
Calenzana (a) directly, with part of the path 
beyond optical range, or (b) indirectly, using a 
reflector installed on Monte Grosso (Corsica), 
with direct visibility to Grasse and oriented so 
as to reflect signals from Grasse to the receiving 
antenna at Calenzana, or vice versa. The re-
flector was of perforated sheet-iron and had an 
aperture of 10X4 m. Tests showed that it gave 
a gain of 20 db compared to the direct link be-
yond optical range. The electromagnetic lenses 
used with the Mont Agel transmitter had 
rectangular waveguides, of dimensions de-
creasing from center to sides, fitted along the 
top and bottom. The propagation velocities 
in these waveguides were so calculated as to 
correct the phase shifts in the aperture plane 
and to give an effective plane wave output, re-
sulting in improved directional characteristics. 
See also 3508 of 1948 (Ri Ore). 

621.396.671 621.396.97  2146 
Directional Antennas for A. M. Broadcast-

ing —J. H. Battison. (Electronics, vol. 22, pp. 
101-103; April, 1949.) A simplified, practical 
method of calculating radiation patterns for 
2-tower and 3-tower arrays. 

621.396.677  2147 
Analysis of the Metal-Strip Delay Structure 

for Microwave Lenses —S. B. Cohn. (Jour. 
App!. Phys., vol. 20, pp. 257-262; March, 1949 
See also 2176 of 1948 (Kock). 

621.396.677  2148 
Aerial Arrays with Horizontal Beams with-

out Side Lobes -0. Schmidt (But/ Schweit 
Elektrotech. Ver., vol. 38 pp. 15-20; January 11, 
1947. In German, with French summary.) 
General theory is developed by considering the 
resultant obtained by superposition of the 
radiation distributions from each element. 
Technical requirements demand a minimum 
number of such elements with optimum effi-
ciency. Practical design formulas are derived 
and applied in two numerical examples. 

CIRCUITS AND CIRCUIT ELE MENTS 

538.1:621.392.26f :621.396.611.4  2149 
Narrow Gaps in Microwave Problems — 

W. R. Smythe. (Rev. Mod. Phys., vol. 20, pp. 
175-180; January, 1948.) An explicit expres-
sion, E.,-= f(x), is given for the x-component of 
the electric field between two infinite, oppositely 
charged conducting masses bounded by the 
y=0, x= b planes and the y=0, x= -b planes, 
respectively. The coefficients of the Fourier ex-
pansion of E, and the potential function V are 
used to determine a rapidly convergent series 
for the potential in the narrow gap between two 
right circular, coaxial, conducting cylindrical 
electrodes. The resonance frequency of a re-
entrant cylindrical cavity with a narrow gap is 
computed within about 0.03 per cent. The 
shape of the field radiated from the open end of 
a rectangular waveguide, terminating in an in-
finite conducting plane and transmitting only 
the TEio mode, is calculated with 4-figure ac-
curacy. 

621.3.012.2:621.392.5  2150 
Circle Diagrams of Impedance or Admit-

tance for Four-Terminal Networks —J. Rybner. 
(Proc. IEE, part III, vol. 96, p. 132; March, 
1949.) Discussion on 3357 of 1948. 

621.3.012.8:621.385.2  2151 
Diode Circuit Analysis —R. H. Dishington. 

(Elec. Eng. vol. 67, pp. 1043-1049; November, 
1948.) The nonlinear tube characteristic is 
analyzed and an equivalent circuit is suggested 
to which most ordinary applications can be re-
duced. This method of analysis is less complex 
than other methods hitherto used and can be 
applied to various diode and multi-element tube 
circuits, such as the diode modulator. 

621.3.012.8:621.385.2:518.4  2152 
Graphical Analysis of Diode Circuits—G. 

L. Hamburger. (Wireless Eng., vol. 26, pp. 147-
153; May, 1949.) Analysis of the basic diode-
rectifier circuit leads to an integral equation 
which has no formal explicit solution; it can, 
however, be solved by a simple graphical 
method which is applicable to periodic input 
voltages of arbitrary wave form. The method 
is applied to a typical AM detector, and to 
squaring and clipping circuits. Circuits in-
volving reactance are considered briefly. 

621.314.2  2153 
Design of I.F. Transformers —B. Sande!. 

(Radiotronics, no. 131, pp. 43-59; May and 
June, 1948.) Design procedure can be reduced 
to a few routine operations with the aid of 
charts and tables if certain assumptions are 
made. Only the 2-winding transformer with 
mutual inductance coupling is here considered; 
the added capacitance coupling is taken into 

tr 
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account by adjusting the coefficient of coupling 
k. Numerical examples are included. FM trans 
formers are discussed as well as undercoupled 
overcoupled, and critically coupled transform-
ers. Practical construction details and methods 
of measuring k are also considered. 

621.314.2.015.33  2154 
Considerations on Pulse Transformers — 

F. Blache. -Ann. Radioilec., vol. 4, pp. 149-
156; April, 1949). Simple calculation and de-
sign methods are presented for transformers of 
high power. The methods are based on the re-
sponse to an ideal rectangular pulse. The effects 
of the various transformer constants on the 
pulse shape are shown graphically, and methods 
of measuring primary inductance, core perme-
ability, and losses are indicated. 

621.316.718:621.396.9:371.3  2155 
The Velodyne —F. C. Williams and A. M. 

Uttley. (Proc. 1EE, part III, vol. 96, p. 168; 
March, 1949.) Discussion on 962 of 1948. 

621.316.86  2156 
Thermistors —F. E. Butler. (Radio News, - 

Radio-Electronic Eng. Supplement, vol. 10, pp. 
15-18, 31 and 10-12, 30; May and June, 1948.) 
Detailed discussion of their properties and ap-
plications. Materials used are oxides of Mn, 
Ni, Co, Cu, U, etc. Resistance can be varied by 
several powers of 10 by introducing impurities 
or by other treatment. Manufacturing methods 
are discussed. Applications considered include 
compensation of resistance changes, automatic 
control, timing devices, and voltage regulators. 

621.318.423.011.3(083.3)  2157 
The Use of Bessel Functions for Calculating 

the Self-Inductance of Single-Layer Solenoids 
—E. B. Moullin. (Proc. I EE, part III, vol. 
96, pp. 133-137; March, 1949.) Continuation 
of 2077 of 1947. The general Bessel formulas 
lead to the well-known expression for the field 
at the center of a solenoid. The Bessel treat-
ment has special advantages for calculating the 
field just inside the winding. Formulas are 
derived for the inductance of an isolated solen-
oid and also of a solenoid symmetrically placed 
between two infinite metal sheets perpendicular 

to its axis. 

621.318.423.011.3(083.3)  2158 
A Note on the Inductance of Screened 

Single-Layer Solenoids —F. M. Phillips. (Proc. 
IEE, part III, vol. 96, pp. 138-140,; March. 
1949.) The change of inductance which occurs 
when a single-layer solenoid is placed inside a 
coaxial cylindrical screening can is calculated 
by Moullin's method (2157 above) and com-
pared with that obtained from Bogle's empiri-
cal formulas (821 of 1941.) 

621.318.572  2159 
Scaler Circuits—W. M. Couch, Jr. (Radio 

News, Radio-Electronic Eng. Supplement, vol. 
10, pp. 3-5, 28 and vol. 11, pp. 10-12, 30; June 
and August, 1948.) Comparison of (a) trigger-
type circuits, with special reference to the 
Eccles-Jordan binary-scale unit, (b) ring cir-
cuits, and (c) capacitor accumulation circuits, 
and discussion of their design and operation. A 
bibliography of 47 references is included. 

621.318.572  2160 
High-Speed Trigger Circuit — W. B. Lurie. 

(Elearonics, vol. 22, pp. 85-87; April, 1949.) 
For photographic and other applications which 
require triggering pulses in a predetermined 
time pattern after a given event (sound, flash 
of light, etc.). The event is used to generate a 
keying pulse which, after inversion and clipping 
is applied to three delay lines, with independent 
delays ranging up to 26.6 µsecond, to derive 
positive high-level firing pulses. The undelayed 
pulse is also applied, after sharing and clipping, 
to a thyratron generator to produce a pulse of 
square form with a maximum current of 10 
amperes through 1 ft. 

621.319.4  2161 
Resonances in Capacitors—C. F. Mucken-

houpt. (Pnoc. I.R.E., vol. 37, pp. 532-533; 
May, 1949.) In a parallel-plate capacitor whose 
leads emerge at opposite ends, the higher reson-
ance and antiresonance frequencies are very 
close together; near such points the capacitor 
may be very frequency sensitive and exhibit 
anomalous effects. 

621.319.4  2162 
Ceramic Capacitors —W. G. Roberts. (Jour. 

Brit. I.R.E., vol. 9, pp. 184-199; May, 1949. 
Discussion, pp. 199-200.) A general survey. 
Properties of the various types of material, and 
the construction, manufacture and uses of the 
capacitors are discussed. 

621.392  2163 
Transfer Functions for R-C and R-L Equal-

izer Networks—E. W. Tschudi. (Electronics, 
vol. 22, pp. 116-120; May, 1949.) Transfer 
functions and gain-curve asymptotes are shown 
for 30 different types of network. 

621.392:003.62  2164 
Drawing Circuit Diagrams —L. Bainbridge-

Bell. (Wireless World, vol. 55, pp. 179-180; 
May, 1949.) Discussion of representation of 
leads which cross without connection. See also 
664 of April. 

621.392:621.3.015.3  2165 
The Effect of Pole and Zero Locations on 

the Transient Response of Linear Dynamic 
Systems—J. 11. Mulligan. (Pnoc. I.R.E., vol. 
37, pp. 516-529; May, 1949.) The conditions 
for a monotonic time response are expressed in 
terms of the location of transfer-function poles 
and zeros, for stable low-pass systems having 
only first-order poles and no poles on the jc..) 
axis. A simplified method of computing maxima 
and minima in the time response is explained. 
Under certain conditions, the normalized time 
response is well represented by a single domin-
ant time term. A method of determining whe-
ther these conditions exist is discussed. When 
they do exist, a method is outlined for designing 
pole and zero patterns to yield given time-
response characteristics of a certain kind for 
step-function  inputs.  Constant  overshoot-
factor curves and charts are provided for this 
purpose. The results can be applied to net-
works, amplifiers, servomechanisms, etc. 

621.392:621.3.015.3 2166 
Transient-Response Equalization Through 

Steady-State Methods —W. J. Kessler. (Pitoc. 
I.R.E., vol. 37, pp. 447-450; April, 1949.) Only 
a sinusoidal signal generator and a cro are used. 
The frequency of the signal generator is slowly 
swept through the transmission ranges of the 
networks, and amplitude and phase adjust-
ments are made so that a closed line of unit 
slope is displayed on the cro at all frequencies. 
Photographs of patterns displayed on the cro 
and methods of determining the required net-
work adjustments rapidly are discussed. 

621.392.5  2167 
The "Phantastron" Control Circuit —J. R. 

McDade. (Elec. Eng. vol. 67, pp. 974-977; 
October, 1948.) The construction and operation 
of the pentagrid converter tube used in these 
radar delay circuits are described. The action 
of a typical phantastron circuit is explained in 
detail by considering separately the six periods 
corresponding to the discontinuous portions of 
the voltage wave form. For another account see 
2478 of 1948 (Close and Lebenbaum). 

621.392.5:621.385.3:512 .831  2168 
The Application of Matrices to Vacuum-

Tube Circuits—J. S. Brown and F. D. Bennett. 
(Psoc. I.R.E., vol. 37, pp. 403-404; April, 
1949.) Discussion on 3043 of 1948. 

621.392.5.029.64 :621.392.26t  2169 
A Consideration of Directivity in Wave-

guide Directional Couplers—S. Rosen and J. T. 

Bangert. (Paoc. I.R.E., vol. 37. pp. 393-401; 
April, 1949.) 1947 IRE National Convention 
paper. An explanation of the behavior of a two-
hole coupler is given in terms of an infinity of 
interaction processes between two waveguides. 
Expressions based on Bethe's theory are de-
rived for the directivity ratio in terms of the 
transmission factor and the distance between 
the holes. Solutions are also obtained for two 
and for four pairs of holes. The directivity ratio 
usually reaches a nonzero minimum for a single 
pair of holes, and has multiple minima, one of 
which is almost independent of pair spacing, 
for the multiple-pair systems. Comparison 
with experiment shows good agreement for 
transmission factors up to 0.01. See also 675 of 
1948 (Riblet). 

621.392.52  2170 
Resonant-Section Band-Pass Filters —S. 

Frankel. (Elec. Commun., vol. 26, pp. 76-83; 
March, 1949.) An explicit formula is obtained 
for the ratio ti of the power transferred to the 
resistive load to the maximum power transfer-
able under matched conditions; the filter is 
assumed to consist of a chain of n identical 
resonators coupled by identical reactances to 
the preceding and following resonators. When 
n=10, 8 is constant within 3 db over 85 per 
cent of the pass band, but has undesirable fluc-
tuations at the edges of the band. 

621.395.665.1  2171 
Contrast Expansion—L. J. Wheeler. (Wire-

less World, vol. 55, pp. 211-215; June, 1949.) 
A review of different methods and of means for 
eliminating their defects. Circuit diagrams of 
several systems are given, including a modified 
negative-feedback circuit giving improved re-
sults in reproduction from phonograph records. 

621.396.61  2172 
Parasitic  Oscillations —"Cathode  Ray." 

(Wireless World, vol. 55, pp. 206-210; June, 
1949.) Discussion of conditions favorable to 
the production of unwanted oscillations and of 
means of preventing them. 

621.396.611.21  2173 
Cathode-Coupled Crystal Oscillators—F. 

*Butler. (Shore Wave Mag., vol.. 7, pp. 258-262; 
June, 1949.) Simple explanations are given of 
the operation of the basic circuit (32 of 1945) 
and of the derivatives described by Goldberg 
and Crosby (333 of March and 3048 of 1948.) 

621.396.611.3:621.365.5 2174 
On Circuits with Electromagnetic Coupling 

and their Appplication in H.F. Induction-Heat-
ing  Equipment—F.  P.  Pietermaat.  ( HF, 
(Brussels), no. 2, pp. 35-44; 1949. In French.) 
The importance of a knowledge of the Q factor 
of the oscillatory circuit of an oscillator used 
for high-frequency induction heating is stressed. 
The case is considered where the oscillatory 
circuit and the work are coupled by means of 
an aperiodic transformer. Abacs are given 
which enable Q to be determined rapidly. The 
effect of partial tuning of the work coil is exam-
ined and also the case where only a part of the 
oscillatory circuit inductance is coupled to the 
work coil. Numerical examples are included. 

621.396.615  2175 
Generation of Oscillations—R. Urtel; F. 

W. Gundlach; J. Frey; W. 0. Schumann; E. 
Marx; G. Hettner (F I AT Review of German 
Science 1939-1946. Electronics, incl. Funda-
mental Emission Phenomena, part 1, pp. 147-
250; 1948, In German.) 
Sections 1, 2, and 3, by Urtel, briefly con-

sider (a) general questions and stability, (b) 
feedback, and (c) kipp oscillations. 
Section 4, by Gundlach, gives a full account 

of theoretical and experimental work in Ger-
many in connection with transit-time tubes for 
uhf work, including diodes, retarding-field 
tubes, tubes with space-charge or velocity 
control, and magnetrons. 
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Section 5, by Frey, outlines work on fre-
quency multiplication. 

Section 6, by SCIIU Malin, discusses Pld Nina 
oscillations. 

Section 7, by Marx, deals briefly with 
spark transmitters for centimeter waves. 

Section 8, by Hettner, discusses the pro-
duction of waves in the range 0.1 to 0.3   
with the high-pressure lig-vapor lamp. 

621.396.615  2176 
Oscillation Amplitude in Simple Valve Os-

cillators--A. S. Gladwin. (Wireless Eng., vol. 
26, pp. 159-170 and 201-209; May and June, 
1949.) A method is derived of calculating this 
amplitude in oscillators of the regenerative 
type where grid-leak bias is used. Tlw ampli-
tude is found in terms of parameters which are 
functions of the tube and circuit constants, 
and the solution is presented graphically. 

Two types of amplitude instability are 
studied and crit.eria for their existence are de-
duced. The first type is dynamical inStability 
or squegging; the second type gives rise to the 
effect known as oscillation hysteresis. 

The analysis is applicable to all the com-
mon types of oscillator circuit, subject to the 
conditions that the tube should operate always 
in the space-charge-limited condition, and that 
the anode voltage should never fall to the point 
where the anode current is rapidly diverted to 
the grid or screen. 

621.396.615  2177 
Wide-Range Deviable Oscillator--M. E. 

Ames. (Electronics, vol. 22, pp. 96-100; May, 
1949.) A cathode follower working into a cap-
acitive load will produce a phase shift depend-

ent on the anode ac resistance, which, in turn, 
depends on the grid bias. The type of oscillator 
described uses four such phase-shift stages fol-
lowing an amplifier. The system oscillates at 
the frequency for which the phase shift per 
stage is 45° and this shift is effected by making 
the capacitive reactance of each stage equal to 
its equivalent resistance. FM is accomplished 
by simultaneous variation of the anode cur-
rent to all the four phase-shift stages. Each 
time the effective resistance is altered by chang-
ing the grid bias, the oscillation frequency 
changes to a new value at which the reactance 
of the fixed capacitors is equal to the new effec-
tive resistance. The voltage loss of the phase-
shift stages remains constant because the am-
plification factor of the triodes does not change 
and because the phase-shift required is also 
constant. With careful design, a linear fre-
quency versus modulating-voltage character-
istic is obtained. One oscillator constructed has 
a frequency range from 150 cps to 15 kc; fre-
quencies than are usually possible with this 
type ofoscillator. Circuit diagrams are given. 

621.396.615:621.396.619.13  2178 
A simple Method of Producing Wide-Band 

Frequency Modulation- -Rakshit and Sarkar. 
(See 2362.) 

621.396.615.17  2179 
Blocking  Oscillators — W.  T.  Cocking. 

(Wireless World, vol. 55, pp. 230-233; June, 
1949.) A method is described for improving the 
linearity of the sawtooth output by eliminating 
the high-frequency transients superimposed 
on the wave at the commencement of each 
stroke. This enables the circuit to be used as an 
oscilloscope time base at higher repetition fre-
quencies than are usually possible with t his type 
of oscillator. Circuit diagrams are given. 

621.396.615.17  2180 
Pulse Generation- -S. Moskowitz and J. 

Racker. (Radio News, Radio-Electronic Eng. 
Supplement, vol. 11, pp. 14-19, 30; July, 1948.) 
Discussion of circuits and techniques. Both 
active and passive networks are considered. 

621.396.615.17  2181 
Symmetrical Multivibrators —R. Feinberg. 

(Wireless Eng., vol. 2(r, pp.  153 158; 
1949.) "Formulae are derived from an equiv., 
lent circuit diagram to give t he fieqm•ti, v .aid 
waveform of oscillation ot a SVIII  I It .1 mull 
vibrator circuit with pentodes op-t at ring on the 
coalescent part of their characteristic; it is as-
sumed that the interelect rode capacitances of 
the valves and any self-inductances and self-
capacitances of the circuit elements have no 
effect on the circuit performance. The ‘vaveform 
of oscillation is rectangular when t  t illle-CIM-
stant of capacitor charge is relatively small, 
and is triangular when the tinn•-constant is 
relatively large. The frequency is governed by 
the d.c. supply voltage, the type and screen 
grid voltage of the pentodes and essentially by 
the values of the reservoir capacitance and t he 
grid-shunting resistance. Predicted frequencie, 
and waveforms are verified by exp•rim(-nt." 

621.396.619.13  2182 
Frequency Swing with Variable-Reactance 

Valves-- -R. Lepr6tre. (Onde 1ec., vol. 29, pp. 

130-136 and 167-174; March and April, 1949.) 
The equivalent impedance of 'a react:Ince tube 
and its RC circuit, when R is connected be-
tween grid and anode, is shown theoretically 
to be inductive. Formulas are derived, in a 
manner as rigorous as possible, for the fre-
quency swing and the damping. An approxi-
mate equation for the reactive admittance is 
given for the general case and for a pentode, 
with a simplified formula for the frequency 
swing and with numerical examples. XVhen 
is connected between grid and anode the equiv-
alent im pecla ace is capacitive. Coini iarison 
shows that the capacitive arrangement gives a 
greater frequency swing for a given damping 
than the inductive connection. Circuits in 
Mach the dapping is zero, or even negative, are 
discussed, with particular reference to a circuit 
described by Helfrich (2489 of 1948.) A circuit 
insensitive to supply-voltage variations is also 
given. 

621.396.619.23  2183 
The  Serrasoid  F. M.  Modulator  Day. 

'See 2363.) 

621.396.619.23  2184 
Non-Linear Effects in Ring Modulators 

V.  'Fireless Eng., vol. 2(i. P. 177; 
May, 1949.) The operation of a 4-rectifiet ring 
modulator is considered for signal voltages of 
arbitrary value, and the amplitude of the gen-
eral modulation product is given as a hyper-
geometric function. Curves are drawn for the 
lowest products,  illustrating the departure 
from linearity with increasing signal voltage. 

621.396.619.23:621.396.615.17  2185 
A Modulator Producing Pulses of 10 -, 

Second Duration at a 1- Mc Recurrence Fre-
quency—NI. G. Morgan. (Prow. I.R.E., 
37, pp. 505-509; May, 1949.) A modulator for 
use with a spark transmitter, of pulse duration 
about  2X10-,  second,  for  radar counter-
measures. A large 1-Mc voltage wave is applied 
to the grid of a triode with low internal resist-
ance and a sinusoidal 1-Me signal is applied to 
tIre anode. Suitable phase adjustment results 
in the production of ste(-p-fronted positive 
pulses which are applied to the grid of the 

modulator. The modulating voltage is built up 
across a capacitive load of 125 pF. The oc-
currence of a spark reduces the load impedance 
to a low value and assists in producing a rapid 
drop of the modulating voltage.  • 

621.396.645+621.396.621.53  2186 
Increase of Sensitivity of Amplifier and 

Mixer Stages  for  Metre  and  Decimetre 
Waves  Stoat. (See 2312.) 

621.396.645  2187 
On the General Theory of Linear Amplifiers: 

Part 1—S. P. St ref kov. ( rionitat ha i Tele-

mekhanika, vol. 9, pp. 233 244; May and 
June, 1948. In Russian.) In a linear amplifier, 

the input and output at. plat. d It\ a lintar hf-
I-I' wt. ,'  \  o'  giv.11 

t 1,,  ol finding 'II, I, ,1.11I14 
I hi, W 1,11 J•di 

' Mt mt mm --i-i it,"  111 ,1,0 11 M.  Ni. -.11i4111 11 14.1111111K .111 

,,1.1,11 "),1111, 01• 1•,(1111•11 , of  III , Iii41./Itl ,11  rm,ll  bl• 

2. 

621.396.645  2188 
Note on the Sensitivity of an Amplifying 

Stage  \‘'  Kli•im. (Ann. Radioilec., vol. 4, 
pp. 1.31, 117; April, 1949.) Discussion of the 
giontided anode circuit shows that, at low ire-
(men( Y. the sensitivity is tlie saiiii• whether 
cat liodc, grid, or anode is grounded, though at 
high Itequency. t he optimum sensitivity of the 

differs slightly from 
t hat of Ii,e other t‘ko, See also 1338 of June. 

621.396.645  2189 
Amplification of Pulses of Gating Methods 
J. A.  Fejer.  ( Tran¶.  hi -I Tier. 

Eng., vol. 4(1, pat 2,1,p. 3') 49;  oat y, 19-19. 
Discussiml, pp. -19 ill.) Tile 
ventional methods of pulse amplification are 
discussed, %vitt, reference to (a) the minimum 
pulse length for which amplification is possible, 
(b) ringing effects, and (c) internal noise. Three 
gating met hods, whose principles are explained. 
all eliminate ringing and enable very short 
pulses to be amplified. Neglecting fluctuation 
noise in tubes, the improvement in signal-to-
noise rat io obtained by any of the three methods 
is equal to the ratio of pulse recurrence fre-
quency to the bandwidth of the amplifier fol-
lowing the gate. An experimental double-gate 
amplifier is described for which the measured 
signal-to-noise ratio showed an improvement 
of 31 db compared with the ratio for an ampli-
fier not using gating technique. The application 
of gating technique to ac pulses is also con-
sidered and methods of locking to the leading 

edges of the dc modulating pulses are de-
scribed. 

621.396.645  2190 
Stabilized Decade-Gain Isolation Amplifier 

-J• F. Kurt liley. (/.-.1e,fronic, vol. 22, pp. 91.'-
100; April. 1949.)  input impedance tit over 
200 MU and less t haft  pl.- shunt cap: wit:1n' u• is 
obtained by enclosing the input circuit in a 
shield which is at almost the sante instantane-
ous potential :IS Ilg• It'St signal conductor. The 
low dynamic out put impedance enables sevcial 
measuring instruments to be connected to it in 
parallel, for simultaneous observation of vari-

ous characteristics of signals in high-impedance 
circuits. See also 2281 of 1945 (Daniels). 

621.396.645  2191 

A Coaxial 50-k W F. M. Broidcast Ampli-
fier —Balthk.  s'er 2365.) 

621.396.645 9 
Square- Wave  Analysis of  Compensated 2 

Amplifiers  I'.  Seal. (Pkoc. 1.R.F., vol. 37, 
p. 382; April, 1949.1 Correction to 1626 of July. 

621.396.645  2193 
Stagger-Tuned Amplifiers -L. J. Libois. 

(On,!,' &-c.,  vol.  29, pp. 124 -129; March, 
1949.) Formulas are derived which enable the 
number of stages and the values of the vai toils 

circuit components to be calculated directly, 
without the use of abacs, for an arnplifier with 
(a) tile titittitunuinti number of tubes, (b) a given 
gain, and (c) as flat a response curve within the 
pass band as possible. 

621.396.645.012.8  2194 

Network Representation of Input and Out-
put Admittances of Amplifiers —L. M. Vallese. 
(Pkoc. I.R.F., vol. .37, pp. 407-408; April, 
1949.) A clear picture of circuit performance is 
obtained if these admittances are represented 
by networks derived front the equivalent cir-
cuit of the amplifier, together with certain 
series or parallel branches whose tlements 
are functions of )4. Such networks are shown 
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for  grounded-cathode,  grounded-grid,  and 
grounded-anode amplifiers and for reactance 
tubes. Results are discussed. 

621.396.645.37  2195 
Combined Current and Voltage Feedback — 

K. R. Sturley. (Electronic Eng. (London), vol. 
21, pp. 159-161; May, 1949.) When voltage 
feedback is applied in the usual way, current 
feedback occurs simultaneously and cannot be 
ignored. The over-all amplification and equiva-
lent output impedance are here derived theo-
retically. Interaction between the sources of 
voltage and current feedback tends to reduce 
slightly the over-all amplification. 

621.396.645.371  2196 
Negative Feedback Amplifiers —T. S. Mc-

Leod. (Wireless Eng., vol. 26, pp. 176-177; 
May, 1949.) Comment on 1910 of August. 
(Brockelsby). 

621.396.645.371  2197 
When Negative Feedback Isn't Negative — 

"Cathode Ray." (Wireless World, vol. 55, pp. 
189-193; May, 1949.) Elementary discussion' 
of the cause and prevention of oscillation and 

distortion. 

621.396.69+621.317.7+621.38 2198 
The Physical Society's Exhibition —(En-

gineering (London), vol. 167, pp. 313-316 and 
337-340, 348; April 8 and 15, 1949. Engineer 
(London), vol. 187, pp. 382-385, 407-409, 
and 446-448; April 8, 15, and 22, 1949. Wire-
less World, vol. 55, pp. 182-186; May, 1949. 
Wireless Eng., vol. 26, pp. 171-176; May, 
1949.) Descriptions of selected exhibits. 

621.396.69  2199 
Recent  Trends  in  Radio  Technique — 

M. Adam. ( Tech. Mod. .(Paris), vol. 41, pp. 163-
165; May 1 to 15, 1949.) Discussion of (a) 
miniaturization of all types of components, (b) 
the use of printed circuits in subminiature as-
semblies, (c) methods of ensuring satisfactory 
performance of equipment under extreme con-
ditions of humidity, temperature, and alti-
tude, and (d) component design to withstand 
shock, vibration, or rapid acceleration. 

621.397.645.371  2200 
Nonlinearity  in  Feedback  Amplifiers - - 

A. B. Thomas. (Pgoc. IRE., vol. 37, p. 531; 
May, 1949.) Comment on 2766 of 1948. 

GENERAL PHYSICS 

534.21 +538.5661:537.228 .1 2201 
Wave Propagation in Piezoelectric Crystals 

—J. J. Kyame. (Jour. ACOUT. SOC. Amer., 
vol. 21, pp. 159 167; May, 1949.) 

535.37  2202 
A Report on the Second Conference on 

Luminescence  (held  in  Moscow,  12th 
22nd May 1948) —( Uspekhi Fiz. Nauk. vol. 
36, pp. 557 566; December, 1948. In Russian.) 

535.37  2203 
Polarized Luminescence —P. P. Feofilov. 

( Uspekhi Fiz. Nauk, vol. 36, pp. 417-455; 
December, 1948. In Russian.) 

537.291 +538.691  2204 
Some  Properties  of  Tubular  Electron 

Beams- -N. Wax. (Jour. A ppl. Phys., vol. 20, 
pp. 242- 247; March, 1949.) Approximate ex-
pressions are obtained for the potential dis-
tribution, maximum current density, and spread 
of beams of finite thickness. Results are com-
pared with those of Haeff (127 of 1940) and of 
Smith and Hartman (2409 of 1940). 

537.533+621.385.83 2205 
Electron Emission and Electron Currents--

II. Mayer; M. Knoll. (F/AT Review of German 
Science 1939-1946. Electronics, incl. Funda-
mental Emission Phenomena, part 1, pp. 1-42; 
1948. In German.) Section I, by Mayer, re-
views theoretical and experimental investiga-

tions on various aspects of the photoelectric 
effect. Section 2, by Knoll, in collaboration 
with E. Kinder, discusses electron optics, with 
particular reference to cro deflection systems, 
electron lenses, and the electron microscope. 

538.122:621.385  2206 
An Electron Tube for Viewing Magnetic 

Fields —Lutz and Tetenbaum. (See 2375.) 

538.3  2207 
Nonlinear Theories of the Electromagnetic 

Field--F. Bertein. (Rev. Sci. (Paris), vol. 86, 
pp. 349-356; April 1, 1948.) The difficulties 
presented by Maxwell's theory are reviewed, 
the principles of the Born-Infeld theory are 
outlined and brief reference is made to the 
theories of Dirac and L. de Broglie. 

538.3  2208 
Development in Series of the Retarded Po-

tentials of Classical Electromagnetism —E. 
Durand. (Jour. Phys. Radium, vol. 10, pp. 41-
48; February, 1949.) One of the fundamental 
problems of classical electromagnetism is the 
calculation of the electromagnetic field produced 
by a given distribution of electricity variable in 
time. According as one adopts the hypothesis 
of a space-time distribution of electricity or the 
hypothesis of point charges, the solution of the 
problem is represented either by the integrals 
of retarded potentials or by the potentials of 
Lienard;Wiechert. The fields can then be easily 
deduced. These expressions cannot, in general, 
be used directly, since they involve the retard 
time, which cannot be expressed in terms of the 
usual analytical functions. Expressions are de-
rived for the potentials as functions of actual 
time, using a new type of series development 
related to Lagrange series. Complete formulas 
are derived for the radiation potential of a 
linear sinusoidal oscillator and for the radiation 

field. 

538.56:535.13:621.396.67  2209 
The Radiation and Transmission Properties 

of a Pair of Parallel Plates: Part 2--Hems. 

(See 2144.) 

538.566  2210 
A Note on Singularities Occurring at Sharp 

Edges in Electromagnetic Diffraction Theory — 
C. J. Bouwkanap. ( Physica, 's Gray., vol. 12, 
pp. 467-474; October, 1946. In English.) The 
existence of singularities is demonstrated ex-
plicitly in the case of Sommerfeld's well-known 
solution for diffraction at the edge of a per-
fectly conducting semiplane. MOglich's solution 
for the 3-dimensional problem of diffraction by 
a circular screen is shown to be erroneous. 

538.691  2211 
Motion of an Electrified Particle in the 

Magnetic Field of a Current —A. Brunel. 
( Rev. Sci. (Paris), vol. 86, pp. 345-347; April 1, 
1948.) Solutions are obtained for the motion 
of positively or negatively charged particles, 
with an initial velocity in any direction, in the 

field of a rectilinear current. 

621.39.001.11  2212 
Theoretical Limitations on the Rate of 

Transmission  of  Information- -Tuller.  (See 

2319.) 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA 

523.53:621.396.9  2213 
A Phenomenological  Theory of Radar 

Echoes from Meteors  1). W. R. McKinley 
and P. M. Millman. (Paoc. IRE., vol. 37, 
II'- 364- 375; April, 1949.) Echoes from meteors 
are classified into basic types according to their 

appearance on the range versus time record of 
the radar display. These types include echoes 
indicating approach or recession, echoes of long 
duration, and echoes with a complex structure. 
A qualitative explanation of the various types 

Is given. 

523.72.029.6:621.396.822  2214 
Electromagnetic Solar Radiation on 158 

Mc/s —Y. Rocard. (Rev. Sci. (Paris), vol. 
86, p. 348; April 1, 1948.) A table is given of the 
solar energy radiated at this frequency, and the 
corresponding solar temperature, assuming the 
radiation to be of thermal origin, for various 
dates from June 7, to July 7, 1948. The records 
were obtained with a superheterodyne receiver, 
using a dipole antenna at the focus of a reflector 
8 m in diameter, in open country 30 km south 
of Paris. The temperatures range from 4.4X 101 
to 8X 105 degrees K. 

523.72.029.64:621.396.822  2215 
Circularly Polarized Solar Radiation on 

10.7 Centimeters —A. E. Covington. (PaoC 
I.R.E., vol. 37, p. 407; April, 1949.) Radiation 
from the quiet sun appears to be randomly 
polarized, whereas sunspots can produce cir-
cularly polarized radiation. See also 2513 of 
1948. 

523.746"1948.10/.12"  2216 
Provisional Sunspot-Numbers for October 

to December, 1948 —M. Waldmeier. (Jour. 
Geophys. Res., formerly. Terr. Meg. Atm°. 
Elec., vol. 54, p. 64; March, 1949.) 

523.854:621.396.822  2217 
Origin of the Radio Frequency Emission 

and Cosmic Radiation in the Milky Way — 
A. Unsold. (Nature (London), vol. 163, pp. 
489-491; March 26, 1949.) The interpretation 
of galactic rf radiation as due to free-free tran-
sitions of electrons in the interstellar gas is 
unsatisfactory because (a) an electron tempera-
ture of 100,000 to 200,000°K is needed to ac-
count for results at 20 to 30 Mc, (b) the observed 
spatial distribution of the radiation does not 
fit. The alternative hypothesis is discussed that 
the radiation originates in late-type stars show-
ing eruption activity like that of the sun, but 
on a scale perhaps 10,, times as great. 

523.854:621.396.822  2218 
Cosmic Radio Noise —G. Reber. (Radio 

News,  Radio-Electronic  Eng.  Supplement, 
vol. 11, pp. 3-5, 29; July, 1948.) Historical 
review, with discussion of intensity as a function 
of galactic longitude at zero galactic latitude 
and of apparatus used for measurement and 

recording. 

538.12:521.15  2219 
Rotation  and  Terrestrial  Magnetism — 

T. Gold. (Nature (London), vol. 153, pp. 513 - 
515; April 2, 1949.) Report of a geophysical 
discussion of the Royal Astronomical Society on 
February 25, 1949, on the present state and ob-
servational justification of various theories. 

550.38"1948.07/.09"  2220 
Selected Days, Preliminary Mean K-In-

dices, and Preliminary C-Numbers for Third 
Quarter, 1948  E. K. Weisman. (Jour. Geo-
phys. Res., formerly Terr. Meg. Atmo. Elec., 
vol. 54, pp. 66-67; March, 1949.) 

550.38"1948.10/.1 2"  2221 
Cheltenham [Maryland] IC-Indices for Oc-

tober to December, 1948 —P. G. Ledig. (Jour. 
Geophys. Res., formerly Terr. Meg. Alma. 
Elec., vol. 54, p. 65; March, 1949.) 

550.38"1948.10/.12"  2222 
Daily Magnetic-Activity Figures C, Three-

Hour-Range Indices K, and List of Sudden 
Commencements, October to December, 1948. 
at Abinger —II. Spencer Jones. (Jour. Geophys. 
Res., formerly Terr. Meg. Atm°. Elec., vol. 54, 
pp. 67-68; March, 1949.) 

550.385"1948.10/.12"  2223 
Principal  Magnetic  Storms  [Oct.-Dec., 

1948] —(Jour. Geophys. Res., formerly Ten'. 
Meg. Alma Elec., vol. 54, pp. 80-95; March, 

1949.) 
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551.510.4  2224 
The Vertical Distribution of Atomic Oxygen 

in  the  Upper  Atmosphere —R.  Penndorf. 
(Jour. Geophys. Res., formerly Tern Meg. 
Aimo. Elec., vol. 54, pp. 7-38; March, 1949.) 

551.510.52  2225 
The Ionic Equilibrium of the Lower At-

mosphere —J. Bricard. (Jour. Geophys. Res., 
formerly Ten-. Meg. Almo. Elec., vol. 54, pp. 
pp. 39-52; March, 1949. In French, with Eng-
lish summary.) 

551.510.535  2226 
Measurement of Sporadic E-Layer Ioniza-

tion —K. Rawer. (Nature (London), vol. 163, 
pp. 528-529; April 2, 1949.) The critical fre-
quency is insufficient as a measure of sporadic 
E-layer ionization, because this layer consists 
of ionized clouds and is not homogeneous. At 
the Service Ionosph6rique de la Marine Fran-
caise (SPIM) station at Freiburg, the frequen-
cies are observed for which the ratio of the 
strength of the sporadic-E reflection to the 
strength of the F-layer reflection has the values 
100, 10, I, 0.1, and 0.01. Results for August, 
1948, are shown graphically and discussed. 

551.510.535  2227 
On Long-Term Forecasts of the Critical 

Frequencies of the Ionosphere and of the Oc-
currence of Disturbances in It—G. M. Bat-
tenev. (Bull. Acad. Sci. (URSS) pp. 1139-
1152; September, 1947. In Russian.) 

LOCATION AND AIDS TO NAVIGATION 

621.396.9  2228 
Spiral-Phase Fields —E.  K.  Sandeman. 

(Wireless Eng., vol. 26, pp. 96-105; March, 
1949.) ne general properties of such fields are 
examined theoretically. They are produced if 
four vertical antennas are placed at the corners 
of a horizontal square of side <X/4, and each 
diagonal pair is driven in antiphase and in 
quadrature with the other diagonal pair. Three 
main applications are outlined: (a) an aircraft 
could obtain its bearing relative to the center 
of the field, (b) a lighthouse or talking beacon 
could be operated so that continuous charac-
teristic signals were sent out on various bear-
ings, and (c) narrow interrogating beams could 
be produced for secondary radar and possibly 
also for primary radar. 

621.396.9  2229 
Doppler  Radar —E.  J.  Barlow.  (Pstoc. 

I.R.E., vol. 37, pp. 340-355; April, 1949.) 
The principle of Doppler radar systems is that 
a frequency change is produced when radio 
waves are reflected from moving targets, which 
can thus be distinguished from stationary ones. 
The application of this principle to cw systems is 
described and compared with its use in pulse 
systems. Quantitative calculations are made of 
sensitivity, range error, fixed-target rejection, 
and system stability. 

621.396.9:371.3  2230 
Aids to Training —The Design of Radar 

Synthetic Training Devices for the R.A.F — 
G. W. A. Dummer. (Proc. IRE, part III, vol. 
96, pp. 101-112; March, 1949. Discussion, pp. 
113-116.) The training devices described are 
of two main types, a bench trainer of simple 
design, and a complete crew trainer. The former 
was required as an aid to the introduction of 
new radar systems, while the latter provided 
accurate presentation of moving targets, com-
plete operational practice, and also error-re-
cording facilities. 

621.396.9:523.53  2231 
A Phenomenological  Theory  of Radar 

Echoes from Meteors —McKinley and Mill-
man. (See 2213.) 

621.396.93  2232 
Some Relations between Speed of Indica-

tion, Bandwidth, and Signal-to-Random-Noise 
Ratio in Radio Navigation and Direction Find-

log —H. Busignies and M. Dishal. (Paoc. 
I.R.E., vol. 37, pp. 478-488; May, 1949.) 
The total bandwidth required for navigation 
and direction-finding systems is quite small 
(5 +100 cps or so), because rates of change of 
observed phenomena are small and required 
speeds of indication slow. A small total band-
width is possible even with a complex wave-
form provided that a filter can be designed with 
a number of very narrow pass bands occurring 
at the steady-state Fourier components of the 
complex signal. Such a "comb" filter is dis-
cussed briefly. 

Systems for which the output signal-to-
noise ratio is better than the input carrier-to-
noise ratio have imptovement thresholds, but 
many navigation systems can give satisfactory 
information at output signal-to-noise ratios 
below these thresholds. Single-sideband and 
double-sideband AM produce the most sensitive 
systems under such conditions. 

The phenomenon of "apparent demodula-
tion" is discussed for systems having the post-
detection bandwidth At, narrower than the 
predetection bandwidth .1h, and carrier-to-
noise ratio appreciably less than unity at the 
input to the final detector. A relation between 
the available power, the output signal-to-noise 
ratio (S/N), required for satisfactory indica-
tion, the percentage modulation m, ..1fip, and 
4, is obtained for a double-sideband AM sys-
tem with a linear final detector; this relation 
depends markedly on whether the quantity 
4(.1.fiP/A/) (N/S).1m2 is greater than or less 
than unity. 

621.396.93  2233 
Radio Direction-Finding by the Cyclical 

Differential Measurement of Phase —C. W. 
Earp and R.. M. Godfrey. (Elec. (ommun., 
vol. 26, pp. 52-75; March, 1949.) Reprint, 
with minor additions, of 1059 of May. 

621.396.93  2234 
Rotating  H-Adcock  Direction  Finder — 

B. G. Pressey. (Wireless Eng., vol. 26, pp. 85-
92; March, 1949.) The instrument has a fre-

quency range of 4 to 30 Mc; the antenna sys-
tem is about 4 feet over-all. Spheres are fixed to 
the ends of the antennas to increase their ef-
fective height and measures are taken to bal-
ance the system throughout the frequency 
range. By splaying the points of connection of 
the antenna coil to the horizontal feeders, the 
polarization error is appreciably reduced. The 
minimum usable field strength varies between 
8 and 2.5µvolts per meter. The instrumental 
error is not greater than i° and the polarization 
error is of the same order as that of a U-type 
Adcock system. 

621.396.932  2235 
Marine Navigation Radar--G. Kniazeff. 

(Onde Alec., vol. 29, pp. 202-215; May, 1949.) 
Technical requirements are discussed and tests 
with prototype equipment leading to the de-
sign of the RNM I I set are described. This set 
operates at any frequency between 9,000 and 
9,550 Mc. Power output is 30 kw, pulse dura-
tion 0.3raseconcls and  repetition frequency 
1,000 per second. The beam angle is 1.8° in 
horizontal and 17° in the vertical direction; 
the antenna, of the cylindro-parabolic reflector 
type with horn feed, rotates at about 30 rpm. 
The receiver has a panoramic display on a 
22.5-cm screen. Four range scales are provided, 
with maxima of 1, 3, 9, and 27 miles respec-
tively, and five circles on the screen facilitate 
accurate ranging. On the liner Jean Barr the 
performance of the equipment has proved very 
satisfactory. 

621.396.933  2236 
System of Air Navigation and Traffic Con-

trol Recommended by the Radio Technical 
Commission for Aeronautics —P. C. Sandretto. 
(Elec. Commun., vol. 26, pp. 17-27; March, 
1949.) An outline of a completely integrated 
system to be developed and brought into use 

in the United States over a period of 15 years. 
The system is designed to meet a number of 
predetermined operational requirements. The 
basic techniques required have been developed 
during the war, but the exact technical charac-
ter and design parameters of the apparatus 
required cannot yet be given. 

621.396.933.2  2237 
Radio Beacons of the Consol Type — 

H. Portier. (Onde Alec., vol. 29, pp. 57-65; 
February, 1949.) The basic principles are out-
lined and the effects of antenna spacing, an-
tenna current and phasing, and signal cycle 
are discussed and illustrated by data for the 
transmitter at Bush Mill, N. Ireland. Proposals 
for new stations in Europe and America are 
mentioned. 

621.396.933.23  2238 
Radio Aids for Approach and Landing. 

Control of Aerial Traffic —A. Violet. (Onde 
Alec., vol. 29, pp. 91-109; March, 1949.) 
Present facilities are briefly reviewed and the 
requirements which future systems should sat-
isfy are discussed, with special reference to the 
recommendations of the American Radio Tech-
nical Commission for Aeronautics. The prin-
ciples and operation of the navar, navaglide, 
and navascreen systems are also described. 

621.396.9 2239 
Radar  Primer  [Book  Review i—J. 

L9. 

Hornung. McGraw-Hill, New York, N. Y., 
1948, 210 pp., 83.50. (Paoc. I.R.E., vol. 37, 
p. 543; May, 1949.) A nonmathematical pres-
entation of the fundamental principles upon 
which the operation of pulsed radar is based. 
Various practical applications are discussed 
briefly. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

531.788  2240 
Radiometer Vacuum Gauge of Compensa-

tion Type —A. Rostagni and I. Filosofo. (NUOVO 
vol. 4, pp. 74-84; February 1, 1947. In 

Italian, with English summary.) An instru-
ment using two narrow strips of Al foil, one 
fixed at both ends and carrying a heater cur-
rent, the other suspended freely from one end 
a few millimeters away from the first. Deflec-
tion of the suspended foil is compensated by 
rotation of the containing tube about a hori-
zontal axis; the angle of rotation a is approxi-
mately proportional to the gas pressure p up 
to 10-2 tor and independent of the nature of 
the gas (for H2, He, Ne, Ar, air). Above 10-6  
tor the (a, p) curves for the different gases di-
verge; all reach a maximum and then fall off 
slowly. The useful pressure range is 10-1 =10-6  

tor. Sensitivity can be varied widely by adjust-
ing the heater current. 

535.5:621.385.832  2241 
Modern  Vacuum-pump  Design —G.  L. 

Mellen. (Electronics, vol. 22, pp. 90-95; May, 
1949.) Detailed description of a vapor-type 
pump for television cathode-ray tubes. Auto-
matic controls are suggested for further im-
provement  of cathode-ray-tube production 
rates. 

535.37 
2242 

Temperature Quenching of Photolumines-
cence of Sublimated SI-T1 Phosphors —K. V. 
Shalimova. (Zh. Eksp. Teor. Fix., vol. 18, pp. 
1045-1048; November,  1948.  In Russian.) 
An experimental investigation of films prepared 
in air by a simultaneous condensation of KI 
and metallic TI on a quartz plate. The quench-
ing process conforms to Motes theory. The 
energy of activation U depends on the wave-
length of the exciting light and on the concen-
tration of the activator; the higher the concen-
tration, the lower is the value of U. The co-
efficient indicating the degtee of binding of the 
mixture with the crystalline lattice remains 
constant, for a given concentration of the ac-
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tivator, for all wavelengths of the excitation 
light, and decreases with inciease in the con-
centration of the activator. See also 230 of 
1939 (Mott). 

538.213:538.221  2243 
High-Frequency Permeability —J. Smidt. 

(Appt. sci. Res., vol. B1, no. 2, pp. 127-134; 
1948.) Experimental results for the permeabil-
ity of iron at frequencies between 360 and 580 
Mc are discussed. 

538.569.3/.41.029.64  2244 
High-Frequency Absorption Phenomena in 

Liquids and Solids — W. Jackson and J. A. 
Saxton. (Proc. I EE, part III, vol. 96, pp. 77-
80; March, 1949.) The paper discusses briefly 
the work on liquid and solid dielectrics carried 
out in England during the war and immediate 
post-war periods. The work was concerned 
mainly with substances of technical impor-
tance such as polythene, water, and ice; the 
results emphasize the limitations of existing 
theories  of  dipolar  absorption.  Summary 
noted in 366 of March. 

620.179.14  2245 
Magnetic and Inductive Non-Destructive 

Testing of Metals —I. R. Robinson. (Metal 
Treat., vol. 16, no. 57, pp. 12-24; Spring, 
1949. Bibliography, p. 24.) Two general meth-
ods of testing are discussed: (a) The field set up 
by eddy currents in a ferrous or nonferrous 
sample is compared with that due to a standard 
of the same size and shape; apparatus for test-
ing bar stock by this method is described. (b) 
The sample is sprayed with ferromagnetic 
powder whose distribution over the surface of 
the magnetized material indicates leakage fields 
and hence flaws. Bridges and crt techniques are 
considered. 

621.3.015.5:546.217  2246 
The Electrical Breakdown Strength of Air at 

Ultra-High Frequencies —J. A. Pim. (Proc. 
IEE, part III, vol. 96, pp. 117-129; March, 
1949.) The measurements were made in the 
frequency range 100 to 300 Mc, using parallel-
plate gaps up to 1 mm wide. The apparaus and 
method of measurement are described and a 
theoretical analysis of the results is given. See 
also 3141 of 1948. 

621.315.221  2247 
Continuous Lead-Extrusion Machine for 

Electric Cables —(Engineering (London), vol. 
167, pp. 319-321; April 8, 1949.) Illustrated 
description of a machine made by the Pirelli-
General Cable Works to overcome the difficul-
ties inherent in stroke-type presses operating 
intermittently. 

621.315.61:621.317.37.029.64  2248 
Measurements on Dielectric Materials in 

the Centimetre- Wave Region at High Tem-
peratures —F. Borgnis. ( Ilelv. Phys. Acta, vol. 
22, pp. 149-154; April 20, 1949. In German.) 
A cavity resonator constructed of calit, with 
its inner surface silvered, was used to measure 
the dielectric constant and loss of rods of vari-
ous glasses and ceramics at temperatures up 
to 400°C. The results are tabulated. The loss 
factor of the ceramics (ergan, calit, frequenta, 
tempa S, condensa C and F) and of quartz, 
uviol glass, and supremax glass showed no 
variations greater than the possible errors of 
measurement. The loss factor for selected exam-
ples of the large number of glasses tested in-
creased 2 to 3 times between room temperature 
and 350°C. 

621.315.616:679.5  2249 
Electrical Properties of Plastics —A. J. 

Warner. (Elec. Commun., vol. 26, pp. 33-39; 
March, 1949. Discussion, p. 39.) Reprint of 
3443 of 1948. 

621.316.86  2250 
Study of Uranium-Oxide Thermistors —J. 

Prigent. (Jour. Phys. Radium, vol. 10, pp. 58-

64; February, 1949.) Methods of preparing 
1J02 powder and beads are described and test 
results are given showing the effect of applied 
voltage and of temperature on the resistance of 
the beads. On account of its variability and 
high resistivity, the use of UO2 is likely to be 
limited to bolometer detectors for infrared 
radiation; for such a purpose it is necessary to 
use a very thin layer of the oxide. 

666.3:621.315.612  2251 
Ceramics and their Manufacture —R. A. 

ljdens. (Philips Tech. Rev., vol. 10, pp. 205-
213; January, 1949.) A survey of the different 
ceramic materials manufactured at Eindhoven, 
the methods used in their preparation, and also 
their applications. The relation between the 
characteristics of a material and its composi-
tion is discussed, with particular reference to 
the ternary system MgO-A1203-Si02. 

669.718 : 534.321.9.001.8  2252 
Supersonic Tinning of Aluminum Wires — 

(Machinery (London), vol. 74, pp. 546-547; 
April 28, 1949.) Discussion of apparatus for 
making soldered joints without using flux. A 
Ni striker is immersed beneath the surface of 
molten solder in an electrically heated crucible. 
The striker is made to oscillate at about 18 kc. 
The wire to be tinned is held by hand near or 
touching the striker, and becomes tinned over 
the short length immersed in a few seconds. 
For full details see B.I.O.S. Report No. 1844 
(2253 below). 

621.791  2253 
Some Aspects of German Soldering, Braz-

ing and Welding Methods [Book Noticel — 
B.I.O.S. Final Report No. 1844. H. M. Sta-
tionery Office, London, 66 pp., 78. A collection 
of miscellaneous data on metal joining proc-
esses, including the ultrasonic tinning of Al 
referred to in 2252 above. 

MATHEMATICS 

517.5  2254 
Remarks on the Harmonic Analysis of 

Aleatory Functions —A. Blanc-Lapierre. (Rev. 
Sci. (Paris), vol. 85, pp. 1027-1040; November 
1 to 15, 1947.) Aleatory functions of the second 
kind are defined and the method of filters is 
applied to their analysis. See also 1666 of 1948 
(Blanc-Lapierre and Fortet). 

517.512.2 : 578.088.7  2255 
Fourier Analysis in Relation to the Electro-

cardiogram— W.  E.  Benham.  (Jour.  Brit. 
I.R.E., vol. 9, pp. 170-183; May, 1949.) 

517.93 : 53  2256 
Non-Linear Vibrations —M. L. Cartwright. 

(Advanc. Sci., vol. 6, pp. 64-69; April, 1949. 
Bibliography, pp. 69-74.) Discussion of (a) 
general methods of solving nonlinear differ-
ential equations, including methods involving 
differential analyzers, (b) special types of sec-
ond-order equation, (c) difficulties of formulat-
ing the equation for a physical problem, (d) 
standards of rigor, (e) subharmonics, (f) relaxa-
tion oscillations, (g) numerical and graphical 
solutions, (h) topological methods, and (i) mis-
cellaneous recent work. The bibliography is 
arranged according to the above sections, which 
are mainly a commentary upon it. See also 156 
of 1948 (Minorsky). 

518.5  2257 
Electronic Digital Counters —W. H. Bliss. 

(Elec. Eng., vol. 68, pp. 309-314; April, 1949.) 
Discussion of a circuit consisting of a binary 
chain of four multivibrators, with modifications 
that convert it to a decade system. The asso-
ciated switching circuit is also considered. 
Various applications are mentioned. 

518.5:621.385.832  2258 
A Storage System for Use with Binary-

Digital Computing Machines —F. C. Williams 
and T. Kilburn. (Proc. I ER part II, vol. 96, 

pp. 183-200; April, 1949.  Discussion, pp. 
200-202. Also published ibid., part III, vol. 
96, pp. 81-98, March, 1949. Discussion, pp. 
98-100.) Full paper; summary abstracted in 
1110 of May. 

MEASUREMENTS AND TEST GEAR 

531.763  2259 
An Electronic Stopclock—K. J. Brimley. 

(Electronic Eng. (London), vol. 21, pp. 180-183; 
May, 1949.) Fundamentally, the arrangement 
is a high-speed mechanical counter in which a 
Scophony torque motor Type BTM is used, to-
gether with two thyratron inverters. This com-
bination counts the quarter-cycles of a standard 
oscillator within the interval defined by the 
operation of two trigger circuits. Full circuit 
details are included, and the principle of the 
motor drive is explained. 

621.3.018.41(083.74)  2260 
Some Electromechanical Methods for Pro-

ducing Low Frequencies from a Primary Fre-
quency Standard—D. W. R. McKinley. (Caned. 
Jour. Res., vol. 27, sec. F, pp. 49-54; February, 
1949.) The primary-standard crystal frequency 
of 50 kc is divided by the conventional chain of 
multivibrators to 10 kc, 1 kc, 100 cps, and 10 
cps. At the 1-kc stage, power is supplied to a 
1-kc phonic clock motor, one shaft of which 
rotates at 10 rps and carries sector disks or 
needle disks whose elements generate pulses in 
the winding of an electromagnet as they pass 
between its poles. These pulses are used as gate 
pulses to select pulses of higher timing precision 
at the desired repetition rate. 

621.317.32+621.317.341:621.396 .11  2261 
A Simple Method of Measuring Electrical 

Earth-Constants—E. W. B. Gill. (Proc. IEE, 
part III, vol. 96, pp. 141-144; March, 1949.) 
An incoming ground-wave is received in suc-
cession on two short sloping antennas of equal 
length, one in the vertical plane a containing 
the transmitter and the other in a vertical plane 
at right angles to a. The eccentricity of the 
ground-wave ellipse, and hence the earth con-
stants, are ,calculated from the antenna slopes 
when the slopes are adjusted for equal signal 
amplitudes. Some measurements for S. England 
are tabulated. 

621.317.323(083.74)  2262 
A Primary High-Frequency Voltage Stand-

ard —(Tech. Bull. Nat. Bur. Stand., vol. 33, 
pp. 43-44; April, 1949.) A thermistor bridge, 
using very small thermistors of diameter only 
0.015 inch, has been developed for measure-
ments from 20 mvolts to 1.5 volts at all fre-
quencies from af to 800 Mc. Careful design of 
a special mount for a 2-thermistor arrangement 
eliminated the need for frequency corrections 
and reduced the time required to balance the 
bridge. Up to 200 Mc measurements by means 
of a cro, thermoelement, or electrostatic volt-
meter agreed with the bridge measurements to 
within 1 per cent. Above 200 Mc the accuracy 
of available data is limited by inadequate pre-
cision of the slotted transmission lines used for 
power measurement. Up to 50 Mc the voltage 
range was extended to 10 volts by use of ther-
mistor beads of considerably larger diameter. 

621.317.336:621.314.2  2263 
Measurement of Transformer Impedance 

using Low-Current Bridge Techniques —K. 
Goldsmith. (Elec. Times, vol. 115, pp. 522-526; 
April 21, 1949.) Bridge methods have definite 
advantages, but if carried out at the usual fre-
quency of 1,000 cps the results obtained may 
differ so greatly from those which would be ob-
tained at the 50-cps operating frequency that 
they would give an entirely wrong idea of the 
transformer performance. Bridge measurements 
should, therefore, be carried out at the normal 
operating frequency, using a vibration galva-
nometer or other suitable detector. 
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021.317.34  2264 
Transmission-Line Impedance Measure-

ment --K. J. Lees, C. 11. Westcott and F. Kay. 
k !Fireless Eng., vol. 26, pp. 78-84; March, 
1949.) Balance-to-unbalance devices are dis-
cussed briefly. Early impedance measurements, 
carried out by observation of the detuning and 
clamping of LC circuits, had an upper fre-
quency limit of about 200 Mc. Measurements 
at somewhat higher frequencies were made on 
balanced lines by a standing-wave method. 
The voltage distribution was measured by 

means of a thermocouple at the end of a X/4 
stub. For the range 500 to 600 Mc, a special 
measuring section was designed, consisting of a 
length of line of similar dimensions to the 
feeder, but with a slot along which the measur-
ing stub could slide. A capacitance was used 
instead of a shorting bar. Experimental results 

discussed include admittance measurements on 
various slots. 

621.317.35  2265 
The Optimum Performance of a Wave 

Analyser —N.  F.  Barber.  (Electronic  Eng. 
(London), vol. 21. pp. 175 179; May, 1949). 

621.317.372  2266 
Q Measurements —Two- and Four-Termi-

nal Networks —M. C. Pease. (PROC. 1.R.E., 
vol. 37, pp. 573-577; May, 1949.) Formulas 
are derived for calculating the resonance fre-
quency and Q values of simple shunt-resonant 
networks from measurements of voltage SWR 
at three frequencies. If these frequencies are 
suitably chosen, the formulas are greatly sim-
plified. They are general and exact within the 
range for which the equivalent circuits are valid 
with due regard to loss. For two-terminal net-
works, an ambiguity exists which can be re-
solved only with simple phase data, but in 
practice, the correct solution is usually obvious. 

621.317.372  2267 
Q- Meter Controversy --P. H.: Fl. G. M. S.: 

V. A. Sheridan. (Wireless World, vol. 55, pp. 
216-218; June, 1949.) Comment on 1121 of 
May (Sprat°. 

621.317.7+621.38+621.396.69  2268 
Physical Society's Exhibition-"(See 2199.) 

621.317.71:621.385  •  2269 
Electrometer Tubes for the Measurement 

of Small Currents -Victoreen. (See 2376.) 

621.317.73:621.396.67:629.135  2270 
Measurement of Aerial Impedances in Air-

craft —P. Durand. (Onde Eke., vol. 29, pp. 73-
78; February, 1949.) A coaxial cable of char-
acteristic impedance 55 it and length 25 meters 
is coiled round a drum of circumference 1 
meter. The polythene insulation is pierced at 
intervals of 10 cm to admit the probe of a high-
impedance tube voltmeter; this instrument has 
a recording milliammeter in its cathode circuit. 
The standing ivieves along the cable, terminated 
by the antenna impedance to be measured, are 
shown by the voltages obtained by insertion of 
the probe successively in each of the holes, to 
make contact with the central conductor. A 
150-watt generator covering the range 300 kc 
to 30 Mc is used. The resistive and reactive 
components of the impedance are determined 

from the reflection coefficient by means of 
Smith circle diagrams. An example shows the 
results obtained on an 8-meter antenna in a 
Junkers-52 aircraft. 

621.317.733  2271 
Pulse Excitation of Impedance Bridges — 

J. G. Yates. (Nature (London,) vol. 163, p. 
132; January 22, 1949.) Measurements can be 
made in many practical cases with rectangular 
pulses of duration 1 to 10µseconds and of suit-
able recurrence frequency; sinusoidal excita-
tion would require frequencies as low as 150 cps, 
under similar conditions, to make the quadra-
ture component in the bridge output negligible. 
A number of bridges can be excited in sequence 

by pulses and their output apidied to a common 
amplifier. Pulse excitation can lw usecl for 
capacitance as well as 1'4 .Si:it:ince bridges. 

621.317.761  2272 
A  Compact  Direct-Reading  Audio-Fre-

quency Meter -A.A. Meli. (1 *clroni s, vol. 
22, pp. 108 109; Alai], 1949.) A cascade am-
plifier is followed by a squaring amplifier, the 
output from which is differentiated ; tine reStIR - 
ant pips are used tot rigger a blocking oscillator. 
The integrated space current in the final triode 
driven by the positive half of the oscillation is 
read by a microammeter and is proportional to 
the frequency. Maximum readings of the three 
scales are 1,000, 5,000, and 10,000 cps. 

621.317.761.029.56,'.58  2273 
The Additive Frequency Meter -G. Gram-

mer. (QS7', vol. 3.3, pp. 32 37; May, 1949.) A 
suitable harmonic of a 100-kc crystal oscillator 
is fed to a mixer, together with the output of a 
variable-frequency oscillator covering a 50-kc 
range. The sidebands so generated supply a 
series of signals that can be used like the signal 
from an ordinary heterodyne meter.  Dial 
errors are only of the order of 50 cps and are 
independent of the frequency being measured. 
Errors due to instability of the variable-fre-
quency being measured. Errors due to insta-
bility of the variable-frequency os2illator are 
also small. Measurena•nts can be made in any 
part of the spectrum where 100-kc harmonics 
can be heard. A similar principle has been used 
at the National Bureau of Standards for mm hut' 
measurements. 

621.317.784.088  2274 
Some Sources of Error in Microwave Milli-

wattmeters —G. F. Gainsborough. (Proc. ILL 
part III, vols 96, p. 130; March, 1949.) Dis-
cussion on 3466 of 1948. 

621.317.79:621.396.615:621.396.619.11  2275 
Low-Distortion A. M. Signal Generator — 

E. S. Sampson. (Electronics, vol. 22, pp. 118 - 
120; April, 1949.) The outputs of an at' ampli-
fier and a rf oscillator are combined in a modu-
lator to produce a signal with 75 per cent modu-
lation. By adding an out-of-phase component 
of the carrier signal through a cancellation am-
plifier, a signal is obtained with an effective 
modulation of 100 per cent. Negative feedback 

is used in both the af amplifier and the modu-
lator, and an exalted-carrier detector is used in 
an over-all feedback circuit. 

621.317.79:621.396.822  2276 
Atmospheric  Noise  Measurement —11. 

Reiche. (Electronics, vol. 22, pp. 110-113; April, 
1949.) A description of equipment for continu-
ous measurement of noise levels down to 0.3 
µvolts per meter over the frequency range 75 kc 
to 30 Mc. Three remotely situated wide-band 
preamplifiers, each covering about 10 Mc of 
the frequency range, have antennas attach ed 
and feed six receivers through coaxial cables. 
Each receiver is sampled in turn and the noise 
is recorded. The design of the first stage of the 
preamplifiers to give a low noise figure is dis-
cussed. 

621.317.79:621.396.9.089.6  2277 
Radar  Range  Calibrator--k.  L.  Roth 

(Electronics, vol. 22, pp. 114 -117; April, 1949.) 
Design of an instrument for production calibra-
tion of the concentric rings used for estimating 
distance with a P1'1. Range ring pulses gen-
erated in the radar are compared on a triggered 
cro with spaced pulses from a crystal-controlled 
calibrator. 

621.396.645  2278 
Stabilized Decade-Gain Isolation Amplifier 

-(See 2190.) 

621.396.69.001.4(083.75)  2279 
Climatic and Durability Tests for Radio 

Components —(Engineer (London), vol. 187, 
p. 393; April 8, 1949.) Brief details of specifica-

lion No. 1(IC/11, obtainable (price Is.) froin 
the Radio Industry Council, 59, Russell Square, 
London, W.C.I. It covers approximately the 
same ground as the Inter-Services Specifica-
tion No. RC.S/11. 

621.317.755  2280 
Elektronenstrahloszillographen  Electron-

Beam Oscillographs.) (Book Review]  P. E. 
Khcimi. Weidmannselie Vet lagsbiti•liliandlung, 
Frankfurt-ani-N1iiin, 210 Irv., 19 DM. (Wire-
less Eng., vol. 2(), p. 107; March, 1949). De-
scribes the tulw itself and the auxiliary devices 
necessary for the practical application of cro 
methods of IlleaSUre ment ; the applications 
themselves will be discussed in a second volume 
to apieear later. Recommended for anyone 
wishing to stUely German cro develoimient. 

OTHER APPLICATIONS OF 
RADIO AND ELECTRONICS 

534.321.9.001.8  2281 
New British Ultrasonic Generator- 

ironic Eng. (London), vol. 21, pp. 154, 161; 
May, 1949.) Designed is a laboratory toiel tor 
ri•searc le w orkers in jffillIslry, A if output of 1 
kw is generated directly by a silica triode. In-
terchangeable coil assemblies are provided for 
operation at frequencies around I, 1, 1, and 2 
Mc. The quartz crystal os...illator can safely be 
itnmersed in liquids at temperatures tip to 
150°C. 

538.569.2.047:621.315.61.011.5  2282 
Dielectric Properties of the Human Body 

in the Microwave Region of the Spectrum 
I. S. England and  X Sharph.s.  'flute 
Wourlon), vol. 163, pp. 487 488;  larch 2(4, 
1949.) Homogeneous specimens ‘vere inserted 
in a wave-guide cell between a metal plunger 

and a plug of polystyrt•ne. Measured values of 
the absorption coefficient and phase constant 
for various body substances are tabulated and 
tliscussed. 

538.569.2.047:621.38.001.8  2283 
Investigations  on the Biological Effects 

of Microwaves in view of their Therapeutic Ap-
plication -L. de Seguin, G. Castelain, and 1\1. 
Pelletier. (Rev. Sci. (Parisl, vol. 86, pp. .335 - 
344; April 1, 1948.) Experiments are described 
which show that microwaves can modify, and 
even stimulate, certain biological pi ocesses. 
They provide a convenient and precise means 
for the therapeutic application of heat. 

538.569.2.047:621.38.001.8  2284 
Exposure (of animals] to Microwaves — W. 

\V. Salisbury, J. \V. Clark, and II. M. Hines. 
(Electronics, vol. 22, pp. 66-67; May, 1949.i 
Experiments to find the effect of high-intensity 
12-cm radiation on rabbits are briefly described. 
An intensity greater flan 3 watts per cm' can 
cause damage to certain tissues, such as this  
of the eye, without accompanying pain. The 
most vulnerabh• parts of the body are those not 
abundantly supplied with blood. 

539.16.08  2285 
Laboratory Pulse Counter —L. E. Greenlee. 

(Radio New A, Radio-Electronic Lug. .apple-
men!, vol. 10, pp. 6-8, 31; June, 1948.) Design 
and construction of an experimental radiation 
counter for rides up to 600 pulses pt •r minute.. 

620.179.16  2286 
Location of Internal Defects by Supersonics 

--J. \V. Dice. (Instruments, vol. 19, pp. 718-

722; December, 1946.) An account of the Sperry 
ultrasonic reflectoscope, which provides (a) 
square waves of frequency continuously vari-
able from 5 to 130 kc, serving as a distance 
marker, and (b) 1,000-volt pulses of recurrence 
frequency variable from 0.5 to 12 Mc and of 
duration 1µsecond or more, which are applied 
to the crystal search unit and thence to the test 
piece through a film of oil. Illustrations are 

given of the pulse echoes seen on the screen of 
the associated cro in the case of cracks or sinn 
lar defects in the material under investigation. 
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621.365.5 : 621.396.611.3  2287 
On Circaits with Electromagnetic Coupling 

and their Application in H. F. Induction-Heat-
ing Equipment —(See 2174.) 

621.365.92.029.64  2288 
Some Possibilities of Heating by Centi-

metric Power —R. Keitley. (Jour. Brit. IRE 
vol. 9, pp. 97-121; March, 1949.) Discussion of 
basic principles, range of applications, and 
methods suitable for frequencies above 500 
Mc, for which the linear dimensions of the 
system and load are large compared to X. Sta-
tionary-wave patterns in the load, methods of 
preventing consequent nonuniform heating, 
and methods of avoiding or automatically cor-
recting mismatch due to reflected waves which 
reach the generator are considered in 
Methods of localizing the dissipation of high-
frequency power are analyzed; three basic 
systems—resonator, beam, and transmission-
line —are distinguished. Typical arrangements 
for heating thin films, threads or strips, and 
bulky objects are shown. 

621.38 
Electronic Apparatus —Schaffernicht ; Knoll 

Schwartz; Rukop—(See 2368.) 

621.38.001.8  2290 
Electronic  Classifying,  Cataloging,  and 

Counting Systems —J.  1-1. l'arsons. (Paoc. 

I.R.E., vol. 37, pp. 564-568; May, 1949.) 

621.384.611.1t  2291 
The Betatron —J. Dosse. (Rev. Sci. (Paris), 

vol. 86, pp. 357-367; April 1, 1948. Biblio-
graphy, pp. 367-368.) Discussion of basic prin-
ciples, orbital stability, electron injection and 
extraction, effects of eddy currents in the mag-
net material, and practical examples. Mathe-
matical theory is given in five appendices. 

621.385.833  2292 
Distortion-Free Electrostatic Lenses —T. 

Mulvey and L. Jacob. (Nature (London), vol. 
163, pp. 525-526; April 2, 1949.) Distortion in 
symmetrical electrostatic lenses of the 3-aper-
ture type is eliminated by a suitable choice of 
the thickness of the central electrode. 

621.385.833:535.371.07  2293 
A New Fluorescent Screen for the Electron 

Microscope —K. B. Merling. (Nature (London), 
vol. 163, pp. 541-542; April 2, 1949.) Discus-
sion of a screen made of Ag-activated Zn/Cd 
sulphide, which is much brighter t Ilan the con-
ventional willemite screen. 

621.385.833: 535.61-15:621.383  2294 
Electron-Optics of the Image Converter 
Vvitli. (Rev. Sci. (Paris), vol. 86, pp. 67-76; 

January 15, 1948.) The question of electrostatic 
focusing in the image converter is discussed, 
different practical methods of effecting it are 
compared and optimum conditions for plane 
focusing without distortion are stated. A de-
scription of a corrected electrostatic lens is also 

given. 

621.38.001.8  2295 
Applied Electronics [Book Review] —D. 11. 

Thomas. Blackie and Son, London, 132 pp., 
75. 6d. (Beama Jour., vol. 56, p. 96; March, 
1949.) Based on a course of lectures to students 
in the final year of the Higher National Certi-
ficate course. 

621.38.001.8  2296 
Elementary Industrial Electronics [Book 

Review]  W. R. Wellman. Macmillan, London, 
371 pp., 22s. (Beama Jour., vol. 56, pp. 96-97; 
March, 1949.) For the beginner rather than the 
advanced student or engineer. ". . . the book] 

rs is admirably suited to those with an interest in 
electronics and its applications but who possess 
little mathematical and technical knowledge." 

621.38.001.8  2297 
Techniques in Experimental Electronics 

(Book Reviewl--C. H. Bachman. J. Wiley and 

Sons, New York, 243 pp., $3.50. (Paoc. I.R.E., 
vol. 37, p. 542; May, 1949.) Concentrates on 
the conduction of electricity in a moderately 
high vacuum. " . . .the inclusion of many sim-
ple but pertinent details is the very feature that 
should make this book most valuable." 

PROPAGATION OF WAVES 

538.566  2298 
On an Important Formula in the Theory of 

the Propagation of Radio Waves —M.  Pono-
marev. (Bull. Acad. Sci. (URSS) pp. 1191-
1192; September, 1947. In Russian.) It is 
claimed that M. V. Shuleikin proposed in 1923 
a formula for the current in a receiving antenna 
similar to that of van der Pol (1930 Abstracts, 
Wireless Eng., pp. 560-561 and 1931 Abstracts, 

Wireless Eng., p. 375). 

621.396.11  2299 
A New Solution to the Problem of Vertical 

Angle-of-Arrival of Radio Waves —E. W. Ham-
lin, P. A. Seay, and W. E. Gordon. (Jour. Appl. 
Phys., vol. 20, pp. 248-251; March, 1949.) A 
practical mathematical solution of the case of a 
signal consisting of direct and reflected waves 
arriving from different directions. The measure-
ment of the amplitudes and relative phase of 
the field at three equally spaced positions in a 
vertical line gives sufficient information to en-
able the angle of arrival and intensity of each 
wave to be calculated. The formulas are applied 
to 3-cm transmissions over a 27-mile desert 

path in Arizona. 

621.396.11:551.510.52  2300 
Radar Reflections in the Lower Atmosphere 

---A. B. Crawford. (PROC. I.R.E., vol. 37, pp. 
404-405; April, 1949.) Simultaneous radar and 
visual observations suggest that "angels" are 
due to echoes from flying insects and birds. 
For other views, see 2769 of 1947 (Friis), 722 of 
1948 (Gould), and 1761 of July (Gordon). 

621.396.11:551.510.535  2301 
Ionospheric Absorption and the Calculation 

of Fields at a Distance---A Haubert. (Ortde 
Alec., vol. 29, pp. 152-159 and 216-226; April 
and May, 1949.) A review of the theories and 
experimental' results of many authors, aiming 
at the presentation of the principal conclusions 
and results as a concise whole. Semi-empirical 
methods of calculating the minimum usable 
frequency for a given link and a given time of 
day, or, for a given frCquency, the received 
field as a function of distance and time, will be 
considered in a subsequent paper. 

621.396.11: [621.317.32+621.317.34 
A Simple Method of Measuring 

Earth-Constants— (See 2261.) 

621.396.812  2303 
Propagation  of  V.H.F.  Electromagnetic 

Waves over the Sea —G. de Burlet. (  (Brus-
sels), no. 2, pp. 53-60; 1949. In French.) The 
general conditions for the propagation of very 
short waves are reviewed and a formula is 

established for the decrease of field strength 
E with distance d, taking account of refraction 
and of the plane of polarization. Curves are 
given showing the dependence of E on d for 
waves of frequency from 40 to 300 Mc, polar-
ized vertically or horizontally and extending 
beyond the electromagnetic horizon. Charts are 
also given showing the values of E which can 
he expected over the North Sea at distances up 
to 150 km from a 1-kw transmitter at Ostende, 
operating on a frequency of either 43 or 75 Mc. 
Practical suggestions are made regarding opti-
mum frequency, choice of antenna and plane 
of polarization, and power requirements. 

621.396.812  2304 
Calculation of Ground- Wave Field Strength 

over a Composite Land and Sea Path -11. L. 
Kirke. (Paoc. I.R.E., vol. 37, pp. 489-496; 
May, 1949.) Three possible methods are dis-
cussed —those of P P. Eckersley (1930 Ab-

2302 
Electrical 

stracts, Wireless Eng., p. 621), Somerville, and 
Millington (1753 of July and 2307 below). The 
methods are applied to paths between Start 
Point (Devon) and two points in Norfolk, and 
to a path in Denmark. Theoretical results ob-
tained are compared with observations on 
these paths. The Eckersley method agrees less 
well with observation than the other two. The 
Somerville method is the simplest and is prob-
ably adequate for rough calculations where the 
conductivity data are of doubtful accuracy. 
The Millington method has the best theoretical 
justification. The differences between the three 
methods are small at low frequency and when 
the effect of the land-sea discontinuity is not 
large, but no one empirical method can be re-
garded as established for all conditions. 

621.396.812:551.510.535  2305 
The Absorption of Short Radio Waves in 

the Ionosphere and the Electric Field Intensity 
at the Point of Reception —A. N. Kazantsev. 
(Bull. Acad. Sci. (URSS)  pp.  1107-1136; 
September, 1947. In Russian.) The structure of 
the ionosphere and the chief properties of its 
various layers are considered. The absorption 
of radio waves by these layers is discussed and 
curves showing their coefficients of absorption 
are given. Methods are indicated for calculating 
the received field intensity and for determining 
the maximum and minimum operating fre-
quency. The discussion is illustrated by numer-
ous experimental curves. The need for further 
investigations, especially in the polar regions, 
is emphasized. 

621.396.812:621.396.97:551.524 .3 2306 
Temperature Variations of Ground- Wave 

Signal Intensity at Standard Broadcast Fre-
quencies —F. R. Gracely. (Pitoc. I.R.E., vol. 
37, pp. 360-363; April, 1949.) Measurements 
over six paths of lengths from 76 to 558 miles at 
frequencies from 640 to 1,170 kc show that 
variations of ground-wave signal intensity ap-
pear to be more closely related to changes in 
temperature than to changes in any other single 
commonly observed meteorological quantity. 
The main conclusions are that there is a marked 
decrease in the intensity at the higher tempera-
tures and that this decrease is approximately 
proportional to the path length in wavelengths. 
See also 2308 below. 

621.396.812.029.62  2307 
Ground- Wave Propagation Across a Land/ 

Sea Boundary —G. Millington. (Nature (Lon-
don), vol. 163, p. 128; January 22, 1949.) A 
77.575-Mc 10-watt transmitter-receiver was 
situated at sea level about 1.4 km south of the 
Blackwater, Essex. A similar transmitter-re-
ceiver was moved toward the shore, across the 
Blackwater (a 2.2-km sea path) and beyond the 
opposite shore. Field-strength readings taken 
at intervals confirm the marked rise of field 
strength expected theoretically under certain 
conditions at a land-sea boundary. See also 
1753 of July and 2304 above. 

621.396.812.3  2308 
Tropospheric Propagation on Lower Radio 

Frequencies —D.  W.  I Ieight man.  ( Nature 
(London), vol. 163, pp. 527-528; April 2, 1949.) 
Tropospheric effects should not be ignored even 
at frequencies below 1 Mc. Signal-strength 
measurements at 59 Mc, 3.58 Mc, 877 kc, 668 
kc, and 804 kc are shown graphically and corre-
lated with the greatest change in relative hum-
idity per 50-mb step of the corresponding Lark-
hill balloon soundings and the height of this 
change.  Comparable  ionospheric  sounding 
records did not account for the variations noted. 

RECEPTION 

621.396.621  2309 
Superregeneration- -An  Analysis  of the 

Linear Mode -11. A. Glucksinan. (Puoc. I.R.E. 
vol. 37, pp. 500-504; May, 1949.) The effect of 
a sinusoidally varying damping factor on the 
behavior of a tuned circuit is considered. The 
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amplitude and frequency of this variation are 
the fundamental parameters distinguishing the 
superregenerator from the ordinary resonant 
circuit. Sensitivity and selectivity are consid-
ered as functions of these parameters. Mul-
tiple resonance and other circuit properties are 
deduced from the solution of the differential 
equation. See also 3501 of 1948 (Macfarlane 
and Whitehead). 

621.396.621  2310 
G.E.C. Model BRT400—( Wireless World, 

vol. 55, pp. 171-174; May, 1949.) An 11-tube 
superheterodyne receiver with an integral ac 
supply unit which can operate from mains 
voltages between 95 and 130 volts or 195 and 
250 volts at 40 to 80 cps. Frequency coverage is 
150 to 350 kc and 550 kc to 33 Mc in six 
switched ranges. Six alternative bandwidths 
between 0.5 kc and 9 kc are provided. 

621.396.621:621.396.619.13  2311 
The Response of Frequency Discriminators 

to Pulses —E. F. Grant. (Puoc. IRE., vol. 
37, pp. 387-392; April, 1949.) The time re-
sponse of a simple shunt resonant circuit is 
analyzed, and the results are applied to the be-
havior of the Round-Travis and Foster-Seeley 
frequency discriminators. The condition for the 
discriminator to have only one crossover fre-
quency in the desired frequency band is derived. 

621.396.621.53+621.396.645  2312 
Increase of Sensitivity of Amplifier and 

Mixer Stages for Metre and Decimetre Waves 
— M. J. 0. Strutt. (Bu/l. Schweiz. Elearolech. 
Ver., vol. 38, pp. 363-371; June 28, 1947. In 
German, with French summary.) Formulas for 
the maximum power amplification are derived 
for narrrw and for wide frequency bands in the 
decimeter-wave range. Theory relative to inter-
ference factors is developed and three rules are 
given whose application enables such factors 
to be reduced considerably and in ideal cases 
even eliminated. Practical application of these 
rules to grounded-grid amplifier stages and to 
multigrid mixers results in a reduction of the 
noise factor of about 15 db. 

621.396.622+621.314.6  2313 
Rectification —Moller; Seiler; Sachse —(See 

2330.) 

621.396.822:621.396.619.16  2314 
Noise-Suppression Characteristics of Pulse-

Time Modulation —S. Moskowitz and D. D. 
Grieg. (Elec. Commun., vol. 26, pp. 46-51; 
March, 1949.) Reprint of 2607 of 1948. 

621.396.822:621.396.621  2315 
Noise Figures for Receiver Input Circuits— 

P. G. Sulzer. (Tele-Tech, vol. 8, pp. 40-42, 57; 
May, 1949.) The following six circuits are com-
pared from the noise standpoint and sugges-
tions for the proper application of each are made 
(a) single-ended grounded-cathode amplifier, 
(b) push-pull grounded-cathode amplifier, (c) 
cathode-follower circuit,  (d)  grounded-grid 
amplifier, (e) cathode-coupled amplifier, and 
(0 Wallman circuit. Circuits (a), (b), (c), (d), 
and (f) all have essentially the same noise figure 
with modern high-p tubes. The cathode-
coupled amplifier is definitely inferior to the 
other circuits. The choice of the best circuit for 
a given application depends largely upon wheth-
er a pentode or a triode tube is to be used. 
The pentode type of circuit is satisfactory for 
low-frequency narrow-band applications, but 
triode circuits are usually preferable for high-
frequency wide-band receivers. 

621.396.828  2316 
Suppression of Electrical Interference to 

High-Frequency Apparatus in Naval Vessels — 
A. Hunter. (Proc. I EE, part III, vol. 96, pp. 
159-165; March, 1949.) Screening and bonding, 
and internal and external suppression are con-
sidered for the range 10 kc to 150 Mc. Details 
and performance of w-type filter boxes with air 
or dust-core chokes rated up to 150 amperes 

at 220 volts are given. Vhf ignition suppressors 
of the capacitor type and lead-through bushing 
capacitors are described. The use of r-networks 
in the internal brushgear leads of machines is 
advocated if shunt capacitance is inadequate. 

621.396.621.004.67  2317 
Most-Often-Needed 1949 Radio Diagrams 

and Servicing Information [Book Reviewl — 
M. N. Beit man. Supreme Publications, Chi-
cago, 1949, 160 pp., $2.50. (Puoc. IR E. vol. 
37, p. 418; April, 1949.) Continuation of 256 of 
1948. Diagrams and repair data for 1949 radio 
sets made by 39 different manufacturers are 
included. 

STATIONS AND COM MUNICATION 
SYSTEMS 

621.39  2318 
Telegraphy Service during the 5th Olympic 

Winter Sports, St Moritz, 30th January -8th 
February 1948 —H. Wyss. ( Tech. Mill. Schweiz. 
Telegr.-Teleph. Verw., vol. 26, pp. 255-258; 
December 1, 1948. In German.) A short ac-
count of the general arrangenients and special 
services, including Telex teletype and picture 
transmission facilities. See also 3243 of 1948 
(Wettstein). 

621.39.001.11  2319 
Theoretical Limitations on the Rate of 

Transmission of Information — W. G. Tuller. 
(Puoc. IR E., vol. 37, pp. 468-478; May, 
1949.) A theory is developed which takes ac-
count of first-order noise effects. The transmis-
sion of a quantity of information II over a 
given circuit is governed by the relation 

H52BT log (1 i-C/ N) 

where B is the transmission-link bandwidth, T 
the time of transmission, and C/N the carrier-
to-noise ratio. For large signal-to-noise ratios 
S/ N, this formula leads to S/N (C/ N)B11, f 
being the channel bandwidth. Coded trans-
mission is capable of realizing the fullest ca-
pabilities of the general system, but in uncoded 
transmission S/ N5(C/ N)X(B/f). The in-
efficiency of existing communication systems is 
discussed. The advantages to be gained by the 
removal of internal message correlations and by 
analysis of the information content of a message 
are mentioned. The theory is applied to radar 
relays, telemeters, voice communication sys-
tems, servomechanisms, computers, etc. See 
also 1057 of 1947 (Gabor) and 1649 of July 
(Shannon). 

621.39.001.11  2320 
Communication  Theory —T.  Roddam. 

(Wireless World, vol. 55, pp. 162-164; May, 
1949.) An elementary discussion of the valid-
ity of the Hartley law and of absolute criteria 
of performance for the transmission of coded 
messages in noise. 

621.39.001.11  2321 
A Note on the Theory of Communication.-... 

J. D. Weston. (Phil. Mag., vol. 40, pp. 449-
453; April, 1949.) A basis for a general quanti-
tative theory is suggested. A coded message is 
represented as a vector in a space of an infinite 
number of dimensions; the process of trans-
mission over an ideal signaling system is 
equivalent to a projection of this vector on to a 
sub-space. A message will be accurately trans-
mitted if, and only if, it is coded so that its 
associated vector lies entirely in the sub-„space 
characterizing the signaling system. 

621.395.34:621.385.032.212  2322 
Application of Gas-Filled Tubes for Storage 

and Sending —F. H. Bray, D. C. Ridler, and 
%V. A. G. Walsh. (Elec. Commun., vol. 26, pp. 
28-32; March, 1949.) 

621.395.365.3  2323 
Automatic Change-Over to an Emergency 

Apparatus in a Communication System —G. 
Hepp. (Philips Tech. Rev., vol. 8, pp. 310-314; 

October, 1946.) Two methods for automatic 
change-over to an emergency oscillator when 
the output signal falls below a certain ampli-
tude are discussed. Where low-frequency am-
plifiers are involved, a constant auxiliary signal 
outside the band of the signal to be amplified 
is added; this auxiliary signal brings about the 
change-over to the emergency amplifier. 

621.396.619.16  2324 
Pulse Communication Systems—S. Van 

Mierlo. (!If (Brussels), nos. 1 and 2, pp. 16-25 
and 45-51; 1949. In French.) The principal 
pulse-amplit ode, pulse-position, and pulse-code 
systems are reviewed and discussed with par-
ticular reference to bandwidth and signal-to-
noise ratio. Different types of distributors, 
modulators, and demodulators are mentioned; 
two pulse-position systems and two commer-
cial equipments are also discussed. 

621.396.619.16  2325 
Signal-to-Noise-Ratio Improvement in a 

P.C. M. System —A. G. Clavier, P. F. Panter, 
and %V. Dite. (Puoc. I.R.E., vol. 37, pp. 355-
359; April, 1949.) The output signal-to-noise 
power ratio (expressed in decibels) is approxi-
mately twice the corresponding input ratio, 
and is independent of the number of code digits 
provided this is large enough. The distortion 
due to quantization varies greatly with the 
number of code digits. A relation is found 
showing the number of digits for which the out-
put noise power is equal to the distortion power 
for a given input signal-to-noise ratio. 

621.396.65  2326 
Directional Transmission Investigations in 

the Alps — W. Klein. (Tech. Mill. Schweiz. 
Telegr.-Teleph. Verw., vol. 27, pp. 49-69; April 
1, 1949 In German.) A detailed account of ex-
periments carried out between Monte Generoso 
at the southern end of Lake Lugano, and the 
Jungfraujoch, using wavelengths of 15 cm and 
2 meters, and with 90-cm equipment linking 
Chasseral, Jungfraujoch, Monte Generoso, and 
Lugano Central. For many of the tests, relay 
stations on the NE ridge of the Jungfrau, or on 
neighboring peaks, were used to provide line-
of-sight paths between stations. Power for the 
relay stations was supplied by means of rubber-
insulated cables connected to a point on the 
nearest available ac network. The equipment 
used and its installation are described and the 
results of field-strength measurements for the 
various links are tabulated and discussed. 
Typical field strength records are reproduced. 
The results show that a multichannel teleph-
ony system with stations on the Jungfrau-
joch and Monte Generoso is quite practicable. 
A possible system of line-of-sight links con-
necting all the north of Switzerland with the 
south via the Jungfraujoch is illustrated and 
discussed. 

621.396.931  2327 
Radio-Telephony at Whitemoor Marshall-

ing Yard--(Engineer (London), vol. 187, Pp. 
326-327; March 25, 1949. Engineering (Lon-
don), vol. 167, p. 306; April 1, 1949.) A two-
way 85.425-Mc system having a fixed 12-watt 
transmitter-receiver station in the control 
tower and a remote control unit in the foreman's 
cabin, and mobile 12-watt transmitter-receiver 
units in the engine cabs, where 12-volt batteries 
are fitted. 

621.396.97  2328 
Broadcasting at the 5th Olympic Winter 

Sports, St Moritz —F. Dupuis. (Tech. Mill. 
Schweiz. Telegr.-Teleph. Verw., vol. 26, pp. 
258-263; December 1, 1948. In French.) De-
tails of the arrangements for Switzerland and 
also of the international connections with many 
European countries and with the United States. 
Altogether 359 transmissions were arranged, 
116 in Switzerland and the remainder abroad, 
the total duration of the transmissions being 
273 hours. See also 3243 of 1048 (Wettstein). 
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SUBSIDIARY APPARATUS 

621.526:061.3  2329 
I.E.E. Convention on Automatic Regulators 

and Servomechanisms— (Jour. I EE, part I IA, 
vol. 94, nos. 1 and 2; 1947.) These two issues 
contain the full text of all the papers men-
tioned in 4039 of 1947 and 829 of 1948, to-
gether with the following papers: —A Method of 
Analysing the Behaviour of Linear Systems in 
Terms of Time Series, by A. Tustin. The Effects 
of Backlash and of Speed-Dependent Friction 
on the Stability of Closed-Cycle Control Sys-
tems, by A. Tustin. A Method of Analysing the 
Effect of Certain Kinds of Non-Linearity in 
Closed-Cycle Control Systems, by A. Tustin. 
Hydraulic Remote Position-Controllers, by 
J. E. M. Coombes. Electrical Remote Position-
Indicating Systems as Applied to Aircraft, by 
It. J. Garvey. Method of Testing Small Servo 
Mechanisms and Data-Transmission Systems, 
by E. W. Marchant and A. C. Robb. Some 
Characteristics of a Human Operator, by J. A. 
V. Bates. 

621.314.6+621.396.622  2330. 
Rectification —H. G. Willer; K. Seiler; H. 

Sachse. (FIAT Review of German Science 1939-
1946. Electronics, incl. Fundamental Emission 
Phenomena, part 1, pp. 259-295; 1948. In 
German.) 

Part 1, by Mailer, discusses tube rectifica-
tion and heterodyne reception, with particular 
reference to Ddhler's method of rectification 
(see 4383 of 1939) and also rectification and 
reception by means of Barkhausen oscillations. 
Part 2, by Seiler, on detectors, outlines the 

Schottky theory of blocking-layer and point 
rectifiers and describes the synthesis and prop-
erties of sensitive, low-resistance detector ma-
terials and also the construction of the Tele-
funken detector Type ED705. 
Part 3, by Sachse, briefly reviews work on 

oxide rectifiers for high frequency. 

621.316.7  2331 
Application of the Method of Logarithmic 

Frequency Characteristics to the Investigation 
of the Stability of Monitoring and Regulating 
Systems and to the Estimation of their Effi-
ciency —V. V. Solodovnikov. (Avtornalika i 
Telemekhanika, vol. 9, pp. 85-103; March and 
April, 1948. In Russian.) 

621.316.72  2332 
Carrier Communication Level Regulator — 

W. S. Chaskin. (Electronics, vol. 22, pp. 104-
107; April, 1949.) For correcting twist and 
maintaining the signal level constant within 2 
(lb for 3-channel carrier telegraphy or te-
lephony on open-wire lines. 

621.316.722  2333 
An Analysis of the Stability of an Electronic-

Ionic Voltage Regulator —L. S. Gol'dfarb. 
(Avtomatika i Telemekhanika, vol. 9, pp. 245-
250; May and June, 1948. In Russian.) The 
operation of the usual type of electronic-ionic 
voltage regulator (Fig. 1), consisting of an ex-
citer with variable feedback coupling, a volt-
age generator and a measurement element, is 
discussed. Equations for various circuits are 
given and it is shown that while the use of vari-
able feedback coupling ensures stability, it also 
increases the time constant of the exciter and 
reduces the speed of the regulation process. A 
discussion of the circuit equations shows that it 
is advantageous to use higher amplification in 
the feedback channel and lower amplification 
in the measuring element. Design formulas and 
curves for the feedback coupling circuit are 

given. 

621.316.722:621.3.013.1  2334 
Rectifier Voltage Control using Saturable-

Core Reactors —F. Butler. (Wireless World, 
vol. 55, pp. 227-229; June, 1949.) The principle 
is outlined and different methods of winding the 
reactors are discussed. A circuit diagram and 
performance figures are given for a full-wave 

Hg-vapor rectifier with reactor control; the out-
put voltage remains between 970 and 1,000 
volts for a current range of 0 to 400 mamp, 
while the voltage change for a current range of 
100 to 400 mamp does not exceed 1.5 per cent. 

621.316.726  2335 
An Electronic Frequency Regulator —I. S. 

Bruk, S. S. Chugunov, and N. V. Pautin. 
(Avtomalika i Telemekhanika, vol. 9, pp. 144-
151; March and April, 1948. In Russian.) A 
description of a regulator employed to control 
the frequency of a 400-cps oscillator feeding a 
circuit analyzer. The regulator uses a tuning 
fork as a frequency standard and its accuracy 
is within 0.1 per cent. A circuit diagram is given 
with values of the components, and the opera-
tion is discussed in detail. Experimental curves 
are also included. 

621.316.726.078:621.397.6  2336 
Automatic Frequency Phase Control of 

Television  Sweep  Circuits —E.  L.  Clark. 
(PROC. I.R.E., vol. 37, pp. 497-500; May, 1949.) 
Circuit diagrams are given and discussed for 
three types of afc system, namely: (a) a saw-
tooth system in which the sawtooth is formed 
from the pulse present across the deflection 
yoke, and the phase of this sawtooth is com-
pared with that of the synchronizing pulse to 
produce a voltage to control the sweep circuit, 
(b) a sinusoidal system in which a stable oscil-
lator is controlled in phase and frequency by 
the synchronizing pulse, and in turn controls 
the sweep circuit, and (c) a pulse-time system 
in which the area of the synchronizing pulse, 
which is changed by phase variations, is used 
to develop a control voltage. 

621.319.3  2337 
Powerful Electrostatic Machines —N. J. 

Feleci. (Jour. Phys. Radium, vol. 10, pp. 137-
144; April, 1949.) Discussion of the energy loss 
in electrostatic machines at the commutator 
and due to gas friction leads to the conclusion 
that for the production of low or medium power 
electrostatic machines are superior to electro-
magnetic generators. Although great progress 
has been made recently in the design of electro-
static generators, they are not likely to super-
sede electromagnetic generators for very high 

power. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.21.3  2338 
Experimental Transmitting and Receiving 

Equipment for High-Speed Facsimile Trans-
mission —H. Rinia, D. Kleis, and M. van Tol. 
(Philips Tech. Rev., vol. 10, pp. 189-195; 
January, 1949.) Drawings, printed matter etc., 
up to 22 cm wide and of any length are electri-
cally "stuck" on an endless belt and scanned by 
a rapidly rotating optical system. A document 
of quarto size can be transmitted in 8 seconds. 
The image signals may be sent over either cable 
or radio links. At the receiving end, positive or 
negative reproductions, of one-sixth the size 
of the original, are "written" on film, which can 
be rapidly processed to provide enlarged prints. 
Resolving power is 5 lines per mm. Applica-
tions are suggested and comparative advan-
tages of the system assessed. 

621.397.24  2339 
Television Distribution over Short Wire 

Lines —P. Adorian. (Jour. Brit. I.R.E., vol. 
9, pp. 89-94; March, 1949.) Reception in closely 
populated areas, and particularly in blocks of 
flats, could be improved by using a common 
antenna and a local wire distribution system. 
In the system described, the complete carrier 
and sidebands of the transmitted programs 
are received, amplified, and distributed over 
concentric cables. The amplifier, of which a 
circuit diagram is included, has a uniform gain 
of 55 db for frequencies between 42 and 48 Mc. 
Input voltage to receivers is between 7.5 
mvolts and 0.75 mvolts for not more than 30 

receivers on each line at distances up to 480 
meters. 

621.397.26  2340 
Ultrafax—D. S. Bond and V. J. Duke. (Jour. 

Brit. I.R.E., vol. 9, pp. 146-156; April, 1949.) 
Reprint of 2055 of August. See also 1203 of 
May. 

621.397.331.2  2341 
High-Speed Production of Metal Kine-

scopes —H. P. Steier and R. D. Faulkner 
(Electronics, vol. 22, pp. 81-83; May, 1949.) 
New techniques used in the manufacture of the 
RCA 16-inch metal-cone cathode-ray tube 

Type 16 AP4. 

621.397.5  2342 
Wideband Television Transmission Sys-

tems —E. Labin. (Electronics, vol. 22, pp. 86-
89; May, 1949.) A survey of the difficulties of 
obtaining bandwidths in excess of 40 Mc in the 
various elements of a television service. Video 
amplifiers, if amplifiers, discriminators, FM 
klystrons, and microwave antennas having the 
required performance are discussed. The limit-
ing factors are considered to be transmitter 
output-stage bandwidth, propagation irregu-
larities, and the cost of the domestic receiver. 

621.397.5  2343 
Televising tlie 1949 Oxford and Cambridge 

Boat Race —T. C. Macnamara and P. A. T. 
Bevan. (Electronic Eng. (London), vol. 21, pp. 
165-168; May, 1949.) A single camera and asso-
ciated apparatus was mounted in a river launch 
following the race. A small portable 25-watt 
transmitter at a frequency between 50 and 60 
Mc was used to transmit the picture signals to a 
shore station from which they could be relayed 
to Alexandra Palace. Power was supplied by a 
special petrol-electric generator. Pictures from 
shore cameras were used while the launch was 
near bridges. 

621.397.5(083.74)  2344 
Contribution to the Discussion of Tele-

vision [line] Standards —R. Barth6lemy. (Onde 
Elec., vol. 29, pp. 181-184; May, 1949.) A re-
view leading to the conclusion that the logical 
solution of the problem lies in the adoption of a 
standard of 945 lines, with a video-frequency 

bandwidth of 15 Mc. 

621.397.5(083.74)  2345 
Reasons for the Choice of the 819-Line 

[standard]. Reply to Some Criticisms —Y. L. 
Delborcl. (Onde Alec., vol. 29, pp. 185-192; 
May, 1949.) 

621.397.5(083.74)  2346 
Theoretical Basis of the Choice of Televi-

sion [line] Standards —J. L. Delvaux. (Onde 
glec., vol. 29, pp. 193-201; May, 1949.) Dis-
cussion of the various factors which led to the 
selection of the 819 line standard for France. 

621.397.6:621.396.65  2347 
New York-to-Schenectady Television Re-

lay—F. M. Deerhake. (Elec. Eng., vol. 68, pp. 
419-422; May, 1949.) For an earlier account 
see 1792 of 1948. 

621.397.6-182.3  2348 
The WO W-TV Television Field Car —J. 

Herold. (Communications, vol. 29, pp. 12-13; 
April, 1949.) A console dolly is included so that 
the whole equipment can be operated at a dis-
tance from the car, which has also a hydraulic 
leveling unit. 

621.397.6-182.3  2349 
Mobile TV Studio for WDTV—W. I. Mc-

Cord. (FM-TV, vol. 9, pp. 20-21; March, 
1949.) An illustrated description. 

621.397.645  2350 
Television Front-End Design: Parts 1 and 

2—H. M. Watts. (Electronics, vol. 22, pp. 92-
97 and 106-110; April and May, 1949.) De-
sign equations are derived and illustrated for 



1102  PROCEEDINGS OF THE I.R.E. — Waves and Electrons Section  September 

several types of rf amplifier stage for television 
receivers, including a cathode-coupled ampli-
fier, and for several types of mixer. Emphasis 
is placed on the problem of obtaining the opti-
mum signal-to-noise ratio while satisfying gain, 
bandwidth, and adjacent-channel rejection re-
quirements. 

621.397.7  2351 
Low-Cost TV Operation--G.  W.  Ray. 

(F M-TV, vol. 9, pp. 24-27; March, 1949.) The 
video signals of selected programs from New 
York are relayed by a microwave link to New 
Haven, the relay station being located on Ox-
ford Hill, 8 miles from the New Haven trans-
mitter. Audio signals are transmitted by tele-
phone line. Reception in the New Haven area 
is quite satisfactory. Equipment is described. 

621.397.8(494)  2352 
First Practical Tests of Television Recep-

tion in Switzerland —J. Dufour. (Tech. Mitt. 
Schweiz. Telegr.-Teleph. Vera., vol. 26, pp. 241-
249; December 1, 1948. In French, with Ger-
man summary.) An account of trials carried 
out in and near Zurich during the 20th Swiss 
radio exhibition, August 26 to 31, 1948, when 
television demonstrations were giver, by Philips-
Lampen AG., Eindhoven. Field-strength mea-
surements and subjective estimations of picture 
quality were made at many points up to a 
maximum distance of 16 km from the 80-watt 
transmitter, which was installed on the Zurich-
berg, about 110 meters above the center of the 
town. The results obtained are tabulated and 
discussed. For field strengths >3 mvolts per 
meter reception was generally good, but recep-
tion was not possible for fields < 0.7 mvolts 
per meter. The most common interference was 
that from car ignition systems, but some in-
dustrial high-frequency generators were trou-
blesome; one in particular, operating on 60.5 
Mc, rendered reception in its neighborhood 
quite impossible, as the video frequency used 
was 61.6 Mc. Analysis of the results shows that 
a 2-kw transmitter on the Cetliberg should 
give good reception over the whole of Zurich. 

621.397.8(73)  2353 
A Field Survey of Television Channel $ 

Propagation of New York Metropolitan Area — 
l'. T. G(,ldsmith, Jr., R. P. Wakeman, and 
J. I). O'Neill. (Psoc. IRE., vol. 37, pp. 556 - 
563; May, 1949.) 

621.397.92  2354 
TVI Patterns- G.G.- Q.' T, vol. 33, pp. 43-

45; May, 1949.) Photographs are reproduced 
and discussed which show tlie inti•rfen•nce to 
television caused by it 28-Mc amateur trans-
mitter, and the improvement effected by vari-
ous remedial 1114 .:iSlircs. 

621.397.823  2355 
Ignition Interference -M. V. Callendar. 

(II it,  vol. 26, p. 10(,; March, 1949.) 
To reduce ignition interrer(--nce with television 
sound, it is quite as important to reduce the 
number of pulses in the train as to reduce the 
field radiated. See also 3741 of 1946 (Eagles-
field) and 1779 of July (Pressey and Ashwell). 

621.397.828  2356 
Further Advances in T.V.I. Suppression — 

L. Varney. (RSGB Bull., vol. 24, pp. 268-
273; May, 1949.) It was found possible to op-
erate various commercial television receivers 
close to a 14- Mc transmitter when Suitable 
harmonk-sill(Pres,ion devices were used in the 
transmitter. The initial tests and means of sup-
pressi on  ar.•  discussed in detail. A harmonic 
monitor is described. 

621.397.5  2357 
Television [Book Reviewj—M. G. Scroggie. 

Mackie and Sons, Glasgow, 2nd edition, 77 
pp., 6s. (Wireless World, vol. 55, p. 233; June, 
1949.) " ... a very simple and lucid explana-
tion of how television works.... an excellent 
introduction to television." 

621.397.62  2358 
Television Receiver Construction [Book 

Reviewl —Iliffe and Sons, London, 1948, 47 
P1)., 2s.6d. (Puoc. I.R.E., vol. 37, p. 417; 
April, 1949.) Reprint of ten atticles in Wire-
less World noted in 1186 of 1948 and back refer 
ences. 

TRANSMISSION 

621.396.61  2359 
The Development of German Broadcasting 

Transmitter Equipment during the War--
E. Wolf (Tech. Mitt. Schweiz. Tel,,er.-Teleph. 
Verw., vol. 27, pp. 24 33 and 78 85; February 
1, and April 1, 1949. In ( ,t•rman.) A review of 
developntents in all kinds of high-power trans-
mitting equipment, including (a) the trans-
mitters,  their  high-frequency  and  output 
stages,  modulators and  measurement  and 
monitoring racks, (b) power supplies and 
auxiliary equilmtent, and (c) antl•nnas. The pro-
visiorrof a network of unattended low-power 
common-wave transmitters is also considered. 

621.396.61  2360 
High Power U.H.F. Transmitter--14. C. 

.a w rence.  (Rat/to  News,  Radio-Electronic 
Eng. Supplement, vol. 10, pp. 3 5, 29; May, 
1948.) Two similar pulsed transmitters using 
Type 4C33 triodes and coaxial-line tuning 
elements give peak out  of 300 kw over 
frequency bands of 390 to 465 Mc ;ind 510 to 
720 Mc respectively. The pulse duration is 5 
µseconds and o•pention rati• 200 it -r second. 
Mechanical layout, ( ircuit (letails, and the 
mode of operation of the tuning system are 
described. 

621.396.619  2361 
Modulation and Keying —L. Pungs and 

K.  Lamberts!  (F I A T Review of German 
Science 1939-1946. Electronics, incl. Funda-
mental Emission Phenomena, part 1, 1948, pp. 
251-258. In German.) Review of work in Ger-
many on AM and FM. 

621.396.619.13:621.396.615  2362 
A Simple Method of Producing Wide-Band 

Frequency  Modulation --If.  Rakshit  and 
N. Sarkar. ( Nature (London), vol. 163, pp. 572-
573; April 9, 1949.) FM can be produced in an 
oscillator with three identical stages by shunt-
ing one of th(• tubes by a triode, and ;,;plying 
the modulating :if voltage to the grid of this 
triode. Results obtained with 65K7 tubes, us-
ing a 6C5 tube as the modulator, are shown  
graphically :ind discussed. A linear variation of 
over 3 kc was obtained with :.(it oscillator fre-
quency of about I Mc. See also 2356 of 1947 
(Rakshit and Bliattacharyy 

621.396.619.23  2363 
The Serrasoid F.M.  Modulator —J.  R. 

Day. ( !'roc. Radio ( hi', Amer., vol. 26, no. 1, 
pp. 3-1.3; 1949.) For another account see 342 
of March. 

621.396.619.23:621.396.615.17  2364 
A Modulator Producing Pulses of 10-7  

Second Duration at a 1-Mc Recurrence Fre-
quency --Morgan. (See 2185 

621.396.645  2365 
A Coaxial 50-kw F. M. Broadcast Ampli-

fier --1). L. 13,ltlts. (Flearanic,, vol. 22, pp. 
68-73; May, 1949.) Des-ribes the design and 
construction of the Symmetron amplifier for 
the 88 to 108- NIc ENT band. Eight triodes, 
Type 3N2500A3, are connected in parallel. 
The anode and cathode tuned circuits are 
formed by two coaxial-cylinder resonators, one 
outside the other, the common intermediate 
cylinder being connected to the grid. Input, 
12.5 kw, is between the cathode and th, 
earthed resonator shorting bars, and output i.: 
between anode and grid. See also 592 of 1948 
(Norton, Ballou, and Chamberlin), FM-TV, 
vol. 9, pp. 16-17; March, 1949; and Tele. 
Tech., vol. 8, pp. 42-43, 57; April, 1949.) 

621.397.828  2366 
Further Advances in T.V.I. Suppression — 

Varncy —(See 2356.) 

VACUU M TUBES AND THER MIONICS 

621.314.6+621.396.622  2367 
Rectification —Moll(-r; Seiler; Sachse —(See 

2330.) 

621.38  2368 
Electronic  Apparatus - W.  Schaffernicht; 

M. Knoll; E. Schwartz; H. Rukop. (FIAT 
Review of German Science 1939-1946. Elec-
tronics,  incl.  Fundamental  Emission  Phe-
nomena, part 1, pp. 43-146; 1948. In German.) 
Section 1, by Schaffernicht, deals with 

photo cells, including discussion of electron 
multipliers and of the properties of different 
light-sensitive layers. 

Section 2, by Knoll, in collaboration with 
M. Stark, describes electron-microscope devel-
opments. 

Section .3, by Schaffernicht, gives a detailed 
account of various types of infrared image 
converter. 

Section 4, by Schwartz, reviews work on 
cathode-ray tubes. 

Section 5, by Rukop, gives construction and 
functional details of a wide variety of trans-
mitting and receiving tubes, gas-filled tubes and 
stabilizers, with a short review of recent tech-
nical developments in materials and methods of 
construction. 

621.383.4  2369 
Temperature Coefficient of Sensitivity of 

Lead  Sulphide  Photo-Conductive  Cells at 
Room Temperature —S. S. Carlisle and G. AI-
derton. ( Nature (London), vol. 16.3, pp. 529-
530; April 2, 1949.) 

621.383.4  2370 
Lead  Sulfide  Photoconductive  Cells — 

S. Pakswer. (Electronio, vol. 22, pp. 111-
115; Nlay, 1949.) Practical operating data, 
characteristics, and applications. 

621.383.5  2371 
The Efficiency of the Selenium Barrier-

Photocell When Used as a Converter of Light 
into Electrical Energy  E. Billig and K. W. 
Messner. t Phil. .11ag., vol. 40, pp. 568-572; 
May, 1949.) Discussion shows that an efficiency 
of the order of 1 to 4 per cent is to be expected 
for monochromatic light of frequency near that 
for peak sensitivity, slightly lower efficiency for 
white light, and much lower for the light from 
an incandescent lamp, which includes a good 
deal of infrared radiation to xvitich the Sc cell 
is not sensitive. Measurements confirmed these 
conclusions. Houstoun's very low, results (900 
of April) are criticized. 

621.385  2372 
New Series of Miniature Valves of the 

Société Francaise Radio6lectrique- -(.4 n it. Ra-
dioilec., vol. 4, pp. 163-164; April, 1949.1 
The bulb diameter is 19 nun anti connections 
are sealed through the glass base. The principal 
elect real characteristics are tabulated  for 
IIM.04 Iteptode frequency changer for AM or 
FM receivers, PN1.05 low-capacitance high-
frequency pentode, BPM.04 output beam-
tetrode, TM.12 Wit- triode (for use as grounded-
grid amplifier up to 500 Mc), T2. M.05 uhf 
double triode (fur use as mixer or oscillator up 
to 600 Mc, anti D2..M9 uhf double diode. 
Equivalent American tubes are respectively 
613E6, 6AK5, 6AQ5, 6j., 6J6, and 6A1.5. 

621.385  2373 
Planar  Electrode  Valves for  V.H.F. — 

(Ii ireless Irm Id, vol. 55, pp. 165 -167; Nlay, 
1949.) Discussion of various tubes with low 
interelectrode capacitance and transit time, 
with particular reference to disk-seal tubes and 
an experimental triode, Type E1714. 

621.385:519.283  2374 
Quality Control in Radio-Tube Manufac-

ture -J. A. Davies. (Pnoc.  vol. 37. pp. 
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548-556; May, 1949.) A general survey of 
methods used. Typical mount-inspection serv-
ice, the use of statistical control charts, and 
sampling procedures are discussed. 

621.385:538.122  2375 
An Electron Tube for Viewing Magnetic 

Fields —S. G. Lutz and S. J. Tetenbaum. 
(Elec. Eng., vol. 67, pp. 1143-1146; December, 
1948.) The development of the special tubes is 
discussed, tubes with 5 cathodes and 8 anodes 
respectively are described, with illustrations, 
and design improvements are suggested. For 
another account see 1919 of August. 

621.385:621.317.71  2376 
Electrometer Tubes for the Measurement 

of Small Currents —J. A. Victoreen. (Paoc. 
I.R.E., vol. 37, pp. 432-441; April, 1949.) 
An account of the American VX series of tubes, 
used to measure currents of order 10-12  amp. 
Special problems discussed include the low 
anode voltage required to keep grid current 
very small, and the high-stability requirements 
for cathode emission. Curves show emission 
and anode and control-grid current character: 
istics. Typical circuits are given. 

621.385-712  2377 
Study and Realization of a New System of 

Forced-Air Cooling for Transmitting Valves — 
J. PrO.rost, J. Boissire, and A. Loukovski. 
(Ann. Radioijec., vol. 4, pp. 138-148; April, 
1949.) Cooling by means of air currents is dis-
cussed theoretically. Various methods hitherto 
used and an improved method, developed by 
the SociCt.é indCpendante de T.S.F. (S.I.F.) are 
considered.  Special circular vanes of Cu, 
fitting round the cylindrical anode, have cer-
tain portions bent downward to touch the vanes 
below so as to provide channels for the flow of 
air from two diametrically opposed sources. 
Alternate vanes are rotated through 1800. All 
are slightly conical, so that temperature differ-
ences between center and edge only vary the 
angle of the cone. The cooling with this system 
is particularly efficient and allows continuous 
operation of tubes at maximum dissipation 
for long periods. 

621.385.01  2378 
On the Co-Ordination of Circuit Require-

ments, Valve Characteristics and Electrode 
Design —I. A. Harris. (Jour. Brit. I.R.E., vol. 
9, pp. 125-143; April, 1949.) "A comprehensive 
theory is developed, combining the relevant 
parts of present-day circuit requirements with 
parts of the theories of electronic, mechanical, 
and thermal limitations to tube electrode de-
sign, from which data on optimum design 
emerge. The scope includes amplifier tubes with 
indirectly heated cathodes. Illustrations of 
theoretical design show general agreement with 
current practice and indicate directions in 
which improvement may be sought. Whilst 
not being a cut-and-dried formulation of tube 
design, its method may prove a powerful tool 
in facilitating further development." See also 
2406 of 1946 (Liebmann) and 937 of 1947 
(Ford). 

621.385.029.63/.64  2379 
Theory of the Traveliing-Wave Valve - 

J. Laplume. (Onde Alec., vol. 29, pp. 6( 72; 
February, 1949.) The method of Blanc-Lapi-
erre, Lapostolle, Voge, and Wallauschek (3421 
of 1947 and back references) is extended to the 
more complex problem of the helix circuit, 
making use of results established by Roubine 
(3036 of 1947) for the case of no interaction 
between the electron beam and the helix. The 
pitch of the helix is assumed small enough for 
the field to be considered as symmetrical about 
the axis; the actual distribution of the helix rcurrent is replaced by a purely superficial heli-
coidal distribution on the surface of the gen-
erating cylinder, and resistance losses are 
neglected. The electron density and velocity are 
uniform over the team cross-section and the 
velocity is everywhere parallel to the axis. 

Small-signal theory applies to the interaction 
between helix and beam. 
The conditions prevailing (a) within the 

beam. (b) between the beam and helix, and (c) 
outside the helix are considered and formulas 
giving the field distribution are derived. Bound-
ary conditions lead to six linear and homogene-
ous relations between six integration constants, 
and finally to an equation which defines im-
plicitly the propagation constant and thus in-
dicates the waves which can be propagated in 
the system. Particular cases are considered 
which result in considerable simplification of 
the wave equation and other formulas. The 
principal properties of the traveling-wave tube 
deduced from the wave equation are sum-
marized and the effect of increased beam width 
is discussed quantitatively. 

621.385.029.63/.64  2380 
Travelling-Wave Valve —V. M. Lopukhin. 

(Uspekhi Fiz. Nauk, vol. 36, pp. 456-477; 
December, 1948. In Russian.) The theory of the 
tube is discussed. 

621.385.029.63/.64  2381 
Effect of the Transverse Electric Vector in 

the Delay Line of the Travelling-Wave Valve: 
Part 2-0. Dodder and W. Kleen. (Ann. 
Radioilec., vol. 4, pp. 117-130; April, 1949.) 
The form of the delay line affects the intensity 
of the radial field and hence, as explained in 
part 1(2089 of August), the tube gain. A simpli-
fied form of the gain equations is given, taking 
account of the radial field, and the equations 
are developed for a helix system with a central 
conductor; such a system has an increased 
transverse field. Numerical results for this case 
are discussed. A qualitative explanation is 
given of the effects of space charge and of 
electron absorption by the line walls due to the 
existence of the high-frequency electric vector. 
The effect of the displacement of the electrons 
in the radial electric field is negligible in com-
parison with other factors contributing to the 
gain. Oscillation of the electrons about their 
original trajectory in the absence of the high-
frequency field causes, in a longitudinal electric 
field, a displacement of the electrons which 
varies with the radius. Electron bunching re-
sults and the wave propagation constant is 
altered, with a consequent increase of gain. In 
the case of a simple helix the gain increase is 
small, but in systems with intense radial fields 
the increase may be large and even predomi-
nant. The variation of the radius of the electron 
beam due to the radial high-frequency field 
reduces the effect of the space charge on the 
gain. The resulting gain increase is considerable 
even for simple helix systems without a central 
conductor. Any diminution of gain due to elec-
tron absorption by the line walls is negligible. 

621.385.029.63/.64  2382 
Circuits for Traveling-Wave Tubes —J. R. 

Pierce. (Paoc. I.R.E., vol. 37, pp. 510-515; 
May, 1949.) Phase velocity vo group velocity 
2/5, and stored energy W per unit length are 
parameters which can be used for comparing 
different types of traveling-wave tubes and as-
sociated circuits. Given IF, lowering v0 relative 
to 54, increases circuit impedance and gain, 
increases attenuation, and narrows the band. 
The effect of gap length in filter-type circuits 
consisting of pillbox resonators is discussed 
and the attenuation for such circuits is calcu-
lated. They are electrically much inferior to 

helix circuits. 

621.385.029.64  2383 
Beam-Deflection Mixer Tubes for U.H.F. — 

E. W. Herold and C. \V. Mueller. (Electronics, 
vol. 22, pp. 76-80; May, 1949.) These tubes 
have an electron gun producing a thin rectangu-
lar beam, two pairs of deflector plates and an 
anode. An intercepting electrode is place'] be-
tween deflector plates and anode so that volt-
ages applied to the deflector plates cause 
variation in the current reaching the anode. 

One pair of deflectors receives the signal input, 
and the other pair receives the oscillator out-
put. Advantages include a lower noise factor 
than that of a crystal mixer in the I,000-Mc 
region, very small oscillator coupling and radi-
ation, and high input impedance. 

621.385.032.29  2384 
The Virtual Cathode Problem for Cylindri-

cal Electrodes —A. van der Ziel. (Appl. Sci. 
Res., vol. B1, no. 2, pp. 105-118; 1948.) The 
effect of space charge on the potential distribu-
tion between parallel electrodes is discussed. 
The current versus voltage characteristics are 
then calculated for cylindrical electrodes; 
results are similar to those for plane electrodes. 
The theory may be useful for the development 
of cylindrical tetrodes and pentodes, especially 
transmitting tubes. 

621.385.032.29  2385 
Resistive Films in Valves: Effect on Inter-

electrode Capacitance —E. G. James and B. L. 
Humphreys. (Wireless Eng., vol. 26, pp. 93-
95; March, 1949.) The capacitance of such 
films varies as the square root of the frequency 
at high frequency and tends to a limit at low 
frequency. 

621.385.2:621.396.822  2386 
Nonlinear Distortion and Noise in a Diode 

acted upon by U.H.F. Signals —Yu. I. Kaz-
nacheev. (Bull. Acad. Sci. (URSS), P13. 1173-
1189; September, 1947. In Russian.) Equations 
are derived for the current in the circuit of a 
plane diode for the most general initial condi-
tions, using a method similar to that proposed 
by Muller (1933 Abstracts, Wireless Eng., 
p. 433). In passing over from electron equations 
to current equations, a different method from 
that proposed by Benham (148 of 1939) is 
used; a clearer physical interpretation of the 
theory is thus achieved. From the current equa-
tions, general equations are derived determin-
ing the nonlinear distortion occurring in the 
amplification of trlif signals, intermodulation 
of signals and noise, and the effect of the transit 
time of electrons on noise. The cases of weak 
and strong signals are treated separately. The 
results obtained can be applied to multi-
electrode tubes which can be regarded as con-
sisting of a number of diodes. 

621.385.2:621.396.822  2387 
Measured Noise Characteristics at Long 

Transit Angles —N. T. Lavoo. (Paoc. I.R.E., 
vol. 37, pp. 383-386; April, 1949.) Tests on 
diodes at 3,000 Mc indicate that the space-
charge reduction of noise is of the order of 10 
to 1 when the transit time exceeds 1 rf cycle. 
This applies to diodes having tungsten, thori-
ated-tungsten, or oxide emitters. The observed 
magnitude of the noise and its variation with 
transit time agree qualitatively with theory. 

621.385.3  2388 
Current Distribution in Triodes Neglecting 

Space Charge and Initial Velocities -II. C. 
Hamaker. (oy. Sci. Res., vol. B1, no. 2, pp. 
77-104; 1948.) A theory of current distribution, 
originally due to de Lussanet de la Sablonicre 
(1933 Abstracts, Wireless Eng., p. 507) is 
clarified and developed for positive-grid tri-
odes. A graphical method of checking the ap-
plicability of this theory to any set of observa-
tions is discussed; the different distribution 
functions which are involved in the equations 
can easily be determined from the graphs given. 
In some cases theory and experiment are in 
excellent agreement; discrepancies occurring in 
other cases are discussed. The basic assump-
tions underlying the theory are examined in 
the light of the experimental results. 

621.385.3:621.396.619.13.029.64  2389 
Certain Aspects of Triode Reactance-Tube 

Performance for Frequency Modulation at 
Ultra-High Frequencies -C. L. Cuccia. (RCA 
Rev., vol. 10, pp. 74-98; March, 1949.) In-
vestigation of the properties of reactance 
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tubes is extended to uhf, taking account of such 
factors as transit time and interelectrode 
capacitance. Formulas for the frequency devia-
tion and Q of a transmission-line versus react-
ance-tube system are derived. The grid swing 
limits the magnitude of the rf voltages in any 
such system. Mechanical detail, design, and 
performance are discussed for a particular case 
in which a frequency deviation of 5 Mc was 
obtained. 

621.385.3.029.64  2390 
New Microwave Triode —(Electronics, vol. 

22, pp. 171, 177; April, 1949.) Description of a 
close-spaced planar triode, Type BTL 1553, 
for operation at 4,000 Mc. 

621.385.38:621.396.619.23  2391 
Thyratrons in Radar Modulator Service — 

H. 11.  Wittenberg. (RCA Rev., vol. 10, pp. 
116-133; March, 1949.) The relations between 
performance and various characteristics and 
circuit parameters" are shown. 

621.385.38.032.213  2392 
The Hot Cathode Hydrogen-Filled Thyra-

tron —H. de B. Knight and 0. N. Hooker. 
(Brit. Thomson-llouston Activities, vol. 20, pp. 
47-49; March and April, 1949.) The hydrogen 
filling permits operation as an electronic switch 
at frequencies much higher than those possible 
with Hg vapor, but a voltage drop of 50 to 70 
volts is required, instead of 10 to 15 volts for 
lig. 

621.385.4,'.5  2393 
Increasing the Power Output of Vacuum 

Tubes —B. M. Hadfield. (Radio News, Radio-
Electronic Eng. Supplement, vol. 10, pp. 10-11; 
May,  1948.) The circuit of a pentode or 
tetrode, connected for use as a triode or diode, 
can be aranged so that a large part of the anode 
dissipation is transferred to an external resist-
ance R without affecting the triode or diode 
characteristics. The conditions governing the 
maximum value of R and the reduction in 
anode dissipation obtainable are discussed. 
Application to voltagestabilizers of the cathode-
follower type is considered. 

621.385.5  2394 
The Choice of Operating Conditions for 

Resistance-Capacitance-Coupled  Pentodes — 
F. Langford-Smith. (Radiotronics, pp. 63-69; 
July and August, 1948.) Discussion of: (a) the 
optimum value of the anode load resistor for 
minimum distortion. (b) the optimum anode 
current for minimum distortion under given 
conditions, (c) the relative distortion charac-
teristics of a pentode and a triode for given 
output voltage, and (d) pentode operating on-
ditions. 

621.385.5:621.397.645  2395 
Variation of the Input Impedance of Tele-

vision-Amplifier Pentodes —F. Juster. (T2tiv. 
Franc., pp. 23-26, 36; April, 1949.) Discussion 
of the dependence of input-impedance varia-
tions on frequency and on tube characteristics. 
Results for specified tubes are shown graph-
ically. Methods of reducing such variations are 
indicated. 

621.385.83 +537.533  2396 
Electron Emission and Electron Currents — 

Mayer; Knoll. (See 2205.) 

621.385.832  2397 
Cathode-Ray Tubes with Post-Deflection 

Acceleration — W. G. White (Electronic Eng. 
(London), vol. 21, pp. 75-79; March, 1949.) 
The outstanding advantage of post-deflection 
acceleration (p.d.a.) is the increase in bright-
ness obtainable for a given accelerating voltage. 
One form of p.d.a. electrode is a band of graph-
ite on the inner circumference of the cathode-
ray-tube envelope near the fluorescent screen. 
Several such electrodes can be used. P.d.a,, 
causes a slight reduction in sensitivity, and 
the electric fields near the p.d.a. electrode lose 
their radial symmetry. Various quantities are 

comparatively tabulated for p.d.a. and or-
dinary tubes with electrostatic or with electro-
motive deflection, but no general formula ex-
pressing the over-all advantage of a p.d.a. 
tube can be deduced. The work of Pierce 
(1965 of 1941) is critically discussed. 

621.385.832:533.5  2398 
Modern Vacuum-Pump Design —Mellen. 

(See 2241.) 

621.385.832:621.397.6  2399 
Development of a Large Metal Kinescope 

for Television —H. P. Steier, J. Kelar, C. T. 
Lattimer, and R. D. Faulkner. (RCA Rev., 
vol. 10, pp. 43-58; March, 1949.) Discussion 
of a 16-inch cathode-ray tube Type 16AP4, 
and the associated design and construction 
problems. 

621.396.615  2400 
Generation of Oscillations —Urtel; Gund-

lach; Frey; Schumann; Marx; Hettner. (See 
2175.) 

621.396.615.141.2:621.396.619.11  2401 
A Spiral-Beam Method for the Amplitude 

Modulation of Magnetrons —J. S. Donal and 
R. R. Bush. (PRoc. IR E., vol. 37, pp. 375-
382; April, 1949.) A beam of electrons spiralling 
in a longitudinal magnetic field varies the con-
ductance presented  by a resonant  cavity 
coupled to the magnetron, and so varies the 
power delivered to the load. The method has 
been applied to a 900-Mc continuous-wave 
magnetron, giving a peak power output of 500 
watts, with a modulating power of only about 
4 watt. Satisfactorily linear voltage modulation 
is obtained up to a maximum depth of about 
85 per cent, while the frequency variation dur-
ing the AM cycle is only +15 kc. The system 
has been used 'to give a satisfactory reproduc-
tion of a television resolution pattern. Theory 
indicates that the method should be applicable 
at frequencies higher than 900 Mc. 

621.396.615.142.2  2402 
Blystrons— H. Diking. (Fernmeldetech. Z., 

vol. 2, pp. 105-118; April, 1949.) Basic prin-
ciples of operation are discussed and many 
types are described, with special reference to 
construction details and methods. The special 
features of all-metal reflex klystrons for wave-
lengths of about 3.2 cm and 6.5 mm respectively 
are described and clearly shown in section 
diagrams. 

621.396.615.142.2:621.396.619.13  2403 
Klystrons for F. M. — W. Henderson. (F M-

TV, vol. 9, pp. 17-19; May, 1949.) The special 
features of the Sperry SRL-17 reflex klystron 
are described, with a cut-away view showing 
the internal construction. The continuous-
wave output is 3 watts and the frequency range 
920 to 990 Mc. For low-power local-oscillator 

service, the beam voltage is +250 volts and the 
reflector voltage —150 volts. FM of the output 
is simply obtained by applying the signal to 
the reflector. 

621.396.645:537.311.33:621.315.59  2404 
The  Transistor —A New  Semiconductor 

Amplifier—J. A. Becker and J. N. Shive. 
(Elec. Eng., vol. 68, pp. 215-221; March, 1949.) 
The construction of the Type-A transistor is 
described and the conventions regarding sign 
of current and voltages are given. Both large-
signal and small-signal performance are dis-
cussed mathematically and the useful power 
obtainable, the internally generated noise; the 
useful frequency range and the effect of changes 
in ambient temperature are considered. For 
coaxial transistors, see 2406 below. 

621.396.645:537.311.33:621.315.59  2405 
The Type-A Transistor--R. M.  Ryder. 

(Bell Lab. Rec., vol. 27, pp. 89-93; March, 
1949.) The type described is less than 4 inch 
long and under  inch in diameter. The static 
characteristics of the transfer properties be-
tween the contacts are shown graphically. 

621.396.645:537.311.33:621.315.59  2406 
The Coaxial Transistor — W. E. Kock and 
L. Wallace, Jr. (Elec. Eng., vol. 68, pp. 222-

223; March,  1949.)  The construction and 
characteristics of a transistor having point 
contacts placed on opposite sides of a thin Ge 
crystal plate are discussed. Advantages over 
the type-A transistor (2404 above) are briefly 
indicated. 

621.396.645:537.311.33:621.315.59  2407 
Coaxial Transistor —(Electronics, vol. 22, 

p. 128; March, 1949.) Satisfactory results are 
obtained when the two point contacts on a Ge 
disk are placed on opposite faces instead of the 
same face as in previous designs. The coaxial!y 
mounted contacts rest in polished spherical de-
pressions in the disk. Improved mechanical sta-
bility, complete electrostatic screening between 
input and output, and easier construction are 
claimed. 

621.396.822  2408 
Transit-Time  Deterioration  of  Space-

Charge Reduction of Shot Effect —D. K. C. 

MacDonald. (Phil. Mag., vol. 40, pp. 56 1-
568; May, 1949.) When space charge is present 
in a tube, the emission current from the cathode 
exhibits less fluctuation than in the absence of 
space charge. If this current drifts for some 
distance, as in a v.m. tube, it is to be expected 
that the fluctuation will increase until, after a 
sufficient time, the full shot noise is reached 
again. Analysis of this problem leads to a 
curve which shows the progressive increase of 
noise with drift time. 

621.385  2409 
Radio Valve Data [Book Notice[ —Iliffe and 

Sons, London, 80 pp., 3s.6d. (Wireless Eng., 
vol. 26, p. 84; March, 1949.) The charazteristics 
of 1,600 British and American receiving tubes 
are tabulated. The booklet is the post-war 
successor to the Wireless World Valve Data 
Supplements which used to appear annually 

MISCELLANEOUS 

001.891  2410 
The  Radio  Research  Board —( Wireless 

Eng., vol. 26, pp. 145-146; May, 1949.) A his-
torical review of its work (a minor part of which 
is the preparation of these abstracts) and of its 
relationship with the Department of Scientific 
and Industrial Research. 

061.3:621.396  2411 
International Radio Conferences —R. L. 

Smith-Rose. (Nature (London), vol. 163, pp. 
493-495; March 26, 1949.) A general survey 
of the main conclusions of various conferences 
held in the summer of 1948. 

621.3.018.4:001.4  2412 
Proposed Standard Frequency-Band Desig-

nations —(PRoc. IR E., vol. 37, p. 467; May, 

1949.) Discussion of a system in which "Band 
a" includes all frequencies from 10" cps up to, 
but not including, 10"+! cps. Standard abbrevi-
ations for frequency and length units are also 
listed. For an alternative system see 2413 
below. 

621.3.018.4:001.4  2413 

Nomenclature of Frequencies —C. F. E. 
Booth. (P.O. Elec. Eng. Jour., vol. 42, part I. 
pp. 47-49; April, 1949.) A new classification is 
proposed in which frequencies between 0.3X 
10̂ cps and 3X10" cps are defined to constitute 
"Band n.  ̂This is capable of unlimited exten-
sion. See also 2412 above. 

5+61(43)  2414 
FIAT Review of German Science 1939-

1946. Electronics, incl. Fundamental Emission 
Phenomena: Part 1. (Book Noticej —G. Goubau 
and J. Zenneck (Senior Authors). Office of Mili-
tary Government for Germany, Field Informa-
tion Agencies Technical, British, French, U. S., 
1948, 295 pp. 



1ADVENTURES IN ELECTRONIC DESIGN 

Centralab Announces the NEW 
MODEL 2 RADIOHM CONTROL! 

OTHER MC5DEL 2 
RADIOHM CONTROLS 

Left: plain type. Right: plain 
type —concentric shaft, twin 
with taps. 

Left: switch type—with taps. 
Right: switch. type—twin. 

ALL MODEL 2 CONTROLS ARE W6" IN DIAMETER — RATED AT Ya WATT. 

HERE THEY ARE! Centralab's Model 2 Radiohm Controls. 
Designed by skilled Centralab engineers, these new quality 
controls are used in television, radio, sound, motion picture 
and other electronic equipment. Precision-built with a spe-
cial composition resistance material securely bonded to a 
high quality phenolic base, they give you lower noise level 
. . . longer life. Yes — examine the new CRL Model 2 
Radiohms and see why it will pay you to use these finer con-

trols in the equipment you manufacture. See how Model 2's 

clinched terminals insure firm, positive connections. See how 
Mcdel 2's complete line of 3 basic switches (5, 8 and 1 
amp.) gives you 24 switch combinations for real flexibility 
in application and design. See how Model 2's tap positions 
at 371/2 , 50 and 621/2 percent of rotation simplify wiring 
problems. Yes — check all of the outstanding advantages of 
Centralab's fine new Model 2 Radiohm Controls and you'll 
agree they're the right controls for you. For complete in-
formation, see your Centralab representative or write direct. 

al, DEVELOPMENTS THAT CAN HELP YOU • 

Division of GLOBE-UNION INC • Milwaukee 



Centralab reports to 

1 

14 Good Reasons Why 
CRL's Model 2 Radiohm is the Control for You! 

1. Switch — with positive &tent in both on and off 
positions. Terminals — with surfaces elevated to eliminate 
danger of shorting to cover legs ... IA" hole diameter for 
simplified wiring... hot tin dipped for easy soldering ... 
mechanical lock to prevent loosening in soldering operations. 

2. Cadmium plated steel cover completely shields resistor. 

3. Insulator's high dielectric strength permits breakdown 
test at 1000 volts R. M. S. Dust and dirt can't get in. 

4. Stop, of cup design, provides superior switch shielding 
. . . gives you excellent torque strength without distortion. 

5. High grade laminated phenolic shoe maintains high 
insulation resistance (under humidity conditions.) 

6. Contact Spring gives you double wiping contacts on both 
resistor and center terminal ring . . . is accurately formed 
to maintain uniform pressures and minimize noise. 

7. Electro tin-plated terminals provide soldering ease. Tightly 
crimped, terminals give you direct contact to resistor. ... assure 

Coup/ate consists of plate 
lead and grid resistors, plate by-pass 
and coupling capacitors. Minimum 
soldered connections speed production. 

C > 

63A6-1 

2 

constant contact under humidity and soldering conditions. 

S. Resistor is made of special resistance material bonded 
to high quality phenolic for smooth operation, low noise 
level, outstanding humidity characteristics. 

9. Cadmium-tipped center terminal provides easy soldering 
. . . good .shelf life without oxidation. Adequately lubri-
cated for good rotation life, center terminal is finished 
to give you smooth take-off . . . minimum noise. 

10. Laminated phenolic base maintains high insulation 
resistance (under humidity conditions,) 
11. Cadmium-plated steel ground plate assures positive 
grounded cover. 

12. Cadmium-plated steel bushing is accurately finished 
and fit to shaft for smooth rotation. 
13. Retaining ring. 

14. Shalt.  Unlimited variations available to Meet your 
specifications. 

This is the new CRL Vertical Inte-
grator Network used in TV sets. 
Variations of this Centralab Network 
are available on special order. 3 In its Lever Switch, Centralab guar-antees a minimum life of 50,000 

cycles. Here's the reason: an exclu-
sive new coil spring index. 



Electronic Industry 

I Model -I" Radiohm control — plain 
, and switch types — is no larger than 
- a dime. Especially designed for min-

iature applications. 

. I For by-pass or coupling applications, /I check Centralab's original line of ce-
ramic disc Hi-Ka/'s. Disc Hi-Ka/.r are 
smaller than a dime! 

5
 Centralab's TC (Temperature Compensating) Tubular Hi-Kaps, left, are the most 
stable capacitors available. With TC Hi-Kaps, there's practically no variation due 
to aging or changes in temperature or humidity. For applications where tempera-
ture compensation is unimportant, use Tubular BC Hi-Kaps, right. 

I
Hi.vo.Kap, are filter and by-pass 
capacitors combining high voltage, 
small size and variety of terminal 
connections to fit most TV needs. 

Centralab's development of a revolutionary, new Slide Switch gives you improved 
AM and FM performance! Flat, horizontal design saves valuable space, allows short 
leads, convenient location to coils, reduced lead inductances for increased efficiency 
in low and high frequencies. CRL Slide Switches are rugged and dependable. 

cp. 

8
 CRL's new Tubular Trimmers come 
in 3 basic types, 3 capacity ranges. 
Tinnerman locknut and adjusting 
screw available on special request. 

Great step forward in switching is 
CRL's New Rotary Coil and Cam In-
dex Switch. Its coil spring gives you 
smoother action, longer life. 



IMPORTANT BULLETINS FOR YOUR LE,VNICAL LIBRARY! 
" P IV I 

Ms , 

,,v,, 111 I IN  a. 

CENTRALAB 
Division of Globe-Union Inc. 
900 East Keefe Avenue. Milwaukee, Wisconsin 

s-
••• ROf ARV SWI1CH 
...mtelfritl - 

LEVER SWINH 
rioouc  ilVII W 

66Liii I 
—11114-6 1W4ti 

.,...u„ .1wILPEc • 
'MVO KM'S 

•••• 

I'. 

—*Nippy 
-•••••• 

COUPLATE „, 

••••• NOM 

sss 
• 

Choose 
Centralab Printed Electronic Circuits 

973 — AM PEC. -- tillec-tUbe P. L. C. amplifier. 
42-6 — Coon/cm — P. E. C. interstage coupling plate. 
999 — PENTODE  COUPLATE — specialized P. E. C. toupling 

plate. 
42-9 — FILPEC --- Printed Electronic Circuit filter. 

Centralab Capacitors 

42-3 — BC Tuisci.AR I  - - capacitors for use where 
temperature compensation is unimportant. 

42-4 — BC Disc HI-KAps —miniature ceramic BC capacitors. 
42-10 — HI-Vo-KAPs — high voltage capacitors for TV appli-

cation. 
695 — CERAMIC TRIMMERS — CRL trimmer catalog. 
981 — HI-Vo-KAPs — capacitors for TV application. For 

jobbers. 
42-18 — TC CAPACITORS — temperature compensating capaci-

tors. 
814 — CAPACITORS — high-voltage capacitors. 
975 — FT HI-KAPs — feed-thru capacitors. 

.,THEY'RE FREE! 

From This List! 

Centralab Switches 
953 — SLIDE SVIA ICH — applies to AM and FM switching cir-

cuits. 
970 — LEVER SWITCH — shows indexing combinations. 
995 — ROTARY SWITCH — schematic application diagrams. 
722 — SWITCH CATAI.OG — facts on CRL's complete line of 

switches 

Centralab Controls 

42-7 — M ODEL  1.• RADIOHM — World's smallest commercially 
produced control. 

697 — VARIABLE  RESISTORS — full facts on CRL Variable 
Resistors 

Centralab Ceramics 

720 — CERAMIC CATALOG — CRL's steatite and ceramic prod-
ucts. 

General 
26 — GENERAL CATALOG —  Combines Centralab's line of 

products for jobber, ham, experimenter, serviceman or 
industrial user. 

Look to CENTRALAB in 7949! First in component research that means lower costs for the electronic 
industry. 11 you're planning new equipment, let Centralab's sales and engineering service wort: with you. For 

complete information on all CRL products, get in touch with your Centralab Representative. Or write direct. 

103 

Yes-1 would like to have the CRL bulletins checked below, for my technical library! 

[1] 973  0 42.9  42-18  1 953  Ea 42-10 0 722  0 720 

42-6  E 42-3  695  0 814  0 970  0 42-7  0 26 

L: 999  0 42-4  E 981 0 975  0 995  0 697 

Name   

Address 

City  State 

4--

TEAR OUT COUPON 

for the Bulletins you want 

Division of GLOBE-UNION INC. • Milwaukee 

—1 
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iooco n use a crowbar 
to make it t • 

MP it's simpler to design the 
radio around the battery! 

THERE'S an "Eveready" battery available for 
virtually any portable radio design—so why not 

do your designing the easy way—by using compact, 
long-lasting "Eveready" batteries as the starting 
point? "Eveready" radio batteries give your portables 
added utility. They provide longer life between 
battery changes. Replacements available everywhere 

... easy for the user to obtain. 

Call on our Battery Engineering Department for 

complete data on "Eveready" batteries. 

The registered trade-marks "Eveready 
and "Mini-Max- distinguish products of 

NATIONAL CARBON COMPANY, INC. 
Lint of Union Carbnit and ( ao bon Corporal:on 

g133 
30 East 42nd Street, New York 17, N. Y. 

EVEREADY 
TRADE-- MARS 

R A DI O  B ATTE RIE S 

• The No. 753 "Eveready" **A-13" 
battery pack provides plenty of power 
for compact "pickup" portables. Send 
for Battery Engineering Bulletin No. 2 
which gives complete details. 

Division Sales Offices: Atlanta. Chicago, Dallas, Kansas City, New York. Pittsburgh. San Francisco 
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AI RCR AFT 

RA DI O 

CO R P O R ATI O N 

• 

ciao : 
-Simplified 

-Compact 
Portable 

• 900-2100 megacycles, 
single band 

• Directly calibrated, single 
dial frequency control 

O Directly calibrated 
attenuator, 0 to -120 dbm 

O CW or AM pulse modulation 

• 

Built to 

Navy Specifications 
for research 
and production 

testing 

'41111•11111111k 

Internal pulse generator v. iili controls for vs idth, 
delay, and rate. Provision for external pulsing 

• Controls planned and grouped for ease of 
operation 

• Weight: 42 lbs. Easily portable--ideal for air-
borne installations 

• Immediate delivery 

Write for specificatious — investigate the 
advantages of this outstanding new instrument. 

DEPENDABLE ELECTRONIC EQUIPMENT SINCE 1928 

fiircraft Radio Corporation 
BOONTON, New Jersey 

38A 

STUDENT 

BRANCH 

MEETINGS 

FENN COLLEGE —I KE BRANCH 

'Microwave Relay Systems for Television with 

Demonstration," by 0. Henderson, Ohio Bell Tele 
phone Company; June 24. 1949. 

ATLANTA 

"History and Program for Development and 
Operation of WGST-FM," by Ben Akermstn, Chief 

Engineer. Radio Station WGST-FM; June 24, 1949. 

BALTIMORE 

Inspection Tour of Television Station WAAM; 
June 20. 1949 

BEAUMONT-PORT ARTHUR 

'The IRE and You.' by 3. C. Petkoviek, Past 
Chairman, Beaumont-Port Arthur Section; June 
23, 1949. 

CoLvsseux 

-Theoretical and Experimental Studies of 
Radio Interference Transients from Precipitation 
Static and Corrective Measures," by M. M. New-
man, Lightning and Transients Research Institute; 
April 15, 1949. 

"Television  Transmitting  and  Microwave 
Pickup." by C. Sloan. Chief Engineer, Radio Sta-
tion WLWC; Tour of Radio Station WLWC; May 
25, 1949. 

'The Problem of Producing a Television Pro-
gram," by R. Rider, Radio Station WLWC; Elec-
tion of Officers; June 8, 1949. 

Ms M OINES-AMES 

'Programming for College FM Stations,' by 
R. B. Hull. Radio Station W01; May 18.1949. 

HOUSTON 

"Theory and Application of Radar in Marine 
Geophysical Prospecting.• by 0. E. Haley, McCol-
lum Laboratories, Inc.; June IS, 1949, 

Los ANGELES 

"Magnetic Tape Sound Recording for Kim. 
scope Transcriptions," bY. R. H. Ranger, Ranger. 
tone Inc.; 'The Aims and Purposes of the Motion 
Picture Research Council. Inc.,' by W. V. Wolfe. 

President, Motion Picture Research Council; June 
21. 1949. 

MIL WAUKEE 

"Atomic Power Plants." by Dr. Kingdon. 
General Electric Company; April 6, 1949. 

"A Radio Engineer Looks at Industrial Elec-
tronics." by Dr. Cook, General Electric Company; 
April 13, 1949. 

"Engineering Aspects of the Transistor.' by J. 
A. Morton, Bell Telephone Laboratories; April 27, 
1949. 

"Application of Proximity Effects in induction 

Heating." by E. Bennett, Faculty of University of 
Wisconsin; May 4. 1949. 

"Sixteen-inch Kinescope,' by H. Steier, RCA; 
May 11. 1949. 

"Electronic Control ot DC Motors." by J. B. 
Reeves. Cutler-Hammer Inc.; May 25. 1949. 

'Audio-Frequency Transformers and Their 
Functions in High-Fidelity Amplifier.." by D. 
Schwennesen, Chief Engineer, Chicago Transformer 
Corporation; May 31. 1949. 

(Continued on page 404) 
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ayes HOW THESE 9 FACTORS AFFECT 
THE QUALITY OF DISC REPRODUCTION? 

INTERMODULATION 
DISTORTION? 

intertnodulation distortion—present in many 
tv pea of record reproducers to a far greater degree 
than suspected—causes "fuzziness" in reproduc-
tion. particularly at the higher frequencies. Low 
intermodialation distortion is essential fur clean 
reproduction. 

2 
TRANSLATION 
LOSS? 

3 
STYLUS 
FORCE? 

MECHANICAL 
IMPEDANCE? 

5 
UNWANTED 
OUTPUT? 

6 
ARM 

RESONANCE? 

When record groove velocity decreases (as the 
sOus MO% CR closer to the center pin) • loss in 
high frequency reproduction occurs. To keep this 
"translation loss" to a minimum. stylus tip 
radius. stylus force and mechanical reactance 
must be in correct balance. 

V. hile low at his force is desirable to lengthen life 
of records, too low a force frequently results in 
inability of the reproducer to track properly at 
high frequencies. This, in turn, produces high 
intermodulation distortion. St v his fiiree should 
be kept to the loviest value consistent v. ith proper 

rack log. 

Fora given stylus force, low mechanical impedance 
in the reproducer stv his improves tracking at 
both low and high frequencies. Roth ends of the 
recorded spectrum are therefore reproduced with 

less distortion. 

FREQUENCY 
COMPENSATION? 

8 
SCRATCH 

EQUALIZATION? 

The reproducing equil  nt must prov iile the 
correct frequency compensation for the recording 
characteristics most commonly used. Since differ-
ent recording companies use widely varying char-
acteristics, a correspondingly wide choice of 
equalization characteristic* must be available. 

A choice of scratch equalization is also necessary 
to meet the surface noise conditions of all records. 
"Rollofr of reproducing curves must permit 
maximum scratch reduction while retaining as 
much as possible of the original material on the 

record. 

On lateral recordings. the pick•up unit d 1,I not 
reproduce the unwanted vertical output '.,Inch 
can result from surface irregularities. turntable 
vibrations and riding up of stylus on groove '.,all.. 
Conversely, on vertical recordings. the pick-up 
unit should not reproduce the tin% anted output 
caused by lateral st his motion. 

The reproducer arm should not hay e resonant 
points w ithin the spectrum of frequencies norm-
ally reproduced. If the resonant frequency of the 
arm is within the range of frequencies on the 
transcription or record, the resonant vibration 
of the arm will cause a spurious response. 

9 
NOISE 
PICK-UP? 

The signal-to-noise ratio must not be impaired by 
induced noise pick-up in the reproducer or equal-
izing circuits. Design of the equalizer and repeat-
ing coil should minimize hum pick•upfrom motor 
fiehl. ..r ..111,r .otirees. 

How does the 109 Type Group stack up 
against these reproducer requirements? 
Western Electric has just issued a 12-page bulletin 
explaining in greater detail the importance of these 
nine factors in high-quality reproduction—and showing 
just why the design of the 109 Type Reproducer Group 
results in outstanding performance.You'll want to have 
all these facts when you select reproducing equipment! 

CALL YOUR LOCAL GRAYBAR 

REPRESENTATIVE 

FOR A COPY OF 

THIS NE W BULLETIN— 

OR MAIL COUPON 

BELO W 

Westernflectricr 
—QUALITY COUNTS— 

DISTRIBUTORS: IN THE U.S. A. — Craybar Electric Co. 
IN  CANADA —  Northern Electric Company, Ltd. 

Gray bar Electric Co. 
420 Lexington Avenue, 
New York 17, N. Y. 

Gentlemen: Please send me a copy of Bulletin 
T2551, "109 Reproducer Group." 

Name   

Title   

Company   

Street Address   

City  State   

P-55 
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The little cartridges 

that fill the Big need 

for High Fidelity 

Phonograph Reproduction.. 

THE 

NE W  SHURE  VERTICAL 
DRIVE" 

CRYSTAL PICKUP CARTRIDGES 
Big things often come in little packages . So it is with the 
superlative new Shure "Vertical Drive" Crystal Cartridges. 
They reproduce all the recorded music on the new fine-
groove recordings—a reproduction that meets the strict  - 
requirements of high compliance and full fidelity. The "Ver-
tical Drive" cartridges are requisite for the critical listener— 
the lover of fine music. They are especially recommended 
for those applications where true fidelity is essential. 

W 2 3A  for 
standard 
width. groove 

SINGLE  monde. 
MODELS: 

W21A tor fin.-
groov• roc-
ords. 

W22A for both 

TURNOVER " .. d.'d and 

MODEL,  " e-gr " " 
recordings 

Unusually highly comp iant, these "Vertical 
Drive".eartridges will faithfully track stand-
ard records with a force of only 7 grams — 
micro-groove records with a force of only 5 
grams (an added protection for treasured re-
cordings). Will fit standard or special mount-
ings. Have more than adequate output for 
the average audio stage. 

SHURE BROTHERS, INC. 
Microphonrrs and Acoustic Devices 

225 WEST HURON STREET, CHICAGO  10, ILL.  •  CABLE ADDRESS: SHUREMICRO 

-1( 

(Continued from page 384) 

Ladies Night; Ventriloquist; Movies; and Elec-
tion of Officers; June 9. 1949. 

New Mexico 

'Theory and Practice of Strategic Bombing in 
World War II." by A. W. Baldyreff. Faculty of 
University of New Mexico; Election of Officers: 
June 17, 1949. 

NORTH CAROLINA-VIRGINIA 

"Electrical Measurements of Force and Pres-
sure," by D. H. Newby, National Advisory Com-
mittee for Aeronautics; "Application of Radio 

Telemetering to Aeronautical Research," by C. A 
Taylor, National Advisory Committee for Aero-
nautics; Inspection Trip of Instrument Labora-
torie.i, National Advisory Committee for Aero-
nautics; June 24, 1949. 

PHII.ADELPHIA 

"A Record Changer and Record of Compli-
mentary Design." by H. I. Reiskind and A. D 
Burt, RCA Victor Division; May 5, 1949. 

SAN DIEGO 

"The Ultrasonics Research Program at Brown 
University." by R. 13. Lindsay, Faculty of Brown 
University; July 12. 1949. 

SAN FRANCISCO 

"Electronic Digital Computors," by P. L 
Norton, Faculty of University of California; May 
11, 1949. 

Student Papers Competition; "Ion Beam In-
tegrator." by K. D. Jenkins, Student. University of 

California; 'Electronic Flux Meter," by F. B. 
Gallagher, Student, Santa Clara University; "High-
Power Limitations of a Traveling-Wave Tube." by 
D. Dunn, Student, Stanford University; Election of 
Officers; June 8. 1949. 

TWIN CITIES 

"Music Reproduction." by J. D. Goodell. 
President, The Minnesota Electronics Corporation; 
Jane 16, 1949. 

W ASHINGTON 

"Stratovision." by C. E. Nobles. Westinghouse 
Electric Corporation; June 13. 1949. 

SUBSECTIONS 

LONG ISLAND 

Election of Officers; April 27. 1949.' 

MoNmbur a 

"Image Quality in Photography and Tele-
vision," by 0. H. Schade, RCA. June 15, 1949. 

LANCASTER 

Tour of Safe Harbor Dam and Power Plant; 
May 11, 1949 

The following transfers and admissions 
were approved and will be effective as of 
September 1, 1949. 

Transfer to Senior Member 

Chapin, R. S., 383 Lake St., Lake Garda. Union-
ville. Conn, 

Finney, W. J., Bldg. 1, Rm. 213, Naval Research 
Laboratory. Washington 25, D. C. 
(Continued on page 424) 
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1 
new metal "Big Picture" 
tubes by Rauland! 

g 0  n 

AVAILABLE WITH NEW HIGH-CONTRAST LUXIDE SCREEN 
Gives 60 % greater contrast! Reduces glare! Gives sharper, easier-to-view pictures! 

50% LIGHTER WEIGHT 
Can be safely shipped installed in sets, reducing field installation costs. 

LARGER SCREEN' 

105 square inches useful screen area 

LO WER PRICE 

Lower bulb cost permits lower prices 

BETTER FACE QUALITY 

Optical quality of metal tube faces is superior 
to the pressed faces of all-glass tubes. 

SHORTER LENGTH 

25s shorter than the 16AP4 

USES AVAILABLE OPERATING COMPONENTS 

Same focus and deflection coils as 
used with the 16AP4 

ALLO WS IMPROVED CABINET nFqinm 
AND LO WER CABINET COST 

Because of reduced cabinet depth requirement 

Other Available Types-10BP4, 10FP4, 121P4, 12KP4, 16AP4 

W RITE FOR TECHNICAL BULLETINS 

'V/ e  e /e  ef l  e ° Ze d 

THE Rauland CORP OR ATI O N 
4245 N. Knox Avenue • Chicago 41, Illinois 

PROCEEDINGS OF THE I.R.E.  September, 1949  1? 



"WANT TO KNO W WHY  ....' 1111 

1/ () 

I'M SOLD ON 

sorensen?" 
"Voltage regulators — even electronic regulators — are not 

all equally accurate! And I know ACCURACY is important! The 

Sorensen electronic voltage regulator gives me the kind of occur 

ocy I want. 

"But I don't wont to buy accuracy and costly maintenance at the 

same time. The Sorensen Regulator is a strong rugged instrument 

designed to give accuracy at no sacrifice to low-cost-of-maintenance. 

"Furthermore I like my instruments simple — well designed — because 

I know that a complex instrument loaded with added components can 

mean poor basic design — and inferior performance. The Sorensen Elec 

tronic Voltage Regulator is a beauty for simplicity" 

"That's why I'm sold on  sorensen 

Get highly stabilized 
DC  regulation  with 
the NOBATRON and 
B-NOBATRON. 

STANDARD AC SPECIFICATIONS 

Model in VA 
Capacity 

150 
500 

250 
1000 

2000 
3000 

5000 
10000 
15000 

Regulation 
Accuracy .7,.: 0.1 % against line or load 

Harmonic 
Distortion 

Basic 5% max. 5% max. 5% max. 5% max. 
5 3% max. 2% max. 3% max. 3% max. 

Input Voltage 95-130 VAC; also available for 90-260 
VAC single phase 50-60 cycles 

Output Voltage 
Adjustable between 110-120; 220-240 
in 230 VAC models 

Load Range 0 to full load 

P.F. Range 
Down to 0.7 P.F: all S models tempera-
ture compensated 

NOTE:  REGULATORS CAN BE HERMETICALLY SEALED 

The ORIGINAL SORENSEN CIRCUIT is 
easily adapted to meet your special 
requirements. SORENSEN engineers are 
always available to solve any unusual 
problem not handled by the STANDARD 
SORENSEN LINE. JAN requirements can 
be met by all models. 

Write for detailed 
"Sorensen Regulator 
Performance Chart"' 

oe 

Copyright 1949 ,fforensen and company, inc. 
•   

375 Fairfeld Ave., Stamford, Conn 

(Continued from page 40A) 

Hammond, G. H., 66 Old Billerica Rd., Bedford 
Mass. 

Hebertstreit, W. B., Hughes Aircraft Company, 
Culver City. Calif. 

Hodgson, A. D., Barnes Bldg., Bridge St., Bridge-
town, Barbados, B. W.I. 

Linder, E. G., RCA Laboratories. Princeton, N. J. 
Margoslan, J. W., 75.34 113 St., Forest Hills, 

L. L. N. Y. 
Miller, G. A., 30 Sunset Blvd.. Ottawa, Ont., 

Canada 
OttemIller, W. H., Jr.. R.D. I. Seneca Falls. N. V 
Robins, B. W., 6021 Upsal St., Pennsauken. N. J. 
Suffield, F. G., 333 15 St., Manhattan Beach. Calif. 
Todd, S. R., 4711 Woodlawn Ave., Chicago 15, III. 
Winter, H.. 3514 E. Thaxton Ave., Albuquerque, 

N. Mex. 

Admission to Senior Member 

Brueckmann, H. L., 372 W. Park Ave., Oakhurst, 
N. J. 

Franklin, W. S., 3123 N. Pulaski Rd., Chicago 41, 

Harrison, C. E., 4530a W. Papin. St. Louis 10, Mo. 
Horton. A. W., Jr., 463 West St., New York 14, 

N. Y. 
Pearce, J. M., Electronics Section 1355, The Glenn 

L. Martin Company. Baltimore 3, Md. 
Stiles. K. P.. 106 Prospect St., Summit, N. J. 

Transfer to Member 

Ahrens. G. W., 2402 Avenue P. Galveston, Tex. 
Anderson. R. M., 4315 Virginia, Kansas City. Mo. 
Eastman. J. W., 4607 Harwood Dr.. Des Moines 12, 

Iowa  • 
Flynn. G., Radio Station WOW, Insurance Bldg.. 

Omaha 2, Neb. 
Franco. M., 527 N. Mott St.. Los Angeles .33. Calif. 
Hoff, K., c/o Stremshelm. Vei 2884, Oslo. Norway 
Karanjia, K. F., Patel Mansion. DeLisle Rd.. 

Lower Parel, Bombay, India 
McFadden, H. W., 1244 Dufferin St.. Toronto 4, 

Ont., Canada 
Monroe. W. J., Box 1581. New Orleans, La. 
Moore, H. H. 3601 College Ave.. Kansas City 3, 

Mo. 
Nicholson. T., 3614 E. 57 St., Kansas City 4, Mo. 
Phillips. F. S., 809 %V. 32 St.. Houston 8. Tex. 
Russ. W. E., 1503 S. Harvey Ave., Berwyn, 
Seigle. R. K., 1 Ash Dr., Great Neck, L. I., N. Y. 
Srivastava. T. N., Asst. Divisional Engineer Tele-

graphs, Eastern Court. New Delhi, India 
Threadgill. A. R., 103 Kenwyn Rd.. Oak Ridge. 

Tenn. 
White, M. F., 465 W. 162 St.. New York 32. N. Y. 

Admission to Member 

Basavaraju, T. V., 500 Riverside Dr., New York 27. 
N. Y. 

Capron, R. W., 3407 Trumbull Ave.. Detroit 8. 
Mich. 

Chaffee, M. A., 5 Brookwood St., Glen Head, N. Y. 
Crain, C. M., Engineering Bldg. 149. University of 

Texas. Austin. Tex. 
Deise, L. F., 1901 E. 31 St., Baltimore 18. Md. 
Durkee, C. H.. 1 Sylvan Lane, Old Greenwich, 

Conn. 
Firestone. W. L., 846 W. Montrose, Chicago 13, 

Gerhold, R. A., 1680 Metropolitan Ave., New York 
62, N. V. 

Goerke, V. H., National Bureau ot Standards, APO 
942. c/co Postmaster, Seattle. Wash. 

Greene J. C.. 2327 Rosedale St., Baltimore 16, Md. 
Hart, S. V.. Industrial Electronics, Inc., 2457 

Woodward Ave.. Detroit 1. Mich. 

(Continued on page 44A) 
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CYCLO-TROL 
RE GISTER 

The CYCLO-TROL* Register is the latest addition to the well-

known line of Cyclotron Impulse Registers. The some principle 

of operation which has gained for these registers such wide use 

and recognition is applied in this new unit to provide accurate 

control over a wide range of mechanical cycles. 
The CYCLO-TROL Register has two calibrated dials which con 

be instantly set by means of shaft thumbscrews to any number 

from 0 to 10,000. When pulsed by an external circuit, the 
CYCLO-TROL continues to register until the preset number of 

counts is reached. At this point, CYCLO-TROL's output circuit 

is completed and a contact is made to external circuit, thus 

actuating, as desired, operation under control. 

The CYCLO-TROL con be reset to original setting by merely 

pressing the button on top of register. By this simple step, repeat 

cycles of control can be secured as many times as desired. 

SPECIFICATIONS AND SPECIAL FEATURES 

Counting Rate:  60 impulses per second maximum 

Power Source: 

Power Supplied to 
Impulse Contact: 

Output Circuit: 

Dimensions: 

Weight: 

Made by the 
Manufacturers of 
these Famous 
Impulse Registers 

115 volts A.C. 

110 volts D.C.—self-contained 

50 volts D.C. (director to auxiliary relay) 

7"x 4"x 4" high 

5 pounds (approx.) 

APPLICATIONS OF CYCLO-TROL REGISTER 

The CYCLO-TROL Register is made available because of 

insistent demand from users of other types of Cyclotron 

Specialties Registers. Here are only a few of the many 

applications of this new unit — 

* Counting problems involving positive, accurate control 

over any number of revolutions or cycles up to 10,000. 

* Electrical circuits may be opened or closed at any 

predetermined number of counts. 

* Ideal for coil winding machines. The exact num-

ber of turns con be preset and machine stopped at 

exact point, making possible any number of identical 

coils. Operator needn't watch counter.., his attention 

can be concentrated on winding. 

• Trod. Mor4 
in Re 

Imme diate Delivery   
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ef.et 
TRANSFORMER 
gives you 

ADC Quality 
at 

LOW COST 

Designed to meet the needs of enlineers, 
experimenters and amateurs who *demand 
high quality at low cost, the new ADC 
Yeoman line provides many of the well-
known performance standards of the Qual-
ity Plus and Industrial series, also several 
items not previously offered. This has been 
accomplished primarily by improved pro-
duction engineering methods, standardiza-
tion of parts and a simplified type of con-
struction. 

The ADC Yeoman line includes: 
• Output Transformers with carefully bal-
anced windings offering unusually low 
distortion over a wide frequency range. 

• Interstage Transformers with balanced 
humbucking features providing equal 
push-pull grid voltages at high audio 
frequencies for inverse feedback circuits. 

• Power Transformers limited to 55°C. 
temperature rise and especially quiet in 
operation. 

• Replacement Units for Audio and TV 
circuits, miniatures, filament transformers, 
reactors, and many others. 

ADC invites your critical appraisal oj this 
new Yeoman line. 

ritudzs 7,eudeeft4 e 7effea 

Send for the new ADC catalog 
which you will find convenient to 
use in selecting almost any trans-
former you may need. Special re-
quirements not covered by the 
catalog will receive prompt at-
tention. 

Yeoman Series 

Quality Plus Series 

Industrial Series 

i4etd.Za DEVELOPMENT CO. 
2855-13th AVENUE SOUTH, MINNEAPOLIS 7, MINN. 
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Ingraham, K. R., Director Telecommunications. 
Box 48, Nassau, Bahamas 

Keyes, J. C., 4I4A NimItz Ave., China Lake. Calif. 
Kubicek, W. G.. Dept. of Physical Medicine. Medi-

cal School.  University of  Minnesota, 
Minneapolis 14. Minn. 

Lambert. C. 0., 758-B Crane Walk. Akron II. Ohio 
Neelands, L. J., 117 Parkside Ave., Syracuse, N. Y. 
Neubauer. J. R., 3118 Dillon Ave. Cheyenne, Wyo. 
Obermuller, W. F.. Caixa Postal 2726, Rio De 

Janeiro, Brazil 
Shama Rao, P. L.. 124 Sri Krishnorajendra Rd., 

Basavangudi, Bangalore. South India 
Toufexis, S., The Delehanty Radio Institute, 105 E. 

13 St., New York 3, N. V. 
Wembold, R I. 480 E. 23 St.. Brooklyn 26. N. Y. 

The following admissions to Associate 
were approved and are effective as of 
August!, 1949: 

Aarons, C. R.. 631 W. Ellet St., Philadelphia. Pa. 
Arnold, A.. Jr.. 6026 Madison St., West New York. 

N. J. 

Rant in, W. F.. 4166 St. Catherine St., W., Montreal. 
Que.. Canada 

Reiser. F. D.. 532 Thatcher. River Forest, Ill. 
Bell. W. I., R D. 1, Coatesville, Pa. 
Bergman, L. C. H. M., Government Radio and 

Telephone  Administration,  Willemstad 
Curacao. Netherlands West Indies 

Boyd. D. B., General Delivery, Hilliards, Pa 
Bryant. R. M., Jr., Pines Lake E.. Box 307, Pater-

son, N. J 
Buck, D. T., 37-41 Marcy St.. Freehold, N. J. 
Dula, J. E., 10217 Ave. M, Chicago 17, 
Edens. R. L., 1015 S. Fifth St.. Waco, Tex. 
Eslava. E. It.. Apartado Postal No. 1106, Bogota. 

Columbia 
Fujimoto, J. J.. 5327 N. Winthrope Ave. Chicago 

40,111. 
Gatch. C. It.. Box 444, St. George. S. C. 
Ghose, B. N.  11-42 Panditia Rd., Ballygunge. 

Calcutta 29, India 
Goddard. C. A.. 6517 Kimbark Ave., Chicago 37. 

Gudzin, M. G., 3259 Queenstown Dr., Mt. Rainier. 
Md. 

Hall, F. C., 5331 W. Congress. Chicago 44. III. 
Hall. R. E , 43 Leon St.. Boston 15. Mass. 

Harris, R. B., Taylor Instrument Co., 95 Ames 
St., Rochester I. N. Y. 

Hodgkinson. W. S., 58 Adella Ave.. West Newton. 
Mass. 

Holt, C . 111. Box 1372. Wright Patterson A.F.B.. 
Dayton, Ohio 

Hooper, F. E., 1120 19 St., S., Arlington, N'a. 
lannotti, J. D., 606 W. South St Angola, Ind. 
Johnston, J. L., 223 %V. Park. Pittsburg. Kan. 
Kilpatrick. I— L., 3981 Menlo Ave.. Los Angeles 

37. Calif. 
King, R. L., Box 313, Lockbourne A.F.B Colum-

bus 17. Ohio 
Knox, R. M., 818-B S. Catalina Ave., Redondo 

Beach, Calif. 
Kofler. E. J., 1409 Franklin St.. Racine, Wis. 

Lambert. R. 1., 550 Arlington Pl., Chicago 14, III. 
Lombard, W. A., 2560 Lalla St., Beaumont, Tex. 
Marchetta, P.. ASW Branch, Aeel Nada, Johnsville. 

Pa. 

Marlieine, E. A., 2173 N. 70 St., Wauwatosa 13, 
Wis. 

Marsh, S. V., 1308 W. Rosedale St.. Chicago 40, III. 
Mattern. J., 1724 Patton Dr.. Schenectady 7. N. V. 
Mehta, 0. N., 2 Royal Hotel Jubbilpore C. P. 

India 

Mohan. M. A.. Tech. Officer, Civil Aviation Dept.. 
Radio Development Unit. Factory Rd.. 
New Delhi, India 

(Continued on Noe 474) 
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Collins 51J-1  0.5 to 30.5 mc radio rocrilvor. 

Normally furnishild for rack mounting. 

An ideal raffia instrument for laboratory frequency measuring 

The new Collins 51J-1 communications receiver is 
a double conversion superheterodyne of such 
extreme accuracy and stability that it is admir-
ably suited for use in the laboratory as a depend-
able secondary frequency standard. 
The 51J-1 is permeability tuned throughout. 

It is continuously tunable over a frequency range 
of 0.5 to 30.5 megacycles. This range is divided 
into 30 bands of 1,000 kc each. The tuning mech-
anism is based on a decade system in which the 
megacycle figure is set by means of a band switch. 
The 100 kc figure is indicated on the slide rule 
dial and the kilocycle figure on the circular dial. 
Under normal operating conditions and with a 
10-minute warmup, the dial reading is within 2 
kc of the receiver's exact frequency throughout 
the frequency range. Dial accuracy is improved 
by means of a crystal calibrator and dial correc-

tor which are included. 
Frequency over the temperature range —20°C 

to -I-60°C does not vary from the frequency at 
20°C by more than 30 parts per million plus 1 kc; 
thus the frequency stability is within 2 kc at the 
highest operating frequency. Frequency does not 
vary more than 100 cycles from the frequency at 
115 line volts when this voltage is varied through 
the range 105 to 125. Changes in atmospheric 
pressure from sea level to 10,000 feet altitude, 
relative humidity from 10 to 90%, and mild 
shock, do not vary the frequency of the 51J-1 

by more than 500 cps. 
This new time and labor saving instrument is 

also an excellent all around communications 
receiver of advanced design, with outstanding 
operating characteristics. We will be glad to give 
you more complete information on request. 

IN RADIO COMMUNICATIONS, ITS ... 

COLLINS RADIO CO MPANY, Cedar Rapids, Iowa 

11 W. 42nd St.  2700 West Olive Ave 

NEW YORK 18  BURBANK 

M c W Townr 

DALLAS 1 

Talbot Bldg.  Fountain City Bank Bldg. 
DAYTON 2  KNOXVILLE 

PROCEEDINGS OP THE I.R.E.  SePtrmber, 1949 
•15A 



mie 

7,] 

44A 

Pszt 

4v1" 

g--tgb 

40 

flanges ... 
MI" RIGID COAX-I/4" I.C. 

Ye RIGID COAX. Bead Supported  $1.20 
SHORT RIGHT ANGLE BEND  $2.50 
Rotating joint, with deck mounting  $1500 
RIGID COAX, slotted section CU-60/AP .$5.00 
"5" BAND "Y" JUNCTION. SQ. FLANGES 

$65.00 
1/s" RIGID COAX-Vs" I.C. 

1/4" RIGID COAX ROTARY JOINT. PRESSUR• 
1ZED.  SPERRY  #810613.  GOLD  PLATED 

S27.50 
Dipole assembly. Part of SCR 584 .52500. ea. 
Rotary joint. Part of SCR-584  $35.00 ea. 
RIGHT ANGLE BEND, with flexible coax output 
pick-up loop   $800 

SHORT RIGHT ANGLE bend, with pressurizing 
nipple    $300 

RIGID COAX to flex coax connector  $3.50 
STUB-SUPPORTED RIGID COAX, gold plated 
5' lengths. Per length  $500 

RT. ANGLES for above  $2.50 
RT. ANGLE BEND 15" L. OA  $3.50 
FLEXIBLE SECTION. 15" L. Male to female 

$4.25 
MAGNETRON COUPLING to 1/4" rigid coax, 
with TR pickup loop, gold plated  $7.50 

FLEX COAX SECT. Approx. 30 ft.  $16.50 

MISCELLANEOUS 

Type "N" patching cord UGII/U female to 
UG9/U using RG5/U cable 12" long ..$2.25 ea. 

MICRO W AVE PLU MBING & ACCESSORILS 

1.25 CENTI METER 

"X" BAND DIRECTIONAL COUPLER CU104/ 
AP5-34 20 DB  $49.50 ea. 

"K" BAND FEEDBACK TO PARABOLA HORN, 
with pressurized window  $30.00 

MITRED ELBO W cover to cover  $4.00 
TR/ATR SECTION choke to cover  $4.00 
FLEXIBLE SECTION 1" choke to choke  $5.00 
ADAPTER, rd. cover to sq. cover  $5.00 
MITRED ELBO W and S sections choke to cover 

$4.50 
WAVE GUIDE 1/2  x 1/4  per ft.   $1.00 
K BAND CIRCULAR FLANGES  Soy 

10 CENTI METER 

WAVEGUIDE TO 7/8" RIGID COAX "DOOR-
KNOB"  ADAPTER.  CHOKE  FLANGE. 
SILVER PLATED. BROAD BAND 
 $49.50 EACH 

WAVEGUIDE DIRECTIONAL COUPLER. 27 
db. Navy type CABV-47AAN. with 4 in. 
slotted section  $42.50 

SQ. FLANGE to rd choke adapter, 18 in. 
long OA l'/2 in. x 3 in. guide, type "N" 
output and sampling probe  $32.00 

10 cm. waveguide to T/8" rigid coax doorknob 
transition, 21" high with 8" slotted section 

$52.50 ea. 
10 cm, flexible section 4 feet long ....$42.50 ea. 
10 CM. FLANGES, UG65/U  $8.50 
UG6S/U 10 CM, FLANGE  $88.50 
ADAPTER 11/2 x 3 TO 1" x 2". SQ. 10 CM 
FLANGE TO SO 5 CM CHOKE   $57.50 

KLYSTRON MOUNT W/TUNABLE MATCHING 
OUTPUT  TO  TYPE  "N"  CONNECTOR 
SOCKET 8 TUBE CLAMP INCLUDED ..$12.50 

"5" BAND CRYSTAL MOUNT, gold plated, with 
2 type "N" connectors  $12.50 

PICKUP LOOP, Type "N" Output  $2.75 
TR BOX Pick-up Loop  $1.25 
PO WER SPLITTER: 726 Klystron input, dual 
"N" output    $5.00 

MAGNETRON TO WAVEGUIDE coupler with 
721 -A duplexer cavity, gold plated ....$27.50 

10  CM  WAVEGUIDE  SWITCHING  UNIT, 
switches I input to any of 3 outputs. Stand-
ard 11/2" x 3" guide with square flanges. Com-
plete with 115 vac or dc arranged switching 
motor. Mfg. Raytheon. CRP 24AAS. New and 
complete ..........  .  .. $15000 
I1) CM END-FIRE ARRAY POLYRODS ..$1.75 ea. 
"5" BAND Miner Assembly, with crystal mount. 
pick-up loop, tunable output  $3.00 

72I-A TR CAVITY WITH TUBE. Complete with 
tuning plungers   $12.50 
10 CM McNALLY CAVITY Type SG  $3.50 
WAVEGUIDE SECTION, MC 445A, rt. angle 
bend. SY?" ft. OA. 8" slotted section ..$21.00 

10 CM OSC. PICKUP LOOP. with male Home-
dell output    $2.00 

10 CM DIPOLE WITH REFLECTOR in lucite 
ball, with type "N" or Sperry fitting  44.50 

10 CM FEEDBACK DIPOLE ANTENNA. in luc-
ite ball, for use with parabola 7/6" Rigid Coax 
Input   58 00 

PHASE SHIFTER.  10 CM WAVEGUIDE. WE 
TYPE  ES-6838I6.  E PLANE TO H PLANE 
MATCHING SLUGS  595 00 

72IA TR cavities. Heavy silver plated  $2 00 ea. 
10 cm. horn and rotating joint assembly, gold 
plated  $65.00 ea. 

10 cm, right angle bend "E" or "H" plane. less 
$17.50 ea. 

AN/TPS-1B flanged nipple and insert assembly 
for rotary coupling   $3.75 ea. 

Pulse connector Navy type 49579   $1.50 ea. 
Transmission line pressure gauge. 2" 15 lbs. 

$1.85 ea. 
Pulse cable assembly Western Electric type 
DI63262. 10 feet long   $4.50 ca. 

Holmdel! Jack Western Electric #B0-12962•1 
D.B. #1-102X  $3.75 ea, 

Adaptor type "N" RG8/U to RGI7/U or I8/U 
cable   $4.50 ca. 

ADAPTER TYPE "N" TO RG•I7/U CONNEC-
TOR     $5.50 

F-29/SPR-2 HIGH PASS FILTER P/0 AN/APR. 
SAX. TYPE "N" CONNECTORS   $12.50 

Magnetron coupling to Vs rigid coax . $5.00 ea. 
Hand pumps for pressurizing transmission line 
with humidity indicator  $12.50 ea. 

MARINE RADAR 

SO-I AND SO-8 RADAR SETS, Complete, in 
Used but Excellent Condition. 10 CM Surface 
Search using 2126 or 2127 Magnetron, 70713 Mixer. 
PP1 Indicator, Input 1 15VDC. Used on Mer-
chant Ships throughout the world. FCC Ap-
proved. Guaranteed. $1250.00. 

TEST EQUIPMENT 

TS-268/U crystal test set for 
checking  I N2I,  I N21 A, 
I N21 B.  1 N23,  1 N23A. 
1N238 crystals. New $35.00 

TS-I I7GP  10  CM  WAVE-
METFR TEST SET.  Mfg. 
"Sperry 2400-3400 MC. 
Micrometer  Adj.  Co-
axial Cavity, Freq. Mean 
by absorption or trans-
mission method. Mounts 
Crystal Current Meter 8, 

Calib. Chart   $145.00 
VS WR AMPLIFIER TS-I2/AP. Unit 1 3 stages 
of Amplif.  and  Diode  Rectifier w/direct 
VS WR. reading on meter. 115 volts 60 cyc. AC 
operation w/lnst. BK and CCT diag. New 
•  $235.00 

SLOTTED LINE PROBE and Matched Termina• 
tion incld'g Accessories TS-I2/AP Unit 2 incl. 
UG8I/U. CG92/U, CG9I/U, CG89/U, UG79/U. 
CG87/U, MXI58/U, CG-88/U, CG/90U, UG/80U 
plus Tools. New   $135.00 

COMPLETE 15-I2/AP UNITS 1 AND 2  $350.00 
10 CM ECHO BOX CABV 14A8A-1 of OBU-3. 
2890 MC to 3170 MCS, direct reading micro• 
meter head. Ring prediction scale plus 9% to 
minus 9%. Type "N" input. Resonance indi-
cator meter. New and Comp. w/access. Box 
and 10 CM Directional Coupler  $350.00 

3 CM RECEIVER. SO-3. Complete with W.G. 
Miner Assy (723 A/B) Reg. Fil. Power Supply 
6 Stages IF (6AC7)  $99.56 
10 cm. horn assembly consisting of two 5" dishes 
with dipoles feeding single type "N" output. 
Includes UG28/U type "14" "T" junction and 
type "N" pickup probe. Mfg. Bernard Rice, 
RGH/U cable. New  $15.50 ea. 

10 cm. cavity type wavemeters 6" deep 61/4" 
in diameter. Coax. output. Silver plated 

$64.50 ea. 
10 cm, echo box. Part of SF-1 Radar with 115 
volt DC tuning motor Sub Sig 1118A $47.50 ea. 

TS33AP  WAVEMETER,  MICROMETER  AD). 
TYPE "N" FITTINGS  $125.00 

THERMISTOR BRIDGE: Power meter I-203-A. 
10 cm. mfg. W.E. Complete with meter, inter. 
polation chart, portable carrying case  $72.50 

W. E. I. 138. Signal generator. 2700 to 2900 Mc. 
range. Lighthouse tube oscillator with attenua-
tor 8 output meter. 115 VAC input, reg. Pwr. 
supply. With circuit diagram  $5000 

3 cm. Wavemeter: 9200 to 11.000 mc. transmis• 
sion type with square flanges  $15.00 

3 cm. stabilizer cavity, transmission type  520.00 
3 cm. Wavemeter, Micrometer head mounted on 
X-Band guide. Freq, range approx. 7900 to 
10.000 Mc  $75.00 

TS-238 GP. 10 cm. Echo bow with resonance in-
dicator and micrometer adjust cavity, 2700 to 
2900 Mcs calibrated as shown  $85.00 

Bell Labs, Dual Mount mixer-beacon assemblies. 
2 complete mixer-beacon mounts on gold 
plated waveguide section  $5000 

"X" band klystron mount, shielde0 with rough 
ettenuator output   $65.00 

TS-108A/P DUMMY LOAD  $65.00 
3 CM, HORN AT-48/UP Model 710. Type "N" 
input. Hvy. Silver Plated  $6.50 

MICRO WAVE ANTENNAS 
SO-3 RADAR 3 CM. SURFACE 
SEARCH ANTENNA. Complete 
with 24 VDC Drive Motor, Selsyn. 
Gear  Mechanisms,  "X"  Band 
Slotted "Peel" Reflector. Less 
Plumbing  $135.00 
As Shown 

APS-I5 Antennas. New _ 399.50 
AN MPG-I Antenna. Rotary feed 
type high speed scanner antenna 
assembly, including horn pa w 

bolic reflector. Less internal mechanisms. 10 
deg. sector scan. Approx. 12'L x 4'W  3'H 
Unused. (Gov't Cost-$4500.00)  $250.00 

APS-4 3 cm. antenna. Complete. 141/2 dish. Cut 
ler feed dipole directional coupler, all stand 
ard 1" X 1/2" waveguide. Drive motor and gear 
mechanisms for horizontal and vertical scan 
New,  complete   $65.00 

AN/TPS3. Parabolic dish type reflector approx. 
10' diem. Extremely lightweight construction 
New in 3 carrying cases  $89.50 

RELAY  SYSTEM  PARABOLIC  REFLECTORS: 
approx. range: 2000 to 6000 mc. Dimensions-
x 3' rectangle. now  $35.00 

TDY "JAM" RADAR ROTATING ANTENNA. 10 
cm. 30 deg. beam. 115 v.e.c. drive. New 

5100.00 
SO-13 ANTENNA, 24" dish with feedback dipole 
360 deg. rotation, complete with drive moto , 
and selsyn. New  $128.00 
Used  $45.00 

DBM ANTENNA. Dual, back-to•back parabolas 
with dipoles. Freq. coverage 1,000-4,500 mc 
No drive mechanism  $65.00 

AS125/APR Cone type receiving antenna, 1080 to 
3208 megacycles. New  $4.50 

140400 MC. CONE type antenna, complete with 
25' sectional steel mast, guys, cables, Carrying 
case, etc. New  $49.50 

ASD 3 cm. antenna, used, ex. cond.  $49.50 
YAGI ANTENNA AS-46A, APG-4, 5 elements 

$14.50 ea. 
R. F. EQUIPMENT 

LHTR. LIGHTHOUSE ASSEMBLY. Part of RT-
39/APG-5 & APG-I5. Receiver and Transmitter 
Lighthouse Cavities with assoc. Tr. Cavity and 
Type N CPLG. To Rev,. Uses 2C40, 2C43, IB27. 
Tuneable APX 2400-2700 MCS. Silver plated 
  $49.50 

Receiver transmitter. Rt-39A/APG-5 10 cm. gun 
laying RF package using 2C40 and 2C43 new 

 $150.00 ea. 
APS-2 10CM RF HEAD COMPLETE WITH HARD 
TUBE  (71581  Pulser,  714  Magnetron  4I7A 
Mixer all 1/4" rigid coax. incl. Kyr. front end 

Beacon lighthouse cavity 10 cm  with min$i2a1 rre 
28 volt DC FM motor. Mfg. Bernard Reicae 
 $4   

T-128/APN-I9 10 cm. radar Beacon transmitter 
package, used, less tubes  $59.50 ea. 

SO-3 "X" bane 3 cm RF package, new corn• 
plete, including receiver unit as illustrated on 
Page 337, Volume 23 RAD LAB Series  . 

 $375.00 ea. 
Pro-amplifier cavities type "M" 7410590GL to 
use 446A lighthouse tube. Completely tunable 
Heavy silver plated construction .437.50 ea. 

RT32/APS 6A RF HEAD. Compl. with 725A 
Magnetron magnet pulse xfmr. TRA•ATR. 723 
A/B local osc, and beacon mount, pre am-
plifier. Used but exc. cond.  $97.50 

AN/APS-I5A "X" Band compl. RF head and 
modulator. incl. 725•A magnetron and mag-
net, two 723A/B klystrons (local one. & bea-
con), 1824, TR, row-amp!. duplexer. HV sup-
ply, blower, pulse xtrnr. Peak-Pwr Out: 45 
KW apx. Input: 115, 400 cy. Modulator pulse 
duration .5 to 2 micro-sec. apx. 13 KV Pk 
Pulse. Compl. with all tubes in.:1. 715-8 8298, 
RKR 73, two 72's. Compl, pkg.. new . $210.00 

AP1,,St-015,11. Complete pkg, as above, less modu-

"S"BAND AN/APS-2. Com plete RF head Marill 
modulator, including magnetron and magnet. 
417-A mixer, TR, receiver, duplexer, blower, 
etc., and complete pulser. With tubes, used. 
fair condition  $75.00 
10 CM, RF Package. Consists of: SO Xmtr.-re-
Ceiver Using  2)27 magnetron oscillator. 250 
KW peak ini  q  •er  $150.00 

WRITE FOR 
LATEST FLYER ! 

ALL MERCHANDISE GUARANTEED, MAIL ORDERS PROMPTLY FILLED. ALL PRICES F.0 B. 

NEW YORK CITY. SEND MONEY ORDER OR CHECK ONLY. SHIPPING CHARGES SENT 

C.O.D. RATED CONCERNS SEND P. 0. MERCHANDISE SUBJECT TO PRIOR SALE 

CO M M U NICATI O NS EQ UI P ME NT CO. 
131 "1 8" Liberty St., New York, N.Y.  Cable "Comsupo" Ph. Digby 9-4124 
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3 CM RECEIVER 

SO-3.  Complete With 
W.G. Mixer Assy (723 
A/B) Reg. Fil. Power 

III Supply,  6 Stages  IF 

(6AC7)  $99.50 

3 CENTIMETER 
(STD. I" a 1/2 " GUIDE, UNLESS OTHERWISE 

SPECIFIED) 
3 cm. 180° bend with pressurizing nipple  ... 
 $4.118 ea. 

3 cm. 90° bend. 14" long 90 twist with pres-
surizing nipple  $4.00 ea. 

3 cm. "5" curve 18" long  $5.50 ea. 
3 cm. "S" curve 6" long  $3.50 ca. 
3 cm. right angle bends. "E" plane 18" long 
cover to cover  $6.50 ea. 

3 cm. Cutler feed dipole. II" from parabola 
mount to feed back  $8.50 ea. 

3 cm. directional coupler. One way waveguide 
output  $15.00 ea. 

ATR section for mounting 1824 with 72IA ATR 
cavity. Iris coupling flange. Choke to choke 
 $12.50 ea. 

APS-3I mixer section for mounting two 2K25's 
Beacon reference cavity 1824 TR tube. New 
and complete with attenuating slugs $42.50 ea. 

DUPLEXER SECTION for 11324  $10.00 
CIRCULAR CHOKE FLANGES, solid brass  .55 
SO. FLANGES, FLAT BRASS  ea.  .55 
APS-10 TR/ATR DUPLEXER section with addi-
tional iris flange  $10.00 

FLEX. WAVEGUIDE  $4.00/Ft. 
TRANSITION 1 a l/2 to 11/4 a sA, 14 in, L „ WOO 
"X" BAND PREAMPLIFIER, consisting of 2-723 
A/B local oscillator-beacon feeding wave-
guide and TR/ATR Duplexer sect, inc. 60 mc 
IF amp  $42.50 

Random Lengths wavegd. 6" to 18" Lg. $1 10 Ft. 
WAVEGUIDE RUN, 11/4 " x 1/2" guide, consisting 
of 4 ft. section with Rt. angle bend on one 
end 2" 45 deg. bend other end  $8.00 

WAVEGUIDE RUN, 11/4 " x 1/2 " guide, consisting 
of 4 ft. long   $10.00 

"X" BAND PRESSURIZING gauge section w/15-
lbs. gauge & Pressurizing Nipple  $18.50 

45 DEG. TWIST 6" Long  $10.00 
ROTARY JOINT with slotted section and type 
"N" output pickup  $17.50 

WAVEGUIDE SECTION. 12" long choke to cover 
45 deg. twist & 21/2 " radius, 90 deg. bend $4.50 

SLUG TUNER/ATTENUATOR, W.E. guide, gold 
plated  $6.50 
nvisl 90 deg. 5'' choke to Cover w/press nip-
ple  $6.50 

WAVEGUIDE SECTIONS 21/2  ft. long silver 
plated with choke flange  $5.75 

ROTARY JOINT choke to choke  $17.50 
ROTARY JOINT choke to choke with deck 
mounting   $17.50 

3 cm. mitred elbow "E" plane unplated.... 
 $6.58 ea. 

5CM. 
2" a 1" RT, ANGLE BEND CHOKE TO COVER. 
SILVER PLATER  $38.513 

WAVEGUIDE MIXER CV-I2A/APR-6  $55.00 
RAPID W. G. FASTENING CLAMPS  $5.00 

Tube 
2.13I 
2.121-A 
2122 
2126 
2127  2965-2992 mc. 
2132  2780-2820 mc. 
2137 
2138 Pkg. 3249-3263 mc.  S KW. 
2139 Pkg. 3267-3333 mc.  87 KW. 
2140  9305-9325 mc.  10 KW. 
2149  9000-9160 mc.  58 KW. 
2.134 
2161  3000-3100 mc.  35 KW. 
2162  2914-3010 mc.  35 KW. 
3131  24.000 mc.  50 KW. 
5130 
714AY 
718DY 
7206Y  2800 mc.  1000 KW. 
720CY 
725-A  9345-9405 mc.  50 KW. 
730-A  9345-9405 mc.  50 KW. 
728  AY, BY, CY, DY, EY, FY, GY 
700  A. B, C. D 
706  AY, BY, DY, EY, FY, GY 
Klystrons.  723A/6 $12.50; 7078 

W/Cavity 
417A $25.00 

MAGNETRONS 
Fig, Range  Pk. Pwr. Out 
2820-2860 mc.  265 KW. 
9345-9405 mc.  50 KW. 
3267-3333 mc.  265 KW. 
2992-3019 mc.  275 KW. 

275 KW. 
285 KW. 

2K41 

Price 
$25.00 
$25.00 
$25.00 
$25.00 
$25.00 
$25.00 
$45.00 
$35.00 
$35.00 
$65.00 
$85.00 
$55.00 
$65.00 
$65.00 
$55.00 
$39.50 
$25 00 
$25.00 
$50.00 
$5000 
$25.00 
$25.00 
$50.00 
$50 00 
$50.00 
$20.00 

$65.00 

COMMUNICATIONS 
EQUIPMENT CO. 

131 "I 8" Liberty St., New York, N.Y. 

MAGNETRON MAGNETS 

Gauss  Pole Diam.  Spacing  Price 
4850  3/4 in.  Ve in.  $12.50 
5209  21/32 in.  Y4 in.  $17.50 
1300  13/4  in.  1 5/16 in.  $12.50 
1860  I sit) in.  11/2  in.  $14.50 
Electromagnets for magnetrons  $24.50 ea. 

TUNABLE PKGD. "CW" MAGNETRONS 
OK 61 2975-3200 mc.  OK 62 3150-3375 mc. 
OK 60 2800-3025 mc.  OK 59 2675-2900 mc. 
New, Guaranteed  Each $65.00 

PULSE EQUIPMENT 

PULSE TRANSFORMERS 
G.E.K.-2745   $39.50 
G.E.K.-2744-A. 11.5 KV High Voltage, 3.2 KV 
Low Voltage @ 200 KW oper. (270 KW max.) 
I microsec. or 1/4  microsec. @ 600 PPS $39.50 

W.E. :0166173 Hi-Volt input transformer, W.E. 
Impedance ratio SO ohms to 900 ohms. Freq. 
range: 10 kc to 2 mc. 2 sections parallel con-
nected, potted in oil  $36.03 

W.E. KS 9800 Input transformer. Winding ratio 
between terminals 3-5 and 1-2 is 1.1:1, and 
between terminals 6-7 and 1-2 is 2:1. Fre-
quency range: 380-520 c.p.s. Permalloy core 
  56.00 

G.E. :K2731 Repetition Rate: 635 PPS, Pri. Imp: 
50 Ohms. Sec. Imp: 450 Ohms. Pulse Width: 
1 Microsec. Pri. Input: 9.5 KV PK. Sec. Out-
put: 28 KV PK. Peak Output: 800 KW. Riflar 
2.75 Amp.  $64.50 

W.E.  :D169271  Hi Volt input pulse Trans-
former   $27.513 

G.E. K2450A. Will receive I3KV. 4 micro-second 
pulse on pri., secondary delivers I4KV. Peak 
power out 100KW G.E  $4.50 

G.E. :K2748A. Pulse Input, line to magnetron 
  $36.00 
9280 Utah Pulse or Blocking Oscillator XFMR 
Freq. limits 790-810 cy-3 windings turns ratio 
1:1:1 Dimensions 1 13/16 a 11/4 " 19/32 .• .$1.50 

PULSE NETWORKS 
I5A-1-400-50: 15 KV, "A" CKT, 1 microsec.. 
400 PPS. 50 ohms imp.  $42.50 

G.E.  :6E3-5-2000-50P2T, 6KV. "E" circuit, 3 
sections, .5 microsecond, 2000 PPS, 50 ohms 
impedance  $6.50 

G.E. :3E (3-84-810; 8-2.24-405) 50P41; 3KV "E" 
CKT Dual Unit: Unit I, 3 Sections. .84 Micro-
sec 

810 PPS, 50 ohms imp.: Unit 2, 8 Sections, 2.24 
microsec. 405 PPS, SO ohms imp.  $6.50 

7.5E3-1-200-67P. 7.5 KV. "E" Circuit, 1 microsec. 
200 PPS, 67 ohms impedance, 3 sections .$7.50 

7.5E4-16-60.67P. 7.5 KV, "E" circuit, 4 sections, 
16 microsec. 60 PPS, 67 ohms impedance $15.00 

7.5E3-3-200-6PT. 7.5 KV, "E" Circuit, 3 microsec. 
200' PPS, 67 ohms imp., 3 sections  $12.50 

DELAY LINES 

0-168184: .5 microsec. up to 2003 PPS, 1800 ohm 
term.   $4.00 
0-170499: .25/.50/.75, microsec. 8 KV. 50 ohms 
imp.  $16.50 

D-I65997: 11/4  microsec.  $7.50 

MODULATOR UNIT BC 1203-8 
Provides 200-4,000 PPS, Sweeptime: 100 to 2,500 
microsec. in 4 steps fixed mod, oulse, sup-
pression pulse,  sliding  modulating  pulse, 
blanking voltage, marker pulse, sweep volt-
ages, calibration voltages. fl. voltages. Op-
erates 115 vac. 50-60 cy. Provides various 
types of voltage pulse outputs for the modu-
lation of a signal generator such as General 
Radio :8048 or :804C used in depot bench 
testing of SCR 695, SCR 595, and SCR 535. 
New as shown   $125.00 

MIT. MOD. 3 HARD TUBE PULSER: Output 
Pulse Power: 114 KW (12 KV at 12 amp.). 
Duty Ratio: .001 max. Pulse duration. 5. 1.0 2.0 
microsec. input voltage: 115 v. 400 to 2400 
cps. Uses 1-715-8, 1-829-B, 3-'72's, 1-'73. New 
  $110.00 

APO-I3 PULSE MODULATOR. Pulse Width .5 
to 1.1 Micro. Sec. Rep. rate 624 to 1348 Pps. 
Pk, pwr. out 35 KW. Energy 0.018 Joules 
  $49.00 

TPS-3 PULSE MODULATOR. Pk. power 50 amp. 
24 KV (1200 KW ph): pulse rate 203 PPS, 1.5 
MICIOSeC.. pulse line impedance 50 ohms. Cir-
cuit-series charging version of DC Resonance 
type. Uses two 705-A's as rectifiers. 115 v. 400 
cycle input. New with all tubes  $49.50 

APS-10 MODULATOR DECK. Complete, less 
tubes   $75.00 

APS-I0 Low voltage power supply, less tubes 
  $18 50 

BC 1277A Sig. Generator  $30000 
APR4. Receiver 300-2000 mc.  $475.00 
CPD 10137 Dehydrating Unit  $425.00 
APR5A. Complete antenna. 10 cm wave' 
guide  $185.00 

Sylvania 10 cm. Sig. Generator using 7076 
W/WG below cutoff attenuator  $325.00 

(Continued from page 444) 

Neilsen, I. R., Microwave Laboratory. Stanford 
University, Stanford, Calif. 

Palmer, C. E.. Jr. 1039 Investment Bldg.. 15 & K 
Sts., N W., Washington 5, D. C. 

Platter, A. V.. R.D. 1, Salt Point Rd.. Poughkeepsie, 
N. Y. 

Pope. L. A., 6040 N. Winthrop, Chicago 40. III. 
Prouty, G. S.. Jr., Wauwinet House. Nantucket 

Island, Mass. 
Rayasa. N. G.. Asst. Works Manager. Indian 

Ordnance Service Gun Carriage Factory, 

Jubbulpore. C.P.. India 
Rayasa. R. G., Radio Sonde Section Observatory. 

Lodi Rd.. New Delhi. India 
Robinson. T.. 15392 12 Detroit 3, Mich. 
Rous. W. H.. 1830 S. 54 Ave.. Cicero 50. III. 
Seaton, A. F., 1126 W. 17 St.. Los Angeles IS. Calif. 

Seid. E., 3011 Fourth Ave., Los Angeles 16, Calif. 
Squires. C., 36 Bedford Park Blvd.. New York 58, 

N. Y. 
Steward. R. H.. 315 Second St., Angola. Ind. 

Stimson, R. L., .318 Rockdale Ave.. Cincinnati 29, 
Ohio 

Stone, P E., Lendrick. 45 St. Mark's Crescent, 
Maidenhead. Berks.. England 

Taylor, A. D., Shell Oil Company. Inc.. 3737 
Bellaire Blvd  Houston 5, Tex. 

Taylor, E. S., 227 E. 57 St.. New York 22, N. Y. 
Underberger. G. M.. 1819 Cota Ave.. Long Beach. 

Calif. 
Valentine. P. T.. 250 Myrtle Ave.. Boonton, N. J. 
Weiss. S. B. Ho. 1804 AACS Group, APO 942, c/o 

Postmaster. Seattle, Wash. 

Welch, C. A., 3778 St. Johns Tern, Cincinnati, 
Ohio 

Willson, W. C.. Jr., Radio Station KCLO, Leaven-
worth, Kan. 

Yashin. N.. 9524 Dungan Rd.. Bustleton, Philadel-
phia IS. Pa. 

The following transfers to the Associate 
grade were approved to be effective as of 
May 1, 1949: 

Arfin, B.. 2088 Mohegan Ave., New York 60. N. 
Austin, C. S., 3 Remington St. Dorchester 24. Mass 
Brooks. R. W., c/o Engineering Department 

Barber-Colman Co.. Rockford. III. 

Ellowitz, H. I., 38-3 Garden Circle, Waltham. Mass. 
Fairbanks, L. F., 11 Everett St., East Boston 2P. 

Mass. 
Farrell. C., BOQ Bldg. 600, Naval Air Station, 

Pensacola. Fla. 
Fowler, B. V., 159 Osage Alley. San Francisco 10 

Calif. 
Fristensky, C. A.. 802 Prospect Ave., Ridgefield, 

N. J. 
Gardener, G. F.. 214 Maple Ave., Hollidaysburg, 

Pa. 
Goldfisher, J., 5629 North 16 St., Philadelphia 41, 

Pa. 
Hanft. H.. 711 New Jersey Ave., Brooklyn 7, N. Y. 
Hansen, R. C., 809 South Fifth St.. Champaign, Ill. 
Helgeson, W. B., General Electric Co., 2231 E. 

State St., Trenton 9, N. J. 
Jacob, F. C., 48 College Park, Davis, Calif. 
Lethin, J. E., 702 Orange St., New Haven, Conn. 
Moore, S. F., 637 Sixth St.. Huntington, W. Va. 

Morita, T., 92 Heals St., Brookline, Mass. 
Naylor. A. F., 147-D Wallworth Park, Haddonfield, 

N. J. 
Nemcovsky, R., R.F.D. I. East Haddam, Conn. 
Neubert, II. A., Jr., 414 Morris St., Woodbury, 

N. J. 
Novick, G., 768 Rockaway Ave.. Brooklyn 12, N. Y. 
Portz, O., 2633 First Private Rd., Flossmoor, Ill. 
Quateman, M. H., 6151 N. Winthrop Ave., Chicago 

40. III. 

(Continued on page 494) 

PROCEEDINGS OP THE I.R.E.  September, 1949 
47a 



11111 ;mall 

d-c capacitors for use 
in ambient temperatures 

up to 125°C 

General Electric announces a new line of Perma-
fil d-c paper-dielectric capacitors designed 
especially for operation in high ambient tem-
peratures. They require no derating for tem-
peratures up to 100°C and can be used up to 
125° C. 
Hermetically sealed in metallic containers, 

these new units are available in case styles 61, 
63, 65 and 70, as covered by Joint Army-Navy 
Specifications J1N-25-C, in ratings of 0.10 to 
4.0 muf 600-, 1000- and 1500-volts. Permanent. 

GENERAL 

fl&AD 
FOR 

Motors 
Luminous-tube 
transformers 

Fluorescent lamp 
ballasts 

Industrial control 

Radio filters 

Radar 

Electronic equipment 

Communication 
systems 

Capacitor discharge 
welding 

AND MANY OTHER 

Permafil capacitors are similar in appearance and con-
struction to other General Electric paper-dielectric capac-
itors. Permafil, the impregnant, has excellent insulating 
properties at high temi)era t tires. 

ly sealed silicone bughings are provided on all 
types. 
Permafil capacitors were developed to provide 

suitable components for the many new applica-
tions involving continual operation at ambient 
temperatures above 85°C—anot her example of 
capacitors "designed for the job" by G-E 
engineers. For further information on these or on 
capacitors for other applications, wire Capaci-
tor Sales Division, General Electric Company, 
Pittsfield, Mass. 

Flash photography 

Stroboscopic 
equipment 

Television 

Dust precipitators 

Radio interference 
suppression 

Impulse generators 

APPLICATIONS 

ELECTRIC 
ft t aLs 

48A 
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Shelton, J. T.. 1507 10 St., Alamogordo, N. Mex. 
Slaughter, J. E.. 1715 Avenue B. Schenectady. N. Y. 
Stank°, E. S.. 828 Distel St.. Detroit 9, Mich. 
Verven. S. J., 50 Academy St., Poughkeepsie. N. V. 
Wagner. R.. Jr.. 422 Robeson St.. Reading, Pa. 
Winningstad. C. N., 706 56 S.., Oakland 9. Calif. 
Zimmerman. R. L.. 3243 Sepulveda Blvd.. In, 

Angeles 34. Calif. 

The following transfers to the Associate 
grade were approved to be effective as of 

June 1, 1949: 

Albin. F. L. 44 Totten Pio Babylon. L. I., N. Y. 
Anderson. F. J.. 824 Beacon St., Boston, Mass. 
Babbitz, H. B.. Philco TECH. REP., BOQ Bldg 

256. U. S. Naval Station, San Diego 36. 
Calif. 

Day. L. R • 112 Harding Rd., Red Bank, N. J. 
Dosch, T. J., 3417 Tibbett Ave., New York 6; 

N. Y. 
Folsom, W. A.. 263 Harvard St.. Cambridge 3o 

Mass. 
Gilbertson. S. R.. 5556 17 Ave. St.. Seattle 8, Wash 

Hammack. J. W., 2507 Locust St.. Texarkana, Ark 
Hegar, D. T.. 718 S. First St.. Temple, Tex. 
Hutto, J. T.. 2040 Peachtree Rd., Apt. B-2. Atlanta, 

Ga. 

Jacobson. H. P., Jr., Radio Station HCJB, Casilla 
691. Quito. Ecuador, S. A. 

Jam. P.  45 River Dr.. Passaic. N. J. 
Kilpatrick. J. R., 1471 Rose Ave.. Long Beach 13, 

Calif. 
Kress. 0. C., 721 Wellmeier Ave., Dayton 10. Ohio 
Lindner. N. J.. 85 Von Reypen St., Jersey City 6, 

N. J. 
Mueller. R. P.. Physics Research Laboratory, Uni-

versity of Illinois, Champaign. Ill. 
Pierce. E. W.. 516 Eastern Ave.. Toledo 9. Ohio 
Rickert. H. H.. 57 Grace Ave.. Great Neck, L. I.. 

N. Y. 
Roberts, B. J., 1648 S. 160 St., Seattle 88, Wash. 
Schauer. J. D., 408 S. Cornell, Albuquerque, 

N. Mex. 
Schmidt. D. P., Pyle National Co., 1334 N. Kostner 

Ave.. Chicago 51. III. 

Shapiro. H.. 2128 Cleveland Ave., Chicago 14. III. 
Sherman, S.. 1886 Harrison Ave.. New York 53, 

N. Y. 
Smith. J. S.. 302 Shaver Ave.. N. Syracuse. N. V. 

Somerville. J. R.. Jr., 511 Griffith Ave., Owensboro 

Ky. 
Studnicka, G. J.. 8866 Burnette, Detroit 4, Midi 
Thompson. C. G., American Telephone & Tel' 

graph Co.. District Office 4100. Bryan St . 

Dallas, Tex 
Weaver. J. A. c/o Sohio Pipe Line Co.. 407 Nor? I, 

Eighth St., P.O. D-15, St. Louis I. M o. 

Wolff, R. E.. 5616 N. Wayne Ave., Chicago 40, 
Zeine.. ft . °45 Barrett° St., New York 59, N. Y. 

Pp 
CARIES awe/ 
CONNECTORS 

Reliability, convenience, dependabil-

ity ... those are the "unseen" qualities 

built into Amphenol RF Cables and 

Connectors. 

And it's those "extras" ... combined 

with a tough, highly resistant vinyl out-

er jacket and a continuously solid and 

extremely uniform cable dielectric . . . 

that give lasting performance with min-

imum loss and interference. 

Whatever the requirements —whether 

for one small part. or a million complete 

assemblies —nowhere are results more 

apparent ... more economical ... snore 

important than in the use of Amphenol 

RF Cables and Connectors. 

oomivoneo/s wrai 
CO MPLETE ASSEMBLIES 

Amphenol Connectors and Cables arc 

designed in many types of construction. 

Thus, where connectors are to be per-

manent, Amphenol is ready to supply 

complete  light-weight  assemblies or 

harnesses with molded connections and 

RF Connectors, eliminating separate 

costly parts. 

Rugged, compact, providing unsur-

passed performance, each component 

in the assembly gives uninterrupted 

service and positive protection against 

all weather. 

Catalog 0.1 is a ready reference to the regular 
line of Amphenol RF cables and Connectors. 

Write on business letterhead to 
Department H for your copy. 

AMERICAN PHENOLIC CORPORATION 
jr+P4 PH ENO") 1830 SO. 54T H  AVE N UE 

CHI C A G O 50,  ILLI N OIS 
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WESTINGHOUSE 

RESEARCH 
in 

TELEVISION 

PHYSICISTS-ENGINEERS 

Specialists in OPTICS, ELEC-

TRON-OPTICS, PHOSPHORS, 

PHOTO-SURFACES, SYSTEMS 

and CIRCUITS needed for an 

expanding program at the West-

inghouse Research Laboratories, 

East Pittsburgh, Pa. 

• 

For Information write: 
Manager, Technical Employ. 
Westinghouse Elec. Corp. 
306 4th Ave., Pittsburgh, Pa. 

PROJECT 

ENGINEERS 
Real  opportunities  exist  for 

Graduate Engineers with design 

and development experience in 

any of the following: Servo-

mechanisms, radar, microwave 

techniques, microwave antenna 

design, communications equip-

ment,  electron  optics,  pulse 

transformers, fractional h.p. 

motors. 

SEND COMPLETE RESUME TO 

EMPLOYMENT OFFICF. 

SPERRY 
GYROSCOPE CO. 

DIVISION OF 

THE SPERRY CORP. 

GREAT. NECK, LONG ISLAND 

Pioneer in Radio Engineering Instruction Since 1927 

CAPITOL RADIO ENGINEERING INSTITUTE 
,„ terrediled Technical Institute 

ADVANCED HOME STUDY AND 
RESIDENCE COURSES IN 

PRACTICAL RADIO•ELECTRONICS 
AND TELEVISION ENGINEERING 

Request your free home study or resi-
dence  school  catalog  by  writing  to: 

DEPT. 249.A 

16th and PARK ROAD N. W. 

WASHINGTON 10. D.C. 

Approved for Veteran Training 

Radio and Radar Development 
and Design Engineers 
Openings for experienced men at 

n AZEL TI NE ELECTRONICS 
CORPORATION 

Little Neck, LI., N.Y. 

Please mail complete résumé of experience with salary desired to: 
Director of Engineering Personnel 

(All inquiries treated confidentially) 

50A 

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. 

ELECTRONICS TEACHER 
Electronics Teacher to take charge of 

electronics option at accredited state land 
grant college in Northwest. Salary to 
$4800.00 for nine months. Write giving 
picture, education, experience, references, 
and complete personal data to Box 572. 

ELECTRICAL ENGINEER—PHYSICIST 
Graduate electrical engineer or physicist 

experienced on microwaves and servo-
mechanism for design and layout of elec-
tronic circuits. Write Chance Vought Air-
craft, Division United Aircraft Corp., Box 
5907, Dallas, Texas. 

INSTRUCTOR 
There will be an opening in September 

for an instructor to teach electronics. 
transmission line and waveguide theory. 
Salary depends on qualifications and is up 
to $5600.00 for nine months. Possibility of 
later appointment at lower rank and salary. 
Box 573. 

ELECTRONIC ENGINEERS—RESEARCH 
ANALYST 

Research and development  position , 
open at Army Security Agency, Washing-
ton 25, D.C., in the field of electronics and 
mathematics. B.S. degree in appropriate 
field from an accredited university neces-
sary. Salaries for electronics engineers— 
P-1, $2974.80 to P-3, $4479.60 per annum. 
Salaries for research analysts are P-1. 
$2974.80 and P-2, $3727.20 per annum. Po-
sitions are permanent in so far as the 
Agency is concerned. Those qualified com-
municate immediately with Chief, Army 
Security Agency, CSGAS-61, The Penta-
gon, Washington 25, D.C. 

ENGINEER 
Large active midwestern quartz crystal 

plant needs first class quartz crystal engi-
neer, well grounded in theory and with 
complete experience in manufacturing and 
testing procedures all types quartz units. 
Send complete detailed information on ex-
perience and background in first reply. 
Salary open. Our employees know of this 
ad. Box 574, 

TECHNICAL WRITER 
An opportunity for an experienced tech-

nical writer. Preferably an electrical en-
gineering graduate with experience in the 
field of electronic development. Research 
laboratory located adjacent to Washing-
ton, D.C. Salary commensurate with ex-
perience. Box 576. 

ENGINEER 
Excellent opportunity for a man with 

experience in servo mechanisms and cir-

(Continued on page 51A) 
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Positions Open For 

PHYSICISTS 

SR. ELECTRONIC ENGINEERS 
Familiar with ultra high fre-

quency and micro wave tech-

nique. 

Experience with electronic 

digital and/or analog computer 

research and development pro-

gram. 

Salaries commensurate with 

experience and ability. Excel-

lent opportunities for qualified 

personnel. 

CONTACT: 

C. G. Jones, Personnel Department 

GOODYEAR AIRCRAFT CORPORATION 

Akron 15, Ohio 

Positions Available for 

ELECTRONIC 
ENGINEERS 

with 

Development & Design 

Experience 

in 

MAGNETIC TAPE 

RECORDING 

MICROWAVE 

COMMUNICATIONS 

SONAR EQUIPMENTS 

Opportunity For Advancement 

Limited Only By Individual 

Ability 

Send complete r(sumi: to: 

Personnel Department 

M ELPAH. II 
452 Swann Avenue 

Alexandria, Virginia 

(Continued from page 504) 

cuit theory work. Opportunity for grad-
uate work available. Write Box 30, State 
College, Pennsylvania. 

DEVELOPMENT PHYSICIST ENGINEER 

Experienced in theory, design and con-
struction of attenuators, D. C. to*3 KMC. 
and associated test equipment, well versed 
in physics, chemistry and application of 
conductive films, operation of power tools, 
advanced mathematics. Write giving com-
plete education and experience to Wein-
schel Engineering Co., 123 William Street, 
New York 7, New York. 

*  * *  * 

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. 

ELECTRICAL ENGINEER 
16 years experience, in design, develop-

ment, research in connection with elec-
tronic and electrical components such as 
capacitors and transformers. Desires loca-
tion in New York City or immediate vi-
cinity. B.E.E. degree and 3 years graduate 
work. Box 283 W. 

ENGINEER 

B.E., E.E. major, University of Toledo, 
graduated June 1949. Age 32. Single. 
Technical experience Air Force communi-
cations and navigation aids. Desires posi-
tion in electronics anywhere in U. S. Box 
284 W. 

ELECTRONICS ENGINEER 
Graduated June 1949, Polytechnic Insti-

tute of Brooklyn, B.E.E. in electronics. 
Member Tau Beta Pi, Eta Kappa Nu. 
Married. Age 22. Electronics experience 
in Navy. Desires position in electronic 
development or production. Prefer East 
Coast. Box 285 W. 

JUNIOR ENGINEER 

B.E.E., University of Louisville, June 
1949. Age 26, married, one child. First 
Phone and Class A amateur licenses. Some 
teaching and broadcast experience. 3 years 
in Army radio intelligence. Desires posi-
tion in radio or T. V. research and de-
sign. Box 286 W. 

(Continued on page 524) 

PHYSICISTS 
AND 

ENGINEERS 

This expanding scientist-
operated organization offers 
excellent  opportunities  to 
alert physicists and engi-
neers who are interested in 
exploring new fields. We de-
sire applicants of Project 
Engineer caliber with ex-
perience in the design of 
electronic  circuits  (either 
pulse or c. w.), computers, or 
precision mechanical instru-
ments. This company special-
izes in research and develop-
ment work. Laboratories are 
located in suburbs of Wash-
ington, D.C. 

JACOBS INSTRUMENT CO. 

4718 Bethesda Ave. 

Bethesda 14, Maryland 

POSITIONS 
NO W OPEN 

PHD —Physicist—Infrared, Optics 
MS —Electronic Engineer —Servos 

BS —Electronic Engineer —Circuits 
ME — Designer —Small Mechanisms 

Have you considered the advantages of 
working for a smaller, growing Company? 

1. Closer contact with management. 
YOUR abilities quickly recognized! 

2. Quicker delegation of responsibility. 
YOU are in position to develop! 

3. Diversity of problems. 
YOUR job has greater interest! 

4. Faster advancement. 
YOU have opportunities! 

5. No complex wage structure. 
YOUR salary determined by ability! 

If you are alert to these advantages, 
plea.se send resume of qualifications to 

Personnel Director 

SERVO CORPORATION OF 
AMERICA 

2020 jerieho Turnpike 
New Hyde Park, New York 

PROCEEDINGS OF THE I.R.E. September, 1919 
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II 

THESE THREE 

NEW DEVELOPMENTS 
ARE 

ASTATIC 

ate ea 914,1,e 
IN THE 

MANUFACTURE OF 

PICKUP 
CARTRIDGES 

GC CERA MIC CARTRIDGE 
First major engineering stride in phonograph pickup cartridges employing 

ceramic elements since Astatic pioneered in this type unit last year. The GC is the 

first cartridge of its kind with replaceable needle. Takes the special new Astatic 

"Type G" needle —with either one or three-mil tip radius, precious metal or sapphire 

— which slips from its rubber chuck with a quarter turn sideways. Resistance of 

the ceramic element to high temperatures and humidity is not the only additional 

advantage of this new development. Output has been increased over that of any 
ceramic cartridge available.  Its light weight and low minimum needle pressure 

make it ideal for a great variety of modern applications. 

2 CO CRYSTAL CARTRIDGE 
An entirely new Asiatic design, featuring miniature size and five-gram 

weight. Model CQ-1 fits standard 1/2" mounting and RCA 45 RPM record changers. 

Model CQ-11 fits RMA No. 2 Specifications for top mounting .453" mounting centers. 

Needle pressure five grams. Output 0.7 volts at 1.000 c.p.s.  Employs one-mil tip 
radius. Q-33 needle. Cast aluminum housing. 

3 LQD Double-Needle Crystal Cartridge 
The LQD Cartridge- for 45. 33-1/3 and 78 RPM Records - quickly became 

the first choice of 'many of the nation's largest users, on the basis of comparative 

listening tests, and is, today. the PROVED TOP PERFORMER for turnover type 

pickups.  Outstanding for excellence of  frequency response, particularly at low 

frequencies. A gentle pry with penknife removes ONE needle for replacement . . . 

without disturbing the other needle, without removing cartridge from tone arm. 
Gentle pressure snaps new needle into place.  Available with or without needle 

guards. Stamped aluminum housing. 

CORPORATION 
CO N NE A U T , O HI O 

,.C•0440• C• N•CP•e• AAAAA  0 0  T040.1, 0 0/41/ 0.0 

A it•t, 
Grst•/ 

M •no.ri•Ceyt, 4 

Un d., 

B,slt 
De,lopment 
Co P•tents 

Positions Wanted  
(Cot1 01111c .if Itc ,to  1.1) 

BROADCAST ENGINEER 

Specializing in broadcast station con-
struction. 20 years experience in broad-
casting and aviation radio. History and 
picture sent on request. Go anywhere. 
T. L. Kidd, P. 0. Box 866, Fredericks-
burg, Texas. 

SENIOR ENGINEER 

B.S.E.E. 8 years experience.  Army 
electronics  training at Harvard. and 
M.I.T. Research at Radiation Laboratory, 
M.I.T. Radar project officer Aircraft 
Radio Laboratory, Wright Field. l'ost-
war electronic research engineer. Also 
broadcast  installation,  operation,  and 
maintenance experience. Married, children, 
require family housing. Prefer west, 
,outhwest, middlewest. Box 287 \V. 

JUNIOR ENGINEER 

B.E.E. University of Louisville 1946, 
M.A.  in mathematics.  University of 
Michigan 1948. Age 24. Experience in 
telegraphy and amateur radio. Desires po-
sition in electronics and communications. 
Box 288 \V. 

ELECTRONIC ENGINEER 

M.E.E. expected AttglIst 1949 l'olyteeli-
nic Institute of Brooklyn. B.E.E. Cooper 
Union. Age 24. 2 years as electronic tech-
nician U.S.N. 11/2 years design and de-
velopment of radar receivers and micro-
wave components. Prefer position in vi-
cinity of New York City. Box 289 \V. 

(Continued on page 54A) 

LOCKHEED 
AIRCRAFT CORPORATION 

has positions available 

for 

RESEARCH ENGINEERS 
in PHYSICS and 
ELECTRONICS• 

These openings are, for men who have 
achieved advance status as researchers in 
either of these fields and who possess the 
following qualifications : 

1. Advanced degree (preferably Ph.D.); 

2. 7-10 years industrial or graduate re-
search experience; 

3. Ability to perform mathematical au aly• 
MN in field of specialization. 

Lockheed's  research  and  development 
facilities are among the roost advanced 
in the aircraft field. The accomplishments 
of Lockheed's re,earch staff have resulted 
in the acquisition of new far reaching 
scientific studies. 

Immediate  openings  available.  Salary 
commensurate with ability. 

If you are interested,  and meet  the 
qualifications listed above, send a resume 
of our tr  • and experience to — 

LOCKHEED AIRCRAFT CORPORATION 
Employment Manager 

Post Office Bo. 551 

BURBANK, CALIFORNIA 

52.s 
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l‘tv,eivst8o/f./ 
DU MONT Type 16FP4 

Fully in keeping with the trend to-
wards larger, direct-viewing tubes origi-
nally pioneered by Dr. Allen B. Du Mont—and 
also the lower price range for higher grade TV 
offerings. 
Type 16FP4 is a 16-inch magnetic focus and de-

flection television picture tube designed to give 
high brilliance and sharp definition. Electron gun 
design utilizes a bent electrode structure to be 
used with a single external magnet for the elim-
ination of ion spot blemishes. The exclusive 
Du Mont screen depositing technique assures 
the longest pleasurable usage. 

CHECK LIST OF 16 FP4 ADVANTAGES... 

I,  All glass! No mounting problems. 
• A mass-produced standard TV tube for maximum 
value at minimum cost. 

xo' Overall length of only 20 1/4  inches. 
10 Deflection angle: 62. 
• Maximum diameter: 16 1/4  inch -+- 1/4  inch. 
Po Bent-gun ion trap requiring but a single magnet. 
Po' Accelerating potential: Maximum 16 KV: (Design 
Center Value). 

0•••• New type small shell duodecal 5-pin instead of 
7-pin base, for use with economical half-socket. 

P." Ideal compromise between large picture size and 
moderate tube cost. 

Detailed Specifications on request. Let us quote on quantity requirements. 

A LL E M •  D U N O M,  A • 0110 , 01.11E •  P4, 

A i r'  .  DU  M O N T  L A B O R A T 
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TP R ECISI O N 

ransformers 

ENCLOSED CASE. compound 
Pilled, for high moisture resist. 
once Standard coses up to 500 
VA  Wide range of standard 
audio transformer units 

HERMETICALLY SEALED and 
compound filled cases. Glass or 
ceramic sealed terminals. De• 
signed to meet JAN salt water 
immersion tests. 

FO R  T 0 II 11" S 

M ORE EXACTING 

REQUI  E M ENTS 

PO WER - - AUDIO 

CHOKES  FILTERS 

For Television and all other appli-

cations where specifications are pre-

cise and the emphasis is on qual-

ity and performance, famous 

FERRANTI transformers offer 
superior value. 

Into each unit goes long years of 
specialized experience, plus up-to-

the-minute knowledge of today's 

improved practices and latest ma-
terials. Our large and varied stock 

of patterns, tools, and dies often 

permits us to supply "custom" 

requirements from standard parts, 

effecting worthwhile savings. We in-

vite your inquiries. 

FE R R A NTI 

ELECT RIC, INC. 

30 ROCKEFELLER PLAZA 

New York 20, N.Y. 

OPEN FRAME TYPE for moss 
production, minimum cost and 
weight for •nclosed •quipmenl 

Positions Wanted  
(Continued from page 52,4) 

ELECTRONIC ENGINEER 

B.E.E. 1946. Age 24. 2V2 years varied 
electronic experience including radar de-
velopment work. Desires electronic de-
velopment work in New York City area. 
Box 290 W 

JUNIOR ENGINEER 
B.S.E.E. 1948 University of Illinois. 

Age 23. Married. Specialized training in 
television at RCA Institutes. One year 
experience commercial television receiver 
servicing. Desires position as research or 
development engineer. First class radio-
telephone licence Box 291 W. 

JUNIOR ENGINEER 
Graduated June 1949 from Manhat-

tan College with a B.E.E. degree. 2 
years training and experience as Radio-
Mechanic-Gunner in the AAF. Age 26. 
single. Desires employment as electrical 
or electronic engineer particularly in the 
television field, anywhere in the U. S. Box 
292 W. 

ENGINEER—MATHEMATICIAN 
M.E.E.; B.S.E.E.  (communications). 

G.S.E. mathematics 1 year research in 
magnetic amplifiers Fluent knowledge of 
German. Age 25, married, no children. De-
sires research or development in magnetic 
amplifiers, mathematical design, engineer-
ing mathematics instructorship, or tech-
nical writing. Available September 1949. 
New York City or vicinity preferred. Box 
293 W. 

(Continued on page 56A) 

SUPERINTENDENT 

for 

ELECTRONICS 

LABORATORY 

Qualifications Required 

Post graduate training to Ph.D. 
level or equivalent, British Sub-
ject. Considerable experience in 
directing research or development 
groups in one or more of the 
following or related fields: Corn-
munications, Radar, Radio Engi-
neering, Servomechanisms. 

Salary 

The appointment will be made in 
one of the following grades, com-
mensurate with experience and 
ability.  $6,80047,300;  $7,300-
$7,800; $7,50048,000. 

Apply to —Director of Research 
Personnel, Defence Research 
Board, Department of National De-
fence, Ottawa, Canada. 
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No mailer what your panel instrument problem 
is, Simpson Electric Company engineers will 
be glad to help you solve it. Every day they are 
confronted with individual design problems. 

Behind every Simpson instrument is a world-wide 

reputation for quality. Simpson movements have greater rug-

gedness and accuracy, because of the full bridge-type construc-

tion and soft iron pole pieces. 

When Simpson helps you with your problem, you benefit 

from this world-wide reputation and the years of experience 

of Simpson engineers. 

Let Simpson engineers help you with your next instrument 

problem and for your standard instrument requirements take 

advantage of our large stock, available for immediate delivery. 

SIMPSON ELECTRIC COMPANY 
PROCEEDINGS OF THE I.R.E.  September, 1949 

5200-18 WEST KINZIE STREET, CHICAGO 44, ILLINOIS 
IN CANADA: BACH-SIMPSON, LTD., LONDON, ONTARIO 
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• SEAL-0-FLANGE TRANSMISSION LINE 

• TOWER HARDWARE 
• AUTO-DRYAIRE DEHYDRATORS 

• LO-LOSS SWITC  TEN NAS 
HES 

• COAXIAL DIPOLE AN   

.  NO BIGGER'N A WRISTWATCH 
BUT PACKED WITH PERFORMANCE! 

The new model 55 shorting type switch reflects, in miniature, 
many design features of large CP switches. With a maximum 

of 18 contact positions in the single pole style, it's also 
available in two or three pole styles. Of course several sections 

may be "ganged". Silver path from terminal to terminal 
is provided. Flash-over voltage at 60 cycles is 

1000 volts peak. Current rating is 2 amperes. 
Model 55 is only one of seven standard stock model 

switches of our manufacture. A catalog describing 

them all will be sent upon request. 

IF YOU NEED 
AM, FM or TV 

TRANSMITTING SPECIALTIES 

— YOU NEED CP 

ILLUSTRATION 
IS APPROXIMATELY 

ONE HALF 
ACTUAL SIZE 

• 

t , 

Because CP Transmission Equipment has proven outstanding 
in service and performance in hundreds of major installations 

throughout the nation. If you have a specific problem pertaining 

to any of the products listed, 

our engineers will be happy 

to help you solve it. 

Consultation can be arranged 

to suit your convenience — 

without obligation. 

avgaiaaaiye 7404.44 
KEYP ORT ([  r, NE W JERSEY 

Positions Wanted 

(  ', V III,. .1  Oil  / 01//e . t. 1 

TECHNICAL WRITER—COMMUNICA-
TIONS ENGINEER 

Technical writer-communications engi-
neer, Military Intelligence Service officer, 
B.S.R.E. licensed FCC, 1st class phone, 
amateur radio. Experienced in mobile 
radio telephony, X-ray, export trade. 
Speaks fluently French and Spanish. De-
sires position in same or allied fields. Box 
294 W. 

ELECTRONIC PHYSICIST 

B.A., M.A., ii) Physics. Harvard-M.I.T. 
Radar School. Radar officer 3 years. Now 
studying for Ph. D. at Harvard in engi-
neering sciences. Age 28, married, 2 chil-
dren. Desires research in electron physics. 
Box 295 \V. 

ELECTRONIC ENGINEER 

Stanford  University, B.S.E.E., com-
munications major. Age 24. 1 year broad-
casting, 2 years navy electronics experi-
ence. 1st class license. I'refer position in 
broadcasting or electronic development 
and production. Box 296 W. 

SALES ENGINEER 

Desires selling or distributing pmlucts 
of electronic industries. Graduate of RCA 
Institutes, education at Bowdoin Colkge, 
Harvard and M.I.T. in radio engineering. 
Holder of all FCC commercial radio lic-
ellSeS. 7 years experience in industry. Pres-
ently on staff of a state college. Box 
297 W. 

SALES ENGINEER 

13.5. in G.E., Naval Academy. One Ntar 
P. G. in applied communications. Five 
years Naval experience as radar, radio 
and communication officer.  Telephone, 
electrical design and production experi-
ence. Extensive background in electrical 
and electronic equipment. Widely traveled 
with positive aggressiveness and firmly 
settled on a sales career. Age 32. Married. 
Box 311 W. 

TELEVISION ENGINEER 

N.. May 1949, American Televi-
sion Institute of Technology, age 29, mar-
ried. .3 years communication maintenance 
U. S. Nlarine Corps. 2 years ir.•S. Border 
Patrol radio laboratories. 7 years bench 
and field electronics. 1st class FCC license. 
At present engaged in post graduate work 
on micro-waves. Desires position in elec-
trtinic laboratory or TV station engineer. 
L wate ;lux where. Resume mom request. 
Box 312 W. 

TECHNICAL WRITER 

B.S.E.E. September 1949, Lawrence In-
stitute of Technology. Honor graduate 
with aptitude for technical writing. Man-
aging editor college newspaper, instructor 
in radar electronics in Air Corps. Box 
313 W. 

RADIO (BROADCAST) ENGINEER 

1939. Over 5 )ears experience 
in broadcast work includes A NI, FM, Tele-
vision, 50kw. transmitters. Last position 
chief engineer construction large station 
with complex directional antenna. Signal 
Corps radar staff officer during war. Box 
314 W. 

(Continued on page .58/1) 
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DC AMPLIFIER 

INPUT 70 KC 

OUTPUT 70 KC 

This new moderately-priced DC Amplifier combines a 
great number of desirable features. Designed for mini-
mum overshoot, rather than maximum band width, it is, 
nevertheless, useful for steady-state operation at fre-
quencies up to 1.5 megacycles. The response to steep 
wave fronts is excellent, as indicated by the above pho-
tographs. Balanced or unbalanced outputs may he used 
as desired. There is no need to compensate for a fixed 
de voltage between output terminals and chassis, since 
the output is at ground potential. An undistorted voltage 
swing of 220 volts peak-to-peak makes it possible to 
obtain large patterns on a cathode ray tube connected 
directly to the amplifier output. On the other hand. a 

Voltage Gain: 6000. 

Rise Time: 0.4 microseconds. 

Stability: Drift is usually less than 0.5 milli-
volts per hour referred to the input, after 30-
r •  w ar m  up. 

Voltmeter and Calibrating Signal: A zero cen-
ter voltmeter of J:15, 50 and 150 volts is 
provided for measuring dc output. Associated 
with this meter is a calibrating signal circuit 
for checking the gain. 

STABLE 

WIDE BAND 

HIGH GAIN 

NO OVERSHOOT 

LO W OUTPUT 
IMPEDANCE 

LARGE OUTPUT 
VOLTAGE SWING 

HIGH INPUT 
IMPEDANCE 

FOUR STAGES PLUS 
CATHODE FOLLO WER 

DC CALIBRATING 
SIGNAL 

DC OUTPUT 
VOLTMETER 

COMPACT 

ECONOMICAL 

peak power of a watt into 6000 ohms, together with a 
low effective output impedance, make the amplifier use-
ful for driving a variety of devices. An exceptionally 
Well-regulated power supply furnishes plate power to all 
stages except the cathode-follower output, and heater 
power to the first three stages. This, together with careful 
circuit design, reduces the drift to the order of 0.3 mil-
livolts per hour, after a 30-minute warm up. A low 
capacity input cable and probe make connection to driv-
ing circuits convenient, and reduce the danger of feed-
back between external elements connected to input and 
t put. This amplifier offers the circuit engineer a new 

tool of unusual scope and versatility. 

Output Balanced: Internal impedance of 450 
ohms. 220 volts peak-to-peak into a high 
impedance. Maximum undistorted output into 
6000 ohms, 500 milliwatts ac, or I watt dc. 

Output Unbalanced: Internal impedance of 
450 ohms. 110 volts peak-to-peak into a high 
impedance.  Maximum  undistorted  output 
into 3000 ohms, 250 milliwatts ac, or 500 

milliwatts dc. 

Input- I  I -, .qohm shunted by 

40 ittif maximum. This includes capacitance 
of the flexible input cable. 

Gain Control: Continuously variable over a 
range of 11 db, plus six 10 db steps. 

Shock Proofing: The first two stages are 
mounted on a spring suspended chassis, offer-
ing excellent protection against microphonics. 

Cabinet Dimensions: I I" high x 171/4" wide x 
131/4" deep. 

Power Supply: Approximately 300 watts of 
power is required. 

ELECTRO-MECHANICAL RESEARCH, INC. 
RIDGEFIELD, CONNECTICUT 
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IT'S  KINGS  FOR  CO N NECTORS 1 

Pictured here are some of the more 

v.idely used R. F. co-axial, U. H. F. 

znd Pulse connectors. They are all 

Precision made and Pressurized 

when required. Over 300 types 

available, most of them in stock. 

• 

Backed by the name KINGS— the leader in the 

manufacture of co axial connectors 

Write for illustrated catalogs Department  

• 

11411 

INGS Ciextitoott€4 
111 LEXINGTON AVE.. BROOKLYN 21. N 

UG-37 U 

11 11 11 11111 1  

UG. 34 U 

UG-17A U  UG-110U  UG-1111 U 

wilm mons maill 

UG-306 U  UG-174 U  UG-190U  UG-191U 

U6-514i 111,139A 

UG- 36 U 

14.-139 30-7.39 

Monufocturers of Radar, Whip, and Aircraft antennas 
Microphone Plugs ond locks 

Radar Assemblies, Cable Assemblies, M,crowave and 
Spec,o1 Electronic Equipment 

Look It Up In 
Your IRE Yearbook 
Use Its Engineering 
Products Listings! 

Positions Wanted  
(Continstril from page .504) 

ENGINEER 

MS  Communications  Engineering 
Harvard University February 1948. BS 
Physics, Harvard 1944. Married. 2 years 
communications officer U.S. Navy. 1 year 
experience electronic design. Desires posi-
tion in New York area, electronic con-
trols, computers or microwaves. Box 
315 W. 

ELECTRONIC ENGINEER 

B.S.E.E. University of  Connecticut. 
June 1949. Communications major. 3 years 
U.S.M.C. Radio Materiel School and ex-
perience as communication technician. 
Age 27. Married, no children. Desires po-
sition in electronic engineering. Prefer 
New England. Box 316 W. 

ELECTRICAL ENGINEER 

B.E.E. January 1949, City College of 
New York. Several months experience in 
psycho-acoustics and medical electronics 
in leading medical institutions. Will con-
sider any offer in other fields. Box 317 W. 

ELECTRONIC ENGINEER 

Communications, BEE., recent grad-
uate, ranked ninth, former Navy elec-
tronic technician; design, development, 
and research preferred. Anywhere in the 
U. S. Salary secondary. Box 318 W. 

COMMUNICATIONS ENGINEER 

B.S.E.E., December 1948,  Michigan 
State College; age 24, married. 1 year 
electrical test equipment maintenance in 
Navy; experienced in audio and mobile 
high frequency communication. Desire po-
sition in development in west or south-
west United States. Box 319 W. 

ADMINISTRATIVE ENGINEER 

Schools Harvard, NCE University of 
Dayton, Columbia and M.I.T. Ex-flying 
officer, industrial engineer with wide back-
ground in electronic research, development 
and production. Substantial experience in 
military UHF and aircraft development. 
Presently assistant to President of medi-
um size concern. Desires industrial man-
agement or government contractual man-
agement position. Box 320 W. 

JUNIOR ENGINEER. 

Honor graduate, _B.S.E.E., June 1949. 
Age 26. University of Illinois. 4 years 
varied electronics experience with em-
phasis on radar and audio. Prefers elec-
tronic design and development position in 
\'ew York City area. Box 324 W. 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

ntiuued from r 

RECENT CATALOGS 
• • • -1 he current issue of Tracerlog, v. hich 
always contains articles of general interest 
to those engaged in utilizing radioactivity 
for research or industrial control problems, 
with a product listing and various other 
office addresses of Tracerlab, Inc., 55 Oliver 
St., Boston 10, Mass. 

(Continsird on page 60,4) 
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RCA scientists develop new direct-reading Loran instrument 

which simplifies problems of navigation. 

7e ho miny" p i g e on, Foes 710 gear 

Now science gives the navigator an 
improved "homing pigeon instinct," 
a way which—without checking the 

sun or the stars—he can head his ship 

directly home. 
Already thoroughly proved, Loran 

equipment has been simplified through 
RCA research and engineering, so that 
almost anyone can learn to use it in a 
few minutes. Free of human error, read-
ings appear directly on the instrument. 
A quick check gives position. 
Brain of this Loran system is a circuit 

developed at RCA Laboratories which 
splits seconds into millions of parts —and 
accurately measures the difference in the 
time it takes a pair of radio signals to travel 
from shore to ship. 
Given this information, the navigator, 

hundreds of miles from shore, can de-
termine his position quickly and accu-
rately. Loran's simplicity adapts it to 
every type of vessel from merchant ship 
to yacht. Manufactured by Radiomarine 
Corporation of America, a service of 
RCA, it is already being installed in 
U. S. Coast Guard rescue ships. 

Voir 
PROCEEDING.S. 011 TIIE I.R.E.  September, 1949 

The meaning of RCA research 

RCA's contribution to the development 
of this new direct-reading Loran is 
another example of the continued lead-
ership in science and engineering which 
adds value beyond price to any product 
or service of RCA. 

The newest advances in television, radio, 
and electronics can be seen in action at 
RCA Exhibition Hall, 36 West 49th St., 
N. Y. Admission is tree. Radio Corporation 
of America, RCA Building, Radio City, 
N. 1'. 20. 

R ALA7 0 c o mm o n A TI OAI o, 4Ae r17, C4 

World Leader in Radio- Tirst- th --7/e vision 
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Wide band 
amplifiers to 1 m.c. 

HIGHEST PRACTICAL SENSITIVITY 
.03 volts per inch. 

DEMODULATOR — RETURN ELIMINATOR 
SYNCHRONIZED LINEAR FM SWEEP 

PHASING CONTROL 
SYNUSOIDAL SWEEP 

DIRECT CONNECTION TO VERTICAL 
PLATES AVAILABLE 

Ideal for industrial and laboratory 
applications, and for fast accurate re-
ceiver alignment. Model 19513. Write 
for complete information today. 

World for crrao7:::, 
tar 39 Years 

THE S  

ELECTRICAL INSTRUMENT CO. 
10587 Dupont Ave., Cleveland 8, Ohio 

Ne ws -Ne w Products EXTRA- SMALL . . . 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation 

(Continued from Page MA) 

New FM and TV Sweep 
Signal Generator 

A new Model #S(;, a sweep signal 
generator with a range from 0-227 M. 
with no band switching, has been designed 
and developed by Transvision, Inc., 385 
North Ave., New Rochelle, N. Y. 

The Model #SG has a sweep width from 
0-12 Mc completely variable, and has a 
calibrated built-in marker generator. 
The dial is calibrated in frequency. 

There is sufficient voltage output to per-
mit stage-by-stage alignment. The crystal 
controlled output makes possible any 
crystal controlled frequency from 5-230 
Mc.  Unmodulated  rf signal  provides 
marker pips simultaneously with the main 
variable oscillator; tfiese markers can be 
controlled as to output strength in the , 
pio oscillator. 

Magnetic Tape Recorder 
A new magnetic tape recorder for 

studio and broadcast station use is being 
offered by Presto Recording Corp., P.O. 
Box 500,  Hackensack,  N. J.,  plant, 
Paramus, N. J. 

A desireable feature of this recorder is 
the accessability to all working parts. The 
entire top panel hinges upwards, so that 
I he lower side may be easily serviced. Both 

(Continued on page 61A) 

MOISTURE- RESISTANT 

New CTC Ceramic Coil Form 
Is Ideal For Many Sub-Miniature 
Component Applications 

Standing less than 5/8' high when 
mounted, and with a form diameter of 
only 3/16", CTC's new LST ceramic coil 
form fits easily into small spaces and hard-
to-reach locations. In addition, its coil 
body of silicone impregnated ceramic 
(grade L-5, JAN-1-10) offers the advan-
tage of extremely high resistance to mois-
ture and fungi, and has well developed 
dielectric properties. 
Mounting bushings and ring-type, ad-

justable terminals are of brass. Bushings 
are cadmium plated and terminals are sil-
ver plated. The powdered iron slug is ad-
justable. Accommodating solenoid or pie 
type windings, the LST is supplied as a 
coil form, or wound to specifications. De-
pending on the type of winding, inductance 
changes of approximately 2 : 1 can be 
expected. 
You'll find the LST and many other 

Guaranteed Components fully described in 
CTC's new Catalog #300. This big illus-
trated booklet is packed with helpful in-
formation. Send for it today. 

T ur rut La5s 

Terminal 
Board 

Split tugs 

Double-End 
Lugs Swager 

Cf(J/61)1 t21 Jklirdatel 
T/,,, &ea }fill leer/ 
Coinitoirent4 

CAMBRIDGE THERMIONIC CORP. 
456 Concord Ave., Cambridge 38, Moss. 

I WO 
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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 from page 604) 

recording and playback amplifiers, as well 
as a separate regulator power supply, are 
vertically mounted on the front door of the 
cabinet. Access to both front and back of 
the amplifiers can be had without removal. 

Keyboard-Type Oscillator 
"I he Model 150-AO-1 100K Keyboard 

oscillator, improved and redesigned, is at 
present being marketed by Weinschel 
Engineering Co., Dept. 1., 123 William 
St., New York 7, N. Y. 

This instrument covers a range from 
0.3 cps to 100 kc with decades of push but-
tons. In both lower ranges frequency 
selected with four decades of push buttons, 
and in the top range with three decades to-
gether with a continuous control which 
covers a deviation of approximately  1 
per cent. 
Between 100 and 100,000 cps, fre-

quency may be varied in steps smaller 
than 0.1 per cent. Between 10 and 100 kc 
in steps smaller than 1 per cent, however 
adjustment to 1 cps is obtainable. 
Description: 19 inches long, 171 inches 

high, and 13 inches deep. Weight, 29 lbs.; 
power supply, 105-125 volts, 50-60 cps. 

Improved AF Measurement 
Equipment 

The Model GA-1002A, sound pressure 
measurement equipment with major im-
provements which include a specially 
isolated socket tip which effectively sepa-
rates the microphone clamping structure 
from the preamplifier extension tube, is 
being manufactured by Massa Labora-
tories, Inc., 3868 Carnegie Ave., Cleve-
land 15, Ohio. 
The M-101 standard microphone which 

is part of the equipment has also been re-
designed to provide increased polar sym-
metry of the mechanical structure, result-
ing in exact acoustic symmetry about the 
normal axis of the microphone even at 
frequencies above 20 kc. The range of the 

(Continued on Page 624) 
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•  Many items which you may consider 
"special" may be a regular stock part in the 

large Bud line. Often a minor change or 

adaptation will convert a standard Bud prod-

uct into a part that will fill your needs ex-

actly. The Bud line offers you over 1200 radio 

t 
CO MMITS  COILS  MI LIAO'S 

THESE ARE SOME OF THE 1274 ITEMS 
AVAILABLE FRO M sun RADIO. INC 

and electronic products, enabling you to save. 

time and money by eliminating "special' 

problems. Whatever your requirements for ra-

dio and electronic parts —try Bud first! Write 

for latest catalog. 

You Are Inviled To Ailed The firsi Animal 

MHO F 
An event of utmost importance 
to Broadcast Engineers, Record-
ists, Sound-on-Film Men, Public 
Address Men, Audio Hobbyists 
and Distributors and Dealers. 

SPONSORED BY THE AUDIO ENGINEERING SOCIETY 

Hotel New Yorker, New York City, October 21, 28, 29 
Presenting for the first time, 
under one roof, an industry-wIde 
display of audio equipment, 
components and accessories. 

ii \ 
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• PREC'601i1TODUCED 

• PERFORMANCE PROVED 

SUPER ELECTRIC PRODUCTS CORP. 
Pacing Electrom t Progress With Ingenuity 

1057 Summit Ave., Jersey City 7, N. J. 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(CoMimted from rage 61A) 

instrument is such that sound pressures 
from less than 1 dyne/cm' to 20,000 
dynes/cm' (160 db level) may be directly 
measured. A multiplier is available for ex-
tending the upper range to 200,000 
dynes/cm' (180 db level). A built-in cali-
brating circuit permits setting the system 
gain so that 1 millivolt/dyne/cm' is de-
livered across the 10,000 ohm output 
circuit. 

New Interlocking Relay 
A new interlocking relay, series 30500, 

consisting of two Type 2 Phil-trol relays, 
is the newest addition to the relays offered 
by Phillips Control Corp. 612 N. Michigan 
Ave., Chicago 11, III. 

0 N E OF A SERIES 

page 6-1.4 

SOFT  IRON 
POLE  PIECES 

Precision machined soft iron pole pieces and 

alnico magnets, used by Burlington have no 

equal for permanent magnetic strength and 

uniform flux distribution. All ranges AC and 

DC available in rectangular or round case 

styles and are guaranteed for one year against 

defects in workmanship or materials. Refer 

inquiries to Dept. 1-99. 

1 INSTRU MENT COMPANY1 
BURLINGTON, IO WA 

Which 
pin 
saves 
the 
money? 

Mode by 
Machining 
and drilling 

Mode by 
Stamping and 
forming 

Made by 
Multi-Swage 

Choose right and make 
Big Savings on 

SMALL METAL PARTS 
COSTS HALVED!  Instead of turning and 

drilling parts like these from solid rod, or 
stamping and forming them, the BEAD CHAIN 
M ULTI-S WAGE Process automatically swages 
them from flat stock. By doubling the pro. 
duction rate and eliminating scrap, this 
advanced process can save you as much as 
fifty percent of the cost of other methods. 
The BEAD CHAIN MULTI-SWAGE Process 

produces a wide variety of hollow or solid 
metal parts—beaded, grooved, shouldered — 
from flat stock, tubing, rod, or wire —of any 
metal. Sizes to 1/4 " dia. and 11'2" length. 
GET COST CO MPARISON ON YOUR PARTS 

—If you use small metal parts in quantities 
of about 100,000, don't overlook the almost 
certain savings of this high-speed, precision 
process. Send sketch, blueprint or sample 
part and our engineers will furnish facts 
about Multi-Swage economy. Or,' write for 
Catalog. The Bead Chain Manufacturing Co.. 
60 Mountain Grove St., Bridgeport, Conn. 

(   L—ri,_(   
6: 5  I 

Bearings, Shafts 

Friction Fasteners 

Stops 

 C: =3 
Electrical and 
Electronic Parrs 

Guides 

Posts, Pins 

BBEAD CHAIN 
MULTI-S WAGE 

1.14A UL 

PROCESS 

Q QQOQQQ QOQOQQOOOQO 
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• From .0004' to 

.00015" diameter 

and even smaller 

• Accurate, uniform 

and smooth 

• Also available in 

Molybdenum and 

other metals 

Write for details and 

List of Products 

Fits Your 

Production To A "T" 
Ka nvon "T's" —high quality, uniform 
transformers, are your best bet for development, 
production and experimental work. For over 20 
years, the KENYON "K" has been a sign of skill-
ful engineering, progressive design and sound 
construction. 

Now —reduce inventory problems, improve 
deliveries, maintain your quality —specify 
KENYON "T's," the finest transformer line for 
all high quality equipment applications. 

New Catalog Edition! Write Today! 

ki [won new modified edition tells the com-
plete story about specific ratings on all transform-
ers. Our standard line saves you time and expense. 

Send for your copy of our 
latest catalog edition now! 

KENYON 
'N 

TRANSFORMER CO., Inc. 
840 BARRY STREET • NEW YORK 59, N. Y. 

MEASUREMENTS  CORPORATION 

Peak-to-Peak 
VOLTMETER 
.0005 -300 

VOLTS 

MODEL 67 

Designed for accurate indication 
of the peak-to-peak values of 
symmetrical and asymmetrical 
waveforms, varying from low 
frequency square way s to 
pulses of less than five micro-

seconds duration. 

.0005-300 volts peak-to-peak, 

.0002-100 volts r. m. s. in five 
ranges. Semi-logarithmic, hand 
calibrated scales. 

Provision for connection to 1500 
ohm, 1 milliampere graphic re-

corder or milliammeter. 

INPUT IMPEDANCE: 1 megohm shunted by 30 mmfd. 

DIMENSIONS: Height 71/2 ", width 7“, depth 8 " . 

Weight 8 lbs. 

POWER SUPPLY: 117 volts, 50-60 cycles, 35 watts 

MEASUREMENTS  CORPORATION 
BO ONT ON  NE W JERSEY 

63A 
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SKL 

•i p .1ft  111.N.• 11•FallIS 
OPEL III* 

2 0 0 MC  BAND 
WIDTH AMPLIFIER 

• 

The SKL type 202 Wide-Ban  C am Amp ler em-
ploys a new and unusual principle of amplification: 
the traveling wave circuit. This new design makes 
possible a bandwidth of from 100 KC to 200 MC 
with a gain of 20 db. Because of its low impedance 
—200 ohms — existing coaxial cables can be used. 
Because of its flat response — ± 1.5 db — and low 
standing wave ratio — less than 1.5 db — the Model 
202 offers new advantages in general laboratory 
measurement. The very fast rise time of the Model 
202 is invaluable in oscillography, nuclear instrumen-
tation and television applications. 

S K L SPENCER KENNEDY LABORATORIES, INC. 
185 MASSACHUSETTS  

• 0% 

• 004 

0 6 

e  ° LI 

46  41" fib 
w 

CHECK ITS FEATURES 
We are confident that you, too, will find 

utility and usefulness in the Type 511-AD 

normally expected only from instru-

ments considerably higher in price. 

7,2 S E HA WTHORNS BLVD  PORTLAND 14 OREGON 

64 A 

215 

TELEVISION? 

The Tektronix Type 511-AD Oscillo-

scope has been the choice of the 

leaders in television research as 

well as in TV transmitter 

and receiver design, 

production and 

maintenance. 

$ 8 4 5 " 

b Portland, Oregon 
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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 from pace 624) 

Interlocking relays may be furnished 
to operate on either ac or dc. ‘Vhen the 
lock-up relay is energized, it automatically 
locks in mechanically by means of a 
tension spring catch, which holds the 
Armature in the energized position even 
though the circuit has been opened. 
When the second relay, known as the 

release relay, is energized, the lock-up re-
lay is automatically released from its 
mechanically held position. Other features 
are: relays may be equipped with as many 
as 12 springs; dc relays may be provided 
with copper slug coils, making them slow 
either to operate or release; contacts may 
be supplied either single or twin, and with 
contacts of various precious metals having 
ratings as high as 6 amperes, 110 volts ac, 
noninductive; relays may operate over a 
wide pressure range. A new descriptive 
catalog in color gives coil characteristic•-, 
contact assembly, and weight. 

Peak Pulse Voltmeter 
The new Model 80, a Peak Pulse Volt-

meter that is capable of readings at pulse 
widths under 1 microsecond and at 10 pps, 
has recently been designed and developed 
by C. G. S. Laboratories, Inc., 36 Ludlow 
St., Stamford, Conn. 

The Model 80 is an automatic slide-
back type, and provides direct peak 
voltage readings of positive or negative 
pulses of widths from 0.25 microsecond to 
20 milliseconds at repetitive rats from 10 
to 50,000 pox, provided the duty cycle is 
under 50 per cent. Ranges of 10, 50, 100, 
500, 1,000, and 5,000 volts are provided. 
Accuracy is 3 per cent full scale on any 
scale. 

For detailed information consult H. 
Langstroth at C. G. S. 

RECENT CATALOGS 
• • • A tic \k "Commercial Radio Operators 
Q & A Manual," by Milton Kaufman, 
containing the questions used by the FCC 
in the April 1949 examination, with their 
answers, is to be released in August, by 
John F. Rider, Publisher, Inc., 480 Canal 

New York 18, N. Y. 

• • • A comprehensive catalog, 000, con-
taining the most up-to-date information 
on the electronic and electrical components 
and their costs of Cambridge Thermionic 
Corp., 445 Concord Ave., Cambridge 38, 
Mass. 

(Continued on page 674) 
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AN ALYZE 

CO MPLE X 

IMPEDANCES 
WITH THE 

- AN 

METER 
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APPLICATIONS ,. . . 

Loudspeakers 

Microphones 

Transmission Line 

Filters 

Amplifier Inputs and Outputs 
Resonant Circuits-series or par-
allel 

Transformers 

General Laboratory Measure-
ments 

FOR MEASUREMENTS OF . . . 
• Impedance (Z)  0  5 to 100,000 ohms 

• Phase Angle (II)  • 90' (X, I thru 0 (R) to 

-90 (X.) 

0  1 to 10 

  10 to 0.1 
• Freugency  30 to 20,000 c.p.s. 

PRICE $425.00 

Write today for bulletins on other T.I.C. 

products: R.F. Z-Angle Meter ... 11-F Power 

Oscillator. ... Translatory Variable Resistors 

.  Slide Wire Resistance Boxes ... Phase 

Angle Meter. 

TECHNOLOGY INSTRUMENT 
CORP 

1058 Main Street, Waltham 51, Mass 
Engineering Representatives 

Chicago. III. -STate 24441 • Dallas, 
Tea - Logan  6.5097  Cambridge. 
Mass. -ELlot  4.1751  •  Canaan. 
Conn. -Canaan 649 Rochester, N.Y. 

-Charlotte 3193.1 

@CD Ea ARTICULATED R.F. CABLES w AIR-SPACED 

We are specially organi5ed 
to handle direct enquiries 
from overseas and can give 

IMMEDIATE DELIVERIEStoU.S.A. 

Cable your rusk order for 
delivery byair Settlement in 
dollars iy check on your own hank. 
Tiansacton as simple as any/ac.?! 
purchase-aneaehreryjadarourck 

HIGH POWER 
FLEXIBLE 

PHOTOCELL 
CABLE 

CAPACITANCE 
VERY LOW 

CABLES 

LOW 
ATTEN 
TYPES 

Al 
A.2 

A.34 

IMPS D. ATTER. LOADING 
OHMS ablOOft  NA  0 D 
•  at /00 MO  

74 I 1.7  0.11 1-0.36 
74  1.3  0.24 044 

73 0.6 1.5  0.85 

DRA 

fREQiit  

1 LOW ' CAPAC 
TYPES 

C1 

CAPAg. 
norreff 
• 
7.3 

1MPED. ' 
OHMS 
• 

150 

ATTER 
Al000t 
NW pk/s 

2.5 

0 0. 
• 

0.36 

P.C1 40.2 132 3.1 0.36 

C.11 6.3 173 3.2 0.36 

C.2 6.3 471' 2.15 0.44 

C.22 5.5 194 2.8 0.44 

C.3 5.4 197 1.9 0.64 

c.33 I 4.8 1 220 2.4  0.64 

41 C.44 I 4.4  252 2.1 11.03 

TRANSRADIO LTD 
C O NTR ACT ORS  T O  H M. GO VERN MENT• 

C A B L E S: 

R VIDE°  f0  faAt 
od SP  N 

AdflPPLICAri  

138A CROMWELL ROAD 

LONDON. S.W.TENGLAND 

T R A N S R A D  •  L O N D O N 

1 

WAVEGUIDE TEST equipment for use between 2600 and 
3950 mc; 11/4  by 3 by 0.0g0 in.; RG-48/11 waveguide with 
UG-53/U flanges. These and special units for early delivery. 

O Standing-wave detector. 
Precision ground for con-

tinuing accuracy better than 1 
per cent. 

O Variable attenuator. Atten-
nuation 0.5 to 10 db; vswr 

less than 1.1, 2600 to 3400 mc; 
average power 1 watt, peak 1 kw. 

VARIAN 
ft mmorialem 

. Termination. Average pow-
er 1 watt, peak 1 kw; vswr 

less than 1.05, 2600 to 3400 mc. 

COCo-ax waveguide transition. 
Connectorless type for RG-

5/U, RG-8/U, or RG-21/U flexible 
cable; vswr less than 1.25, 2700 to 
3200 mc. 

99 washingion st. 

9(1,1  t a r I to .s, 
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S- What 
MOLDED 

R E SI S T O R S 

Of particular interest to all who need 
resistors with inherent low noise 
level and good stability  in all climates 

STANDARD RANGE 

1000 OHMS TO 9 MEGOHMS 

Used extensively in commercial equipment 
including  radio,  telephone,  telegraph, 
sound pictures, television, etc. Also in a 
variety of U. S. Navy equipment. 

HIGH VALUE RANGE 

10 to 10,000,000 MEGOHMS 

This unusual range of high value resistors 
was developed to meet the needs of scien-
tific and industrial control, measuring and 
laboratory equipment—and of high voltage 
applications. 

IS.WHITE 

SEND FOR 

BULLETIN 4906 

It gives  details of  both 
the  Standard  and  High 
Value  resistors,  including 
construction, characteristics, 
dimensi3ns, etc. Copy with 
Price  List  mailed on  re-
quest. 

JWA/ilk  

THE S. S. WHITE DENTAL MFG. CO. INDUSTRIAL DIVISION 

— DEPT.  GR, 10 EAST 40th ST , NE W YORK 16, N. r 

FLEXIBLE  SHAFTS  AND  ACCESS ORIES 

MOLDED PLASTICS PRODUCTS—MOLDED RESISTORS 

Como/ rirsetitie. 4 .4/1114 lottludtheal eatativaded 

This unique pack-
aged component is ealily built into 
your apparatus. It has true decimal 
reading, and simple binary circuit with 
reliable automatic interpolation. Min-
iature size. Moderate price. Immedi-
ate shipment. 

• Send for Bulletin Dal-116 

wiheiev. &Jen * cootra 
SIXTH AND NEVIN AVE • RICHMOND, CALIFORNIA 

TEST EQUIPMENT 
FOR 

RADAR AND TV 

MODEL 705 

WOBBULATOR 
SIGNAL GENERATOR 

Center Frequ: 2-500 mc. 
Frequ. Sweep: 0-100 mc. 
Output: 0.1 volt at 50 ohms 
Integral Detectors and amplifier direct 
viewing 5" scope. 

MODEL 708 

SPECTRUM 
ANALYZER 

Frequ. Range: 8500-9600 mc. 
Min. Frequ. Dispersion: 1 mc/in. 
Max. Frequ. Dispersion: 10 mc/in. 
Sweep frequ. 10-25 cps 
Overall Gain: 125 db 
Input Attenuator: 100 db 
Power Input 115 230 v. 50-800 cps. 

CANOGA CORPORATION 
P.O. BOX 361 

VAN NUYS, CALIFORNIA 

e TYPE SX 

10 

ISYNCHRONOUS MOTORS 

---.„,, 
(  

# 6 ' tik:sfttv:11 

,/..-kA,c44.- •,..'41'''',‘ 
• ::,:''%•':',5,:)./Ydils'iky / -, 

MP 

Cramer Type SX Synchronous Motors are 

highly efficient permanent magnet type 

motors that produce an exceptionally 
high torque. Self-starting . . . quick start 

and stop . . . operate at synchronous 

speed only. Close tolerance of magnetic 

field construction and precision align-

ment of gear train assure long, uninter-

rupted service. 

APPLICATION 

Designed for applications requiring a 

constant speed at a given frequency, 

Cramer Type SX Motors are widely used 

throughout the instrument and control 

fields to fill the gap between the low 

torque clock motors and the fractional 

horsepower group. 

CHARACTERISTICS 

High Torque: 30 in. oz. at 1 RPM, 60 cy. 

Quick Response: Reach synchronous 

speed within la to 2 cy. Stop within 1 pole 

of motion on 240 RPM rotor shaft (1 60 

sec.). Speeds: Standard gear trains from 

60 RPM through 1 24 RPH. Cycles: Avail-

able for 25, 50 and 60 cy. operation. 

Coils: Easily replaceable. Lubrication: 

Sealed within housing containing rotor 
and gear train. 

SEND FOR BULLETIN 10B 
THE R. W. CRAMER COMPANY, INC. 

Box  12, Centerbrook, Conn. 

iNTERVA1  CYCLE  IMPULSE - PERCENTAGE TIMERS 
RUNNING TIME METERS - GEARED SYNCHRONOUS MOTORS 

8CR49 

PROCEEDINGS OF THE I.R.E.  Jeptember, 1949 
66A 



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 64A) 

Low Power Transmitter 
Mica Capacitors 

A new line of transmitter mica capaci-
tors with universal mounting, which are 
intended for use in low power transmitters 
for plate or grid coupling, filament, and 
plate by-pass applications, is announced by 
Cornell-Dubilier Electric Corp., South 
Plainfield, N. J. 

This line, the Faradon NF series, is 
similar to Type 9 except for different 
case style and mounting arrangement. 
The  dimensions  of  these  capacitors 
are  11-11"XTVX1r'll" over all, with a 
choice of a vertical mounting with in-
sulated mounting holes tapped for A" 
screw, or a horizontal mounting with 

brass terminal bushings tapped for a 
A' screw. The latter type has insulated 
slotted mounting holes and insulated 
spacer feet to permit assembly against a 
chassis. Solder lug terminals and brass 
terminal bushings tapped for A' screws 
provide an optional method of making 
connections. They are rated in a range 
from 0.00005 ILIA with 2,500 volts dc to 0.03 
i.iµf with 600 volts dc. 

New Pin Riveter For 
Light Operations 

Keller Tool Co., Grand 
Haven,  Mich.,  announces 
production of a Pin Riveter, 
for very light riveting opera-
tions, with soft-metal tubular 
and standard rivets. 
The new Pin Riveter is 

said to be suited to a variety 
of special jobs, such as setting 
small drive screws, driving 
brads in the assembly of 
wood, light peening and scal-
ing operations on thin sheet-
metal sections and bakelite. 
The net weight of the Pin 

Riveter is 13 ounces; length, 
6 1/16 inches. Piston diame-
ter is 19/32 inch; stroke, 
inch. Tool has a speed of 
9,000  blows  per  minute. 
Standard equipment consists of one blank 
rivet set, with special rivet sets available 
on order. 

(Continued on page 68A) 

NEW... Improved Wiring Eliminates Leakage 

Range: I 1 1 db. in 0.2 

steps. 
Frequency resp.: 0.1 db 
from 0 to 20 kc. 

Accuracy: 0.1 db. 
Impedance, load sec-
tion: 4, 8, 16, 50, 
150, 200, 500, & 
600 ohms. 

Impedance, transm. 
set.: 50, 150, 200, 
500 & 600 ohms. 

Reference level: 1 mw. 
into 600 ohms. 

Circuit: "T", 
unbalanced. 

Attenuators: 10x10, 
10x1 & 5x0.2 db. 

Load carr. cap.: 
Transm. sect. 1 w. 
Load section 10 w. 

A precision Gain Set with specially developed 
wiring that permits no troublesome leakage 

and provides improved frequency character-

istics.  Available completely assembled, or 
in kit form —which permits the sale of a high 
accuracy instrument at a low price. 

WRITE FOR DESCRIPTIVE BULLETIN 

Manufacturers of Precision Electrical Resistance Instruments 

PALIS A DES  PARK,  NE W  JERSEY 

5 SECOND HEATING 
no waiting, saves power \ 

RIGID-TIP 
latest in tip 
engineering 

LONGER REACH 
full 51/4  inches 

SOLDERLITE 
spotlights the work 

STREAMLINED 
perfectly 
balanced 

DUAL HEAT 
single heat 
200 watts, 
dual heat 
200/250 
watts; 
11 5 volts, 
60 cycles 

'41/4111818-

*Etta 
sotptioG 
GUti 
woo 
250 watts 
\\\T\ 

You can do every kind of soldering 
with this new 250 watt Weller Gun. 
Power-packed, it handles heavy 
work with ease—yet the compact, 
lightweight design makes it equally 
suited for delicate soldering and 
getting into tight spots. 
Pull the trigger switch and you 

solder. Release the trigger, and off 
goes the heat—automatically. No 
wasted time. No wasted current. No 
need to unplug the gun between 
jobs. 'Over and under' position of 
terminals provides greater visibility 
wills built-in spotlight. Extra 55/4" 
length and new RIGID-TIP mean 
real soldering efficiency. 
Chisel-shape RIGID-TIP offers 

more soldering area for faster heat 
transfer, and new design gives brac-
ing action for heavy jobs. Here you 
get features not found in any other 
soldering tool ... advantages that 
save hours and dollars. Your Weller 
Gun pays for itself in a few months. 
Order from your distributor or write 
for bulletin direct. 

SOLDERING TIPS—get your copy of 
the new Weller guide to easier, faster 
soldering-20 pages fully Illustrated. 
Price 10c at your distributor, or or-
der direct. 

ELLER 
MANUFACTURING COMPANY 

821 PACKER STREET  •  [A TON, PA 
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EAR and EYE 
TUNED 

TELEVISION 
TRANSFORMERS 
This Acme Electric 500 V.A. Power Supply 
Transformer for television receivers, has been 

carefully engineered to provide the exact 

electrical characteristics required for larger 

sets. Hum-free operation has been attained 

thru both riveting and bolting core and var-

nish impregnating entire unit. 

This larger V.A. capacity transformer, per-

mits manufacturers to use only one trans-
former instead of two. 

From standard laminations, sizes and standard 
mounting cases Acme Electric engineers can 

design exactly the transformers you need to 
improve your product. We invite your inquiry. 

ACME ELECTRIC CORP. 
449 Water St  Cuba, N.Y., U.S.A. 

Ac4ng E Lzetri.c 
T  R  A  N  S F  O R  M  E R  S 

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 raw (7,4) 

Vertical Lead Shield for 
Radiation Protection 

A new vertical lead shield, Model 800, 
that incorporates new designed principles, 
has been developed by Atomic Instrument 
Co., 160 Charles St., Boston 14, Mass. 

The Model 800 is steel-cased, altuni-
num-lined and, the manufacturer claims, 
offers at least 1 inch equivalent of lead 
shielding in all directions. The top is of 
aluminum and lead construction and, while 
removable, can be securely locked. The 
connector opening, located near the top of 
the cylinder, is aluminum-lined. 
The interior is equipped with a ludic 

holder and is specially designed to be corn 
pletely light-proof and background-proof 
Dimensions are as follows: inside, 3 

inches diameter by 81 inches high; outside, 
9 inches by 141 inches; door opening, 3:: 
inches by 4 inches; weight, 250 lbs. 

New Microvolt Signal 
Generator 

The new Model 292X, signal generator, 
a microvolt generator designed to cover 
both upper channel TV and mobile band 
frequencies on fundamentals, is announced 
by Hickok Electrical Instrument Co., 
10551 I hipont Ave., Cleveland S. I /Inn. 

The manufacturer states that its major 
use will be in the coverage of mobile band 
frequencies for taxicabs, police depart-
ments, railways, ships, etc., for which no 
expanded scale instrument with accuracy 
to 0.05 per cent was previously available. 
Model 292X covers all AM, FM, TV, 

and mobile frequencies; measures both in-
put and output of units under test; has 
modulated and unmodulated on  from 
1 to 100,000 microvolts; may be externally 
modulated from 15 to 10,000 cps; employs 
decibel meter for faster servicing-- over 
100 inches of scale; and a self-contained 
crystal oscillator circuit. 
Dimensions are 14' X 161" XS", weight 

29 lbs. 
For information write to II. I). John-

son at Hickok. 

New 2- Watt Fixed Resistor 
- I he developinen t of new 2-vt a It inoldei I 
arbon composition resistors is announced 
I i% The Electronic Components Div., 
Stackpole Carbon Co., St. Mar) s, l'a. 

ont o . 

From voice through UHF 
COMMUNICATION 

CIRCUITS 
Third Edition 

By I.awrenre A. Ware and 
Henry: R. Reed 

The third edition of Communication 
Circuits gives all the basic principles 
of communication transmission lines 
and their associated networks . . . all 
the frequencies, including the ultrahigh 
. .. impedance matching . . . attenua-
tion in wave guides . . . microwave 
transmission by means of, rectangular 
and cylindrical wave guides and coaxial 
tables . . . and much more. 

Many chapters have been enlarged; all 
arc brought up-to-date. 

1949 
403 pages 
202 illus. 
55.00 

OUTS* EXAMINATION 

ON APPROVAL COUPON 
JOHN WILEY & SONS. INC. 
440 Fourth Avenue, New York 16. N.Y. 
Please send vii-. on 10 days' examination, a envy 
"f Ware & Reed's COMMUNICATION CIRCUITS. 
If I decide to keep the hook. I will remit $5.00 
plus powave; "the-twine I will  return (ho book 
pontpahl. 

Name   

Addict. 

City  Zone .... .(air'   

EnsploNed by   

(Offer not valid outside U.S. 
IRE-9-40 
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News—New Products 
These m anufacturers  have  invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R E. affiliation. 

( ( onttnued f rota rage OS.-I 

These resistors are available in a com-
plete range from 10 to 100,000 ohms and 
in standard tolerances of +5, 10 or 20 per 
cent as required. The new resistors have 
been designed to meet JAN specifications. 
They are fully insulated and moisture 
resistant. A new anchoring method assures 
that lead strength will exceed the standard 
10-lb. pull test. Standard RMA color cod-
ing is employed. The new resistors are 
11/16 inches long by 0.312 inch in 
diameter. 

TV Antenna With Four 
Driven Elements 

A new antenna designed to decrease 
cochannel interference, is announced by 
Technical Appliance Corp., Sherburne, 

N. V. 

T 

The Type 900 TV antenna has four 
driven elements, two in the vertical and 
two in the horizontal plane. 
The manufacturer claims that with this 

new antenna it is now possible by means of 
a diplexer network to eliminate the co-
channel interference present in many loca-
tions where two stations are on the same 
channel or adjacent channels and are 
located about 180° apart. 
Type 900 is supplied with diplexer, 

which is mounted at the receiver. The di-
plexer serves as a matching transformer 
between the line and the receiver, eliminat-
ing any standing waves due to mismatch. 
It also serves as a reversing switch for 
witching directivity lobes. 

Precision Micrometer Head 
't he announcement of production of a 

new type Precision micrometer head, de-
signed for the electronics industry is made 
by the manufacturer, Frequency Stand-
ards Corp., P.O. Box 66, Eatontown, N. J. 

(Continued on page 70,4) 

* Only two  holes in 
chassis 

* Readily-wired lugs 

* 19/32" dia. 1% 2, 
21/2 and 3" h. 

* 10, 15, 20 and 25 w. 
* Max. res. 6,000, 

9,000,12,000 and 
15,000 ohms 

STANDEE--ABOVE-CHASSIS-
M OUNTED PO WER RESISTOR.  

* Just what the underwriter ordered! Mounts ABOVE chassis. 
Takes heat out in the open. h" hole clears terminals below. 

Mounting bracket takes self-tapping screw. 

Wire winding on fibre-glass core, bent in hairpin with mica 
separator between legs, placed in ceramic tube filled and 
sealed with cold-setting inorganic cement. 

* Write on business letter-
head for literature, sample 

and quotations. 

EL AROS1 

C EMENT MIX 

N 

MICA INSULATOP 
WINO M/).,TEPAIONAL 

--- T 'V f.-

YE AR 

( 1 4 W 4 0 A1 / 1 4 1 1 

—,— 

J (LAROSTAT MFG CO . INC • DOVER. NEW HAMPSHIRE • In Canada: CANADIAN MARCONI CO., LTDMontreal, P 0. and branches 

500 W ASHI N GT O N  AVE 

Designed for making impedance, standing wave ratio, and wave-
length measurements in the range of 60 to 1000 megacycles per second. 
Careful design and precision manufacture enable highly accurate 

measurements to he made with the line. 
High sensitivity and selectivity due to efficient probe tuning. 
End connectors adapted to use of Type N or similar fittings for solid 

dielectric cables a, will a, for 7AI, Pts and 31/4 inch air lines. 

Write for complete 
FTL-30A Brochure 

N UTLEY 10, N. J. 
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News—New Products 

04eza.e,47.-

FIXED AND VDPIARLE  

For Every Application . . . 

Outstanding in every respect, JOHN-
SON Variable and Fixed Inductors 
are available in a wide variety of types 
to meet eery electronic application. 
JOHNSON has available a wide range 
of standard models — or can build 
special types, in production quantities, 
on short notice. 

Among the different types are: 

222 SERIES 
(Illustrated above) 

For low power electronic heating and medium power 
transmitting. Internal sliding contact type. Mycalex 
insulation, conductor 1 2'  copper strip nickel 
plated. Inductors of this standard type are wound 
to specific requirements. 

224 SERIES 

For high power application. Roller contact type. 
Approximate maximum inductance 75 uh with 
3 8' tubing, 50 uh with 1 2 tubing. Cast aluminum 
end frames. 

226 SERIES 

For high frequencies. Rotating coil type. Optional 
variable pitch winding for wide frequency band 
coverage. Edgewise copper strip, silver plated. 
Wound to customer specifications 

227  SERIES 

A high current Inductor especially adapted to 
Electronic Heating Equipment. Rotating coil type. 
Available in single or dual models, with or without 
coupling links. End frames and support bars, Mycis• 
lex Conductor 3 4' flat wound sir,' plated copper. 

229 SERIES 

For low power transmitters. Rotating coil type. 
Smooth tuning! Available with 27 to 63 turns with 
inductance of 37 uh to 150 uh in standard models. 
Steatite or phenolic insulation. Wire sizes 12 and 
16 gauge. 

TYPE /A 

Inductance: built to any specified inductance from 
10 uh up. Basic M design permits any length and 
diameter. 

TYPE VAI 

Same as M except supplied with variable coupling 
NOON, flippers, or as variometers. Farady screens 
may be incorporated to reduce electrostatic coupling. 

TYPE N 
Fixed Inductors wound with either copper strip, 
ribbon, tubing or wire. Inductance: built to any 
specified inductance from 10 uh up. May be sup-
plied with either internal or external coupling 
winding. 

TYPE VN 

Same as N except variable. Main winding station-
ary with rotating winding connected as vanometer 
or coupling inductor. 

E.  F. JOH NS O N CO. 
WASECA, MINNESOTA 

These manufacturers have Invited PROCEEDINGS 

readers to write for literature and further technical 

Information. Please mention your I.R.E. affiliation. 

(Continued from page 69A) 

l'he size of the thimble in all models 
2k inches in diameter. Readability is a., 
sisted by contrasting colors on the scale. 
The antibacklash screw thread, which 
compensates for thread wear, provides a 
positive spindle reading in either direction 
or rotation. The head is avilable in either 
English or Metric scales with either I inch 
or inch thread offered in either scale. 

New Four-Beam Oscillograph 
A new four-beam cathode-ray indica-

tor, capable of simultaneously displaying 
four related or unrelated independent phe-
nomena on a single screen, has been made 
commercially available by the designer, 
Special Products Section, Allen B. Du-
Mont Labs., Inc. 1000 Main Ave., Clifton, 
N. J. 

This oscillograph is eqUipped with 
Type KI027P11 C-R tube, which contain., 
4 independent electron guns. It also con-
tains its own power supply and horizontal 
amplifier for each channel. Sweep circuit. 
and vertical amplifiers are not provided 
because the instrument was not intended 
for use with a record camera of the moving-
film type. 
The horizontal amplifiers are directly 

coupled, with conductive or capacitive in-
puts to the four channels. Each channel 
may be individually calibrated by means 
of an internal voltage calibrator. Selector 
switches permit either conductive or 
capacitive input couplings. 

Spectrum Analysis 
from AF to UHF 

Faster and Simpler with these 

Panoramic Instruments 
Whether your problem is Investigation of noises. 
vibrations, harmonics characteristics of AM, FM 
or pulsed signals, oscillations, cross modulation, 
transmission characteristics of lines and filters, 
monitoring. telemetering or any phenomena re-
quiring spectrum analysis, these panoramic In-
struments will help collect Information taster, 
easier and more economically by automatically 
visualizing spectral content. 

Panoramic Sonic Analyzer AP- I 
Complete Audio Waveform Analysis in 

One Second 
Recognized as THE practical answer for analyz-
ing waves of random or static character. the 
AP-1 automatically separates and measures com-
plex wave components in only one second. Di-
rect reading. 

Frequency Rangel 40-20.000 c.p.s., log scale. 
Input Voltage Range: 500 9V-500V, 

Voltage Stales linear and two decade log. 60 db 
overall range. 

 a mic Ultrasonic Analyzer 
Entirely New for Ultrasonic Studies 

An invaluable new direct reading instrument, the 
SB-7 enebles overall observation of the ultra-
sonic spectrum or very highly detailed examina-
tion of any selected narrow spectrum segment. 
Frequency Range: 21CC-300 KC, linear scale. 
Scanning Width: Continuously variable, 200 KC 
to zero. 
Input Voltage Range: 1 MV-50V. 
Amplitude Seale: linear and two decade log. 

4 

4 4 4/4 

444 444  
- •  d m SB 8 

Panalyzor Panadaptor for 

RF Spectrum Analysis 
Long accepted as the simplest and fastest mean, 
of observing segments of the RF Spectrum. Pan-
adaptor  units  operate  with  superheterodyne 
receivers, which tune in the segment to be 
examined.  Panalyzors use an external signal 
generator for this purpose and have a fiat am-
plitude response for determining relative levels of signals. 
Both are available In over a dozen standard 
models and types differing in ... Maximum Scan-
ning Widths ranging from 501CC to 20MC. con-
tinunu,lv variable to zero  Signal Resolution 
Capabilities from 250KC down to 100 CPS. 
Write Now for Complete Technical Data 
Sao  these  instruments  dens  ad  at  the 
National Electronics Conte a  , Booth Na. S 

1 
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PAUL ROSENBERG ASSOCIATES 
Coniulting Phyricilts 

Main office: Woolworth Building, 
New York 7. N.Y. 

Cable Address  Telephone 
PHYSICIST  WOrth 2-1939 

Laboratory: 21 Park Place, New York 7, N.Y. 

TECHNICAL 
MATERIEL CORPORATION 
COMMUNICATIONS CONSULTANTS 
RAD1OTELETYPE • FREQUENCY SHIFT 

INK SLIP RECORDING - TELETYPE NETWORKS 

453 West 47th Street, New York II, N.Y. 

W. J. BROWN 
Consulting Engineer 

INDUSTRIAL ELECTRONICS 
RADIO AND TELEVS1ON 

26 years active development experience 

512 Marshall Bldg., Cleveland, 0. 
Telephone: TOwer 14498 

EDWARD J. CONTENT 
Acoustical Consultant 

Functional Studio-Theater Design 
FM — Tele•ision — AM 
Audio Systems Engineering 

Roxbury Road  Stamford 3-7459 
Stamford, Coon. 

CROSBY LABORATORIES 
Murray G. Crosby & Staff 

FM, Communications, TV 

Industrial Electronics 
High-Frequency Heating 

Offices, Laboratory & Model Shop at: 
126 Old Country Rd.  Mineola, N.Y. 

Garden City 7-0284   

ELK ELECTRONIC LABORATORIES 
Jack Rosenbaum 

Specializing in the design and 
development of 

Test Equipment for the communications, 
radar and allied fields. 

12 Elk Street  Telephone: 
New York 7, N.Y.  WOrth 2-4963 

WILLIAM L. FOSS, INC. 

927 15th St., N.W.  REpublic 3883 

WASHINGTON, D.C. 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J, Upper Montclair, N.J. 
Offs. 14 Lab.: Great Notch, N.J. 

Phone: Montclair 3-3000 
Established 1926 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinions 

Warner Building  100 Normandy Drive 
Washington 4, D.C.  Silver Spring, Md. 
National 2497  Shepherd 2433 

Samuel Gubin. Electronics 
G. F. Knowles. Mech. Eng. 

SPECTRUM ENGINEERS, Inc. 
Electronic & Mechanical Designers 

540 North 63rd Street 
Philadelphia 31. Pa. 
GRanite 2-2333; 2-3135 

Samuel Gubin   71A 

PROCEEDINGS OF TIIE I.R.E.  September, 1949 71 A 



ROLLING UP THEIR SLEEVES 

72A 

That is just exactly what 180 manufacturer.. of technical-radio and electronic prod-
ucts and services have been doing by advertising in the PRO( F:EDINGS of the I.R.E. 
They have "rolled up their sleeves" and come to market with factual copy which 
renders a real service to engineer-readers. Their messages have given specifications 
and working data. They have worked hard to put into their advertising exactly the 
information that engineers need. Logically, such advertising gets good results and 
many of these firms have been our customers, year after ,ear. Proudly we present 
this list of advertisers —all "industry leaders." 

Acme Electric Corp. 
Aerovox Corp. 
Airborne Instruments Lab., Inc. 
Aircraft Radio Corp. 
Alfas Paper & Engineering Co. 
Allen-Bradley Co. 
American Lava Corp. 
American Phenolic Corp. 
Amperes Electronic Corp. 
Amperite Co. 
Anchor Plastics Co., Inc. 
Andrew Corp. 
Arnold Engineering Co. 
Arrow Electronics, Inc. 
The Astatic Corp. 
Audio Development Co. 

Barker & Williamson 
Bead Chain Mfg. Co. 
Bell Telephone Labs. 
Bendix Aviation Corp. 
(Radio & Scintilla Div.) 

Berkeley Scientific Co. 
Blew Knox Co. 
Bliley Electric Co. 
Boonton Radio Corp. 
British Industries Corp. 
W. J. Brown 
Browning Labs., Inc. 
Brush Development Co. 
Bud Radio, Inc. 
Bundy Tubing Co. 
Burlington Instrument Co. 
Burnell & Co. 

Cambridge Thermionic Corp. 
Cannon Electric Development Co. 
Canoga Corp. 
Capitol Radio Eng. Inst. 
Central Scientific Co. 
Centralab—Div. Globe Union, Inc. 
Chicago Transformer Div. 
C. P. Clare & Co. 
Clarostat Mfg. Co., Inc. 
The Cleveland Container Co. 
Sigmund Cohn Corp. 
Communication Products Co. 
Communications Equipment Co. 
Edward J. Content 

Continental Carbon, Inc. 
Cornell-Dubilier Electric Corp. 
Cornish Wire Co., Inc. 
R. W. Cramer Co. 
Crosby Labs. 
The Daven Co. 
Dial Light Co. of America, Inc. 
Distillation Products, Inc. 
Allen B. Dumont Labs., Inc. 
Stanley D. Eilenberger 
Eitel-McCullough, Inc. 
Electrical Reactance Corp. 
Electro-Motive Mfg. Co., Inc. 
Electro-Tech Equipment Co., Inc. 
Electro-Voice, Inc. 
Elk Electronic Labs. 
Erie Resistor Corp. 
Federal Telecommunication Lab. 
Ferranti Electric, Inc. 
Ford Engineering Co. 
William L. Foss, Inc. 
Freed Radio Corp. 
Freed Transformer Co., Inc. 
French-Van Bieems, Inc. 
Furst Electronics 

General Aniline & Film Corp. 
General Electric Co., Apparatus Dept. 
General Electric Co., Electronic Dept. 
General Radio Co. 
Glaser Lead Co., Inc. 
Paul Godley Co. 
Goodyear Aircraft Corp. 
Herman Lewis Gordon 
Spectrum Engineers, Inc. Samuel 
Gubin 

Haydu Brothers 
Hazeltine Electronics Corp 
The Helipot Corp. 
Hewlett-Packard Co. 

lliffe & Sons, Ltd. 
Industrial Televisi7n, Inc. 
International Nickel Co., Inc. 
International Resistance Co. 

J. F. D. Mfg. Co., Inc. 
Jacobs Instrument Co. 
E F. Johns,-. 

Kahle Engineering Co. 
Karp Metal Prods. Co., Inc. 
Kay Electric Co 
Kenyon Transformer Co. 
Kester Solder Co. 
Kings Electronics Co. 
James Knights Co. 
Kollsman Inst.—Square D Co. 

Lambda Electronics Corp. 
James B. Lansing Sound, Inc. 
Lavoie Labs. 
Lenz Electric Mfg. Co. 

Machlett Labs., Inc. 
P. R. Mallory & Co., Inc. 
Marion Elec. Inst. Co. 
McGraw-Hill Book Co. 
Measurements Corp. 
MeIpar, Inc. 
Eugene Mittelmann 
Mueller Electric Co. 
Murray Hill Books, Inc. 
Mycalex Corp. of America 
Dwight A. Myer 

National Carbon Co. 
National Union Radio Corp. 
Newark Electric Co., Inc. 
New York Transformer Co. 
J. M. Ney Co. 
A. C. Nielsen Co. 
North American Philips Co., Inc. 

Ohmite Mfg. Co. 

Panoramic Radio Corp. 
Par-Metal Products Corp. 
Phi!co Corp. 
Polytechnic Research & Dev. Co. 
Premax Products 
Presto Recording Corp. 

Radio Corp. of America 
Rawson Electrical Inst. Co 
Raytheon Mfg. Co. • 
Reeves Hoffman Corp. 
Reeves Instrument Corp. 
Reliance Merchandising Co. 
Revere Copper & Brass, Inc 

Vibrashock, Div. of Robinson Avia-
tion 

Paul Rosenberg Assoc. 

Sanborn Co. 
Arthur J. Sanial 
Richard B. Schulz 
Secon Metals Corp. 
Shallcross Mfg. Co. 
Sherron Electronics Co. 
Shure Brothers 
Simpson Electric Co. 
Smith Paper, Inc. 
Somerset Labs., Inc. 
Sorensen & Co., Inc. 
Spencer Kennedy Labs. 
Sperry Gyroscope, The Sperry Corp. 
Sprague Electric Co. 
Stackpole Carbon Co. 
Super Electric Prods. Corp. 
Superior Tube Co. 
Sylvania Electric Prods., Inc. 

"TAB" 
Tech !Abs., Inc. 
Technical Advertising AMC. 
Technical Material Corp. 
Technologr Instrument Corp. 
Tektronix, Inc. 
Tel-Instrument Co. 
Telemark, Inc. 
Television Equipment Corp. 
Transraclio Ltd. 
Triplett Elec. Inst. Co. 
Truscon Steel Co. 

United Transformer Corp. 

Varian Assoc. 

Webster Electric Co. 
Weller Mfg. Co. 
Welwyn Electronic Components 
Western Electric Co. 
Westinghouse Electric Corp. 
Weston Electrical Inst. Corp. 
S. S. White Dental Mfg. Co. 
Wilcox Electric Co., Inc. 
John Wiley & Sons, Inc. 

Zenith Radio Corp. 

The "PROCEEDINGS of the I.R.E." —Published by 

THE INSTITUTE OF RADIO ENGINEERS 
William C. Copp, Advertising Mgr. 
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W I (AIRIER 
YA T-6055 

2X.5 MFD 
600 VDc 

C-D CAPACITORS MAY LOOK LIKE OTHERS, BUT... 

SU PER M! ALLY , they may LOOK 
alike. But men like yourself don't 

judge performance by looks. You 
want to know how well they're made. 
And, equally important, who makes 
them. 

The Cornell-Dubilier name on a 
capacitor does more than identify 
the product's maker. It identifies the 
capacitor as a product of 40 years' 
specialized capacitor experience, and 
a product which is world famous. 

You are safe in. joining the leading 
engineers who specify C-D. 

C-D PAPER CAPACITORS 

Typical of the line of C-D capacitors 

is the complete listing of capacitors 

made in accordance with joint Army 

and Navy specification JAN•C -25. 

These are completely covered in 

Cornell-Dubilier catalog :400 which 

is nnw available. 

Cornell-Dubilier engineers will wel-

come the opportunity of assisting 

you with your capacitor problems. 

Cornell-Dubilier Electric Corporation, 
Dept  MI-9. South Plainfield, New 
Jersey. Other plants in New Bedford, 
Brookline and Worcester, Mass.; 
Providence, Rhode Island; 
Indianapolis, Ind., and 
subsidiary, The Radiart 
Corp., Cleveland, Ohio. 

1910  1949 
tog. U S. Po , 011. 

94, 
* CAPACITORS 

* VIBRATORS  

* ANTENNAS  

* coNvERTERs  

/DUB/ 
CONSIST, NY! Y DEP( NDARIf  i d f° 

ao ee,74 F7e/c/ 7j:57̀./ 



TYPE 1001-A 

Standard-Signal Generator 

• MODERATE COST THROUGH 

SIMPLIFIED DESIGN 

• UNUSUALLY LOW LEAKAGE 

Rear view, remo.ed from metal cabinet. Semi-unit construction 
with power supply along top, completely enclosed shielded and 
filtered carrier oscillator in center, and ottenuator, carrier control, 
audio oscillator and modulation control at bottom. 

• 'S  -411111 Morar 

Cover removed from oscillator compartment. Note two-piece 
construction of cover, each being insulated from the other and 
making contact with both surfaces of the metal box housing the 
oscillator. All leads to this box are carefully filtered to prevent 
leakage. 

The complete oscillator plugs in and out of the metal boy shown 
above, making testing and servicing particularly easy. The 
oscillator can be operated when removed from its shielding box. 
Extra precautions have been taken to insure excellent contact 
between the pre-loaded contact springs and the cylindrical 
contacts on the oscillator coil turret shown at extreme right. 

With many mechanical and electrical improvements, the Type 
1001-A Standard-Signal Generator replaces the once-popular' 

Type 605. 

' Ruggedly designed, with unique mechanical construction and 
simplified circuits, this generator has exceptionally low leakage. 
Through the elimination of a number of circuit frills it has been 
possible to keep its cost to a moderate figure. 

ABRIDGED SPECIFICATIONS 

CARRIER-FREQUENCY RANGE: 5 kc to 50 Mc in eight loga-
n  lc , direct-reading ranges. 

FREQUENCY CALIBRATION: accurate to ±1%. 

INCREMENTAL-FREQUENCY DIAL: indicates increments of 0.1-* 
per cent of frequency per division up to 15 Mc. 

OUTPUT VOLTAGE: open-circuit voltage adjustable from less 
than 0.1 microvolt to 200 millivolts. Two-volts output available 
from a second jack. 

AMPLITUDE MODULATION: adjustable froni 0 to 80% either 
with 400-cycle built-in source, or over 20 to 15,000 cycles from 
an external source. 

LEAKAGE: stray fields are substantially less than 1 microvolt 
per meter two feet from the generator. 

INCIDENTAL FREQUENCY MODULATION: varies from 10 to 
100 parts per million, at 80% a.m., over each range except 15-50 
Mc where it may he three times this amount. 

ENVELOPE DISTORTION: DISTORTION: about 6% at 80% modulation. 

NOISE LEVEL: carrier noise level corresponds to about 0.1% 
modulation. 

Fully 90 per cent of the needs for a standard-signal generator for 
general laboratory use are adequately met in this carefully designed 
G-R instrument, where the ultimate in accuracy and stability is not 
required. 

TYPE 1001-A STANDARD-SIGNAL GENERATOR  $595.00 

GENERAL RADIO COMPANY 
Cambridge 39, Massachusetts 

NEW YORK  CHICAGO inc Ahinci cc 


