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CORNELL-DUBILIER

WORLD'S LARGEST MANUFACTURER OF

CAPACITORS [

A lof of

To you—the manufacturer—
this means that your product
should include C-D Quietones
in its basic design. With safety at
sea—as well as listening
pleasure —at stake, your marine
customers demand the kind of
interference-free equipment
operation C-D Quietones are
designed to give. Of the hundreds
of Quietone types available, there
may be one which will fit your
needs to a "T"; if not, our sleeves are
rolled up and we're ready in
our modern and complete
Radio Noise-Proofing Laboratory—
to design the specific filfer you need.
C-D Quietones will solve your
radio noise and spark suppression
problems speedily, permanently
and effectively. Your inguiry is invited.
Cornell-Dubilier Electric Corporation,
Dept. J1, South Plainfield, New Jersey.
Other large plants in New Bedford,

Worcester, and Brookline,
Massachusetts, and Providence, R. I,

Make Your
Products More 3
Saleable with wttn Fneilalion from C-D

C-D Quietone WORLIVS MOST ADVANGED RaDits
Badio Noise e A
Filters and Spark : R
Suppressors. woilhoud obligalion
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THE DESIGN OF AUDIO COMPENSATION NETWORKS .............. William A. Savory

Application of correct equalization for phonograph record-
ings has important effect on character of reproduction

BRITISH DEVELOPING PROJECTION TV i i st
Olympia exhibit reveals that most receivers have 8x10
direct view tubes; fixed tuning simplifies construction

U. S. RADIO STATISTICS, 1948 . ... .. ettt et e i aemn e s
PERFORMANCE CHARACTERISTICS OF FM DETECTOR SYSTEMS....... B. D. Loughlin

The operating features of two classes of currently used
detection methods for FM receivers—Advantages of each

CAVITY TYPE FILTERS FOR INTERFERENCE ........................ Daniel E. Noble

Designs of systems and equipment for the maximum spec-
trum utilization in the mobile radiotelephone services

METHOD FOR DETERMINING RECEIVER NOISE FIGURE ................. Morris Allen

Measurements by practical means reveal limiting effect
on sensitivity represented by shot effect, thermal agitation

NOISE NEUTRALIZING DETECTOR CIRCUIT ........ D. L. Hings and William W. Garstang

Static-free detection system on entirely new principle for
continuous wave and carrier shift transmissions

TEMPERATURE COEFFICIENT EFFECTS FOR RF COIL FINISHES—Parti Il. . Chester I. Soucy

Analyzing inductance changes following use of products
for dust and moisture protection and mechanical stability

TANGENTIAL ELECTRON EMISSION . . ...ttt ima e e ma e sne e

Space charge before cathode causes emission velocity
distribution to deviate from Maxwellian distribution

CENTRAL TELEVISION DISTRIBUTION SYSTEM ENGINEERING .....................

Engineers tackle problem of providing multiple viewing
outlets—Some practical and projected methods described

FM STATION WWHG ... o i it i s et e o

An area of more than twelve thousand square miles is
served by an FM antenna at an altitude of 2,286 feet

NATIONAL CONFERENCE URGES BIGGER RESEARCH PROGRAM ....................

Chicago gathering emphasizes need for continuing develop-
ment work — Communications, television principal topics

HOW RIGID IS THE HARTLEY LAWY .. i ie i it s iaenas

Extension of famous law indicates bandwidth can be traded
for signal-to-noise ratio — PCM' affords ideal exchange

GRAPHICAL AID FOR SELECTIVITY CALCULATIONS ................. Robert M. Maiden

A simple nomograph can be used to solve problems in
three separate categories for audio or radio frequencies

SURVEY OF WORLD-WIDE READING ........ e e e e e e
WH A S NEW o i e e e e e

CALDWELL-CLEMENTS, INC., Publication Office, Orange, Conn., Editorial and
Executive Offices 480 Lexington Avenue, New York 17, N. Y., Tel. Plaza 3-1340

BRANCH OFFICES — Chicage 6, R. Y. Fitzpatrick, 201 N. Wells St.,, RAN 9225; Los Angeles 5, The Robert W. Walker
Co., 684 So. Lafayette Park Pl., Drexel 4388; San Francisco 4, 68 Post St., Sutter 5568.
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D TIMING MARKERS

TROLLE
con s 0.02%

- [
1¢ o PLUS/M‘NU

ACCURATE T

WIDE VARIETY OF SWEEP SPEEDS:
4, 10, 25, 100, 1000 OR 4500
MICROSECONDS MAY BE SELECTED

——

RECISION.
i Yy CIRCUITS

SWEEP-DELA

EXTENDED WIDE-BAND
AMPI.IFIERS: SINE. WAVE
RESPONSE DOwWN 3db AT
8 me, Down 6db AT 17

SPECIFICATIONS . ..

Oscillogram of | micro-
second pulse passed
through video amplifier
of Type 256-D Oscillo-
graph.

Type 5CP-A cathoderay iube.
4000 volis accelerating potential.

10 volis/psec triggers the sweep.
Repelition rate: 2000 max. on

Excellent brilliance and spot size.
Sweeps (A): 4500, 1000, 100,
25. 10 and 4 usec.

Sweeps (R): 25, 10, 4 psec; de-
layable fo cover any portion of
the 100 usec A Sweep from 4
usec up. 25 and 10 wsec; delay-
able fo cover any portion of the
1000 psec A Sweep from 5 usec
up,

Delay accuracy =+ 0.1% of full
scale. First few microseconds
may be observed on the 4 or 10
usec A Sweeps. Approx. 0.3 usec
required to start sweep.

Triggered operation —internal:
Provides output pulse of 100
volls peak, positive or negalive;
rise lime 0.3 wsec: duration 1.0
usec; repelition rate 80 lo 400 a
second on 1000 usec and 4500
usec ranges; 80 to 2000 a second
on 100 wsec range. Crystal-con-
trolled time marks each 10 and
50 wsec, Timing mark: rise 0.25
psec; duration 1.0 usec; accuracy
o+ 0.02%.

Triggered operalion—external:
Trigger input == 15 volis mini-
mum at 100 volts/usec rise for
accurate timing. Trigger ampli-
fier: operation independent of
waveform; input trigger rise of

© ALLEN B DU MONT LABORATORIES, INC.

100 usec scale; 400 on 1000 usec
scale. No time marks available.

Intensity Modulation: Inpui
available at Z IN position of
markers switch.

Vertical Defleclion—Direct: De.
flection factor: 70 d-¢ v/in. Polar-
ity: posilive signal deflects up-
ward. Maximum input voltage:
600 v d-¢ plus peak a-c.

Vertical Deflection—Videc Am-
plifier: Altenuator: 1:1, 3:1, 10:1,
30:1 and 100:1, stepped, R-C com-
pensated. Input Impedance: 1
megohm, 20 ppf, Gain: approx.
125. Sine wave response: Down
3dbat8mc;downGdbatll me.
Pulse response: Sum of rise and
fall time of 1.0 usec pulse with
rise and fall of 0.01 usec does
not exceed 0.08 usec when
passed through video amplifier.
Max. input for undistorled de-
flection with no attenuation: Ap-
prox. 1 v. Defleclion: 0.25 v rms
and full video gain for %' min.
Maximum Input Voltage: 600 v
d-c - peak a-c. Polarity: Positive
signal deflects upwards.

Power: 115 v, single-phase, 60
cps, 220 watls, usable to 1200 cps.

Dimensions: 113" w., 16814”

h., 26" d.; wi. 104 lbs,

All this...and more too,
in the e
DU MONT TYPE 256-D

_OSCILLOGRAPH

R

’ Ideally suited for applications where a variety ot
sweep lengths, accurate sweep-delay circuits, crystal-
controlled timing markers, wide-band video amplifier,
and variable internal trigger generator are mandatory.

Such applications embrace television transmitter
and receiver research; study of multi-channel, pulse-
time modulation systems; nuclear research; and gen-
eral applications wherein high-speed. short-duration
phenomena ot low repetition rate are examined.

Immediate delivery! To any destination in confinen-
tal U.S.A. (Type 256-D; Cat. No. 1296E) delivered price
$1705.00.

TELE - TECH -

January, 1948
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MODEL 260
VOLT-OHM-MILLIAMMETER

20,000 Ohms per Voit D.C.
1,000 Ohms per Yolt A.C.
Volts, A.C. and D.C.: 2.5, 10, 50,

250, 1000, 5000.

Milliamperes, D.C.: 10, 100, 500.
Microamperes, D.C.: 100.
Amperes, D.C.: 10.

Decibels (5 ranges): —10t052 D.B.

Ohms: 0-2000 (12 ohms center).
0-200,000 {1200 ahms center).
0-20 megohms (120,000 ohms

center).

Model 260—Size 5%" x 7" x 3%”
$38.95

Model 260 in Roll Top Sufety Case
—Size 5%” x 9”7 x 4%”. $43.75

Boib complete wilh lest leads ond
32-poge Operotor’'s Monual®

ASK YOUR JOBBER

For what it buys in sensitivity, precision, and useful ranges, the price of Model 260
has always purchased value far beyond that of even remotely similar test instruments. Today this
famous volt-ohm-milliammeter is a finer instrument than ever, with added ranges and with a
new sub-assembly construction unmatched anywhere in strength and functional design.
The price is the same. That means, of course, that your investment today buys
even more in utility and the staying accuracy that distinguish this most popular
high-sensitivity set tester in the world.

*No other maker of test instruments provides anything to approach the

P | completeness of the pocker-size 3 2-page Operator’'s Manual thar accompanies
i Simpson Model 260. Ilustraced with 12 circuir and schematic
J‘,_ diagrams. Printed on tough map paper to withstand conswanc usage.
\\:
" ; % ?i ?}”" { ai SIMPSON ELECTRIC COMPANY e 5200-5218 W. Kinzie Street, Chicago 44, 1l
INSTRUMENTS THA A ECURATE In Canada, Bach-Simpson Ltd., London, Ont.
TELE - TECH- *« January. 1948 3
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SPOTLIGHTING

upel

Super Electrics® prime objective in
the design and manufacture of radio
coils is precision and performance.

As a chain is no stronger than its
weakest component, users of Super
coils have continuously found them
to be the strongest, most durable of
their components . . . because crafts-
manship and technique, garnered
over sixteen years of manufacturing
experience, have proved them,

We welcome the opportunity to
solve your coil problem.

mvorrace COILS

—and SUPER coils for FM,

standard broadcast and
all-wave receivers

1—The illustrated television hi-voltage coil
supplies 10 watts hi-voltage r.f. power.

2—It is suitable for incorporating into hi-
voltage r.f. power supplies with output
voltages obtainable between the limits
of 2,000 and 10,000 volts when operated

half-wave.

3—It is also suitable for doubling or trip-
ling to 20,000 or 30,000 valts.

A—These coils can be designed to customer
specifications for higher voltages up to
90,000.

§—Circuit diagrams con be supplied.

USE OF THE FOLLOWING 420 mmf RMA STANDARD GANG | 365 mmiRMA STANDARD GANG | 35 mmf
SUPER ELECTRIC (0. —— TONING RANGE TUNING
COMPONENTS v -
; 535 Vb 5.6 535 2.0- .0 - TELEVISION
Indicated by dots 1620 ke 5.8 me 19.25 me | 1620 % 8.0 me 18.0 me 112 me
OSCILLATOR COIL ° ° [} [ . [ [} L]
LOOP ANTENNA ° [ ]
ANTERNA COIL e . ] [ ] [ ] * .
R-F INTERSTAGE . . . . . . °
TRANSFORMER
BAND PA3S ANTENNA . .
€olIL {Double Tuned)
BAND PASS R-F (Ol . °
{Couble Tuned)

In addition to the components described, SUPER will build to customer specifications.

}/uPer

ELECTRIC PRODUCTS CORPORATION

1057 Summit Avenue

Jersey City 7, N. J.

PrecisioNn COMPONENTS

www americanradiohistorv com

MERERIEH

Q. H. CALDWELL
Editorial Directar

M. CLEMENTS
Publisher

S. P. McMINN
Executive Editor

RALPH R. BATCHER
Consulting Editor
JOEL PETERSON

Associate Editor

JOSEPHA ZENTNER
Wide Reoding

H. JACOBOWITZ
New Products

H. G. SHEA HAROLD ELLIS
Contributing Editors

CHARLES DREYER
Arf Direclor

WASHINGTON, D. C.
R. C. DAVIES DR. A. F. MURRAY
News Editor Consulting Editor
National Press Bidg. 4707 Windom PI.

CIRCULATION

B. V. SPINETTA
Circulation Diractor

M. GROENING, A. DelUISE
Subscriptions, List Compilation
BUSINESS DEPARTMENT

M. H. NEWTON J. J. BROOKMAN
Business Manager Soles Manager

DODD COSTER  WILLIS S. DRAKE
New England Mgr. Ohio Manager

R. Y. FITZPATRICK
Western Manager

S. M. GASKINS
N. McALLISTER A. O'ROURKE
Reader Service Make-Up

A. R. FISKE
Promeation Manager

W. W. SWIGERT
Credit Manager

W. KENNETH REYNOLDS
M. SCHNEIDER

M. TEMMEL
F. V. ECKHOFF

Tele-Tech*, Janucry 1948, Veol. 7, No. 1.
Regular price per copy 25 cents. Pub-
lished Monthly by Caldwell-Clements, lnc.,
Publication Office Orange, Conn., Editorial,
Advertisitg and Executive Offices 480 Lex-
ington Ave., New York 17, N. Y. Direct ali
subseription inquiries to Orange, Conn.,
or to 480 Lexington Avenue, New
York 17, N. Y. M. Clements, President;
Orestes H. Caldwell, Treasurer. Subscription
rates; United Stales and possessions, $3.00
for two years. Conada (Canadian Funds
Accepted) $4.00 for two years. Pan Ameri-
can Countries $5.00 for two years. All other
cauntries $7.50 for twa years. Entered as
second class matter June 9, 1947, ot the
Post Office at Orange, Conn., under the
act of March 3, 1879. Copyright by
Caldwell-Clements, Inc.,, 1948. Printed in
U.S.A. *Reg. U.S. Pat. Off.
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Presto Presents
Something New
In Recording
Amplifiers....

The new Presto 92-A. is a 50-
watt amplifier designed specif-
ically for recording work. It
answers the need for an am-
plifier of exceptional quality
and performance, and includes
a number of outstanding fea-
tures thoroughly proved in op-
eration:

*

1 Selector switch and meter
provide both output level in-
dicator (not for “riding gain’”)
and plate current readings for
all tubes. .

4@ 2 Chassis is vertically mount-
ed. Removal of the front panel
givesaccess to all circuits with-
out removing amplifier from
rack.

4@ 3 The output stage has four
807’s in push-pull parallel with
an unusual amount of feed-
back.Thisproducesample peak
power with low distortion and
an extremely low internal out-
put impedance for best per-
formance from magnetic cut-
ting heads.

Pushbuttonsselect any of these
recording characteristics: flat,
20-17,000 cps, 78 rpm, stand ard
NAB lateral, NAB vertical —
all within an accuracy of +1
db. Distortion is only 1}4% at
full output.

FREE! Presto will send you free of charge a complete
hibliography of all technical and engineering articles
RECGRDING CORPORATION on disc recording published since 1921. Send us a

246 WEST 55TH STREET, NEW YORK 19, N. V. post card today.
Walter P. Downs, Ltd., in Canada

WORLD’S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT & DISCS

TELE-TECH +* January, 1948 5
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What kind
of man ¢

Wiuat kivp of men are the 2,300 scientists and engineers of Bell Tele-
phone Laboratories?

Men of many types, working in different fhelds of research, may
contribute to each development.

But all have certain charactcristics in common: Good minds as a
foundation, many years of learning in the fundamentals of their science
and the methods of research, and a co-operative attitude — for without
co-operation of individuals these products of research could never be
produced.

Above all else, however, they have “the spirit to adventure, the wit
to question, and the wisdom to accept and use.”

That kind of men can produce the finest telephone equipment in the
world — and have done so.

BELL TELEPHONE LABORATORIES

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

TELE - TECH
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seicih T
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SPECIAL
MIXTURE

REVERE PRODUCTS AND SERVICES

All Revere Metals are processed with the
care and attention required to assure that

ECAUSE OFHC Copper locks like any other copper,

Revere takes great pains to identify it throughout process- they meet all metallurgical and physical
ing, to see it is not lost track of or mixed up with other types. specifications. Revere supplies mill products
The obvious thing is to mark each piece, which is done, but in non-ferrous metals and alloys, and also
markings are obliterated by operations such as rolling, and so electric welded and lockseam steel tube.
Revere goes to the length of assigning special personnel to follow An important port of our service to industry
each lot of OFHC Copper from one operation to another, watch- is the Revere Technical Advisory Service,

which will gladly collaborate with you on

ing carefully to be sure each load is kept intact.
g ¥ P specifications and fabrication methods.

In addition, Revere takes full cognizance of the fact that
OFHC Copper for radio purposes must have special qualities. In
making anodes, it must be deep drawn, and for the feather-edge

seal, it must be capable of being rolled or machined down to
.0027/.010”. By carefully controlling mill processing, grain size
is kept at or below permissible limits. Freedom from oxygen,

and from voids, is guaranteed by the method of casting the bars

from which we roll the forms required. In addition, there is an COPPER AND BRASS INCORPORATED

operation which results in Revere OFHC Copper being not just Founded by Paul Revere in 1801
commercially free but nearly absolutely free of internal and ex- 230 Park Avenue, New York 17, New York
ternal defects. This great care in producing copper for radio and A ills: Balti ;W C/.‘ I.li Detroit, Mich
. Mrlls:Baitimere, . Chicago, Lil.; Detrot, Mizch,;
. radar purposes probably accounts for the fact that Revere is a New Bedford, Mass.; Rome, N. Y. -
preferred source of supply. Sales Offices in Principal Citres, Distributors Everywhere
TELE - TECH + January, 1948 7
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Two New Single or Double Section Switches. ..

RSA.60

<+ . of Space Saving Design and Mallory Precision Quality

... Yet They Cost No More!

Where space is a [actor—dependability essential —low cost a prereguisite—the Mallory
RSA-50 and RSA-60 switches fill the hiil !

‘These new circuit selector switches, with section and terminal design identical to that of
the famous Mallory RS-50 and RS-60 switches, arc designed for band and tone control
switching in radio receivers and other electronic applications where medium and low

ENGINEERING DATA SHEET

Send for the Mallory Engineer-
ing Data Sheet on the RSA-50
and RSA-60. It contains com-
plete specifications for available
circuit combinations with re-
spective terminal locations,
dimensional drawings—every-
thing the engineer needs to
adapt the RSA-50 or RSA-60

switch to a particular circuit,

SPECIFICATION SHEETS

Specilication sheets for the RSA-50
and RSA-60 switches have also
been prepared. These sheets are
printed on thin paper to permit
blueprinting. The seclional draw-
ings indicate standard and optional
dimensions—make it easy for
you to order production samples

uilt to your requirements.

torque indexing action is desired.
The index assembly is of durable design and constructed with a minimum of parts—
affording dependable service life with low torque and positive indexing action.

Note these many features, inherent in all the Mallory RS series, which contribute to
the dependability and quality of these two new additions to the line:

® Insulation of high-grade, low-loss laminated phenolic.

® Terminals and contacts of special Mallory spring alloy. heavily silver-plated to
insure long life at low coutaci resistance.

® Tcrminals held sceurely by exclusive Mallory two-point fastening — heavy staples
prevent loosening or twisting.

® Double wiping action on eontacts with an inherent flexing feature—insnres good
electrical contact with the rotor shoes throughout rotation.

® Six rotor supports on the siator—insure aecurate alignment.

® Brass rotor shoes, heavily silver-plated—insure low contael resistance.

@ All shoes held flat and securely to phenolie rotor by rivets—prevents stnbbing—
insures smooth rotation—minimum of neise in critical circuits.

The RSA-50 and RSA-60 are both available in one or two section construction. The
RSA.50 accommodates up to twelve terminals on either side of the section and provides
from 2 to 6 positions. The RSA.60 accommodates up to ten terminals on either side of
the section and provides from 2 to 5 positions. The RSA-60 has the narrow section
design—ideal for under chassis mounting, where space saving is paramount.

(ELEC

P. R.

ALLOR)

TRONIC, INDUSTRIAL and APPLIANCE)

me—

P.R. MALLORY & CO. Inc.

SWITCHES

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

TELE - TECH January, 1948
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Lead-In Lines Play an Important
Part in Television Reception

The effects of attenuation and impedance mismatch
on FM and Television reception are minimized by
Anaconda Type ATV* lead-in lines.

The satin-smooth polyethylene insujation of Type
ATYV line sheds water readily, thus avoiding subse-
quent impedance discontinuities. This material also
has exceptionally high resistance to corrosion. Count
on Anaconda to solve your high-frequency transmis-
sion problems—with anything from a new-type lead-in

line to the latest development in coaxial cables. s
#An Anaconda Trade-Mark

ANAé'c\m DA

Anaconda offers a complete selection of Type ATV
lead-in lines for 75, 125, 150 and 300 ohms imped-
ance unshielded and 150 ohims shielded. For an
electrical and physical characteristics bulletin, write
to Anaconda Wire and Cable Company, 25 Broad-
way, New York 4, N. Y.

Wt ANACONDA WIRE AND CABLE COMPANY

TELE-TECH ¢ January, 1948
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\ PI.ACE THE MIKE WHERE

\YOU WANT IT...jnéfanf/ /

Having a microphone with the
proper pick-up pattern is one thing,
but putting that mike in the right
place, at the right time, is a problem
that plagues you daily. Especially
do you encounter it in table pick-
ups,indramatic and orchestral pres-
entations, in any group broadcast
where the mike must be shunted
from one person to another.

Itis here that you need the flexzbility
and long reach of a Dazor Floating
Arm. for the mike, when attached
to this fixture, may be raised, low-
ered, pushed, pulled, tilted or ro-
tated in a circle with a touch of
your fingers. It is held firmly and
automatically in the position
chosen, and at the exact angle
placed, by a patented self-balancing
mechanism. No locking necessary.

In radio broadcasting and studio
recording the Dazor-floated micro-
phone reduces set-up time, permits
a wider working radius and easier,
more complete control of back-
ground disturbances. It also makes
possible livelier and more spon-
taneous Pprograms . .. a must in
night clubs,theaters and dance halls.
Recommended for airport and rail-
road control towers, police radio
networks —wherever microphone
fexibility, convenience and added
working comfort are sought.

Phone Your Dazor Distributor for
full details. For his name, if un-
known to you, write Dazor Manu-
facturing Corp., 4481-87 Duncan
Ave., St. Louis 10, Mo. In Canada
address inquiries to Amalgamated
Electric Corporation Limited,
Toronto 6, Ontario.

MOVES FREELY INTQ ANY POSITION
AND STAYS PUT—WITHOUT LOCKING

—— CHOICE OF 2 BASESj

UNIVERSAL

With this combination base
the Dazor may be clamped
or screwed fo any surface
—horizontal, sloping or
vertical.

PEDESTAL

This base, a portable
floor-type flxture, is equip-

DaozoR FLOATING AR, o
FOR MICROPHONES

10 " TELE-TECH + January., 1948
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Electronics Park, Syracuse, New York

ENGINEERS

The Electronics Department has need for additional ex-
perienced engineering personnel for its enlarged operation
at Electronics Park.

® RADAR DESIGN

@® TRANSMITTER DESIGN

@® RECEIVER DESIGN

@ ADVANCED DEVELOPMENT

Please forward all inquiries to Personnel Section, Reception Building,
General Electric Company, Electronics Park, Syracuse, New York.

All applications confidential

GENERAL @3 ELECTRIC

TELE -TECH * January. 1848 11
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Hundreds of Clare Relays are used in this Western Union Push-Button Switching
installation. Covers are removed from first four banks at fop to show location
of Clare Relays, which play an important part in Western Union’s new ultra-
modern, high-speed‘ communications program. Pictured is a rear view of |
positions on which the outgoing sides of the various circuits are terminated.

Picture in upper left shows the easily removable Clare mounting base used
in this Western Union installation. The base slips readily into place on jack
mountings . , . simplifies mounting, assembly, and maintenance,

*'Custom-Built’” Multiple Contact Relays for Electrical and Industrial Use

www.americanradiohistorv com


www.americanradiohistory.com

Revolutionary New Program Speeds up Service—Insures Accuracy
—Provides Maximum Operating Convenience

Rapidly and on a vast scale . . . the Western Union
Telegraph Company is revolutionizing telegraph op-
erating methods.

Western Union engineers have developed the Push-
Button Switching System, which is being installed at
strategic points throughout the country . . . to speed
up the more than a half-million telegrams handled
daily, With it, telegrams will be typed only once—
at the point of origin.

Many thousands of Clare Relays, “custom-built” to
the exacting specifications of Western Union’s engi-
neers, perform important functions in the Push-But-
ton Switching System, which opens a new era in faster
Western Union service.

Each incoming connection terminates in a printer-
perforator which records the characters upon a tape
and perforates the code combination for each char-
acter in the tape. All the operator is required to do

is read the destination and, by pressing the proper
push burton in the swirching turret, cause the message
to be re-transmitted to the proper outgoing circuir.

Use of Clare Relays in this tremendously important
Western Union program is a tribute 1o the ability of
Clare's engineers to supply relays of maximum relia-
bility for so exacting a requirement. Clare Relays are
built for applications where precise performance, long
life, and dependability are prime requisites.

Clare Sales engineers, trained in the Clare “custom-
building” principle, are at your service . . . ready to
show you how Clare ““Custom-Built” Mulriple Contact
Relays are the effective answer to modern design
problems. Look them up in your classified telephone
directory or write: C. P, Clare & Company, 4719 West
Sunnyside Avenue, Chicago 30, Illinois. In Canada:
Canadian Line Marterials Ltd., Toronto 13. Cable
address: CLARELAY.

Receiving positions for the incoming lines where Western Union switching clerks push buttons
on the switching turrets and, in a flash, telegrams are speeded onward to their desti-
nations. This push-button telegraphy opens a new era of faster, finer Western Union service.

www americanradiohistorv com
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;fii)xi/eiyconsiruciioni ready 1o be built a% arcliy' n?ilaegearli/?a;ched sec-
- : equired vo : A
ies-stacking builds up to any r f series-
) Seffesjrz unifirm voltage gradient throughout banerytsr o
fions mtsd capacitors, Plus, of course, Aerovox capaci
connecte .
i inter-
manship. impulse generators and other in
iginally designed for X-ray, imp - s indoor
'Ongllgi o{ coni?nuous ac high-voltage apphca?ons SF(;:Z special
mitten current coupling, high-voliage test equipmen AN
CE_lIl;eI ltage laboratory work, these standard units arg L g
EQ c;:’;(;rni%hi call for atom-smashing equipment. Indeed,
e

is already in the forefront of this Atomic Age.

. _ he modest paper
ofe on your capacitance requiremenis . frm—t‘n t ot om roon
® lof us qu' to gianf oil or mica capacifors. Engineering
tubular or mica, to

apacitors
-de fo' e o 79

INTERESTING FEATURES . ..

Oil-impregnated and oil-filled with
Aerovox Hyvol D, Permilting smaller
size and minimum weight,

Adequately insulated and matched sec.

tions of uniform Capacilance, connecled
in series,

High-purity aluminum foi] with gener-
ous number of 13} connections. High
conduclivily. Lowerinducfive reactance,

Capacitor sections dried and impreg-
naled under high vacyum. Closely-con.
trolled long cycle. Eliminates voids.
Higher insulation values. Lower losses,

Special laminated bakelite tubing con-
fainer, Protected by high-resistance insu-

Design provides for low voltage gradi-

en! along case al maximum operating
vollages.

Dependable Operation assured at rated

vollages and ay ambient temperatureg
up fo 65° C,

Three-piece cast aluminum end-cap fer-

minals, Bakelile-ireared cork gaskels
locked in to brovide hermetic seal.
Caps avaiiable with mounting feet for
Space-saving assemblies in series, para].
lel, or series-paralie] arrangements, Oy
wih plain caps, .
In 50,000, 75,000, 100,000 aind 150,000 v,

.C. max, ratings per uni, Range from
14" 10 32 high; 43" 10 134 dia,

FOR RADIO-ELECTRONIC AND
INDUSTRIAL APPLICATIONS

14
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® Philco Radiophone Systems are Available for
Operation on All Frequencies Assigned for
Mobile Communication.

® Free Engineering Consultation Service,

@ Nationwide Service Organization.

PHILADELPHIA ® PENNSYLVANIA

TELE-TECH +¢ January., 1948

PHILCO announces a sensational new
Radiophone Communication System that is
revolutionary! PHILCO engineers have de-

veloped an amazing “"Channel Saver” circuit,

that doubles the available channels in the
30-44 megacycle band . .. actnally uses only
half the present channel width, without
loss of voice quality or efficiency.

The new PHILCO Radiophone Communi-
cation System brings you the most modern
design, with miniature tobes and new type
circuits ... the only FM communications
system that uses the sensational PHILCO
FM detector!

And PHILCO maintains a nationwide
service organization now operating in
your community! Mail the coupon today
for full details.

Dept. K-8, Industrial Division i
Philco Corporation 1
C and Tioga Streets

Philadelphia 34, Penna.

Gentlemen:

PHILCO FM Radiophohe Communication
System. ‘

NAME
ADDRESS
ciry

1
|
!
I
I
: Please send me information obout the new
1
|
l
i

www americanradiohistorv com
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1

2/ 11's A ‘!J'e'na!en SPEAKER

1 'ensen gﬂééd/z %ﬂff/z REPRODUCERS
NOW WITH 4[”/6’05 PM DESIGN

MODEL AP-10 SPEECH MASTER
(Desk Type)

AUNIEG 5. PM design. Complete with
swivel base and tilt adjustment. Double
dustprooied, fully enclosed and pro-
tected. Internal mounting bracket for
V2 x 2" transformer. Power rating 5
watts. Height 6%, depth 5%", diame-
ter 5", Altractive hammered gray finish
with satin chrome trim, 36” RC cord.
Shipping weight 5Y lbs,

JEnsEN Speech Master Reproduc-
ers have long been widely used
in moderate-level intercom, pag-
ing and P.A. systems. Now, in

Atwrco 5. design, they are once

List Price

more available for all applications AP-10 (ST-590) with 3-4 ohm
voice coil . . 813.90

where clear, crisp, intelligible AP-10 (ST-591) with 45-50 ohm

voice coil 14.50

speech and good “talk-back” per-

‘ formance are required. Ideal for

MODEL AP-11 SPEECH MASTER
{(Panel Type)

Similar to AP-10 but without swivel buse.
Clearance eyelets for mounting screws.
Mounts in 4-27/64" cutoul. Depth from
Iront panel 42", Power rating 5 watts.
Screws and drilling lemplate furnished.
Shipping weight 34 lbs.

amateur, commercial, police and
aviation phone communication as
separate units or integral equip-

ment. In amateur CW they aid se-

List Price
lectivity, help signals override AP-11 (ST-592) with 3-4 ohm
voice ceil . . . ., . §11.30
QRM and QRN. The husky voice AP-11 (ST-593) with 45-50 ohm
; ! voice coil . . . . . 11.90
coil withstands keying transients. N GRE EEG St e e RN BN MDY Sl BN NN EEN{ REEN BN BYm MO BN NI SN Y SN TN mmm mw B0

JENSEN MANUFACTURING CO,
6625 S. LARAMIE AVE., CHICAGO 38, ILL

In Conada: Copper Wire Products, Ltd,
11 King Street W., Toronto 1

MODEL AR-10 REFLEX SPEECH
MASTER REPRODUCER

Specially designed reflex horn increases
efficiency in mid-range, giving added
eliectiveness and punch to speech qual-
ity’ when used for paging, intercom and
call systems operated at moderate lev-
els. Reflex consiruction prevents direct
access of snow or rain to speaker dia-
phragm. Power rating 8 walls. Space
within case provided for mounting % x
12" yransiormer. Over-all diameter 10,
depth 8. Complete with bracket for wall
or post mounting.
List Price
AR-10 (ST-643) with 3-4 ohm
volce coill . . . . . $20.00

AR-10 (8T-644} with 45-50 ohm
voice coll . . . . . 2075

@a’kym&d arnd e///amu/%w/www
f,){’_’ %ﬂe lcowstic (%w%men{

e

TR e
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You get all these features ONLY in the

Western Electric SA Monitor

for FM Broadcasting

CENTER FREQUENCY MONITOR: MODULATION PERCENTAGE MONITOR:

Accuracy —better than = 500 cycles. (= 200 Accuracy—better than 5% for all readings
cycles if accasionally adjusted to agrce with Modulation Range Capability—up to 133% (= 100 ke)
a primary standard) Tcrminals for conneeting remote meter
Meter Range— = 3,000 eycles
Terminals for connecting recmote meter

QUALITY DESIGN
AND

- MANUFACTURE:
Designed by Bell Tele-
phone Laboratories,
Built by Western Elec-
tric,to WesternElectric
standards of quality.

PROGRAM MONITORING CIRCUIT:

QOutput suitable for either aural program monitoring or
FM noise and distortion measurements

Frequency Response— = .25 db, 30 to 30,000 cycles, with-
out de-emphasis; with de-emphasis, response is within
+0.5dbofthe standard 75 microsecond de-empbasis curve

Audio Output Power—output lcvel adjustable up to + 12
dbm—permits direct switehing of program monitor from

AM NOISE DETECTOR:

An cxelusive feature in the 5A
Monitor. The output of this

MODULATICON

trapsmitter input to 5A Monitor output PEAK INDICATOR: g?:g;ﬁ;;‘;‘:g}‘ u:ag be fe*l‘?

ic Distortion— less 1/ 1/4 1% I 30 10 - r ectronic volt-
H?{r&'::)((’)?)lgpsl ortion—less than 1{4 of 19 from Indllcalmn Il.an:pd—l ﬂaslbe;; meter or noise meter — is
S . i ) . when a selected level o automatically referred to
QutputNoise—atleast 75 dbhelowsignalat 100% modulation modulation is exceeded 100% ampliludye modulation,
Peak Limit Range—contin- thus simplifying measure-

wouslyadjustablebetween ment of transmitter AMnoise.

40% and 140% modulation

The 5A Monitor includes numerous other valuable
features such as: dual thermostats and duval heaters for
each crystal—means for checking the inherent noise level
of the monitor from its input to output terminals—requires

Iy a low RF i i
POWER SUPPLY: N_e\ﬁy designed 20C Recl_iﬁer (furnished 8_’_-33 );Oa 3.%‘:.“[5; li?léglalfgello(]] ‘:::i!;ti‘;glfulitzzﬂtvi?'ei:&ngl
as a part of the 5A Monitor) provides electronically regulated the performance of the monitor. To get the complete story
d-c_with less than I millivolt ripple from 105-125 volts a-c 60 on this outstanding monitor value, call yonr Graybar
cycles. May be remotely located if desired. Broadcast Representative or mail the eoupon helow.
g . z e e e —e — — — —y
» Graybar Eleciric Company T |
Wesrem Iecrt‘, 420 Lexington Avenue, New York 17, N. Y.
» 'Please send me Bulletin T-2437, including curves, l
. — schematics and block diagram of the 54 Monitor.
Distributors: In the U. S. A.—Graybar : |
Electric Company. . y i . NAME |
In Canada and Newfoundland—Northern
Electric Company, Lid. STATION
—QUALITY COUNTS — Ao |
g ) CITY. STATE
TELE -TECH + January, 1948 17
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TELL US

WE SHIP THESE »

® whatever your transformer needs
—power units like these, or special
designs for deflection yokes, hori-
zontal or vertical sweeps, or oscil-
lators—General Electric can supply
them . . . and quickly. G.E. offers
its facilities and engineering

“know-how” to television manu-
facturers in tailoring these trans-
formers to their requirements. Just
tell us your specifications and we
will meet them to your complete
satisfaction. Power-supply trans-
formers are available now in core-

and-coil and enclosed-case styles as
standard units designed for tele-
vision applications. Units for other
uses are tailor-made from standard
parts, Ask your G-E representative
for more information; you'll be
pleased with the prices and ship-
ments he will offer you.

SN e RIS === B ISPl e e 0 | S Py e it b = = TS L oL (Ve i S )

NEW PYRANOL CAPACITORS
SAVE SPACE, WEIGHT, MONEY

g St

If you have been using 600-volt d-c
capacitors on circuits rated 400
volts or less, you're in for a sub-
stantial saving in weight, size and
cost by specifying General Elec-

tric's new 400-volt Pyranol units.
Compared with 600-volt ratings,
these new, standard, 400-volt ca-
pacitors will save you from 24 to
51 per cent in volume, 23 to 33 per
cent in weight, and approximartely
10 per cent in cost, They are avail-
able in 2-, 4-, 6-, 8- and 10-muf
ratings with solder-lug or screw-
thread terminals optional on the
four larger sizes; the 2-muf size
comes with solder-lug terminals
only.

New developments, such as sili-
cones and new paper, are continu-
ally improving the quality of G-E
capacitors. They also permit our
engineers to handle your new re-
quirements to your complete satis-
faction. Write for quotarion on any

capacitor needs, or check Bulletin
GEA-2621 for more information
on the new d-c¢ line described
above,

NEW,
SMALLER
SELENIUM
RECTIFIER

This new General Electric seleninm
rectifier, less than one inch loag
and one inch square, is available
now for receiver and other elec-

18
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tronic applications. It costs little
and mounts in places where a rec-
tifier tube and socket won'’t fit. Tests
prove that this new selenium rec-
tifier will outlast several 117-volt
rectifier tubes. Installation is easier
too—only two soldering opera-
tions and a minimum of mounting
hardware are required.

These rectifiers have an excep-
tionally high inverse-peak rating,
and the inverse current is extremely
low even with peak voltages up to
350 volts. At rated current output,
the forward drop is five volts or
less. Ratings are based on ambients
of 50 to 60 C. Check Bulletin 21-
127 for more information on this
and other General Electric radio
rectifiers.

NEW MACHINABLE PLASTIC
FOR UHF INSULATION

A new arrival in the plastics in-
sulator field is G-ENo. 1422, which
offers characteristics of advantage
in the manufacture of ultra-high-
frequency equipment, television,
FM, radar, and radio sets, and many
other electronic applications. Pos-
sessing a dielectric constant of 2.5
to 2.6 with a power factor of .0006
to .0009 at 3000 mc, G-E No. 1422
exhibits unusual heat resistance and
excellent machinability.

Indicative of its machinability is
:the industrial production of r-f con-

January, 1948

s

nector beads from G-ENo. 1422 on
automatic and semi-automatic
screw machines. As a low-loss di-
electric in the hands of the electric-
equipment designer, it affords an
excellent low-cost means of pro-
ducing experimental models and
small production quantitiesthrough
the use of standard machine shop
tools. Check coupon for technical
report.

HANDLES 12 CIRCUITS
SIMULTANEOUSLY

This new telephone-type relay is
capable of handling as many as 12
circuits in a wide variety of contact
combinations. Designed for multi-
purpose use in industrial electronic
apparatus, communications and
signaling equipment, these devices
have service lives measured in mil-
lions of operations. Working from
five basic contact arrangements,
combinations can be stacked to
satisfy intricate circuit switching
requirements. Silver, palladium, or
tungsten contacts can be supplied;
the choice depends on rating and
life specifications.

More than 500 different coils are
available, with ratings ranging

~ TIMELY HIGHLIGHTS

—

from 1 to 250 volts, and 0.1 to
26,000 ohms. This varied selection
of coil ratings makes it possible to
match closely the coil voltage and
resistance with the rating of the
energizing circuits. Check Bulletin
GEA-4859 for full derails.

S EMERA LG FLECTREC |
e i

TO MEASURE
TUBE LIFE

P g

Now available for immediate deliv-
ery, General Electric Type KT
time meters are ideal for inclusion
in transmitters and other electronic
equipment where knowledge of
tube “on time’ is important. They
can record operating time in hours,
tenths of hours, or minutes, and are
built in four forms: round or square
for panel mounting, portable with
attached base, or for conduit mount-
ing. Those designed for panel
mounting are housed in small Tex-
tolite cases that harmonize with
other panel devices.

Telechron motor drive assures
an accurate record of tube opera-
tion over a long period of time.
They can also be used on electronic
production tools, such as resistance
welders, to keep an accurate record
of machine operating time. Re-
searchers use them for measuring
time intervals, verifying circuit op-
eration, and life testing. Bulletins
GEA-3299 and GEA-1574 have full
details.

GENERAL ELECTRIC COMPANY, Section B642-16

r____H——_—_—____“_—___ ey e ! i e

Please send me:
0 GEA-2621
0 GEA-3299 |
0D GEA-1574 §

400-v D-¢ Capacitors
Type KT Time Meter

Name ...

e . B e s . s s
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Apparatus Department, Schenectady 5, N. Y.

NOTE: More data available in Sweets’ File for Product Designers.

O 21-127 Selenium Rectifier I
[0 GEA-4859 Telephone-type Relay
D Report on G-E No. 1422 Plastic !
_________________________________________________________________ {
___________________________ b oo s D o< I
e e}
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Yet Maintain
High Performance Quality

s

e
ek L

...use GENERAL PLATE
Laminated Metals

Corrosion Resistance

The versatility of General Plate Laminated Metals enables you to
simplify designs, cut cosrs and maiotain precious metal performance
such as exceptional electrical conductivity, corrosion resistance and long
operating life.

Here's how — by permanently bonding a thin layer of precious metal
to relatively inexpensive base metal, General Plate Laminated Metal
gives you all the advantages of precious metal performance at a frac-
tion of the costof solid precious metal. In addition, the base meral adds
strength, while the combination is more workable, easier to fabricate,

Ease of Fabrication Easy Soldering

easier to solder, braze or weld. JE— —_—
General Plate Laminated Metal is ideal for use in such equipment as: :\"‘E/'_{
electrical contacts, chemical apparatus, radar and radio equipment,

mobile equipment and instruments.

Base to base metal combinations providing physical and structural
properties not found in single base merals are also available. General
Plate Engineers will gladly help you with your problems. Write:

GENERAL PLATE DIVISION

of Metals & Controls Corporation
ATTLEBORO, MASSACHUSETTS

50 Church St, New York, N.Y. « 205 W. Wacker Drive, Chicago, Il
2635 Page Drive, Altadena, Calif,

Sheet, Wire, Tube

Electrical Performance

20 TELE-TECH - January, 1948
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FOR 1 KW FM . . . A NEW RADIATION COOLED TETRODE

ANOTHER in the Eimac line of power tetrodes . . .
Type 4-400A embodying stability, high perform-
ance, and economy characteristics familiar to all
Eimac tetrodes.

PROYEN DESIGN

The 4-400A was created to fill the established need
for a tetrode of the internal anode type capable of
providing 1 kw FM-broadcast output per pair at low
driving power, while operating well below maximum
ratings. Type 4-400A inherits the Eimac know-how
of tetrode design, it incorporates maximum shield-
ing of the tube input—output circuits, processed
non-emitting grids, low-inductance leads, thoriated
tungsten filament and a rugged plate contributing
to exceptionally long tube life.

AMPLE POWER

In typical operation, at frequencies in the 88-108
Mc FM broadcast band, two 4-400A tetrodes pro-
vide over 1000 watts of useful power output, oper-
ating at 4000 plate volts, while the plate dissipation
is considerably under the maximum rating of 400
watts per tube. Complete operational data and
characteristics are available by writing direct,

UNIQUE FEATURE

To assure adequate cooling and extended tube life,
the 4-400A must be used in the special Eimac
socket and air control chimney. This unigue socket
makes maximum use of a small amount of air by
directing it first on the terminals, around the base
seals, through the socket, around the envelope, and
then on'the plate seal and lead. The socket housing

is of cast aluminum and conveniently mounts below
the chassis deck while spring clips on the deck sup-
port the pyrex chimney.

LOW COST

Type 4-400A tetrodes are priced at $50.00 each, an
exceptionally low price considering their power per-
formance capabilities.

DESIGN ASSISTANCE

Let Eimac engineers assist you in your vacuum tube
application problems. A letter to the Application
Engineering Department will bring you up-to-the-
minute data and application suggestions on the
4-400A and other Eimac tube types.

EITEL-McCULLOUGH, INC.

186 San Mateo Avenue
San Bruno, California

Follow tha Leaders to

The Power for R-F

EXPORT AGENTS: Frazar & Hansen—30i Clay St.—3an Francisco, Calif.
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.. . the new Model “'S”

Here is welcome ‘news to’ manufacturers of radio-
phonographs—Seeburg announces the addition of a
new, single-post record changer—the Model “S".

This new Seeburg Changer has been designed and
engineered to bring important competitive advantages
to your table model and popularly priced consoles.
For while the Model “S” is moderately priced, it is
Seeburg quality throughout, possessing many of the

features found only in more expensive changers.

Plan now to give desired appeal to your instruments
with new Seeburg Model “S” Record Changers.

BEDLIRC

RECORD CHANGERS % MUSIC SYSTEMS

J. P. SEEBURG CORPORATION
1500 N.Dayten St.,Chicago 22

www americanradiohistorv com

Model "L

MODEL “‘S’’ FEATURES

Sturdy, single-post changer

Modern styling — smart,
shield-shaped base

Lightweight tone arm

Automatic shut-off after last
record is played

Recessed turntable

Strong, quiet motor assures
constant turntable speed

Plays twelve 10-inch or ten
12-inch records. May also
be set for manval play

Shock-mounted center spin-
dle for minimum center hole
wear of records — record
load stacked in herizontal
position

TELE - TECH <= January, 1948
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O. H. CALDWELL, EDITOR * M. CLEMENTS, PUBLISHER * 480 LEXINGTON AVE., NEW YORK {17), N. Y.

AUDIENCE RADAR—The radar principle will soon
be used in audience-measuring technics, according to
Frank Stanton, CBS president. For each home radio set
equipped with a respondor attachment, four different
kinds of information will be reported: (1) Set on or off;
(2) Which program; (3) Family income; (4) Set loca-
tion. The scheme sounds a lot like the IFF radar (Iden-
tification-Friend or Foe) used during the recent war.
Transpondors emitting coded radar pulses triggered off
respondors. Depending on the code received, the re-
spondor answered the original interrogation with a
specific piece of information. The new listener-checking
system was developed by CBS and is to be known as
Instantaneous Audience Measurement Service (IAMS).

RADIO PATENTS are now running about 12%% of
all U. S. patents issued in all fields, if the output of the
Patent Office for a single day (October 28) is a proper
criterion to go by. That day a total of 424 patents
emerged; 50 of them had to do directly with radio
communications. A lot of these bright ideas never will
dazzle with their brilliance; others undoubtedly are
valued primarily for their “nuisance value.” But a fair
proportion represent worth-while contributions to the
art, though it likely will be a long time before they
reach the commercial stage. Meantime they point the
way to today’s thinking for tomorrow.

LINE-OF-SIGHT MAPS of cities, showing by tinted
areas territories reached directly by each nearby tele-
vision transmitter, would be useful to retail dealers,
TV servicemen, home-owners, and real-estate offices
having properties for sale to television-minded pros-
pects. Preparation of such a map is not difficult, using
contour map as basis. Such charts prepared by Dumont
for New York suburban area are useful in judging re-
ception from all metropelitan TV stations.

U. 8. NAVY AIR STATIONS are installing photoelectric
ceilometers to record the altitude of cloud ceilings up to
10,000 feet. A beam of light thrown against the cloud
base is reflected back to a photoelectric detector, placed
a known distance from the projector. Altitude is found
by triangulation. The reading is recorded on a machine
in the airport office. Used in the daytime, modulating the

TELE-TECH -+ January, 1948

beam distinguishes it from daylight. The device was
originally developed by the National Bureau of Stand-
ards and the Weather Bureau and is already in use at
140 Weather Bureau stations throughout the nation.
Installation of a photoelectric ceilometer costs about
$3500.

TELEVISION IN EVERY ROOM. Makers of television
equipment remember well the impact of the first “radio-
in-every room” campaign just about twelve years ago.
Hotel management can now purchase hotel television
systems from at least three manufacturers. More on this
interesting development of television appears elsewhere
in this issue.

NEW PRODUCTS, PARTS AND COMPONENTS
that come on the market—latterly in quite a flood as is
indicated by pages further back in this issue—are an
indication of the progress of the art. In countless cases,
the old wont do any more. New tasks impose new re-
quirements, bring about re-design and the develop-
ment of so many new things that engineers are hard
put to it to keep abreast of progress, A close study of
current periodicals of the profession is more than ever
a must.

BC ENGINEERS’ PAYCHECKS—35,000 persons are
now employed in the business broadcasting, according
to latest FCC survey. FCC began to take tabs in October
of 1945 and saw broadcast employment increase at the
rate of 1% per month for the subsequent 18 months!
Here is a list which compares the average weekly earn-
ings of broadcast personnel employed by seven major
networks with their key stations and those employed
in other stations.
Employe Classification

Big Stations Little Stations

General Officers ... $356. e $156
Program Employees ... $108 . $ 56
Chief Engineers ........... ... $154. $ 86
Studio Engineers ... $100....o $ 73
Transmitter Engineers ... $ 96 $ 60
Salesmen ... $147 . $ 92

The big stations naturally pay much higher salaries.
However, in number they amount to only 19, the
smaller stations accounting for the other 999%.

23
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The Design ot Audio Compensation

Networks

By WILLIAM A. SAVORY, Audio
Engineer, Englewood Clifts, N, I.

Application of the correct equalization for various commercial phono-
graph recordings has an important effect on character of reproduction

®* Due to the deliberate attenuation
of the lower portion of the audio
frequency spectrum in the recording
of commercial phonograph records
and transeriptions, proper reproduc-
tion (insofar as this phase of the
problem is concerned) is contingent
upon some form of compensation to
overcome these original losses in the
bass region. The magnitude of the
bass compensation problem is in-
creased by virtue of the fact that
different ‘‘crossover’? points (i.e,
points in the frequency spectrum
at which progressive bass attenua-
tion begins during recording) are
encountered in recordings of differ-
ing manufacture. Phono recordings
of any cne of the major producers of
this product are to be found with as
many as two and even three differ-
ent crossover points represented in
their current catalegs.

This issue is further confused by
unillustrated engineering descrip-
tions of various recording character-
istics in the 50 to 1000 cps region
which fail to define whether a cross-
over point mentioned refers to an
arbitrary “hinge” frequency that

marks the immediate departure of.

the output response from a given
reference level, or {more correctly)
whether the stated crossover fre-
quency establishes the half-power
point at which, by definition, the
output response is 3 db down from
a given reference level.

Proper equalization of the lower
frequency spectrum is to be con-
sidered first for the following rea-
son: From a listening standpoint it is
at once the most important and,
paradoxically, the most neglected
part of the subject of reproducer
compensation. To illustrate, Fig. la

24

HIS is the first of three ar-

ticles on the important sub-
ject of disc recording. Part 2
will deal with high-frequency
compensation mnetworks, and
Part 3 covers low aend high
frequency neiworlk data in
chart form, and deseribes a
phono-preamp with o six-
pogition low-freguency Cross-
over and high-frequency cor-
rection equalizer.

represents the output vs. frequency
response below 1 kc of a phono re-
producer which has been equalized
to compensate correctly for a re-
cording loss of 9 db per octave be-
low a “hinge” frequency of 300 cps.
A record with a low frequency at-
tenuation characteristic as shown in
Fig. 1b is now reproduced on the
system of Fig. la. Fig. lc discloses
the result: A considerable lack of
response in the very region where
most of the fundamental tones of
orchestral music are concentrated.!
Obviously, separate compensating
networks are indicated, especially as
these two crossover characteristics
are quite commonly encountered.
The design of two RC networks to
afford proper compensation in this
case will be considered.

Measuring Methods

At the outset it might be well to
explain that LC configurations are
not being congidered for the follow-
Ing reasons:

(1) Difficulties attendant upon the
procurement of exact design in-
ductance values.

(2) Failure of measured LC net-

www americanradiohistorv com

work curves to match predicted
design curves. This usually may
be traced to the poor Q@ (WL/R)
factor of most commercially avail-
able inductors. High Q coils are of
course obtainable, but at cor-
respondingly increased costs.

(3) Networks containing inductance
that are operated in low-level
circuits are rather sensitive to
stray ac flux fields, and thus intro-
duce noise problems and com-
plicated structural arrangements
due 1o the necessity of proper in-
ductor orientation.

(4) Economic considerations: RC
configurations may be constructed
at but a fraction of the cost of
those containing inductance. See
(2), above.

(5) Many (naturally, not all)
phono reproducer compensation
problems ¢an be successfully han-
dled with proper RC networks.

In the following work the basic
measuring instruments used were:
the Columbia 10003-M and 10004-M
frequency records for domestic 78
rpm phono recording characteristics;
the HMV Gramaphone Test Record-
ing D. B. 4037 for foreign 78 rpm
phono characteristics; the Columbia
YTNY 170 frequency record for 33.3
rpm lateral cut standard National
Assoclation of Broadcasters® fran-
scription characteristics; an audio
frequency vacuum-tube voltmeter;
an accurate meter for resistance
measurements; a variety of suitable
potentiometers; a dual speed (33.3
and 78 rpm) turntable; and a disc
stroboscope.

As a case in point, reproducer A
will now be considered in connection
with the bass frequency compensa-
tion problem illustrated in Fig. la

TELE-TECH + January, 1948
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Fig. 1—If a record with loew irequency attenuation as at b is
reproduced with reproducer o, resuli will be as shown at ¢

through le. Reproducer A is stated
by the manufacturer to have an ap-
proximate coil resistance of 300
ohms and an inductance of approxi-
mately 100 millihenries. This in-
formation indicates an approximate
mid-frequency impedance of:

Z(mip-f) =y/RE+(27f L) 2

: /3002 & (6.28 x 1000 x 0.1}
= 696 OHMS

However, since this information is
admittedly approximate, and con-
sidering the importance of proper
termination and network matching
conditions, it would be best to make
an impedance curve of the device.
This may be done quite readily by
using the working circuit shown be-
low:

REPR A e
T VTVM
o

COL. 10003-M @

If a VIVM is not available, an
alternate system such as the follow-
ing may be used:

REP A S

[ Linear 7]
7T R AMP. &
3/ B
RESISTIVE.-” 0B’
COL. 10003-M LoAD wertn (@)

In either case the procedure is as
follows:

(1) With turntable TT set at 78
rpm, check speed with disc stro-
boscope,

(2) Set R somewhere in the neigh-
borhood of 600 ohms.

(3) With switch S open, place re-
producer A on the 50-cycle band
of the frequency record and note
output voltage on meter. (Use
needle pressure not in excess of
that recommended by manufac-
turer.)

TELE-TECH + January. 1948

(4) Close switch S and again play
the 50 cycle band. Vary R until a
6 db drop (or 2 to 1 voltage drop)
from the switch open reading is
obtained on the meter,

(5) Accurately measure the resist-
ance of R. This is the impedance
of reproducer A at 50 cycles.

(6) Repeat steps (1) through (5)
on all frequencies of the record
and plot the resulting impedance
curve.

The actual Z curve of reproducer
A is shown in Fig. 2. Thig informa-
tion is quite important in the case of
a compensation network designed to
be inserted in series with the re-
producer, as it must present a
nominal load to the device at the
mid- and high-frequencies in order
to avoid excessive attenuation in
this range. In the case of reproducer
A a load value of 5000 ohms pre-
sents a reasonable match.

Frequency Response

The next step is to determine the
output vs. frequency response of re-
producer A. The same measuring
circuit of (A) or {B), above, will be
used, with the switch S closed and
R set at 5000 ohms. Play the Colum-
bia 10003-M Frequency Record and
note the response. The actual un-
equalized frequency run in the 50-
to 1000-cycle region on reproducer
A is shown in Fig. 3a. A 9 db per
octave correction network of the
following general configuration will
now be designed to compensate for
this low frequency loss:

n-—-/\N\,
R

R
IN E 2 Ra out

—TC
Since the maximum correction
obtainable from a network of this
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Fig. 2—Actual Z curve of reproducer a (left), which would require
a load of 5000 ohms to represent a reasonable match

type only approaches a 6 db per
octave curve, the network will have
to contain two sections: one having a
6 db per octave rise in output wvs.
frequency response below the
“hinge” point at 300 cycles, and the
other a 3 db rise below a frequency
to be determined more accurately
after the first section is completed
and measured. The load impedance
presented by such a network at mid-
and high-frequencies (neglecting Xc
which will be quite small in this
region) is:
Reo Ra

R, + —2 3
R2+R3

Iy =

®

For a network having an output
vs. frequency response approaching
a 6 db per octave curve, R,-+R, will
have a total value equal to the
working impedance desired—in this
case 5000 ohms:

Z = R, + Ry = 5000 OHMS

Rz=2Z 2 .| = 500 OHMS

R. should be made as large as is
practicable. A nominal figure is 500,-
000 ohms. As a check on the mid-
and high-frequency loading, these
values may now be substituted in
equation (b), above:

Ra
R, = 4500 OMMS

500 x 500,000
500 + 500,000

24,939 OHMS @

The capacitor C may now be
calculated. Inspection of Fig. 3a
locates the halfpower point (3 db
loss frequency) at 200 cycles. This
point is the actual design frequency
of the network, instead of the 300
cycle “hinge” point, At 200 cycles,
then, the network response should
be up 3 db over some remote high
frequency, say, 2000 cycles. This is
accomplished by making Xc¢ numer-

Z = 4500 +

25
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ically equal to R. at the half-power
point, in this case 200 cycles:

108
Xe 2 ———— =
¢ 2w fC
106

6.28 X 200 X 500

500 OHMS

C =

1.6 MFO. @

and the completed section of the
network now contains the following
values:

Ry = 4500 OHMS
Rz = 500 OHMS
Rs = 500,000 OHMS
c = .6 MFD.

A frequency run of reproducer A
with Section 1 of the network in the
circuit is now made, and results in
the response curve shown in Fig. 3b.
This curve indicates that an addi-
tional 3 db per octave correction be-
low a half-power loss frequency of
100 cycles is necessary. Section 2 of
the network will now be constructed
to take care of this additional loss.
‘Where only 3 db per octave compen-
sation is necessary, the following are
the design values assigned: .

Z = R + Ry = 5000 OHMS
Rs = Z x 0.3=1500 OHMS
Ry = 3500 OHMS

R; again will take the value of
500,000 ohms and R, of Section 1
may now be eliminated, as Sections
1 and 2 will be connected in series.
Section 2 is now complete except for
capacitor C. As above, (Section 1)
the reactance of C will have a value
numerically equal to 2R. at the half-
power frequency, 100 cycles:

108

Xee ————— = | -
c Z 7 fC 1500 OHMS = R3
106 106
= = =0.525 MFD.
€=z T f2Rz 6.28x 100%3000

This completes Section 2 of the
network. Both sections are joined
and a final freguency run is made
as shown:

Fig. 3—Actual unequalized frequency run on reproducer a; with
section 1 of metwork at b; with both sections at ¢

REP. A

{
1
1
1
f
1

T
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[ |

T
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2

|
! I
1

| i
{ 1
| 1
| 1
| ]
1 1
1 |

®

resulting in the curve of Fig. 3c. Re-
producer A is now properly equal-
ized to play phonograph records
recorded with this bass frequency
attenuation characteristic.

This procedure, starting with the
unequalized reproducer, is now re-
peated with a frequency record de-
scribed as having an “800 cycle
crossover’’ frequency. However, an
output vs. frequency response run
using Reproducer A resistively
terminated in 5000 ohms yields the
curve shown in Fig. 4a. Examination
of this curve discloses the “hinge”
frequency point to be at 1500 cycles,
and the half-power point to be at
500 cycles, with a recording loss of
7 db per octave below this point.

As previously pointed out, net-
works of this type cannot be ex-
pected to provide for more than 6
db per octave correction. However,
in this case the “hinge” frequency
(1500 cycles) is sufficiently removed
from the half-power point (500
cycles), so that a compromise can be
effected and a single section network
made to suffice.

This is accomplished by arbi-
trarily advancing the half-power
design point to 800 cycles, and
selecting as small a value for R. as
1s practicable in order to give the
maximum approach to a 6 db per
octave curve. The importance of R.
with respect to this question will be
made clear by considering the out-
put voltage of the network under
discussion at low and high fre-
quencies,

COL. 10003-M

Fig. 4—Reproducer a properly compensated b
erly two commonly used bass frequency recording characteristics
—

At mid and high frequencies the
approximate output voltage (neg-
lecting Xe which is quite small in
this region) is:

(Rz R3
€, - E Re + Ry )
°© ' R, 4 (B2 FRs
[' R2+R3):| ®

In the case of reproducer A the
stated output voltage is of the order
of 11 millivolts. Using a design fac-
tor of R.=.05Z, a network having
the following values will be analyzed

for out wvoltage: R,=4750 ohms,
R.=250 ohms, and R,=500,000
ohms.

Substituting in (f) above: E,=
0.00053 volt.

At  extreme low frequencies

(R. 4 X.) rises to a large value and
consequently has but a slight shunt-
ing effect on R, Therefore, at very
low {frequencies the approximate
output voltage is:

= 011300090 b i689vour.

Eo= ! 3750+500,006

Ra
EI R|+ R3

The difference between these volt-
ages over a wide frequency range
is about 26 db. Inspection of egqua-
tion (f) above, shows that as R, is
made a larger part of (R,4 R.) the
attenuation in the higher frequency
range becomes less, and the slope of
the compensation curve is decreased.

Returning to the single section
network decided upon for correction
of this frequency record, we now
have R, = 4750 ohms, R.= 250 ohms,
R,=500,000 ohms, and having
selected 800 cycles as the design
point:

e
Re = ﬁ :
. 1D 6
6.28 X 800 x 250

250 OHMS
= 0.8 MFD. @

A frequency run of reproducer A

to play prop-
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with this completed network in the
circuit is shown in Fig. 4b. Repro-
ducer A has now been compensated
to play properly two commonly used
kass frequency recording charac-
teristics. The networks may be in-
serted individually by means of
various switching arrangements.

For a network to compensate
properly for the low frequency
attenuation of a typical transeription
recorded according to the NAB
Lateral Standard,” the same proce-
dure as outlined is used, l.e., using
the Columbia YTNY 170 as the fre-
quency record. Similarly, if it is de-
sired to equalize for the bass fre-
quency characteristics of typical
foreign phonograph recordings, the
HMV Test Recording D.B. 4037 is
used.

The location of this type of net-
work is of course not limited to
directly following the reproducer. In
fact, in the case of a reproducer in
wide use in the broadcasting indus-
try, the impedance of the device is
so low that such a network location
is Impractical due to the large value
that C would assume in such a low
impedance line. In the case of this
and similar types of low impedance
reproducers, the following circuit
arrangement is suggested:

Switch arrangement with its complement of

resistors and capacitors for the «audio
compensation network
T
H Ri SRa <. Tere-
3| AMP.
C

G+ Rp = Z (TRANS. SEC.)

tp = Z x 0.1 (FOR 6db PER OCTAVE CORRECTION)

.2 = Z x 0.3 (FOR 3db PER OCTAVE CORRECTION)

¢ = RZ AT 3db DOWN CROSS-OVER FREQUENCY.
In the above case, R, should not

exceed the stated grid-to-ground re-

sistance given by the tube manufac-
turer, which in general seldom ex-
ceeds 500,000 ohms. If the trans-
former T has a reflected secondary
impedance higher than this value,
R, can be divided with the upper
part in series and the 500,000 ohm
portion put in shunt with the grid.

As previously pointed out, (Fig.
la through 1c¢), this question of
proper low frequency compensation
is guite an important phase of
phonograph reproducer equalization.
Some form of standardization in the
recording industry with respect to
recording  characteristics  clearly
would be of great help toward sim-
plifying the problem of proper re-
production. However, it is felt that
the millions of records extant in
libraries, radio stations, and per-
sonal collections, underline the need
for information on the subject of
proper reproducing systems and net-
works.

REFERENCES

1 Sivia, Duun and White: “Absclute Amplitudes
and Spectra of Certain Musical Instruments and
QOrchestras.” Jeurnal ol the Acoustic Society of
Auerica, Volume 2, page 330, January, 1931.

2 “Proposed Response-Frequency Cbaracteristics
fnr 33.3 RPM Lateral ®ut Transcriptions.”
Natinnal Association of Broadcasters.

Next month part 2 of this phono-
gravh reproducer series covers high-
frequency compensation nefrvorks.
Ed.

UNUSUAL SEVEN-TOWER DIRECTIONAL BROADCASTING ARRAY

Few broadcasting stalions require such an extensive forest of
towers as does WREX of the Lake Superior Broadcasting Co.,

Duluth, Minn.
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Six towers are used during the night and the

www americanradiohistorv com

geventh, with two nighl pattern towers, make up a three-element
array to give day time coverage. The top 100 f. of the 225 f1.
tower is constructed of round members to reduce wind resistance

27
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At left is shown one British version of a large-screen (16x20 in.} home projection television set which also incorporates an all-band AM

receiver.

Model at the right is a 43-tube remote-controlled console conlaining an all-band receiver as well as an automatic phonograph.

Set will automatically switch itself on to any of three preselected programs at predetermined times. Girl is holding a personal portable

which uses all minialure tubes

British Developing Projection TV

Olympia exhibit reveals that most receivers have 8x10 direct-

view tubes; fixed tuning simplifies design and construction

® Television apparently stole the
show at the Radiolympia exhibi-
tion in London in October, though,
as might be expected, there was
nothing startlingly new in the way
of engineering for visitors to see.
This was the first British exhibi-
tion since 1939, the fifteenth affair
of its kind. The British Radio In-
dustry Council, which represents
all branches of the industry and
stages the exhibition had divided
exhibits broadly into four classes:
broadcasting and comimunications
generally, television, radar and
navigational aids, and industrial
applications of vacuum tubes.
Television receivers of some 29
different makers were displayed,
most pretentious of the lot being
a really immense console model
which in addition to including a
projection set (based on the fa-
miliar Schmidt system) with a

28

screen measuring 16 x 20 in. also
held an AM sound receiver cover-
ing 12 different bands in the spec-
trum with provisions for auto-
matically switching itself on to
any of three pre-selected programs
at various pre-determined times.
The set has 43 tubes, or valves as
the British style them, and may
be operated by remote control.
Manufacturer is the Gramophone
Co.

In general the new British TV
receivers show a tendency to re-
turn to the prewar picture size of
approximately 8x10 in. though
they never did get very far away
from that size, at least insofar as
anything like mass production is
concerned. These are mostly table
models, priced to sell below the
American equivalent of $400.
Many have provisions for all-wave
sound reception of AM; there is

www americanradiohistorv com

no FM in England as yet. Among
larger screen sets, Philco exhib-
ited its projection model and Elec-
trical Musical Industries (EMI)
showed a projection model gquite
similar to the Philco and having
a screen the same size. It includes
a five-tube sound receiver and
sells for $1762, including tax. In-
asmuch as there is only one Brit-
ish television tramsmitter, fixed
tuning for that station is almost
universal.

Apparently the British go in
for pre-selection of their radio
programs to a greater extent than
do their American cousins. Quite
a number of the new British radio
receivers provide for pre-selecting
preferred programs and at least
one manufacturer has come up
with an attachable accessory with
which pre-selection of up to 20

(Continued on page 75)
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U. S. Radio Statistics, 1948

Radio-electronic output and complete home-set census.

Production and use tabulated for industry’s past 26 years

Data Covers Year Ended December 31, 1947 Total Annual Number of  Annual
Investment Gross Revenue Employes Payroll
Radio manufacturers (1100) ... .. ............. .. ........ ........... $60,000,000 $ 450,000,000 80,000 $110,000,000
Radio distributors, dealers,etc.. .. . .. ... ....................... 300,000,000 1,000,000,000 125,000 240,000,000
Broadcasting stations (1800} including talentcosts................. 125,000,000 380,000,000 *20,000 70,000,000
Commercial communication stations. . . . .. ....................... 60,000,000 e 15,000 8,500,000
Listeners’ sets in use (66,000,000) ... ... . ... .. . .. ... ............ 3,000,000,000 ... . ... .. o 1500,000,000

* Regular staff—not including part-time employes, artists, etc., who number at least 30,000 more.
i Annual operating expense for listeners’ sets, for tube replacements, electricity, servicing, etc.

ANNUAL BILL OF U. S. FOR RADIO
Sales of time by broadcasters, 1947 ... .. ... $350,000,000

RADIO SETS IN U. S.; WORLD
January 1, 1948

Talent costs ... ....... ... . oo 60,000,000 United States homes with radios ...... ...... 37,000,000
Electricity, batteries, etc., to operate 66,000,- Secondary sets in above homes . ... ........ .. 16,000,000
000 receivers . . . ... ... ... ... ... . 220,000,000 Sets in business places, institutions, etc. ... ... 4,000,000
17,000,000 home radio receivers, at retail value 800,000,000 Automobile radios ... ....... ........... .. 9,000,000
170,000 television receivers, at retail value .. 120,000,000 TOTAL sets in United States . . . . . 66,000,000
Phonograph records, 325,000,000 ... .. .. 300,000,000 Total radio sets in rest of world:
Radio repairs and supplies: North America, 4,500,000; South
66,000,000 replacement tubes ... ...... 90,000,000 America, 5,000,000; Europe, 46,-
Radio parts, accessories, etc. ... ... ...... 100,000,000 500,000; Asia, 6,500,000; Australia,
Labor .. .. ... e 75,000,000 2,500,000; Africa, 1,000,000 66,000,000
TOTAL ..... ... .. ... ...... $2,115,000,000 TOTAL setsinworld .. ..... . ......132,000,000
Homes Total
Total Civilian Sets Total Civilian Tubes Automobile Sets Total Auto with Radio Sets| At
Manufactured Manufactured Manufactured Reception Sets Radio in Use |Close
- Equipment| in Use Sets inU.S. of
Number Retail Value | Number Retail Value | Number Retail Value Value Number] Number | Number
1922 100,000 $ 5,000,000 1,000,000 % 6,000,000 | ........ ........ $60,000,000( .. .. .. .. 260,000 400,000 | 1922
1923 550,000 30,000,000 4,500,000 12,000,000 | ...... .. 151,000,000 1,000,000 | 1,100,000 | 1923
1524 | 1,500,000 100,000,000 | 12,000,000 36,000,000 | ........ ... ... 358,000,000 2,500,000 | 3,000,000 | 1924
1925 2,000,000 165,000,000 | 20,000,000 48,000,000 430,000,000 3,500,000 | 4,000,000 | 1925
1926 1,750,000 200,000,000 | 30,000,000 58,000,000 506,000,000 .. ... .. | 5,000,000 5,700,000 | 1926
1927 1,350,000 168,000,000 | 41,200,000 67,300,000 . .. ... . 425,600,000 .. .. ... | 6,500,000 7,000,000 | 1927
1928 3,281,000 400,000,000 | 50,200,000 110,250,000 | ........ .. ...... 690,550,000 7,500,000 | 8,500,000 | 1928
1929 4,428,000 600,000,000 | 69,000,000 172,500,000 ........ C....... | 842,548,000 9,000,000 |10,500,000 | 1929
1930 | 3,827,800 300,000,000 | 52,000,000 119,600,000 34,000 $3,000,000 496,432,000 .. . .. . .. 12,048,762 (13,000,000 | 1930
1931 3,420,000 225,000,000 53,000,000 69,550,000 108,000 5,940,000 | 300,000,000, 100,000( 14,000,000 (15,000,000 | 1931
1932 3,000,000 140,000,000, 44,300,000 48,730,000 143,000 7,150,000 | 200,000,000, 250,000| 16,809,562 |18,000,000 | 1932
1933 3,806,000 180,500,000 | 59,000,000 49,000,000 724,000 28,598,000 300,000,000, 500,000 20,402,369 (22,000,000 | 1933
1934 4,084,000 214,500,000 58,000,000 36,600,000 780,000 28,000,000 350,000,000 1,250,000/ 21,456,000 (26,000,000 | 1934
1935 | 6,026,800 330,192,480 [ 71,000,000 50,000,000 | 1,125,000 - 54,562,500 | 370,000,000 2,000,000 22,869,000 [30,500,000 | 1935
1936 8,248,000 450,000,000 | 98,000,000 69,000,000 | 1,412,000 69,188,000 500,000,000 3,500,000 24,600,000 33,000,000 | 1936
1937 8,064,780 450,000,000 | 91,000,000 85,000,000 | 1,750,000 87,500,000 | 537,000,000 5,000,000 26,666,500 137,600,000 | 1937
1938 | 6,000,000 210,000,000 | 75,000,000 93,000,000 | 800,000 32,000,000 | 350,000,000| 6,000,000 28,000,000 [40,800,000 | 1938
1939 | 10,500,000 354,000,000 | 91,000,000 114,000,000 | 1,200,000 48,000,000 | 375,000,000| 6,500,000 28,700,000 (45,300,000 | 1939
1940 | 11,800,000 450,000,000 | 115,000,000 115,000,000 | 1,700,000 60,000,000 | 584,000,000 7,500,000 29,200,000 |51,000,000 | 1940
1941 | 13,000,000 460,000,000 | 130,000,000 143,000,000 2,000,000 70,000,000 | 610,000,000 8,750,000/ 29,700,000 |56,000,000 | 1941
1942 4,400,000 154,000,000 87,700,000 94,000,000 350,000 12,250,000 | 360,000,000 9,000,000/ 30,800,000 |59,340,000 | 1942
1943 | .. ...... ..., 17,000,000 19,000,000 e e 75,000,000 8,000,000( 32,000,000 (58,000,000 | 1943
1944 | .. ..., .. e 22,000,000 25,000,000 | ........ .. .... .. 85,000,000| 7,000,000| 33,000,000 |57,000,000 | 1944
1945 500,000 20,000,000 | 30,000,000 35,000,000 | ... ... ........ | 105,000,000 6,000,000 34,000,000 (56,000,000 | 1945
1946 | 14,000,000 700,000,000 | 190,000,000 200,000,000 | 1,200,000 72,000,000 908,000,000 7,000,000 35,000,000 60,000,000 | 1946
1947 | 17,000,000 809,000,000 | 220,000,000 260,000,000 | 2,500,000 150,000,000 |1,100,000,000| 9,000,000 37,000,000 (66,000,000 | 1947

Figures for sets give value with tubes in receivers. In normal years, replacement tubes have run 257, to 407, of totat tube
production, AM figures are at retail values. (Statistics Copyrighted by Caldwell-Clements, Inc.)
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Pertormance Characteristics of

FM Detector Systems

By B. D. LOUGHLIN, Hazeltine Electronics Corp..
Little Neck, N, Y.

An analysis of operating features of two classes of currently

used detection methods for FM receivers—Advantages of each

® This paper is intended primarily
to discuss the performance charac-
teristics of various FM detector sys-
tems which may have a direct effect
upon the design and manufacture of
FM receivers. Such performance
characteristics include: _
1—AM rejection properties, which
relate to noise rejection and re-
duction of distortion due to ampli-
tude modulation from IF selec-
tivity and multi-path transmis-
sion.
2—Variation of audio output with
carrier level.
3—The tuning characteristics of a
receiver using the detector under
consideration.

In illustrating these properties for
the various detector systems, certain
representative over-all performance
characteristics are shown. It should
be appreciated that while some of
their overall characteristics are
similar, the several systems differ
appreciably in their mode of opera-
tion, and consequently differ in
structure and in other performance
respects,

When sensitivity is considered in
terms of audio output voltage vs. in-

Fig. 1—Characteristics of a balanced discriminator
Fig. 2—Diode limiter as a fixed threshold limiter

HIS article describes the

general performance char-
acteristics of some of the fre-
quency -modulation detector
systems of current interest. A
detector system using a diode
as ¢ dynamic lWmiter, and hav-
ing ¢ variable threshold level,
is described. This is followed
by a review of the characteris-
tics of the better known fre-
quency modulation detector
systems, such as those using |
grid-bias limiters, locked oscil-
lators and ratio detectors.

put carrier voltage for a given per-
centage of modulation and similar
AM rejection capabilities, all of the
various detector systems discussed
herein have sensitivities of a similar
order of magnitude. Also, by appro-
priate design, it is possible to obtain
very satisfactory detection linearity
from the various detector systems.
Most FM detector systems include
the equivalent of the balancing ac-
tion of a balanced discriminator.
With a balanced discriminator the
AM output is zero at center fre-

guency and is proportional to the
frequency deviation from balance,
as illustrated by the detector char-
acteristic of Fig. 1A, and shown by
the solid curves of Fig. 1B. When
an FM detector system exhibits some
AM rejection properties, the AM
output may be expected to vary sim-
ilar to the dotted curve in Fig. 1B.

In this paper the term “AM reduc-
tion factor” refers to the ratio of the
AM output of a detector system ex-
hibiting AM rejection properties to
the AM output of an ideal balanced
discriminator. The AM reduction
factor is generally substantially in-
dependent of frequency deviation,
but in certain special cases when
this is not true, it may be expressed
as having different values for large
and small amounts of FM. Also when
perfect balance is not obtained, this
is generally due to a different set of
detector deficiencies which are best
analyzed separately.

It is convenient to know two
characteristics of the AM rejection
action of a detector system:
1—The “AM Reduction Factor,”

which is the ratio of the percent-

age AM of the output to the per-
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centage AM of the input signal
exclusive of the balanced diserim-
inator action, for a small per-
centage of input AM. This relates
to the rejection of such small AM
as results from fluctuation noise
at normal signal levels.

2—The “Downward AM Capability,”
which is the percentage of down-
ward AM which produces & cer-
tain significant change in output
signal amplitude, such as that due
to the instantaneous signal level
falling below the threshold. This
relates in particular to the detec-
tor performance under conditions
of large AM, such as may be due
to multi-path transmission or to
the IF selectivity. When a smooth
or indistinct threshold exists, the
downward AWM capabilities are
expressed, in this paper, in terms
of the downward AM of the input
signal which produces 25% AM of
the output signal.

The Dynamie Limiter

An interesting type of FM detec-
tor system can be produced by using
a diode for a limiter and following
this by a balanced discriminator. An
effective voltage limiter of the
fixed threshold type can be produced
by placing a biased high-conduct-
ance diede in shunt with a high
impedance resonant circuit, as
shown in Fig. 2.

As the applied signal current is
increased, the output increases until
the peak output voltage equals the
diode bias voltage. As the input is
increased beyond this threshold
level the diode conducts, producing
an increasing damping effect which
regulates for approximately con-
stant output. If the circuit Q is high,
the damping is in effect integrated
throughout the rf cycle so that a
single diode, conducting on one
peak, can be used. By using a high-
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conductance diode and a high-
impedance tuned circuit the regula-
tion is predominately in the tuned
circuit impedance with only a small
voltage drop resulting across the
diode. This results in a fairly flat
voltage limiting characteristic.

If the bias battery is replaced by
a long time constant resistor-con-
denser network, as shown in Fig. 3,
a variable threshold device results.
The effective bilas voltage is now
proportional to the average carrier
level, its exact value being deter-
mined by the resistor value relative
to the tuned circuit impedance.
However, for dynamic or sudden
changes, the bias voltage is held con-
stant by the large condenser, thus
producing effective limiting for
dynamic changes in the applied
carrier signal. as illustrated in Fig.
3. It will be seen from this that the
resulting output from the diode
dynamic limiter is a carrier whose
amplitude is proportional to the
average value of the applied carrier
current, but as a result of dynamic
limiting 1s relatively free of audio
frequency amplitude modulation of
the applied carrier.

By following the dynamic limiter
by a balanced discriminator, an FM
detector system is produced which
has a wvariable threshold level and
an audio output which is propor-
tional to the applied carrier level.
A practical detector system can be
made using a germanium crystal
diode for the voltage limiter, this
cdiode having a rather high con-
ductance. Fig. 4 shows such a de-
tector system which uses side-tuned
circuits and crystal diedes for the
balanced discriminator. It should be
noted, however, that the conduct-
ance of the discriminator diodes is
relatively unimportant as they can
operate with rather high load re-
sistors, and only the limiter diode

www americanradiohistorv com

Fig., 4—FM detector using dynamic limiter with germanium diodes

need have high conductance.
Typical performance characteris-
ties for this dynamic limiter detec-
tor circuit are shown in Fig. 5. The
audio output and AVC voltages are
approximately proportional to the
input signal level. The AM rejecticn
resulting from dynamic limiting
varies smoothly with signal level,
becoming better with increasing sig-
nal level because of increased diode
efficiency. The resulting AM reduc-
tion factor, which for small per-
centages of AM is related to the
slope or first derivative of the input-
output characteristic of the limiter
at the particular average carrier
level, is shown in Fig. 5C. It should
be noted that the AM reduction
factor usually will not become nega-
tive in this device at any signal level.

Threshold Level

The downward AM capabilities,
shown in Fig. 5D, tend to remain
constant with changes in average
signal level because of the variable
threshold level. However, in this de-
vice, as in the ratio detector, the
downward AN capabilities reduce
at very low signal levels due to lack
of AM rejection resulting from low
diode efficiency. It is interesting to
note that back conduction in a crys-
tal diode used as a limiter merely
supplements its limiting character-
istics.

It is apparent from the above dis-
cussion that the dynamic limiter de-
tector system has a variable thres-
hold level, with a wvariable output
and a downward AM capability
which is relatively fixed. The effects
of these characteristics upon the
tuning characteristics of a complete
receiver are interesting.

As the carrier is detuned, the
audio output reduces due to a reduc-
tion in carrier level, at the detector,
resulting from IF selectivity. This

al
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fact, in conjunction with the fact
that the AM rejection reduces only
gradually as the signal level is re-
duced, can result in a significant re-
duction in the side response ampli-
tude and relatively little inter-
station noise.

As an illustration, a typical tun-
ing characteristic for a receiver
using a dynamic limiter detector
system is shown in Fig. 6. However,
the amount of reduction of the side-
responses, and of the inter-station
noise, is determined by the AVC
characteristics of the particular re-
ceiver. A receiver designed with a
rounded top IF response and with a
detector having wide peak separa-
tion permits the tuning characteris-
tic to have a peak in audio output
when the signal is on tune, and re-
duces the side responses.

Dual Diode Limiter

While a single limiter diode can
produce significant limiting, the use
of a dual diode as limiter can give
improved results. In particular
when the circuit @ is low, harmonic
voltage may develop across the
tuned circuit which will affect the
limiting action. By using a dual
diode limiter, which conducts on
both positive and negative peaks,
the even harmonic currents are sub-
stantially reduced, giving improved
dynamic limiting action. An indica-
tion of the improved AM rejection
which can result is shown by the
dotted curve in Fig. 5C.

An interesting detector system
can be produced which has casecade
means for AM rejection, and has a
variable threshold level, by follow-
ing a dynamic limiter with a ratio
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detector. Since the resulting system
has two means of giving AM rejec-
tion, the requirements upon each
means are reduced.

This system wuses a grid-bias
limiter, for limiting amplitude
modulation, with a subsequent bal-
anced discriminator circuit for FM
detection. The limiter circuit, as il-
lustrated in Fig. TA, operates by de-
veloping a self-rectified grid-bias
which narrows the angle of plate
current conduction with increasing
signal amplitude. In a correctly de-
signed circuit the result is a funda-
mental frequency output component
which, above a certain critical signal
level, is approximately independent
of input signal amplitude, as shown
in Fig. 7B,

When only grid-bias limiting is
used, the output is approximately
constant over a range of about 20 db
of input signal level, but the output
tends to again rise for higher input
signal levels, as shown by the dotted
curve of Fig. 7B. This effect can be
reduced by using a low plate voltage
to effect plate limitirg, or by using
a second cascade limiter. When using
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Fig. 6—Typical tuning characieristics for an FM recelver using a

dynamic limiter

this double limiting action an input-
output characteristic approximately
as shown by the solid curve of Fig.
7B can be obtained.

The grid-bias limiter is usually
designed to have a short time con-
stant in its grid-bias circuit and to
have plate and screen supply wvolt-
ages of fairly good regulation. This
produces a device whose input-out-
put characteristic for rapid or
dynamic signal level changes (at an
audio frequency rate) is similar to
that for slow or static changes in
average signal level. Thus the knee
in the input-output curve occurs at
a unique input signal which is rela-
tively unaffected by the applied
average signal level, producing a de-
vice with a fixed threshold level.

Grid-Bias Limiter

Fig. 7C is the AM reduction factor
vs. signal level for the grid-bias
limiter, produced by limiting action.
This shows that substantially no AM
rejection exists below the threshold
and that the AM rejection suddenly
takes hold at the threshold level be-
cause of limiting. It should be noted
that a slight over-compensation is
common in the limiting region so
that a small percentage of reverse
polarity AM is frequently produced,
as shown by the negative value.

The downward AM capability for
the grid-bias limiter is shown in
Fig. 7D and is seen to approach
100% modulation as a limit as the
signal level is increased. From the
above, the grid-bias limiter is seen
to be a fixed threshold level device
having a fixed output, a downward
AM capability which increases with
increasing signal level, and an AM
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rejection by limiting which rapidly
becomes effective when the input
signal exceeds the threshold level.

The tuning characteristic of a re-
ceiver using a grid-bias limiter will
next be considered. An IF response
curve for a typical receiver is shown
in Fig. 8A, the dot-dash curve being
the response curve exclusive of
limiting and the solid curve the
effective response curve with limit-
ing. A typical detector discriminator
characteristic as measured with con-
stant input to the limiter grid is
shown in Fig. 8B by the dotted
curve. When this detector charac-
teristic is taken through the entire
receiver, a curve such as the solid
curve of Fig. 8B may result.

Audio Output

Here it is seen that as the signal
is detuned, the IF selectivity causes
the signal level at the limiter to fall
below the fixed threshold level and
then the IF selectivity curve skirts
are effective in increasing the side-
slopes of the overall detector charac-
teristic. The audio output due to FM
is proportional to the slope of the
detector characteristic about the
mean frequency of the applied sig-
nal. Thus, as the receiver is tuned
through an applied signal, the audio
output may be expected to vary as
in Fig. 8C.

Tt is not uncommon for the result-
ing side-responses to0 he greater in
amplitude than the desired response.
These side-responses can be re-
duced in amplitude by reducing the
IF selectivity; or, since they are due
to the signal level passing below the
threshold, they can be masked by
noise by including enocugh gain in
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the receiver to make the threshold
cccur at the noise level.

An oscillator which is synchron-
ized by an applied FM signal can be
made to reproduce the FM of the ap-
plied signal and to be substantially
non-responsive to AM. The signal
from the locked oscillator can be fed
to a conventional discriminator, or
the discriminator action can be
effectively included within the
locked oscillator circuit, so that the
combination forms an FM detector
system which 1s non-responsive to
AM.

The locked oscillators normally
require at least a certain critical ap-
plied signal level to effect syn-
chronization and below this level
their output signal is relatively un-
affected by the applied signal. Thus
the input-ocutput characteristic may
have a discontinuity at the threshold
level giving effectively zero output
below this threshold level, at least
as far as modulation components are
concerned.

The locked oscillator FM detector
systems thus have a fixed threshold
level with fixed output, and a down-
ward AM capability which increases
with increasing signal level. Tt will
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Fig. 8—Typical characteristics of an FM receiver using a grid-bias

limiter

be apparent from this that the
locked oscillator detector systems
have overall resultant characteristics
similar to the typical characteristics
shown for the grid-bias limiter ex-
cept that an effective discontinuity
may exist at the threshold. This dis-
continuity may produce a tuning
characteristic having high distortion
regions instead of side responses.

The Ratio Detector

The Ratio Detector is a relatively
new, but already widely used FM
detector system. A conventional
form of this circuit is shown in Fig.
9.

This detector has the property
that its dynamic and static charac-
teristics are different. The effective
input-output characteristics of this
device may be measured by applying
a statically deviated carrier and
measuring the output voltage E; vs.
the applied carriel level E,. For slow
or static changes in carrier level the
output E, will vary approximately
linearly with input E,, as shown by
the dotted curve of Fig. 10.

This type of detector has the de-
sirable characteristic, however, that
it is not responsive to dynamic or
sudden changes in carrier level, such
as audio frequency amplitude modu-
lation, so that its output will be al-
most independent of the instanta-
neous amplitude of the input, as
shown by the solid curves in Fig. 10,
with the magnitude of the output
determined by the average ampli-
tude of the applied carrier.

This difference between dynamic
and static characteristics results
from the long time constant load
circuit, across which the voltage EB
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is developed, this voltage E= being
proportional to the average carrier
level and independent of audio fre-
quency AM. The overall result is an
output voltage which is proportional
to the instantaneous carrier fre-
quency and to the average carrier
level but is relatively free of audio
frequency AM of the applied carrier.
The exact reasons why this detector
circuit is non-responsive to AM is
considered as being outside the scope
of this paper.*

The range of the dynamic input-
output characleristic has a limita-
tion, for upon downward amplitude
modulation the instantaneous car-
rier voltage applied to the diodes
may be exceeded by the back biasing
effect of voltage Es, thus cutting off
the diodes. While the resulting dy-
namic input-output characteristic
may give an output voltage when
the diodes are cut off, as shown
dotted in Fig. 10, this output, how-
ever, is a static charge remaining on
various condensers, and is no longer
capable of being controlled by in-
stantaneous frequency of the ap-
plied carrier.

Dynamic Threshold

Thus, there is in effect a sharp
dynamic threshold occuring when
the diode currents become zero. It
should be noted, however, that as
the average carrier level is varied,
the bias voltage E: varies and the
threshold level for diode current
cut-off also varies. The resulting
variation in dynamic threshold in
response to average carrier level
variations tends to keep the down-

*For further details on the vatio detector, see
Tele-Tech July, 1947 page 46 o 49.

ward AM capabilities of the detector
system such that they wvary only
slightly with applied signal level.

Typical operating characteristics
of a ratio detector are shown in Fig.
11. It will be noted that the audic
output and AVC voltage vary almost
directly with the applied signal
level. As the average signal level is
varied the slope of the dynamic in-
put-output curve changes slowly.
The resulting variation of AM re-
duction factor with average signal
level is a smooth curve as illus-
trated in Fig. 11C which does not
have a distinct threshold as far as
average signal level variations are
concerned. It is not uncommeon for
the slope of the dynamic input-
cutput characteristic tfo reverse sign
at high signal levels giving a small
opposite polarity AM output. As in-
dicated previously, the downward
AM capabilities vary only slightly
with average carrier level as shown
in Fig. 11D.

It is apparent from the above dis-
cussion that the ratio detector is
non-responsive to AM, has a wvari-
able threshold level, with a variable
output and a downward AM capabil-
ity which is relatively fixed, and it
thus has quite different overall
characteristics than the grid-bias
limiter detector system. The effects
of these differences in performance
upon the tuning characteristics of a
complete receiver are similar to
those with the dynamic limiter de-
tector system, and can result in a
significant reduction in the side re-
sponse amplitude and relatively
little inter-station noise. A typical
tuning characteristic for a receiver
is shown in Fig. 12,

" Based upon their overall resulting
characteristics, the currently used
FM detectors can be divided into two
general classes. The first class hav-
ing similar overall resultant charac-
teristics includes the grid-bias
limiter detector system and locked
oscillator arrangements, particularly
in that they have a fixed threshold
level, a variable output, a down-
AM capability which increases with
increasing signal level, and an AM
rejection which rapidly becomes
effective when the input signal ex-
ceeds the threshold level.

AM Rejection

The second class, in regard to
overall resultant characteristics, in-
cludes the ratio defector and the
dynamic limiter detector system, in
that they have a variable threshold
level, a variabel output, a down-
ward AM capability which is rela-
tively fixed, and an AM rejection
which varies gradually with varia-
tions of average signal level.

In general the input signal level
required to produce significant AM
rejection in one of the detector sys-
tems having a wvariable threshold
level is smaller than that required
for one of the systems having a
fixed threshold level. However, the
application and desired operating
characteristics of a particular re-
ceiver will affect the class of FM
detector which should be used. Be-
sides the cost problem, such ques-
tions as the expected degree of
multi-path interference, the amount
of fading and the desired tuning
characteristics should be considered
for each application.
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Fig. 3—Circuit diagram of ratio detector
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Cavity Type Iilters

FOY Interference By DANIEL E. NOBLE*

Systems and equipment designs for maximum specirum

utilization in the

mobile

radiotelephone services

¢ When radio channels were little
used and vacant spaces in the spec-
trum provided guard channrels for
the active services, it was possible
to design receiving and transmitting
equipment with little attention to
the problems of spurious radiation,
spurious receiver responses, and the
selectivity characteristics. Now the
rise in the use of channels for all
services, the introduction of FM
broadeasting, television and mobile
communications, the radiation of
spurious energy, the design of re-
ceivers with spurious responses and
poor image rejection, and the failure
to recognize the problems of systems
design as it may affect receiver de-
sensitizing and intermodulation in-
terference will contribute generally
to a widespread condition of inter-
ference and chaos in the air,

FM stations will interfere with
FM stations, FM stations will inter-
fere with television stations, mobile
stations will interfere with televi-
sion and with FM, and television
will be interfered with by every-
body. Harmonic radiation, sub-
harmonic radiation, cross beat or
intermeodulation radiation, receiver
radiation, receiver selectivity, re-
ceiver spurious responses, and lack
of proper modulation control will all
tend to degrade the performance of
all services.

We suggest a program for the

mobile services which will minimize
interference within the service and
promote maximum channel loading
and the most efficient use of the
spectrum assigned to the mobile
services. Our present standards are
far too weak to permit the efficient
use of the spectrum space assigned
*Direclor of Hesearch and Vice-President in

charge of communications and eleclrenic divi-
sion, Motorola, Inc., Chicago,
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for mobile operation.

The original allocation was made
by the Federal Communications
Commission on the assumption that
alternate channels would be used in
the same area. The expectation is
that, with the development of the
art, adjacent channels will be used
effectively in the same area without
interference.

With the channel limitations fac-
ing us we have no choice in the
matter, but we must design equip-
ment for operation on adjacent
channels and, unless we wish to
waste valuable channel space, we
must design such equipment at once
and put it into immediate use. The
placing of a large number of mobile
communications units in use with
standards which are inferior will
develop an economic inertia, which
may take ten years or more to over-
come, and, in the meantime, it will
be impracticable to operate equip-
ment effectively in all of the chan-
nels assigned to the service.

To further clarify this problem,
some factors are listed which influ-
ence the successful operation on ad-
jacent and alternate channels in the
same area. Such factors as spurious
receiver responses, spurious trans-
mitter radiation, receiver radiation,
transmitter intermodulation and
skip distance propagation are vir-
tually independent of channel
separation, but they are factors of
great importance in determining the
level of interference encountered.

A second group of factors, ie., IF
selectivity, modulation bandwidth,
and stability, are inherently de-
pendent upon channel separation
and the systems designer must be
guided accordingly. A third factor is
the front end receiver selectivity, or
carrier frequency selectivity of the

www americanradiohistorv com

Motorola Precision Selector,
or anti-intermodulation cavity

receiver, and the relationship to
intermodulation and desensitizing is
affected by channel separation in
some cases and independent under
other conditions.

Spurious receiver responses can
be controlled adequately by the use
of shielding, the proper disposition
of selective circuits, and by the use
of multiple tuned circuit elements.
The suppression of all spurious re-
sponses, including the image re-
sponse, should be 85 db, or better.
A suppression of 100 db is desirable
and entirely practicable. The pro-
posed RMA Standard called for 60
db suppression. Such a level seems
inadequate.

Spurious transmitter radiation can
be controlled by proper transmitter
design and by the use of adequate
shielding. While it may be possible
to build a fransmitter without use
of double tuned circuits and still
suppress sub-carriers, measure-
ments indicate that sub-carriers will
be present unless multiple tuned
circuits are used in the transmitter
interstage coupling to eliminate in-
termodulation of crystal harmonics.
A figure of 60 db has been proposed
as the reduction for all spurious
radiation from transmitters. This
figure is entirely possible and, in
many cases, it may be a practicable
value for transmitters below 50
watts of power, A better level would
be 80 db, for transmitters exceeding
50 watts in power.
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Motorola experiments indicate
that transmitter intermodulation is
a secondary effect and usually not
encountered unless an attempt is
made to mount more than one trans-
mitting antenna on a single support.
Close spacing of antennas may result
in voltage from one antenna induc-
ing a sufficient voltage in the coupled
antenna to produce intermodulation
in the non-linear plate circuit of the
transmitter. The radiation of the
intermodulation products may intro-
duce interference to operating sys-
tems.

TIntermodulation Effects

The mixing of two or more signals
in the non-linear rf amplifier or
mixer circuits will produce inter-
modulation which may generate
interfering products directly on the
desired carrier frequency. Where
such intermodulation exists, the only
cure possible at the receiver point
is the introduction of a sufficient de-
gree of selectivity to reduce the
signal level of the undesired carriers,
so that intermodulation will not take
place. Similarly, a strong, undesired
signal may bias off the rf amplifier
to a point where the weak, desired
signal cannot be heard and the re-
duction of this desensitizing effect
can be accomplished only by the in-
troduction of carrier selectivity at
the front end of the receiver.

While the modulation is not im-
portant within the present limits of
equipment design where alternate
channe] operation is specified, the
control of the bandwidth becomes
extremely important when we con-
template adjacent channel opera-

Top to bottom—Precision selectivity receiv-
er as used in Motorola mobile FM “Dis-

patcher”. 7-10 watt transmitter and power
supply. Complete “Dispatcher’” transmitter
and receiver unit with “Quick-Call” selec-
tive calling unit case at rear left on chassis

tion in the same area. The adjust-
ment of mobile units to a nominal
degree of modulation based upon a
fixed adjustment at the factory will
be both practicable and satisfactory,
but where the higher power land
stations are considered with high
and efficient radiators, some auto-

matic form of modulation control
must be introduced.

The problem of maintaining
stability is one of the extremely im-
portant factors which must be con-
sidered. Obviously, the channel
width and channel separation will
control the degree of stability re-
quired for successful operation. For
precision selectivity in a 60 ke band-
width at 150 mc, a stability of .0029%,
over the temperature range may be
adequate, but we might find that
the stability requirements for a 10
kc bandwidth at 150 me would be
entirely impracticable where vibra-
tion and wide temperature ranges
are encountered. Limiting factors
introduced by stability and inter-
modulation suggest that the process
of halving the bandwidth will not,
in any case, double the number of
channels available for use in a given
area.

Wave Filter Design

It is well to devote some time fo
the discussion of IF selectivity and
intermodulation as the two most im-
portant factors influencing the de-
sign of equipment for alternate and
adjacent channel operation in the
same area. The art of wave filter de-
sign is well advanced and there is
no known reason why IF selectivity
cannot be developed to almost any
degree required. Even without the
use of wave filters of specialized de-
sign, it becomes possible to use
multiple tuned high-@Q circuits
effectively, to provide a remarkable
degree of selectivity without intro-
cducing intolerable problems of
maintenance of alignment,

Fig. 2 (Left}—Relationship between level of iwo undesired signals,

B and C, in preducing an interfering signal on desired channel A.

Fig. 3 (Right)—Various levels of interfering signals produced on

channel A as a result of the producis of intermodulation from B
and C combining in non-linear receiver circuits
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Fig. 1 shows the proposed RMA
minimum requirements of IF selec-
tivity, which calls for 60 db down
on alternate channels, or 120 mc off
resonance. The second curve shown
iz the Motorola precision selectivity
curve with 100 db down on alternate
channels, and between 55 and 60 db
down on the adjacent channel. For
this particular receiver, the spurious
responses are also down between 90
and 100 db. On alternate channels,
an undesired signal must have a
magnitude of 100,000 microvolts be-
fore it will equal the effect of a 1
microvolt signal on the desired
channel. For the adjacent channel,
60 ke off resonance, an undesired
signal must be approximately 1,000
microvolts to interfere with a 1
microvolt signal.

In hundreds of direct comparison
tests with this receiver compared to
a receiver with the RMA minimum
requirement curve, there was no
difference of a significant nature in
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the range or the sensitivity per-
formance of the two receivers. The
trend was toward the superiority of
the selective receiver over the wider
band receiver. In an actual field test
with two 250 watt transmitters feed-
ing antennas at a 60 ft. elevation and
operating on frequencies =60 k¢
from the desired channel, a thres-
hold signal was received success-
fully on the desired channel while
the two 250 watt stations operated
on the adjacent channels approxi-
mately one mile away. The test was
repeated with the 250 watt stations
operating at —60 ke and —120 mc.

Interference Elimination

The successful reception was
achieved with the precision selectiv-
ity receivers accepting a threshold
signal from a 30 watt station located
approximately seven miles away.
Since the desired station was a 30
watt unit working from a 40 ft.
antenna approximately eight miles

www americanradiohistorv com

from the opposing 250 watt stations,
and since the interference encoun-
tered was limited to a distance of
one mile from the opposing 2560 watt
transmitters, it appears that inter-
ference-free service within a radius
of seven miles from the desired
station would be possible, even
though all adjacent and alternate
channels were occupied in the areas
outside of the eight mile separation
indicated. As the stations are
brought close together, the desired
signal will increase in level and tend
to preserve the interference-free
reception.

The most desirable systems de-
sign would provide for all trans-
mitting stations feeding antennas at
the same location with sufficient
separation between antennas to
eliminate the possibility of trans-
mitters intermodulation, With such
an arrangement, the desired to un-
desired signal ratios would always

(Continued on page 79)
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Method for Determining Receiver

Noise Figure

By MORRIS Allen, Cambridge
Field Station, Army Air Forces

Practical means for making measurements that reveal limiting ef-

fect on sensitivity represented by shot effect and thermal agitation

® The receiver used for the ex-
periment is taken from a radar
system, composed of five conven-
tional class A amplifier stages us-
ing 6ACT pentodes, a 6H6 diode
(one half used as a second detec-
tor, the other half as a dc restor-
er), a 6ACT video amplifier and a
6L.6 cathode follower: Fig. 1-2, 3.

The overall gain is about 120
db, The bandwidth centered at 30
mc, and taken at % power, (3 db
down) is 0.9 mc. The noise figure
in microvolts is 2.92. The theoreti-
cal noise figure in microvolts is
1.15,

In any pulse echo radar system
there are two factors which limit
the operating range of the radar
set. The rf power striking the tar-
get is one factor and that is lim-
ited by the magnetron and the an-
tenna design. The receiver system
1s the other factor. As in the case
of any radar system, the smaller
the target or the greater the dis-
tance, the smaller is the signal
which comes back into the receiv-
er. For a while we can meet this
gituation by increasing the amount
of amplification in the receiver, but
eventually we come {o a place
where extraneous disturbances get
big enough to hide the signal even
though we have eliminated all
such sources of noise as bad power
supplies, poor contacts, sparking
commutators, ignition interfer-
ence, etc. We find that there is
still some left, and in fact this may
be shown by thermodynamic ar-
guments to be inevitable. There
are two general sources of such
noise: shot effect and Johnson
noise, (Johnson noise is often
called thermal agitation noise).

38

N the design of ¢ radar

receiver one of the main
factors to be considered is
sensitivity, Sensitivity must
be stated in terms of noise
rather than of gain, because
the gain of the receiver does
not impose the limit on sensi-
tivity. This noise quantity or
noise figure “F” makes a
comparison between the total
noise present in the receiver,
and the noise component of
the antenna radiatton resist-
ance, since this represents «
source of notse common to all
receivers. This method of de-
fining the sensitivity of a
receiver has the advantage of
being rigorous and indepen-
dent of the psychology of the
operator.

It is not the purpose of this paper
to discuss Johnson noise or shot
effect in any detail, except to state
that it is this noise that limits the
sensitivity of the receiver,

When a receiver is connected to
an antenna, it receives and ampli-
fles the noise and signal voltages
of the antenna. When the noise
level of a receiver is high, a weak
signal is hardly distinguishable in
the presence of a strong back-
ground of noise. Thus, the amount
of noise that is present limits the
minimum signal that can be dis-
tinguished. Even if the receiver
were perfectly free from self-gen-
eration of noise, there is still a
certain amount of noise in the an-
tenna which passes through the
receiver.

The thermal noise of the anten-

Fig. 1 (Above) and 2 (Below) Fromt and
bottom views of the radar receiver used
for the experiment
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Fig. 3—Circuit diagram of the radar receiver composed of five conventional class A amplifier stages, a diode for second detector and

na can be expressed in terms of
the thermal noise that appears
across a resistance equal to that
of the antenna radiation resistance.
The resistance can be regarded as
a “dummy” antenna which gen-
erates thermal fluctuating noise
given by the expression
Ex® = 4KTR.(Af)
where
K = Boltzman’s constant (1.37
x 10°® joules/degree)
T = Temperature of resistance
in degrees Kelvin
Ra — Effective input resistance
Af = Bandwidth under consider-
ation
The numerical value at room
temperature of 4KT is approxi-
mately 1.6 x 107 watt-seconds.
In Fig. 4, the noise-to-signal
ratio for the “ideal” receiver for
a signal input E, is given by
( Noise )E E.? 4KTAfR,

Signal E? E.:

The noise-to-signal ratio for the
actual receiver is then measured
and compared with that in the
“ideal” receiver. The noise factor
(F) of the receiver is given by

( Noise ) 2
Signal

F =

of Receiver =
Mean Square
Noise of Receiver

Noise ) = ¢ 1deal Rec. =
Mean Square

Signal
Noise of Tdeal Rec.

Thus the ideal receiver has a fac-
tor of unity, while the actual re-
ceiver will be greater than unity.

The equipment used in the meas-
urement of the Noise Factor “F’is a
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dc restorer, video amplifier and cathode follower

calibrated signal generator and a
calibrated output meter. The im-
pedance of the signal generator is
matched to that of the receiver.

The output meter is used to in-
dicate the signal and noise power
at the IF output of the receiver.
Since the output measurement s
a power measurement, the meter
should read or be calibrated to
read in terms of mean-squared
values.

The signal generator is matched
to the receiver and the receiver is
adjusted for maximum output.
The readings of the signal genera-
tor and output meter are noted.
The woltage of the signal genera-
tor will be called E, and the
power, as shown on the output
meter, will be called P2. Next the
signal generator is shut off (but
is still connected to the receiver)
and an output reading is taken

Ra

(i) RECEIVER

Eq

Fig. 4—Setup for calculating noise-to-
signal ratic in an idedl receiver

CRYSTAL

TC

DC MICROAMMETER

OUTPUT

INPUT

[s;

Fig. 5—Suggested oulput meter circuit

-
g - -
5 i T
ca RECEIVER
il RESPONSE
50 Y ———
25 1
o (af)
2 EFFECTIVE
= PASS BAND.
tava
NOISE
/TGS
FREQUENCY

Fig. 6—Plot of receiver output and response
as related to pass band
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which indicates a power level
that will be called Pl. Pl repre-
sents the noise level. P2 represents
the noise-plus-signal level, (P2 —
P1) represents the signal level.
When this level is compared with
that already derived for the ideal
receiver, it is seen that the noise-
power level of the receiver is
worse than that of an ideal re-
ceiver by a factor:
E.S P1
F = X
4K TA{R. (P2 —P1)

As previously pointed out, the
type of meter desired is one that
will indicate the mean-squared
voltage or current.

A thermocouple meter has this
characteristic, but is not recom-
mended because: (a) it may load
the circuit, affecting receiver per-
formance; and (b) it may be
burned out during adjustments.

The output meter suggested is
not a mean-sguared type, but an
average voltage reading meter, and
congists of a crystal detector (to
rectify the IF) and a dc micro-
ammeter (Fig. 5).

The use of an average voltage
meter is permissible as long as the
relation with a mean-squared
meter is known, ie., 1.12, or, in
order to correct for the differences
for mean-squared-to-average for
the Pl and P2 measurements, the
voltage measurement for Pl is
multiplied by a factor of 1.12

The amount of noise from the
receiver depends upon the width
of its effective fregquency band-
width. A simple way of measuring
bandwidth, giving ~ approximate
results, consists of measuring the

(Continued on page 77)
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Noise Neutralizing Detector Circuit

By D. L. HINGS ond WILLIAM W. GARSTANG, International Electronic
Corp., Indianapolis, affiliated with Electronic Laboratories of Canada, Lid.

Static-free system of detection on entirely new priuciple

for continuous wave aud carrier shift trapnsmissions

® The noise neutralizing detector
circuit (NND) eliminates crash
static of any amplitude by taking
part of the noise energy and making
it work to cancel its own damage.
Advantage is taken of the fact that
the amount of noise on the received
carrier is much less than the noise
on its sideband. This suggested a
sideband acceptance circuit which
was connected in the detector cir-
cuit in such a way as to modulate a
second carrier (locally generated).
The resultant circuit combines the
incoming carrier, damaged bv noise,
and the local carrier, modulated by
noise, in such a way as to reconstruct
the incoming carrier to its original
form, but without the noise.

Interference caused by man-made
static (ignition, constant impulse,
switching) as well as atmospheric
discharge, are eliminated. This ac-
tion is in contrast to squelch cir-
cuits which desensitize a receiver
during the time when impulse inter-
ference is at its worst, thus losing
intelligence continuity.

The NND unit at the present writ-
ing costs about $300 ($265 in quan-
tity). The audio frequency response
is relatively flat from 100 to 1,000
cycles, and 50% down at 30 and
3,000 cycles. However, with further
development and refinement, the
flat characteristic could be extended
considerably. The unit has many
times the gain of the receiver to
which it is connected, thus eliminat-
ing the need for full sensitivity of
the receiver rf sefting.

The NND principle is an extension
of a noise-free detection system for
reception of code signals which was
described in a previous issue.* In

*Tele-Tech page 35, Janvary 1947,
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ERE is a new approach to

the problem of noise elimi-
nation in AM reception of
voice-modulated waves. A sec-
ond carrier is introduced to fill
up holes (caused by noise im-
pulses) in the original carrier
and preserves information con-

| tinuity. Conventional noise
| eliminators are limiting de-
vices which have no provision
for bridging voids in reception
due to dead periods after each
noise impulse. Airport control
towers will find immediate use
for this mnew circuit; with a
little further development, the

Noise Neutralizing Detector
can be extended to home
radios.

:

ihe course of demonstration of the
pulse detector units for code signals
described in the aforementioned
reference, the gquestion, “when can
this be done for woice?” outnum-
bered all others. For many years
engineers have been trying to find a
method for the elimination of static
from AM broadcasting reception
without impairing audio reproduc-

I —_

Ist BETECTOR &
<iDT BAND ACCEPTANCE

2og GARRIER
INJECTION B CHOPPER

2nd
CARRIER
SOURGE

TO ave s
HANUAL CQN TROL

®

Aupio
ouTPUT

28 CARRIER
FILTER

J

Fig. 3—Basic schematic of noise neuiralizing
detector circuit
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tion.

In the development of the NND
circuit, one of the first problems
attacked was the analysis of ave. As
presently used, most ave systems are
actuated by interference energy. Re-
ceivers using these systems, retard
the signal amplitude and decrease
the receiver sensitivity when noise
is present on the carrier. However,
this noise varies greatly in ampli-
tude and a circuit to eliminate these
wide variations without harming the
signal modulation, was difficult to
design. For this reason initial devel-
opment started on the basic require-
ment that all magnitudes of inter-
ference must be handled success-
fully, Present systems of audio
limiting and squelching do not
measure up to this strict specifica-
tion.

The second detector is the logical
point for the elimination of noise.
One of the first essentials was to
present a linear response of radio
{frequency and Iintermediate fre-
quency at the second detector, re-
gardless of whether the energy Iis
generated by noise or signal. If dis-
tortion occurs in the amplifier prior
to detection, then there is practically
no way of neutralizing the shock due
to noise impulses. This suggests the
obvious; that long-time constants
must be eliminated in the rf and the
IF sections of the receiver.

One way of doing this is to apply
ave control voltage to the screen
grid of the amplifier tube instead of
to the control grid. This permitted
the grounding of the control grid
return circuit and effectively elimi-
nated RC components. The next
step was to eliminate all cathode
bias resistors which allowed the
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screen grid to control the impedance
or the amplification factor of the
tube. To accomplish this it was
necessary to use twin-triode tubes
with positive ave control voltage on
the grids. This was found successful
in reproducing a wave with very
high peaks and without distortion or
poor time-constant effects at the
second detector.

The @ of the various cireuits pro-
duced a time constant such that a
half microsecond, high amplitude
impulse at the antenna, reproduced
at a much lower amplitude in the
second detector and a ringing time
of only 400 microseconds. During
this 400 miecrosecond pericd, the
carrier is completely swamped by
the impulse noise on the second de-
tector.

In conventional detector circuits,
this same impulse produces a dead
peried of the order of 1250 micro-
seconds. (Fig. 1). In this latter case,
the intelligence on the carrier would
be obliterated between three to four
times as long as in the case of the
NND circuit. A 1250 microsecond
obliteration would be heard as a
strong pop in the receiver output.
Conventional limiting circuits de-
signed to reduce noise would, in-
deed, reduce the amplitude of the
pop, but the intelligence is never-
theless gone for that length of time.
Further, if the noise impulse is oc-
curring at frequent intervals, it is
quite possible that the end of one
pop may coincide with the beginning
of the next and the whole system
simply operates on noise.

This indicates that the percentage
of modulation is very critical with
respect to the amount of noise that
can be permitted to be reproduced
with the audio. Full 100% modula-
tion will, of course, give a greater
audio component and thus with-
stand more noise. But high levels of
modulation cannot always be de-
pended upon, and the next design
step proceeded on the basis that
noise had to be suppressed regard-
less of the percentage of modulation.

Since the amount of noise on the
received carrier is much less than
the noise on the sideband, this
knowledge was used to evolve a
system of noise elimination regard-
less of fading and signal-to-noise
ratio. With this in mind, a circuit
was set up whereby the incoming
carrier from the last IF fed into a
detector network. Unlike the con-
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Fig. 1 (left)—Transient phenomena after reception of a half microgsecond impulse. Fig. 2
(right}—Effect of 400 micresecond impulse on a 50% modulated carrier

ventional detector, this network per-
mits diode detection to take place
through a sideband acceptance cir-
cuit. The result is a sideband re-
action in the same circuit which de-
tects the carrier. The impedance of
the sideband selector circuit is much
higher at the frequency of the side-
band than it is at the frequency of
the carrier or IF. This allows the
detector to rectify into its load at
the carrier or IF frequency.

Two problems remained: (1)
Large wvariations in noise required
some form of limiting; (2) The
random phase relation between the
noise and the carrier had to be cor-
rected before detection. This is
where the effectiveness of the second
carrier comes in.

A locally generated carrier just
above the audible frequencies is in-
jected at the output of the last IF
transformer. It is important to re-
member that the random amplitude
of the noise taken from the sideband
must be held within certain limits
so that the proper reconstruction of
the original carrier is possible. This
is necessary because the carrier is of
a certain amplitude and requires a
specific amount of energy to be re-
placed in the hole cause by the noise
impulse. Since the noise energy de-
rived from the sidebands may ex-
ceed this value considerably, a form
of limiting of the noise amplitude is
necessary such that it will be pro-
portional to the required energy to
reconstruct the carrier,

This supersoni¢ carrier is passed
through a crystal detector and takes
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the form of a polarized impulse
which continuously controls the
limiting of the entire circuit from
zero amplitude to a point of great
enough amplitude to include the
positive peaks of modulation of the
signal carrier. This dictates that the
signal and supersonic carriers must
be controlled from an ave source
which does not depend on noise
energy. In other words, a peak of
noise extending the first carrier will
cause negative modulation in the
second carrier.

When these two carrier modula-
tions are recombined in the second
detector load circuit, the supersonic
carrier has just the right modula-
tion and the right duration to
exactly fill the hole in the signal
carrier. Thus the signal carrier has
been freed of the impulse shock
compeonent. The noise impulse has
been neutralized and the modula-
tion that still exists on the carrier
is that of intelligence only. This is
graphically shown in Fig. 2. Fig. 3
is a schematic of the heart of the
NND circuit.

This carrier control detection unit
has been developed primarily for
commercial reception of radio and
telephone signals. It is ideal where
standby periods are required with-
out a carrier and yet where the
receiver is set for high sensitivity,
as in the case of airport control
towers. Due to the reconstruction of
the carrier wave in the detector cir-
cuit, little distortion occurs on
modulation even when very severe
impulse noise exists.
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Temperature Coefficient Effects
of RF Coil F inishes —vun

By CHESTER I, SOUCY, Chief Engineer,
Electronics Div. Canadian Aviation
Electronics, Ltd., St. Hubert Airport, Que.

Analyzing changes in inductance following the use of various

products for dust and moisture protection and mechanical stability

® Incomplete penetration of wax
into multi-layer coils can be
achieved through flash dipping
alone without using a preliminary
coating of coil dope. The amount
of penetration will then depend
upon the winding, the characteris-
tics of the wax, wax temperature,
coil temperature, and the immer-
sion time as well. Suitable process-
ing can result in practical elimina-
tion of the radical change in
temperature coefficient  above
room temperature that is charac-
teristic of full impregnation. This
is illustrated by curve No. 3 in
Fig. 2 and curves 2 and 3 in Fig. 7
for Zophar No. 1553 hard wax
(now coded No. 1584) and No.
1436 low-temperature wax dips.
The coil tests represented in Fig.
7 are similar to the IF coils of
Fig. 6, except that a special coil
whose test is shown in curve No.
3 was wound on an Alsimag No.
196 ceramic form.

Incidentally, it may be noted
that in the comparison of curves
1 and 4 of Fig. 7 for the plain coils
on XXX bakelite and ceramic
forms, respectively, it is apparent
that the lower temperature coeffi-
cient of linear expansion of the
ceramic tube (634 x 10°/°C as
against possible 30 for the Bake-
lite) produced a reduction of about
2 to 1 in the temperature coeffi-
cient of the coil.

Besides the difficulty of con-
trolling the wax penetration in a
simple flash dip closely enough to
obtain the desired temperature
coefficient, there is another objec-
tion, namely, that the resultant
coil assembly is frequently unsta-
ble. This was confirmed on a num-
ber of coils of different multi-layer
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HIS is Part II of an ex-

haustive investigation
covering « great wvariety of
products commonly in use as
coil finishes. Results of the
findings should prove of con-
siderable value to design en-
gineers.

types, and typical results are
shown in curve No. 3 of Fig. 7,
and in the lower curve of Fig. 8.
Reduction of the instability by
successive heat treatments is ap-
parent from Fig. 7.

The larger coefficient obtained
with the finishes corresponding to
curves Nos. 1 and 2 in Fig. 6 may
be desirable in practical circuit

cases. For example, the writer
found that the mica capacitors
used to tune an IF trap coil had
an average negative femperature
coefficient of capacitance of 74 x
10°°/°C. By applying a double fin-
ish treatment consisting of a baked
finish of Maas & Waldstein No. 1
clear acid-resistant varnish with
an outer coat of Duco Household
cement to the coil (a narrow uni-
versal winding of 53 turns of 6/42
litz on a XXX Bakelite form of
Lo -in. diameter) the temperature
coefficient was raised from 33 1o
80 x 107°/°C. This compensated
the capacitor characteristic close-
ly, and also provided a smooth,
non-dust-collecting finish on the
coil. If the regular finish for the
IF coils had been used, that is
Q-Dope and No. 1436 wax dip, it
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is evident from Fig. 8 that the
temperature coefficient at the test
frequency would have been 14 x
10°/°C.

Yacuum Technics

Although the assumption was
not verified during these tests, ex-
cept in the case of wax, it is prob-
able that vacuum impregnation
with any suitable finishes would
produce larger temperature coeffi-
cients than those resulting from
dipped or brushed coatings. At the
same time, the distributed capaci-
tance and probably the rf losses
would be increased with more
thorough penetration to the inner
layers. The differences between
the results of wax impregnation,
a flash dip, and lacquer coat plus
flash wax dip, as shown by curve
12 of Fig. 6, curve 3 of Fig. 8, and
curve 10 of Fig. 6, respectively,
illustrate the effect of regulating
penetration.

Only polyethylene, polystyrene,
paraffin wax, and a few other in-
sulating materials have a constant
value of permittivity over the
present wide radio frequency
range. Most materials show a de-
crease with fregquency and some
vary Iirregularly, particularly at
higher temperatures. It is not sur-
prising, therefore, to find that the
relative effects of the various fin-
ishes tested on an IF coil at 463
ke (as illustrated in Fig. 6) do
not remain unchanged at higher

frequencies. This is illustrated by
the curves in Fig. 8 covering tests
at 1.5 megacycles using a smaller
universal-wound coil, ¥-in. wide,
also using 6/42 litz wire on the
same Y -in diameter XXX Bake-
lite forms.

It will be noted that Duco
Household cement causes no ap-
preciable change in temperature
coefficient (compared to its in-
in¢reased effect shown in Fig. 6),
while @-Dope plus wax dip gives
a reduction of over 2 to 1 in tem-
perature coefficient, and the M & W
No. 1 C.A.R. varnish increases the
coefficient only 2 to 1. The Duco
cement coating over the No. 1
varnish adds an appreciable in-
crease of coefficient, made use of,
as noted above, to obtain a desired
positive coefficient close to 75
parts per million.

Other Faclors

The rf loss added by some fin-
ishes is usually taken into account
by designers, and for many fin-
ishes commonly used the losses are
negligible. This was found defi-
nitely true for some of the finishes
tested such as Q-Dope, Q-Max,
Zophar wax, and DuPont cement
used on the IF and other low-fre-
quency coils, Two other coil coat-
ing or impregnating compounds
used to a considerable extent upon
military equipment are Sarco
Compound (supplied by Saverei-
sen Cements Co., Pittsburgh) and

Insl-X No. 67, the latter being a
tough black bitumastic compound
with good electrical and moisture
insulating qualities, made by the
Insl-X Co., Brooklyn, N. Y. The
Sarco Compound causes no change
in the Q of 463-ke¢ IF coils, while
Insl-X No. 67 produces a loss of
about 15%.

Wax Deficiencies

The effects of these compounds
upon temperature coefficients were
not measured directly during these
tests, but that for the Sarco com-
pound is estimated to be fairly
low, judging by the fact, observed
from the identity of curves Nos.
7 and 13 in Fig. 6, that the Sarco
coating applied over a Q-Dope
finish does not produce any change
in the temperature coefficient, in
contrast with the effect of Duco
Household cement applied over a
varnish finish as observed by com-
paring curve No. 1 of Fig. 8 with
curve No. 2.

It is difficult to obtain a wax
type finish capable of meeting a
wide range of ambient tempera-
tures satisfactorily, since the hard
waxes with high melting points
become brittle at low temperatures
and crack, while those that remain
plastic at low temperatures be-
come soft or melt at the higher
operating temperatures. For the
No. 1436 wax used the coating of
cement served to preserve the me-
chanical stability of the c¢oil and

Fig. 7—Tests at 1.5 mc on a smaller coil show some chonges
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to protect the soft wax when hot,
and prevented down to about
—40°C the embrittlement of the
wax and Impairment of its adhe-
sion from causing cracking off as
it would have done otherwise for
this particular wax at tempera-
tures lower than about —30°C.

Cement Coatings

When military requirements ex-
tended the low temperature re-
quirements still lower to —55°C,
the wax coating over the Q-Dope
finish was replaced by Sarco Com-
pound which is mechanically satis-
factory at both high and low tem-
peratures. As shown by curve No.
13 in Fig. 6, the resultant temper-
ature coefficient is about 2.3 times
greater (taking into account the
temperature coefficient correction
for the test chamber). Insl-X No.
67 is also satisfactory with regard
to stability over similar tempera-
ture ranges, but its effects upon
the tfemperature coefficient were
not measured.

The need for a smooth cement-
type coating over wax finish-
multi-layer coils is usually less
than in the case of single-layer
hf coils. Moreover, while the addi-
tion of the cement over the wax
coating on the hf coils did not
affect the temperature coefficient,
it was found that on the wax-
impregnated IF coils with a coat-
ing of Duco Household cement, the
cold-temperature drift was appar-
ently doubled, with little change
at temperatures above 25°C, as

may be noted by comparing curves
Nos. 12 and 14 of Fig. 6.

Ceraseal 155X-2, a heat-poly-
merizing finish (manufactured by
the Ceraseal Corp., Chicago),
which melts at 240°F and has good
moisture-resistant properties, has
been used to a considerable extent
on radar components. If requires
careful processing. Non-wetting
silicone varnishes, such as Dow-
Corning 993 and 996 require bak-
ing temperatures of 450 to 500°F
and 300°F respectively, and their
DC-200 fluid recommended for
glass and ceramic surfaces requires
baking temperatures between 390
and 600°F, preventing application
to non-ceramic coil forms.

Penetration Methods

In some cases complete penetra-
tion of the finish may be required,
for example, in the windings of
motors and dynamotors having
stiff humidity cycling require-
ments. Impregnants show consid-
erable wvariation in penetration
qualities, and careful control of
vacuum Impregnation and tem-
peratures during impregnation and
baking is essentail.

For fine-wire coils, particularly,
another important requirement is
freedom from corrosive effects
upon either conductors or their in-
sulating coverings. Liberation of
even minute quantities of sub-
stances serving as electrolytes in
the presence of moisture proves
serious in transformers and relays,
etc. which carry direct current. In
addition te critical requirements

Fig, 9—Curve No. 1 shows IF coil initially stable after drying of rf

lacquer.

Another similar coil shown by curve No. 2 requires tem-
perature cycling for stabilization,

Fig. 10—Stabilizing effect of temperature cycling on large roller coil

using No. 20 silvered invar conductor on Alsimag No. 202 grooved

ceramic form, Test at 1.5 mec,

for finishes inter-layer material
and fastening tapes must be chosen
carefully, as shown in studies
made of this problem™* too de-
tailed for inclusion here.

Thermal Aging

In other tests not included here
it has been found that inter-layer
insulating materials exercise an
effect comparable to that of fin-
ishes upon the temperature co-
efficients of rf coils. This is an
additional factor of importance in
the case of oscillator coils having
overwound primaries. .

For coils whose critical use re-
quirements demand a uniform
temperature coefficient over a wide
temperature range and high sta-
bility, considerable improvement
can be derived from exposure to
several hot-and-cold temperature
cycles or even just heating cycles.
This treatment will tend to equal-
ize winding stresses and strains in
the coil forms or mounting fix-
tures. If the elastic limits of the
wire, coil forms, fastening pins,
solder, etc. are exceeded in the
cycle of normal temperature vari-
ations, thermal cycling can accom-
plish little improvement in stabil-
ity, and redesign is called for.

Curve No. 3 of Fig. 2 indicates
the improved stability produced
in a universal-wound coil of solid
wire with a wax dip finish after
one heating cycle. Fig. 9 in curve
No. 2 discloses the effect of a hot-
cold cycle on a universal-wound
IF coil of litz wire finished with

(Continued on page 78)
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Tangential Electron Emission

Presence of space charge in front of cathode causes tangential electron

emission velocity distribution to deviate fromm Maxwellian distribution

® A study of the electron optics of
line-focus cathode systems for pro-
ducing flat, strip-shaped electron
beams revealed that under certain
conditions individual electron pen-
cils—separated out of the beam by
an apertured diaphragm-—split up
into several elementary pencils.
Soon, however, it was established
that the appearance of these elemen-
tary pencils depends greatly upon
the space-charge conditions near the
cathode. Previous investigations
were made with relatively small
currents and therefore correspond to
temperature-limited emission; they
report no effects similar to the split-
ting up of the electron pencils into
elementaries.

The cross-section of the pencils at
the apertured diaphragm, Fig. 1, is
determined, of course, by the size of
the holes, while the spreading of the
pencils measured by the angle « de-
pends upon the tangential velocities
of the electrons in each pencil. An
investigation of the distribution of
the tangential velocities of electrons
emitted from cathode systems under
space-charge conditions, therefore,
appeared to be of interest.

For the experimental investiga-
tions, the conventional apertured
diaphragm is replaced by a dia-
phragm with one very fine slot,
(0.05 mm x 5 mm), extending at
right angles to the cathode strip; the
electrode distances in one set-up are
74 mm each. In the center of the
fluorescent target is another very
fine slot (0.1 mm x 2.7 mm) extend-
ing parallel to the slot in the dia-
phragm. A Faraday cage, not shown
in the drawing, is arranged behind

*Summarized by Josepha Zeniner, Ph. D. from
an article by O. Klemperer, Ph. D., Scnior Lec-
turer in Physics, Imperial College of Scicice
and Technology, Umniversity of Loundon, pub-
hished in the Proceedings of the Reyal Socicty.
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the target slot for current measure-
ments. Any pattern produced on the
fluorescent target can be observed by
a suitable arrangement of mirrors
and a microscope. The whole target,
Faraday cage, microscope assembly
can be shifted in the direction of the
cathode extension so that the pencil
can be explored over its complete
width.

For the measurement of the tan-
gential velocity distribution curve,
the assembly is moved step by step
across the width of the pencil, and
for each position the current re-
ceived by the Faraday cage is meas-
ured with a senstitive mirror gal-
vanometer. Alternatively the elec-
tron density distribution may be
studied by visual observation of the
pattern on the fluorescent screen.

The spreading of an electron pen-
cil results from a superposition of
the tangential electron velocity com-
ponents at the cathode over the nor-
mal velocity component acquired by
the acceleration in the anode field.
Therefore, assuming a Maxwellian

distribution of the initial tangential
electron velocities corresponding to
the cathode temperature, a definite
relative intensity distribution on the
fluorescent target is to be expected
for a given accelerating voltage.

Computations prove that the cur-
rent distribution at the target is a
complete representation of the ini-
tial tangential velocity distribution
of the emitted electrons. This can be
gualitatively appreciated by consid-
ering Fig. 1. Assume zero tangential
velocities throughout the pencil. The
fluorescent target will show a spot
identical with the aperture in the
diaphragm, while a wide spread of
tangential velocities will result in a
large spot on the target. The current
intensity at the central point cor-
responds to the number of zero-
tangential velocity electrons, while
the intensity at an outlying point,
identified by the spreading angle a,
corresponds to the number of elec-
trons with a definite tangential
velocity.

(Continued on page 86)

Fig. 1. Experimental arrangement for the observation and recording of electron densify
distributions over the width of electron pencils
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Central Television Distribution
System Engineering

Engineers tackle problems of providing multiple viewing outlels in

a variely of ways—Some practical and projected methods described

®* With the great and growing in-
crease in television broadcasting fa-
cilities throughout the country
there has come a heavy demand for
multiple outlet systems which will
accommodate large numbers of
viewers in such public institutions as
hotels, apartment houses, hospitals
and the like. The problem is not too
easy of solution, has required con-
siderable engineering ingenuity. As

was to be expected, there have been
developed several different meth-
ods of approach.

In attacking the problem of pro-
viding picture units (not TV receiv-
ers) at many points, there are three
main avenues of approach: (1) To
provide a master receiver and indi-
vidual distribution cable for each
TV station; (2) To demodulate the
video carriers, and remodulate new

MULTIVIDEO TELEVISION USING “SLAVES”

System operales on a single coax network and distributes
“pre-digested” video and audio signals from all local TV stations

® On paper now are plans by the
Telicor Corp., New York, for an
integrated distribution system for
hotels which would use master con-
trol receivers and half-television
units or slave sets in the various
rooms. The big distinction between
this plan and others is that only one
distribution cable will be necessary
to distribute as many as 6 to 8 tele-
vision programs to the various slave
units. Cabling is one of the highest
cost factors in any of these systems.
Some believe that it is economically
feasible to install more elaborate
television equipment if the cabling
can be cut down. Any reduction in
cabling is welcome because the cost
mounts very quickly as each new
cable is added for another single
TV station.

The integrated system would use
ghost-free antennas to pick up the
TV transmitters and then ‘‘pre-
digest” the signals in control re-
ceivers where the video and audio
carriers are demodulated and placed
on new carriers quite apart in the

46

spectrum. In order to improve the
selectivity of the slave units, the
video signals would be placed on
new carriers approximately 20 mec
apart so there would be less sus-
ceptibility to interference or cross-
modulation between television sig-
nals. The audio is demodulated and
also placed on new carriers which
are much farther apart than the fre-
guencies of reception for the same
reasons.

For example, if there were six
television stations in a particular
city, the video signals may be de-
modulated from their original car-
riers, then placed on 20, 40, 60, 80,
100 and 120 mec carriers. The audio,
on the other hand, may appear on
frequencies approximately 2 mec
apart to give good selectivity. These
carriers may be 5, 7, 9, 11, 13 and
15 me. The cables would handle a
bandwidth of less than 200 mc and
the signals from the control receiv-
ers would be fed to this common
cable at a fairly high level. At each
of the slave units, the level would

www americanradiohistorv com

lower frequency carriers for distri-
bution of a single cable system; (3)
To have each slave unit connected
to the master receiver by an indi-
vidual line. To change stations the
viewer telephones the operator re-
questing a new station. Of these the
first is in use and the second is
projected. Further technical details
of the first two of these systems
follow.

be high enough to operate into the
audio and video detectors directly,
thus eliminating any need for rf
amplification at the slave units, and
incidentally cutting the cost of
manufacture,

With carriers below 200 me, it is
possible to use thin cable of lower
initial cost than conventional cables
now being used for the TV carrier
frequencies. More important, how-
ever, is the fact that this cable re-
quires less skilled technic in the
installation, saving considerably on
labor costs.

Each of the slave units would
have only 2 switches, an audio vol-
ume control and a 6-position switch
for selecting any one of-the 6 tele-
vision programs. For example, in
the No. 3 position the slave unit
may be tuned to the 40 mc video
carrier and the 7 mc audio carrier.
Both frequencies of which are far
enough apart from their respective
neighbors and from each other to
preclude the possibility of inter-
modulation and other distortions.

The slave units would be perma-
nently installed as there is rarely
any need to take out a television
unit once it is installed. The con-
nection between main line and slave

TELE-TECH ¢ January. 1948
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unit would be of the reactive type
to prevent disturbances to other
parts of the system. If for any rea-
son a slave unit must be removed,
a simple matching impedance will
be substituted in its place to main-
tain the balance.

One of the cogent problems in any
such wide scale distribution televi-
sion system is the economic factor.
Technical systems are well ad-

vanced, but the overall cost is con-
tingent upon which technical solu-
tion requires inexpensive installation
technics. For example, the cost of
running a second cable as a supple-
ment to the first, doubles the cost.
Even this is already too high. To
put in a third cable system for a
third television station dictates that
the rest of the equipment be severe-
ly inexpensive.

CENTRAL CONTROL TELEVISION FOR HOTELS

“Guest Television™ system uses separate coax net for
| each channel—Additional audio channels provided for

® The central system described in
the following is a refinement of a
remote control teleceiver design
which has been marketed for public
viewing in taverns, schools and
clubs by Industrial Television, Inc.,
Clifton, N. J. Most of the circuits
are straightforward and conven-
tional.

Fig. 1 shows a three channel cen-
tral control unit for the “Guest
Television” system. Two video
channels are employcd and one FM
channel. Starting at the top, the
rack contains the power switching
panel, FM receiver, monitor viewer,
monitor selector and VU panel, two
television tuners, the monitor
speaker and distribution amplifier.
Each of the television tuners can be
tuned to any commercial television
channel. Separate antennas are used
for each although in high signal
level areas one antenna with isolat-
ing pads may do. Careful attention
has been given to the local oscillator
design to minimize radiation.

Tunable traps are used in the an-
tenna lines to eliminate any residual
radiation which might interfere on
other picture channpels. The televi-
sion tuners have low impedance
unbalanced input systems with re-
sistive input terminations. This in-
sures good performance where the
antenna lead-in run is long, as may
be expected in hotel installations
where the master control unit is
placed in a basement service area.
The bandpass of the television
tuners is designed to fully utilize
the television signal. The second de-
tector of the television tuner feeds
a cathode follower which has an
output impedance of 75 chms.

TELE - TECH « January, 1948

The cathode follower output of
each tuner is coupled to a distri-
bution amplifier located at the bot-
tom of the rack. The distribution
amplifier provides sufficient cathode
follower outputs to take care of the
required number of lines leaving
the central control unit with signals

Fig, 1—Main receiver rack with receiver
units and distribution lacilities as designed
by the Industrial Television Corp.
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for each channel. In most instances,
a single line for each channel is re-
qguired. In some cases, however, it
is desirable to branch the distribu~
tion system at the Central Control
and provide two or more indepen-
dent lines all carrying the same
channel signals.

The monitor selector panel en-
ables the operator to monitor both
the video and sound signal from
any tuner. The sound is monitored
for level by means of a standard
VU meter; and, in addition, aural
monitoring is provided by a high
quality audio amplifier system.
Sound is distributed on balanced
low level lines. In the case of small
installations where the advantages
of balanced operation are not nec-
essary, high level unbalanced lines
are used.

The video signal is monitored for
picture quality on a 10 in. magnetic
tube monitor. The video level may
be monitored by a switching ar-
rangement which converts the VU
meter to a peak reading vacuum
tube voltmeter to measure the sync
amplitude. The video output signals
are maintained within the ampli-
tude limits of the RMA standard for
video distribution systems in tele-
vision stations. All line signals are
sync negative in 75 ohm coaxial
cable.

An optional feature which is not
incorporated in the central control
unit illustrated is an automatic in-
dicator circuit which supplies a dc
contro) voltage at each viewer loca-
tion when any one or more of the
television stations for which the
system is set up goes on the air.
This ecircuit is actuated by the dc
voltage developed at the video de-
tector with special precautions be-
ing observed to prevent its actua-
tion by noise. It is of considerable
importance where some of the
viewer units are to be coin operated.
Through its use, viewing units suit-
ably designed may be connected so
that the television circuits cannot
be energized by the local off-on
control except when television is on
the air. This leaves the audio sys-
tem free for FM or AM use without
ageing the television components.

In addition to the video and
audio signal lines, a d¢ control line
is run from the central control unit
to actuate a relay control of the pri-
mary power on the repeater line
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amplifiers used in the distribution
system.

Additional television or FM chan~
nels may be incorporated as re-
quired to meet particular local
needs. A typical installation will
have three video channels and two
additional audio channels which
might be either FM or AM.

The distribution network for the
video signals is perhaps the most
important part of this system. The
use of a separate coaxial conductor
for each channel! together with an
audio pair for the. accompanying
sound presents a considerable in-
stallation problem. By the use of
specially designed multi-coaxial
cable and individual coaxial con-
ductors of as small cross-section as
possible, the size of the cable re-
quired may be kept to practical di-
mensions for quite elaborate instal-
lations. Separate cables are used for
the audio and video signals. A cus-
tom bulilt video cable for use in a
system with three television chan-
nels and providing one spare coax,
is approximately % in. in diameter
overall. "The accompanying sound
cable which includes audio pairs for
three additional sound channels to-
gether with spares and control cir-
cuit lines is somewhat smaller in
diameter.

The distribution system is in-
stalled in existing buildings by uti-
lizing the power conduit or elevator
shafts as risers between floors, and
the wiring on each floor is done in
surface conduit or “Wiremold.” A
distribution amplifier is required for
each floor, This unit is usually in-
stalled in some service area such as
a switch closet and is entirely auto-
matic in operation. The floor distri-
bution system from the floor distri-
bution amplifier consists of one or
more terminated lines with the
viewers bridging the line in the
various rooms. For the usual floor
plan configuration and if not more
than fifty viewers are required on
a particular floor, no additional line
amplifiers are needed. However, if
excessively long runs are needed
between one group of viewers and
others on the same floor, or if the
total number of viewers required is
large, auxiliary distribution ampli-
flers may be necessary.

Each viewer location has a spe-
cial cable outlet box and connector
to the viewer. By careful design of
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Fig. 2—One of the individual ITC “slave”
viewing screens for guest rooms

the cable and switching system
which connects the wviewer to the
gseveral lines, a minimum of mis-
match at the viewer location is in-
troduced which will not degrade the
picture quality if certain limitations
of line length between successive
distribution amplifiers and between
distribution amplifiers and bridged

viewers are observed. By placing
cathode follower coupling tubes at
the line where the viewer is to be
located, more viewers may be oper-
ated between distribution amplifier
points. However, the obvious disad-
vantages of having wvacuum tubes
incorporated in the outlet box at
each viewer, which must be pro-
vided with filament and high volt-
age power, favors the use of the
larger number of distribution am-
plifiers.

For public viewing, large screen
direct view types utilizing the 15
in. and 20 in. cathode-ray tubes are
intended. All types select the de-
sired channel by means of push-
button switching. Fig. 2 shows the
10 in. table model viewer intended
for private rooms or suites. The
unit shown is set up for a four-
channel system with three televi-
sion channels and one FM channel.
The only operating controls are a

(Continued on page 86)

HOTELEVISION SOLVES “TV SET IN EVERY ROOM”

Master receivers feed demodulated video and audio
signals 1o many slave picture units via coax nets

¢ The largest single installation of
television picture units (not TV re-
ceivers) operating from master re-
ceivers is now in operation at the
Hotel Roosevelt, New York, where
40 rooms are equipped to provide
television service for guests at $3
per day extra. The installation re-
quires three television receivers in
the 19th floor control room which
supplies three main coaxial trunks.
Each picture unit is equipped with
a 3-position switch to enable the
patron to choose any one of the
New York television stations now
on the air.

The central control feature en-
ables the system to operate from
an Iinexpensive antenna system.
Each control receiver is connected
to its own specially-built and ori-
ented antenna for adequate signal
strength to keep monitoring down
to a minimum. Audio and video sig-
nals (no carrier or IF) are run
throughout the hotel on three in-
dependent networks using type RG-
58U, 53-ohm cable.

In order to make the system com--

pletely independent of failure of
individual units, each slave is con-

www americanradiohistorv com

nected to the main line in such a
way that no disturbances can be
transmitted back to the main line.
Thus, any slave unit may be dis-
connected from the system or
changed to a different station with-
out causing disturbances to any of
the other units. In a pre-demonstra-
tion test, R. J. Langley, Olympic
Radio chief engineer, connected a
number of units to the main trunk
line at various points. When a slave
was attached, disconnected or
changed from station-to-station at
one point, no flicker was noticed on
slave units at other points.

The project was financed by Ho-
television, Inc., and the units are
being manufactured by the Olym-
pic Radio & Television Co., Long
Island City. The units are portable
and can be plugged in or removed
from any room wired for the sys-
tem without costly or time consum-
ing operations. The slave unit is 16
in. wide, 20 in. high and 20 in. deep.
The picture screen 1s a 10 in. direct
view cathode ray tube. Only two
controls operate each slave unit, the
volume and the station control for
TV.
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FM Station WWHG

With its antenna at an altitude of 2,286 ft. Hornell, N. Y.

station serves area of 12,250 sq. miles—Three studios

The antenna at WWHG, lately modified to give an effective radiaied power

of 10,000 watts, is located five miles from the studio building. Above

right—Chief engineer N. W. Amidon checks operation of the General

Electric transmilter. Below—General view of the main control room, cen-

trally located for the three studios. Right below—Paich panel and
moenitoring equipment at transmitter
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National Conference Urges Bigger
Research Program

Chicago gathering, studying all phases of communication, emphasizes

need for continuing development work — Television a major subject

©® Approximately half of the ex-
tensive program of technical papers
presented before the National Elec-
tronics Conference last month in
Chicago was devoted to communi-
cation and closely allied Subjects.
And as was to be expected, the en-
gineering aspects of television came
in for more than a fair share of
attention. All told, there were some
20 technical sessions concerned with
78 papers. The gathering drew an
attendance of 2475 registrants, not
counting 550 persons who were ad-
mitted to the exhibits alone.

As was to be expected the ses-
sions devoted to television were al-
ways well attended. A paper by
Prof. A. B. Bronwell described the

“Chromoscope”, a new form of color’

television viewing tube which is
under development, featuring the
use of separate fluorescent screens
which fluoresce at the three primary
colors. These screens are parallel
and very close together so that the
beam can traverse all three in tan-
dem. They are transparent optically
and electronically. In the latter case
the electron transparencies are such
that each beam intercepts about one
third of the electron stream.

To prevent all screens from fluo-
rescing at the same time, before
each of them 1is a unipotential
screen (also transparent to both
light and electrons) which Insures
that electrons from the single elec-
tron gun are subject to the same in-
fluences. Selective excitation of the
screens 1n sequence is obtained by
adjusting their relative potentials:
the potential on the screen whose
color it is desired to excite is raised
while that on the others is lowered.
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ELECTRONIC
RESEARCH

HE enduring need for a

program of fundamental
research was a highlight of
the National Electronics Con-
ference. Several speakers
brought up the problem. In
addition to the great amount
of research under way look-
ing to the development of
new circutts and technics
springing from military ap-
plications, many projects in
entirely new fields are start-
ing. Many engineers and sci-
entists are entertaining con-

cern relative to the necessity
of utilizing to the fullest ex-
tent existing facilities of the |

country in research and of
expanding such work by en-
couraging as many as possi-
ble to participate.

-

Experiments made so far with a
two-color tube have indicated that
this principle of operation is teas-
ible. Thus at least one more path
on the road which might lead to all
electronic color television is marked.

Screens may be either fine wire
grids or thin transparent plasties.
In the first type wires are coated
with fluorescent material, and ori-
ented 45° with respect to one an-
other in order to reduce stratifica-
tion effects.

It is proposed to scan successive
lines in the three colors seguen-
tially, though this arrangement re-
guires either a 523- or 527-line
picture. Since color changes occur
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at end of each line this seguential
color operation will eliminate color
breakup and flicker effects. Use of
interlaced color permits the use of
longer petsistence phosphors. This
might lead to allow satisfactory
color pictures on a bandwidth hard-
ly greater than black and white, al-
though only further experimenta-
tion on complete systems will tell.

A  method was described by
Edith B. Fehr for specifying the
color characteristics of fluorescent
screens for use on television screens.
The method makes use of the tri-
stimulus curves adopted by the In-
ternational Commission on Illumi-
nation. A point in the vicinity of
black body color at 6000° K is being
proposed as a standard for white
light.

The problems of monitoring a
television broadcasting station, both
picture and sound, were outlined by
M. Silver (F. T. Labs) with a de-
scription of equipment which pro-
vides a constant check on the car-
rier frequency of the picture trans-
mitter and both the center trans-
mission frequency and the degree of
modulation of the sound transmis-
sion. Also provision for the meas-
urement of noise and distortion of
the sound transmission is made.

The complete equipment is mount-
ed in three chassis, the top section
containing the sound-channel mon-
itor, the middle unit the picture-
channel equipment with its power
supply, and the sound monitor is in
the bottom section. The unit is suit-
able for operation on any of the 13
television channels.

A phase meter was described by
E. O. Vandeven wherein the voltage
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on each phase is separately ampli-
fied, clipped and differentiated. The
pulse outputs thereafter referred in
time to the respective phase voltage,
are then mixed and applied to the
Z-axis amplifier of an oscilloscope.
The vertical and horizontal ampli-
flers of this oscilloscope are sup-
plied with voltages whose frequen-
¢y is the same as that of the poly-
phase supply but separated in phase
by 90 degrees. The Z-axis pulses
intensity-modulate the resulting
circular trace. The tube screen is
calibrated radially in degrees so
phase angles can be read by noting
the angular spacing between the
leading edges of the modulated por-
tions of the trace.

Guided Missiles

The role of electronics in guided
missile research was analyzed by
W. N. Brown, Jr.,, (Haller, Ray-
mond and Brown) and its past and
present status discussed. He men-
tioned that an extreme degree of
specialization among electronics
and radio engineering personnel
isolated this science from other
fields of engineering and fostered
unfamiliarity with electronics on
the part of specialists in fields such
as aerodynamics, ballistics, propul-
sion, etc.

Many of the guided missiles used
were developed by specialists in the
design of aircraft and bombs, most
of them not fully aware of the pos-
sible application of electronic tech-
nics. A striking idea long surmised
by those working in these develop-
ments was voiced: The military ef-
fectiveness of most missiles used
would have been strikingly in-
creased if contemporary electronic
technics had been used for guidance
and control of the missiles.

A survey was made of the prob-
lems confronting designers of equip-
ment in the various categories of
this field. Formerly hurdles often
arose from electronic technic limita-
tions but research men are now ac-
quiring facility in development of
new electronic technics and in ap-
plication of known technics to non-
electronic problems. Work in this
program offers unparalleled oppor-
tunities. Project direction is now in
the hands of scientists having a
broad understanding of all the con-
tributing flelds of research, and de-
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tailed planning is being carried out
jointly.

It is not possible to report many
of the papers in these columns.
Most of them will be published
early next year in the Proceedings
of this conference. Only a few typi-
cal papers on communication sub-
jects have been mentioned here. At
the first session Dr. Geo. D. Stod-
dard, President of the Univ. of Ill,
presented a talk on “Science as a
Guide to Education” in which the
role of scientists in modern civiliza-
tion was analyzed. In such matters
science is neutral and cannot dis-
tinguish between virtue and evil, It
is for other fields of activity to de-
termine whether science and civili-
zation or science and destruction
get the upper hand.

The advance of pure research,
with no definite objective in mind,
was championed by L. V. Berkner,
Joint Research & Development
Board, who showed that develop-
ments without this search soon lack
perspective by not being able to
call on the outer boundaries of
knowledge for answers to the in-

creasingly difficult problems com-
ing up.

Walter Evans, (Westinghouse),
proposed sweeping changes in na-
tional preparedness thinking under
which science and industry would
continually serve along with the
military, in top-level planning
councils. He suggested that Ameri-
can security be entrusted to a team
of four departments:

1. A military high command to
map plans and list require-
ments for defense.

2. A nationwide research organi-
zation to maintain laboratories
continually seeking out new
devices and technics.

3. Follow up by industry to con-
vert the scientists’ models to
production - line equipments,
and to establish manufactur-
ing procedures for times of
emergency.

4, An Army, Navy, and Air Force
adequate to test equipment in
the field and to train efficient
operating and maintenance
personnel.

(Continued on page T6)

( ROCHESTER MEET STUDIES

‘ MODERN TECHNICS
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e The recent Rochester Fall meet-
ing of the IRE-RMA Engineering
Dept. was as usual the attraction for
a large assembly of engineers for
three days of technical papers and
shop talk. This meeting, the pro-
genitor of the idea of local confer-
ences of the time, has long since
outgrown its local character and
has a national reputation as a place
to meet the men whose names are
associated with progress. The papers
were for the most part well selected
and leisurely presented without the
atmosphere of a three-ring circus.

The technical sessions started
with a study of VHF direction find-
ers by A. G. Richardson of Federal
Tel. Labs., with particular attention
to the recent improvements in auto-
matic df systems with cathode ray
presentation.

H. F. Wheeler (Wheeler Labs,
Great Neck) described a simplified
inductance meter which with sim-
ple settings gives direct readings
of 1. Two similar oscillators are
tuned to the same frequency by
zero-beat indications. Each contains
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a resonant circuit with fixed in-
ductance L and fixed capacitance C.
One oscillator also has a calibrated
variable capacitor C connected in
parallel with the tank circuit. The
other has provisions for connecting
the unknown inductance L in series
with the fixed coil in the circuit.
After tuning the two oscillators to
resonance by a fine adjustment, the
unknown L is inserted and the
standard C is increased to restore
zero-beat, from which readings
simple relations were shown to give
inductance values with an accuracy
of 19 between 1 microhenry and
0.1 henry.

An impedance bridge for use in
a range 20-140 mc, a new product
of the General Radio Company, was

also described by R. A. Soderman.

J. W. E. Griemsmann (Brooklyn
Polytech.) described special design
technics to obtain metallized film
coaxial attenuators for use at centi-
meter wavelengths, featuring low
reflection factors over wide bands.
Typical fixed value attenuator units
are possible with this technic,

A spirited talk was given by
A. C. W. Saunders (Newton, Mass.)
on the apparent lack of sympathy
that many receiver design engineers
have for the serviceman so that
disassembly of many parts is now
the rule to service (or even to test
and check) many of the parts.

There were several television
papers — a resume of progress
trends by D. G. Fink, and a study

of the transient response factor in
transmitters and receivers with
suggestions for further standardiza-
tion by R. D. Kell and G. L. Freden-
dall (RCA). A paper “Spectral Re-
sponse of Cathode Ray Phosphors”
was presented by R. M. Bowie and
A. E. Martin (Sylvania). The Philco
projection television system, (pre-
viously described in these pages),
was reviewed and demonstrated by
W. E. Bradley.

In the field of receiver design, a
paper on IF selectivity considera-
tions for FM receivers and a paper
on the relative performance of typ-
ical FM receiver systems, were pre-
sented respectively by R. B. Dome
(GE) and by B. D. Loughlin and
D, E. Foster (Hazeltine Electronics).

How Rigid 1s the Hartley Lawr?

Extension of famous law indiecates bandwidth c¢an be traded for

signal-to-noise ratio or power. PCM system affords ideal exchange

® How rigid is the famous Hartley
Law? It was first postulated in 1928
and states that the amount of in-
formation that can be transmitted
in a given time by any system is
propoertional to the bandwidth of
the circuit. In one of the largest
turnouts for a New York Section
IRE meeting, hundreds of engineers
last November 12 listened to several
theorists expound on the rigidity of
this law.

The talks were laden with mathe-~
matical formulas and higher elec-
trical theory, hbut the significant
factor was the signal-to-noise ratio.
With the advent of the new systems
of modulation (FM, PTM, PFM,
PCM), this S/N factor was found to
bear specific relationships to these
systems and led theorists to explore
the completeness of the Hartley law
which so far has not included this
important factor.

In these various systems it is said
that the factor S/N can be traded
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| SSENTIALLY, Hartley’s

law states that “the total
amount of information which
may be transmitted . . . is pro-
portional to the product of fre-
quency range which is trans-
mitted and the time which is
gvailable for the transmis-
sion.” — Hartley, R. V. L.:
“Transmission of Informa--
tion” Bell System Technical
‘ Journal, 1928, Vol. 7, p. 535.

for bandwidth (BW) in varying
degrees without losing any original
information. How much noise can
be tolerated before received infor-
mation becomes unusable depends
on the system used. A frequency
modulation system can tolerate
more noise than a conventional
amplitude modulated system; and
pulse-modulation systems can tol-
erate more than FM. The revised
statement says that in the presence
of thermal noise the maximum
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amount of information (measured
in binary digits) that can be trans-
mitted is TW log.(1+S/N); where
T is the time of transmission and
W is the bandwidth. Thus the same
information can be transmitted over
a wide band with small signal pow-
er or over a narrow band with
large power. Various of the newer
systems of modulation such as FM,
PTM, and PCM make use of this
principle to obtain power saving at
the cost of increased bandwidth. Of
these, PCM comes closest to ob-
taining the ideal exchange of band-
width for power.

The point where noise overcomes
signal and makes it unintelligible is
called the threshold. In FM the
threshold region is fairly well de-
fined in comparison to AM, but in
PCM the threshold region is even
sharper. In the latter case, signal
intelligence remains intact as the
noise increases until the threshold
point is reached, then the signal
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spoils rapidly. More significant,
however, is PCM’s invulnerability
to cumulative noise over long cir-
cuits because it permits the regen-
eration of pulses to their original
characteristics at each repeater
point. The sharpness of this thresh-
old phenomenon is apparent in tele-
vision signals. When the human eye
can distinguish light levels just
above the noise, then the system
receives all the information trans-
mitted.

Signal-to-Noise Conceplts

The signal-to-noise ratio has long
been thought of by engineers as a
factor which must be kept as large
as possible, i.e., lots of signal with
a minimum of noise. With new sys-
tems of modulation, this insistence
for minimum noise was soon seen
to be costly in spectrum space. The
important point in any system is to
recover at the receiver all the in-
formation that is put in at the trans-
mitter. If the noise is allowed to in-
crease to just below the threshold
point, a corresponding economy in
bandwidth is obtained.

One theorist said that if one can
predict how much of the transmit-
ted signal will be received, then
S/N and BW both are being wasted.
The implication is that there must
be no correlation between the trans-
mitted signal and the received sig-
nals; that the transmitted signal
should approach random noise in
character. Pulse-code-modulation,
in which samples are taken from the
original and complete information
signal, is a system wherein the sig-
nal approaches a noise type. It was
also implied that resort to quantum
mechanics may be necessary to
teach us more about the behavior
of electromagnetic radiation and
spurious noise contamination.

The subject matter is highly the-
oretical. To add further to confu-
sion and ambiguity, descriptive
word meanings are not held exactly
the same by all theorists. For this
reason TELE-TECH has asked A. G.
Clavier of Federal Telecommunica-
tions and B. D. Loughlin of Hazle-
tine Laboratories to present in brief
the meaning of the Hartley law ex-
tension:

Says Clavier: In order to arrive
at an evaluation of the amount of
information contained in any type
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of transmission system, Hartley
(B.S.T.S, July 1928, Vol. VII, pp.
535-553) started from the consid-
eration of what would be called
nowadays PAM (pulse amplitude
modulation) telegraphic signals.
Let n, pulses be transmitted per sec-
ond, each pulse being capable of s
discrete signals,

The number of possible distinct
sequences which can happen in a
transmission time of t seconds is
s"*, The measure of the amount of
information of which such a system
is capable should be a function of
this number of sequences. If it
is considered as intuitive that,
from the communication engineer’s
standpoint, this measure should be
proportional” to the time during
which the transmission takes place,
the suitable function to adopt is the
logarithmic function. That is, the
amount of information is measured
by H = K,n,t log s, in which K, is
a proportionality constant.

This kind of reasoning recently
has been extended by wvarious au-
thors to the case when the message
to be transmitted is a continuous
curve of amplitude versus time. It
is then found that the measure of
the amount of information is pro-
portional to the product of band-
width by transmission time and by
the logarithm of 14+S/N in which
S/N is the signal to noise ratio
(rms) over the transmission path.

Transmission Efficiency

The efficiency of any given trans-
mission system therefore can be es-
timated as the ratio of the amount
of information obtained in the re-
produced message at the receiving
end to the total amount of informa-
tion which could have been trans-
mitted over a line of the same band-
width and signal-to-nolse ratio as
necessitated by the signals actually
utilized.

This definition, applied to FM and
PTM, shows that those two systems
hehave much in the same way, and
that this efficiency decreases as the
signal bandwidth increases. That
is, the loss in bandwidth ratio is
not compensated for by the gain in
the ratio of signal to noise ex-
pressed in decibels. Pulse count
modulation (PCM) shows a better
transmission efficiency, equal to
0.33 approximately, irrespective of
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the number of digits in the code,
provided it is larger than 3 or 4.
Other systems, such as PAM or
pulsed FM show an Improvement
when the number of channels, and
consequently the bandwidth, in-
creases, contrary to the way FM
and PTM behave in this respect.

It should be emphasized, how-
ever, that transmission efficiency
according to Hartley’s law is just
one factor among many involved In
the choice of a communication sys-
tem in a particular case. Prevalence
of bandwidth over signal-to-noise
ratio, or the confrary, simplicity
and reliability of equipment, cost of
manufacture and maintenance, all
these intervene and cannot be in-
cluded in an oversimplified factor
of merit.

Bandwidih vs. Noise

Information transmission efficien-
¢y is nevertheless very useful as a
criterion for the improvement
brought in by a better adaptation
of circuits, or for the detection of
impossibilities when a new system
is proposed.

Says Loughlin: The new relation
shows that if thc channel band-
width is doubled and ideally utilized
to transmit a message of given
bandwidth, the message signal-to-
noise ratio in dectbels is approxi-
mately doubled, instead of getting
merely a 6 decibel improvement as
in FM and in most of the pulse
modulation systems (except PCM).

This fact emphasizes that most of
our presently used wideband sys-
tems for reducing noise are rather
wasteful of frequency spectrum, and
will surely lead to development of
new systems which, like PCM, act
more like the ideal. However, the
economical practicality of the new
systems will have to be carefully
considered for each application.

The new relation implies that the
channel bandwidth can be narrow-
er than the audio bandwidth, at
the expense of transmitter power,
but the economical practicality of
such a saving in frequency spectrum
remains to be demonstrated.

The recently released formula re-
lating the maximum information
that can be transmitted in a chan-
nel signal-to-noise ratio represents
a long needed and logical extension
and clarification of Hartley’s origi-
nal work.
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Graphlcal A for K requency
Selectivity Calculations

By ROBERT M. MAIDEN,
Naval Research Laboratory

Single nomograph can be used to solve problems in

three separate categories for audio or radio frequencies

¢ Many problems in electronic en-
gineering require the determination
of one of the three parameters of
the following equation when the
other two have been given numeri-
cal values.

1
f=——
2xRC
In this equation f represents fre-
quency in cycles per second, R rep-
resents resistance in ohms, and C
represents capacitance in farads.
The equation is the expression for:
(a) The 3 db bandwidth of a
single-tuned circuit having
parameters as shown in Fig.
1.
(b) The frequency at 3 db rela-

tive attenuation of the paral-
lel RC low-pass network of
Fig. 2.

(¢) The frequency at 3 db rela-
tive transfer attenuation of
the series RC high-pass net-
work of Fig. 3.

It is the purpose of the following
discussion to present a chart which
facilitates calculations governed by
this equation and to describe the
application of this method to a few
specific problems. The time required
to solve the above equation using
this chart is much less than if a
slide rule were used, especcially
when many calculations of the
same type must be made.

This nomograph is a timesaver for
engineers concerned with problems
involving the frequency response
characteristics of audio or radio fre-
quency bandpass, highpass or low-
pass circuits. Fig. 4 illustrates how
an RC coupled amplifier is first
broken down to equivalent circuits
for the high, medium and low audio
frequencies. Each subcircuit is ap-
plied to the nomograph and the re-
sults are then integrated into an
overall frequency response curve.
Characteristics of IF stages can be
similarly analyzed. Application of
this formula has been made tc the
important study of the bandpass
characteristics of video amplifiers in
television equipment, as well as ra-
dar apparatus.

Relerences:

Tuned IF Ampli‘iers”

The circuit of Fig. 1 is described in “Stagger-
by Henry Wallman, Radiation Laboratory

i1
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FIG. | CHARACTERISTICS OF A SINGLE TUNED CGCIRCUIT.

Report No. 524 dated January 28, 1944, The circuits of Fig. 2
and Fig. 3 are described in “Principles of Television Engineer-
ing’” by D. G. Fink, McGraw-Hill Book Co., pp. 211-218.
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FIG. 3 TRANSFER CHARACTERISTICS OF AN RC HIGH PASS NETWORK

FREQUEMGY—
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: OTHER CIRCUIT CAPACITY
INCLUDING STRAY CAPACITIES,
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EQUIVALENT CIRCUIT AT HIGH FREQUENCIES
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EQUIVALENT C:RCUIT AT MID BAND FREQUENCIES
(Cc ASSLMEQ TJ HAVE NEGLIGIBLE REACTJ\NCE)

EQUIVALENT CIRCUIT AT
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FIG.4 AN RC CQUPLED AMPLIFIER AND ITS EQUIYALENT CIRCUITS
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EXAMPLE 1. The circuil shown in Fig. | is to be used to couple two
successive stages of an IF ampiifier. It has been determined that the
3 db bandwidth of the circuit must be 3.4 mc, and thai the equivalent
shunt capacitance of the circuit is 25puf. What equivalent resonant
resistance must the circuit exhibit?

The problem is solved by reading the resistance scale when o
ruler is set properly on the chart connecting 3.4 me and 25unf. It is
se2n that the equivalent resonant resisiance is 1850 ohms. For this
range ol values only the heavier face fiqures on the scales are used.
Whan solving a problem the heavier face scales or the light face
scales are used.

EXAMPLE 2. Fig. 2 is a low-pass network. The specifications re-
quire that the output be 70% of the input at 5000 cycles. and drop
off sharply beyond this frequency. A 0.05 ufd capacilor is available.
What value of B will accomplish the desired results? For o problem
in this range use only the light face scales on the nomograph. Draw
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a straight line from 0.05 wid to 5000 cycles: read 620 ohms as the
value for R

EXAMPLE 3. Fig. 3 is an RC high-pass neiwork. The specifications
are thet the circuil must attenuate rapidly below 300 cycles. For a
0.1 uid capccitor, what value of R must be used? Use the light-face
scu%es. Connect 0.1 ufd and 300 cycles. Read 5250 ohms on resistance
scale.

EXAMPLE 4. Fig. 4 shows «a resistance-capacitance coupled amplifier
and its equivalent circuits. It is assumed thaf the reactance of the
bypass condensers is negligible throughout the frequency ramge of
the amplifier. If the equivalent circuit resistance R has o value of
1300 ohms and the equivalent circuit capacity C has o value of
25uuf, what is the [requency where the amplification is 0.707 of that
in the mid-frequency range of the amplifier? As belore, connect
25uuf and 1300 chms., Exlend the line and find 4.75 mc on the ire-
quency scale. Thus the gain would be 3 db down at 4.75 mc.
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Survey of World-Wide Reading

Electronic news in the world’s press. Review of engineer-

ing, scientific and industrial journals, here and abroad

Exponential Transmission Line with Straight Conductors

W. N. Christiansen (Amalgamated Wireless of
Australia, Technical Review, Ashfield, Ausiralia,
Vol. 7, No. 3, 1947).

An exponential transmission
line is used at high frequencies for
transforming impedances over a
wide frequency band. To avoid
the inconvenience of an exponen-
tial line structure, a balanced,
four-wire transmission line made
of straight conductors with taper-
ing distances between the wires,
(Fig. 1), was designed to approxi-
mate closely the characteristics of
an exponential line. The mechani-
cal construction of the line is
greatly simplified if the wire ra-
dius, r, remains constant and if
the wire spacings, b and ¢, can be
arranged to vary linearly with the
distance, D, along the line over an
appreciable length of the line.

In the present instance, a bal-
anced four-wire line with parallel
connections between the wires of
each adjacent pair connects the
several antennas of an array to a
transmitter; transformation from
600 ohms to 300 ohms is required.

In Fig. 2 the characteristic im-
pedance of transmission lines is
plotted on a logarithmic scale
against the ratio c/r (horizontal
wire spacing to wire radius) for
a series of values of the ratic b/r
(vertical wire spacing to wire ra-
dius). If the radius, r, is constant
and the spacing c varies linearly

CHARACTERISTIC WAPEDANCE IN OHMS

v = wire radus

{ER g S
0 30 aD0 450

Fig, 2—Transmission-line characteristics

with the distance D along the
feeder, then a straight line drawn
on the graph represents a linear
change of the logarithm of the im-
pedance with respect to the dis-
tance D along the wire; this is the
requirement for an exponential
transmission line. If, moreover,
the curves representing equal in-
tervals of b/r make equal inter-
cepts on the straight line, the ratio
b/r will be related linearly to
¢/r, and consequently the spacing
b will also vary linearly along the
line. A large number of such
straight wire lines can be drawn
over part of the impedance range
from 300 to 600 ohms.

The straight lines drawn on the
figure represent an example for
such a line in two sections, the di-
vision being made at the geomet-
ric mean of the two terminal re-
sistances (300 and 600 ohms), i.e.,

r=0,05"

Fig. 1—Expcnental transmission line using straight conductors
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at 424 ohms. The actual transmis-
sion line is illustrated in Fig, 1
where the dimensions are given;
it is designed for a frequency
range of from 6 fo 20 mc and ex-
tends over 40 meters. Tests proved
it to be satisfactory, the maximum
departure of the impedance level
of this line from a true exponen-
tial line is only one per cent.—JZ

Theory of Crystal Rectifiers
M. Leblanc (Bulletin de [a Société Francaise
des Electriciens, Paris, France, Augusi, 1947,
pp. 445.452). i

The theory of semi-conductors

and the effect of impurities and
boundary layers is made the basis
for an explanation of dry disk
rectifiers, crystal detectors, the
photographic image formation,
and oxide cathodes. The energy
levels and their wvariation with
surface condition are studied.—JZ

Wheatstone Bridge in
Computers

W. Krasny Ergen (The Review of Scientific
Instruments, August 1947, pp. 564-567)

The value of an unknown quan-
tity, x = ab/c, can be computed
by making the resistors in three
arms of a Wheatstone bridge pro-
portional to a, b, and ¢, respec-
tively, adjusting the bridge for
balance either manually or by a
servo-mechanism, and reading the
value of the fourth resistor off a
calibrated scale. The general prob-
lem of solving quadratic equa-
tions by means of a Wheatstone
bridge is investigated. Each bridge
arm may be made up of a series
of separately adjustable resistors.
It is established which specific
group of quadratic equations can
be solved by this type of bridge.

Extension to higher order equa-
tions requires parallel arrange-
ment of resistors. One such bridge
for the solution of an equation of
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the fourth order intended for a
Shoran system is described.—JZ

Study of Thunderstorms

H, Norinder (Journal of the Franklin Institute,
August, 1947, pp. 109-130 and September,
1947, pp. 167.207)

It is the main purpose of the
Institute of High Voltage Research
of the University of Uppsala to
investigate the electrical charac-
ter and effects of thunderstorms.
The article is a comprehensive re-
port on the results they obtained
concerning the electromagnetic
properties and behavior of light-
ning discharges. Variations of the
electric and magnetic fields asso-
ciated with lightning, current
variations during the discharge,
and a study of one particular
stroke that was fatal to a work-
man are the main subjects. A
large amount of radio receiver and
of oscillographic recordings are
included and discussed. Typical
sequences in voltage and current
variations are pointed out—JZ

Time Sequence of Sclar
Noise at Different
Frequencies

R. Payne-Scoit, D. E. Yabstey, and J. G. Bolion
(Nature, London, England, dwgust 23, 1947,
bb. 256.257),

Solar noise bursts do not neces-
sarily coincide in time or shape
when observed on different fre-
quencies. Separate recelving sys-
tems for 200 mc, 75 me, 60 mc,
and 30 mc therefore were built
and the time of arrival of solar
noise at these frequencies was
compared.

Low intensity noise at the dif-
ferent frequencies showed no cor-
relation. Correlation between
many of the larger bursts indi-
cated that the highest frequency
burst arrives first and is followed
by the other bursts in the se-
quence of decreasing frequency
with time delays of the order of
2 seconds. Exceptionally high in-
tensity outburst showed long de-
lay times of several minutes
duration—JZ

RF Spectroseopy

B. Bleaney (Physica, the Hague, Netherlands.
Vol. XII, Nos. 9-10, pp. 595/605).

In spectroscopy it is of advan-
tage that radio technic permits
much more accurate frequency
measurements than optical fre-
quency determination, and that
single frequency oscillations can
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be generated at large powers and
detected in minute quantities.
However, the energy exchange in
a transition is very small.

Emission and absorption meas-
urements are feasible. Investiga-
tions of lines associated with the
magnetic moment of the nucleus
in the megacycle range are re-
viewed. Recently the region of
spectroscopy has been extended to
molecular spectra situated in the
centimeter wave range,

The author reports his experi-
ments with ammonia enclosed In
a l-meter waveguide section. The
molecular absorption lines at dif-
ferent pressures were measured.
In another series of experiments,
a hollow waveguide was used to
avoid very long paths.—JZ

Variable-Frequency, Two-
Phase Sine-Wave Generator

T. H. Clark and V. F. Clifford (Electrical
Commumication, September, 1947, pp. 382-383).

A uniform flow of current in a
plane resistive sheet generates a
series of parallel equipotential
lines at right angles to the current
flow. If the resistive sheet is ro-
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Principle of 2-phase sine-wave generalor

tated around its center, a sinus-
oidal wvoltage will be generated
between each pair of opposing
probes; the two voltages will be
90 deg. out of phase if the p"robes
are situated as illustrated.

The resistive sheet consists of
commutator segments punched
from both conducting and insulat-
ing strips—coin silver and acetate
tape, 0.005-in. thick—which are
interleaved. The whole assembly
of laminations mounted between
two end bars is compressed be-
tween locking nuts. Care must be
taken to assure plane surfaces so
that the probe brushes can slide
smoothly over the resistive sheet.

The commutator can be readily
synchronized with any rotating
shaft; it generates two-phase volt-
ages of constant amplitude be-
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tween zero freguency and 60 cy-
cles, and operates for a period of
1000 hours without initial difficul-
ties.—JZ

Evacuation of Eleetron
Tubes

R, Wild and H. Penotet {Le Vide, Paris,
France, pp. 252-266, two articles).

The first article is concerned
with the properties of various get-
fers, mostly barium alloys. Com-
mercially available getters are
listed and their chemical compo-
sition is given.

The second article first analyzes
the different gases present in the
electron tube originating in the
glass walls, the metal parts, and
the cathode. Vacuum pump mount-
ing and their automatic operation
in American and European fac-
tories is compared, and the effect
of the simultaneous heating of the
tube is discussed. Different metals
and different getters are studied.

Plan for a Television Station

N. Q. Lawrence ({Electronic Engineering, Lon-
don, England, October, 1947, pp. 322-324).

In the course of a comprehen-
sive program of research and de-
velopment on television transmit-
ting equipment, the importance
and complexity of the operational
side of television picture produc-
tion and their close relation to the
engineering features bhecame ap-
parent. Architectural considera-
tions in television station lay-out
were therefore studied. A detailed
model of a television station was
designed to meet the exacting and
complex operational dermands.

Microwave Telephone Link
H. R. L. Lamont, R. G. Robertshaw and T. G.

Hawrmerton ( Wireless Engineer, London, Eug-
land, November, 1947, pp. 323-332).

A 57-mile single-channel duplex
radiotelephone operating on a
wavelength of 3.2 cm has been in-
stalled over sea between Rhiv in
North Wales and a site near
Strumble Head in South Wales.

One parabolic mirror is used for
transmitting and receiving signal
focusing. The transmitted and re-
ceived signals are perpendicular-
ly polarized so that they can be
separated by slotted diaphragms
arranged in the two branches of a
circular waveguide system which
leads to the receiver and the
transmitter, respectively.

{Continued on page 76)
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Picture Tube Mask

This combination piclure tuhe musk and
protective plate is optical plastic and plate
rollows (he contour of the tube surface. It
masks (he image with opaque white (or
other) finish. The unit permits Lhe picture
tube to be installed forward in the cabinel
atlowing for a wider viewing angle and
stimplifying cabinet construction. The unils
are available in sizes for all standard nicture
lubex.—Telectro Components, 141 Belleview
Ave,, Belleview 9, N, J.

CW Transmitter Kit

The XTR-1 transmitter kit is the first of a
line of amateur radio equipment brought out
by this company. The kit ineludes all parts
necessary to assemble a CW transmitter,
raled at 45 watts input to the final ampti-
fer.-Jicamold Radie Corp.. 1087-1095 Tlush-
ing Ave., Brooklyn 6, New York,

Television Antennuas

Designed for Dbroadband coverage of Lhe
felevision spectrum, Camco “Featherlite” an-
tennas are supplied as folded or straight di-
poles, with or wilthout reflectors, and as ar-
rays. The antenna-reflector array is designed
to give 3 db gain with 15 db rejection of un-
wanmed sigpale.—Camburn, Tue.. 32-40 57th
Street, Woodside, N. Y.

Cueing Attenuators

‘This new line of cueing atlermraiors, with
a switch to transfer input lo a pair of
separate output terminals for cueing, facili-
tate program switching and fading without
increusing the diameter of the contreol. Any
standard Shallcross ladger, bridged T
straight T, or potentiometer may he equipped
for cueing aetion, ircluding units as small as
1% in. iu diameter. All controls are avail-
able with mocounting by means of a single-
hole 3/8 in.-32 thread bushing or two screws.
—shalleross Mig, Co., Collingsdale, Pa.
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Wire Siripper and Cuiter

This pocket-size combination wire strip-
per and wire cuiter covers the range of wire
sizes 22 (o 10. The tool has shockproof.
plastic handles and is provided with ac-
curately sized siripping nolehes. It is alse
usable as a wire size gage.—Aireraft-Marine
Products, Tne., 1616 North 4 St., Harrisburg,
Ta.

Interference Filters

Furnished in standard heavy cadmiwum-
platerl stevl surface cabinets, type EB series
radic interference fliers are intended for con-
tinuous-duty services in 1-, 2-, and 2-phase
cireuils for eruipnient drawing from 5 to 200
amps.. 250 V. ac/640 V. de.  Voltage drop is
negligible, The individual flters in each as-
sembly are housed in hermetically sealed,
corresion-resislant nietal containers. Noise
clinrination range of the filter assemblies is
from 151 kc 1o 230 me.—Solar Mfg., Corp.,
14453 Hudson Bivd., North 13ergen, N. J.

Television Capacitor

An addition to a line of television and
high vaolt capacitars, iyvpe T-115 is a
3 x .1 mnl. capacitor, rated at 3508 ¥V dc
worlking and having dimensions of 1% X
4%, x I in The unit is provided with three
high volts bakelite cone insulated secrew
terminals with the cass comuion Lo all sec-
Ltions, The capuacitor is impregnated and
filled with Dykanol and herimetically sealed
in a metal housing.—Cornell-Dubilier Elec-
trie Corp.. South Plainfiel@d, N. J.
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~ Parts for Design Engineers

TV Power Supplies

Model 6 liilovolter, for use with 7-in, tele-
vision picture tubes, will deliver 600 micro-
amps. at 6,000 V d¢ or 1 ma at 4000 wolts.
The »f supply has an aircore transformer
and an oscillator tube, which operates at a
frequency close to the resonant frequency of
the transformer secondary (high voltage)
winding. The unit is mounted with two
screws and connected by means of four wires
to lhe low voltage power supply of the tele-
vision receiver.—C-B Manufacturing Co., 412
W. 37th St., New Yorlk 18,

Coaxial Cutting Tool

Designed for one-hand operation, this new
coaxial eutter operates on a shear principle
with a <convex blade working against a
siraight Dblade. This results in a c¢lean cut
and a fAattened end, preventing the unwind-
ing of the stainless steel shielding tape on
the coaxial tube. Tubes of .375 in. O.D. and
L2700 QD are accommodated.  Handles are
tempered steel drop forgings and are 8% in.
in overall length. —Mathias llein & Sons, 3200
RBelmont Ave., Chicago 18, 111,

Notching Tool

The Di-Acro notcher is a2 fexible, shearing
unit for ecutting notches in sheet wmaterials.
A 90-degree noteh of any size. within the ca-
pacity of the machine, can be cut in one
operation, c¢ither an the corner or in any
position along the edge of the sheet. Cutting
range extends from light materials such asg
plastics, fibre, wmica, leather and rubber to
heavy gages of aluminum, cobalt steel,
chreme, molybdenuin., etc. Material capac-
ity of the notcher is 16-gage steel plate,
maximum noteh is 6 in. x 6 in.—OQ'Neil-Irwin
Mfg. Co., 318 ILEighth Ave., Lake City, Minn
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which 1s then applied to Lhe equipment under
test. The distortion of the wave introduvced
by the equipment is made visible on an os-
eflloscope. If driven by 10 volts RMS, the unit
will supply an output 3.7 V from peak to
pealt of a clipped sine wave, 7.4V for a double
clipped sine wave, and 3.4 V RMS for a sine
wave. Barker & Williwmson, Unper Darby, Pa.

AC-DC Voltmeter

Model! 120 Voltmeter provides a resistance
range from 0.2 ohms to 300 megohms in four
scales, an ac voltage freguency range from
30 cycles to 1 me, and a sensitivity of 20,000
ohms per V on de and 10,000 ohms per V

on ac. Kix de voltage ranges are provided
from 0 to 600 V, six ac ranges from 0 to
6000 V., four dc¢ current ranges from 0-60

microamps to 0-6 amps., aud six db ranges
from -—4 to 77 db., The instrument is avail-
able as open face or portable model. —Elee~-
tronic Measurements Corp., 423 Broome §SE€.,
New York.

Tube and Set Tester

Series 10-20 '“Electronamic Test Master”
includes the “Electronamic’ tube test eircuit
and a complete pushbutton operated ac-dc
set tester. The special test circuit subjects
tubes to appropriately phased individueal
eiement potentials which are swept over a
complete operational cycle on a sinusnidal
time base and include a wide range of
characreristic eurves. All standard receiv-
ing and low power transmitting tubes may
be Lested. The set tester circuit includes
wix are, six de¢, and six output voltage ranges
(rom §-3000 v; four resistince ranges from
0-10 megohms; =six ir current ranges from

0-600 microamps to 12 amps; and six db
ranges [rom —2 to --64 db. The unit is
available as a portable instrument, for coun-
ter or rack mounting—Precision Apparatus
Co., Inc.,, 92-97 Horace Harding Blvd., Elm-
hurst, L, I.,, N. Y.

Television Meonitor

Model M 102 television picture and wave-
form monitor contains a kinescope amplifier
with linear phase shift, and frequency re-
sponse flat to 3 mc; a bar generator io check
hovizontal and wvertical linearity; a phaseable
horizontal and vertical pulse cross for check-
ing synchronizing pulses; a synch. separator;
and horizontal and vertical deflection. Resolu-
rion is greater than 600 lines. Both, a 10-in
Kinescope and a 5-in. o¢sc¢illoscope are pro-
vided. The reiay raclk cabinet also includes
a voltage supply unit, a regulated power unit,
and a voliage calibrator for the waveform
monitor., The unit operates on 115 V, 50-60
cycles, ac.—Polarad FElectronics Co., & Ferry

St., New York 7.

Co-Spiral Speaker

Tru-Sonic model P-52FR co-spiral speaker
accomplishes high frequency dispersion with
a sperical polar patlern of ever ¥0 deg
TFrequency range is 40 to 14,000 rps. R
motor rumble below 70 excles has
teulionally atlenuated; the 00 cycle “power
band has been emphasize response is
riging at 2300 cyeles and y rolling off

subdue

from 8000 cyeles on. to high fre-
quency hash. The unit is supplied in both
12- and 15-in. cone diamecters, wilh either
8- or 16-ehm voice coils. Towct inpul hand-
ling capacity is 156 watis.—-Stephens DMfig.
Corp., 10116 National BIvd., Los Angeles 31,
Cal.

Phono Amplifier

Especially adapled fo
duction frem phonograph records,

high-fidelity
AM or FM

repro-
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| Sound and

tuners, the Knight 20-watt amplifier has less
than 2% harmonic and less than 8% inter-
muodulation distortion at rated power output,
Fregqueney response s within =1 db from 20
to 20,000 cps. Individual lone controls permit
hoost and attenuation of bass and treble fre-
quencies. Hum is 756 db bhelow rated output,
gdin is 7§ ab. Adjustable automatic volume
cxpangion, independent of volume control set-
ting, ts provided. Output impedances are 4,
6. 3. and 500 ohms, dual high impedance input
is =elecied by switch.—Allied Radio Corp., 833
W. Jackson Bivd., Chicage 7, IlL

Low Ceost Microphones

The multi-purpose *'Century' series of
Jow-¢nst  die-casl  metal microphones is

availablea in a choice of crysltal, dynamic,
or carbon generating elements.  Maoidel 915
feryslialy 1 AN oulput 30 db and a [Ire-

aueney 1

onse of G0 to 7,500 cps. The high-
impedance dynamic 1ype has —37 db oulput
and a frequency responge of 50 to T.500 cps.
The single-bullon carbon unit provides an
output of 2 Jdb below 6 milliwatts for
10 dynesgzom?=. Spoe response extends
rrom 200 1o 4000 op with 48 in. cable. A
slide-to-tallk shorting switeh is available on
all three types. A slide-lo-tallk relav con-
ol switehh and hang-up hoelk can be fur-
nished for the dynamic and carbon {ypes.—
Y¥iectro-Voice, Ine,, Buchanan, Mich,
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Recording Equipment

Portable Tape Recordesrs

Four models of portable Magnetape
ere arve being offered, each consisting of a
iwin set of carrying c¢nses. One case holds
the self-contained recording and playvback
unit. the other a sensitive microphone, ex-
lengion line cord. aceessories. and space for
25 reels ol lape. JMaodel TP-800-C has a fre-
quency range up to 12,500 cycles. with less
than 3¢9 disiovtion. 21Alode! TP-800-D, in ad-
dition (o the extended frequency range, is
provided wilh instantaneous start-stop clutch
mechanism for dictation and conference
recording. A simple inverter adapts the
recorders for 6-V aulomobile operation. The
units op e in any pesition and are not
affected by vilralion.—Magnephone Div., Am-
plifier Corp. of .\merica, 398 Broadway, Neciw
York 13, .

record-

Cueing Pevice

Primarily designed for radio broadcasting
studios, thiz automatic cuping device per-
mits the record to stop, and continue in-
stantly at the correct speed, when the stavt-
ing builen is pushed. A magnetically con-
lrolled unit raises the record and pickup
arm allowing the turntable to cuntinue at
constant speed. The device, whieh is set
prior to the broadeast, is available as an
attachment.—Duotone Co., 799 Broadway,
New York.
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‘New Lab and Test Equipment

FM-TV Sweep Generator

Designed to permit rapid, visval alignment
of FM and television vf, IF, and video ampli-
fiers, Model 909 sweepn generalor covers a cen-
ter-treguency range lrom 2 to 226 mece in three
bands, withouvt requiring Dband switching.
FM sweep is adjustiable from 40 ke to over
9 mc, by a panel conirol, while output may
be adjusted from zero to 2% volt maximum.
Synchronization of the scope for alignment
is at Lhe power line frequency, or at twise
the power frequency by means of a saw-
tooth synch, voltage, provided by the unit.—
McMurde Silver Co., Ine,, 1240 Main St.,
Hartford, Conn,

Meter

transmitter frequency meas-
72-76 and 152-162 me bands,

Frequency

Designed tor
urements in the

Model S$-7 frequency meter has an accuracy
in either band of .005%, or .0023% Where
minor purecantions are taken. A whip an-

tenna mounted at the side furnishes coupling
to the transmitter, and also serves as carrying
handle. Charts supplied wilh the instrument
show deviation (rom usssigned frequency. The
unit is available in single or two specified
frequencies in  either or Dbeoth Dbands, It
operates from 117 V ac or dc. Weight is 13
1bs.—Browning Laboratories.. Inc.. Winches-
ter. Mass,

Battery Voli-Ohmeter
The RCA battery VoltOhmyst, RCA Type

WV-65A, iz a self-contained,
vacuum tube voltmeter which
dependent of any external power
Used with the RCA crystal nrobe,

light-weight
operaies in-

souree.
the WV-

69

85A can be used to measure voltages up to
3100 mec. The neon lamp mounted on tbe
front panel flasbes on and off whenever the
selector switch is in - voltage”, “— wvol-
tage', or “ohms” position, indicating that
the instrument is in operation. Including
batteries, the mnew wmeter weighs 9% lbs.,
measures 9% high, 63 wide, and 5% in.

deep—RCA Vietor, Camden, N. J.

Wheatstone Bridges

Two producltion Wheatstone bridges incor-
porate improvements. A standard portable
model is complete with Dbatteries and hard-
wood case. Amnother model has Murray and
Varley loops. The indicator is a moving coil
galvanometer with a pointer dial having 15
tillimeter divisions cnch side of zero, and
with adjusting knob and salely clamp. Sen-
sitivity of the galvanometer is 1 microamp.
per millimeter. Separate binding posts are
for use with an external galvanometer.—In-
dnstrial Xostruments, Iue., 17 Pollock Ave,,
Jorsey City 5, N. J.

Cathode-Ray Oscillograph

Du Mont Type 256-D calhode-ray oscillo-
graph provides a variety of sweep lengths
from 4 to 4500 microseconds, accurate delay
circuits, erystal-controlled marlkers, a variable

internal trigger gencrator, and a wide-band
video amplifier., Calibration of its own sweep
circuils is possible with the instrument. A

type 5CP-A cathode-ray tube with 4000 V
acceleraiing potential is used as indicator.
The response of the amplifier is down 3 db
at 8 mc¢. and is down 6 db at 11 mc De-
flection sensitivity is 1 V rms/in. Power re-
quirements of the unit are 115 V. 60 cycle.=—
Allen B. Du Mont Labs., Inc,, 1000 Muain Ave.,
Clifton, N. J.
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DC Amplifier

The “Microsen’ amplifier measures and
amplifies voltage impulses as low as 0.2
microvolts, with high stabijlity in a compact
laboratory instrument. Thesc signals, such
as from lonization gapes, photoelectric cells,
thermocouples, or a Wheatstone bridge are
linearly amplified by means of an electro-
mechanical balance. The input circuit con-
sists of A& moving-coil galvanometer with a
metal flag attached, which moves between
the coils of a tuned-grid, tuned-plate os-
cillator, The motion of the Hag loads and
unloads the tank circuits with conseguent
variation in the input current of the os-
cillator. Quilput is stabilized Dby means of
a feed back circuit. The unit has low in-
put resistance, adjustable gain, and a
mechanical Zero adjustment.-—Manning,
Maxwell & Moore, Inc., Bridgeport 2, Conu,

Oscillograph Recording Camera

Du Mont Type 31 oscillograph-record
camera, is applicable to all sitandard 5-in.
scapes, serves [or single-frame exposures of
stationary patterns as well as for continuous
recording of constantly changing phenome-
na. IFor continuous recording. the film speed
is variable from 1 in. per minutwe to § ft. per
second. A viewing port permirs simultane-
ous viewing and recording.—Allen B. Du
Mont Labs.,, Inc,, Instrument Div,, Cliftou,
N. J.

Audio Test Generator

When used an audio

with
oscillator and an oscilloscope, the “Sine Wave

in conjunction

Clipper’” is useful in examiuing frequency
and transient response of audio circuits.
Driven by any standard audio oscillator. the
instrument provides a clipped sine wave,
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New Types of Electron Tubes

CATHODE RAY TUBE

Froviding improved

electron-optical
characteristics at the screen edge, type
3QP1 cathode rav tube for cscilluscope use
has a Aat face and is 61/8 ‘n. long with a
face diameter of 23; in. The tube utilizes
electrostatic focus and deflection and has

improved cross-talk characteristics be-
tween deflection-plate pairs. Rated heater
drain is 0.3 amps. at 6.3 V. TUnder typical
operating conditions, Ebs is 8§00 V dc, by
300 V, Bg (cut-off) —=35 V dc. Deilection
rfactor for D1-D2 is 168 V per inch and for
D3-D4, 105 ¥V per inch. To produce 3 ft-
lamberts on a 2 in. X 2 in. raster, a modula-
tion of 23 V max, is required. — North
Ameriean Philips Co., Inc.,, 1060 W. 52 St
New York 17,

MINTATURE TUBES

Three new types have recently been added
to RCA's miniature tube line. RCA-1US is
a diode-pentode for uge in portables receiv-
ers and is ir'ended to replace the 185 in
new equipmer. design. It utilizes a different
basing arrangement and an improved
structure which reduces any tendency
toward microphonic effects. RCA-6BJ6 is a
remote-cutoffl amptifler pentode particularly
useful in mobile equipment where heater
current drain is an impeortant consideraticn
and in ac/d¢ FM and AM receivers. It
has a 63 V, 150ma heater, high transcon-
duectance, and low grid-plaie capacitance.
RCA-12AL5 is a high-perveance twin diode
like the 6413 but has a 126 V, 150ma
heater, and is intended specificaily for use
as a ratio detector im ac/dc FM receivers.
In c¢ircuits utilizing wide-band amplifiers,
the low internal resistance of thhe 12AL3
makes it possible to obtain increased signal
voltage from a low-rasistance @diode load. —
Tube Dept., RCA Victor Div., Barrison, N, J.

“LIGHTHOUSE” TUBE

Designed for commercial radar, FM and
television, type GL-5648 forced-air cooled,
uhf triode performs at frequencies up to
2,500 mec under full plate input. Calhode
voltage of the tube is 6.3 V. TUnder class
C telegraphy conditions, the maximum dc¢
plate veltage is 1800, maximum plate input
1§ 100 watts. When used as a grid-separa-
tion oscilltator at 800 inc a power output
of 25 watts can be obtained. Grid-eathode
capacitance of the tube is 7.25 mmid.;
grid-plate, 1.95 mmfd.; cathode-plate, 0.035
mmfid.—Tube Div,, General Eleetric Co.,
Elcetronics Dept., Seheneetady, N. Y.
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VHF POWER PENTODE

RCA-5618 (tube on left in illustration
below) is a lew-drain, fllament-type, minia-
ture pentode designed for use in doubler and
tripler stages of wmobile FM transmitters
in the 152 to 162 me band. It has a maxi-
mum plate d pation of 5 watt and can
be operated with full input up to 100 me.
In class € telegraph and FM telephone
service at 80 me, the 5618 can deliver a
useful power ouiput of 4.5 watts at a plate
voltage of 300 with 0.3 watt driving power.
The filaiment is of the mid-tapped, instant-
heating tvpe permitling operation at either
6 or 8§ V with less than 1.5 watts.—Tube
Dept., Radie Corp, of America, Harrison,

VACUUM PHOTOTUBES

Designed to provide a 100% modulated
carrier for use with a conventional ac am-
plifier, RCA-53i332 (tube on right in iltus-
tration above) twin-type vacuum photo-
tube iz useful in applications, such as fac-
simile, which require mechanical means for
modulation. The tuhe has two fAat,
photoemissive electrodes, which alter-
nately serve as cathode and anode on suc-
cessive half-cycles, when operated on ac.
A balancing capacitance permits adjustment
of carrier output to zéro or some prede-
termined level with no incident light. By
orienting the position of the electrodes
it is possible to balance their impedance
characteristics. The tube has high sensi-
tivity to blue radiation and no response in
the ijnfra-red region. For light-operated
relay use, the RCA-5653 wvacuum photo-
tube has been brought out. The tube has
S-4 response and is useful, where a wide
range of luminous sensitivity can be tole-
rated. — Tuhe Dept.,, Radio Corp. of
Amecrica, Harrison, N. J.

GEIGER TUBE

Designed for satisfactory life of 109
counts, type 410-A Geiger tube is available
with window thicknesses from 0.7 mg. to
2.3 mg. per sq. ¢in. The unsupported mica
window is 2% in. in diameter, overall width
is 3%in., length 5 in. The tube is espe-
ciaily suitable for Alpha and soft Beta
radlations. In use it has registered 259
of total disintegrations for alpha particles
from uranium. For soft Beta radiation
such as from CH4, FE® and $% efficlency
was 3% of total disintegrations.—Cyclotron
Spectalties Co. Moraga 11. Calif.
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INDUSTRIAL RECTIFIER

Combining two half-wave gaseous recti-
flers in one envelope, NL-G04 is a quick-
heating, full-wave rectifier especially use-
ful for industrial rectifier and motor speed
control applications. The tube is rated
for 250 V dc output at 2.5 amps. with a
peak current of 1¢ amps. Maximum peak
inverse voltage is 900; filament wvoltage is
2.5 current 11.5 amps. The gas and
mercury filling gives quick starting and
uniform characteristics over wide tempera-
ture limits, — National ¥lectronics, Inc.,
Boatavia Ave., Geneva, Il

RECEIVING TUBES

Miniature RCA-types GAV6 and 12AVSE
are twin-diode high-mu (riodes for com-
bined use in detector and avc circuits and
as resistance-coupled audio amplifier stages.
The triode has a transconductance almost
50% higher than previous similar types
having an amplification factor of 100.
RCA-12AX7, a companion tube to the minia-
ture series, is a small, high-V twin-triode
amplifier with characteristics similar to
Type 68SL7-CT, except that it has an am-
plification factor of 100. Tt utilizes the
smail-button 9-pin base. Operation is from
either a 6.3- of 12.6 V supply, because of
its mid-tapped heater and separate termi-
nals for each cathode. RCA-8S8-GT triple
diode triode combines three diodes and a
hlgh-mu af triode in one bulb. One of the
diodes has its own cathode, while the other
djodes and the triodes share a common
cathode. This arrangement provides for
detection and amplification of either AM
or FM signals without necessity of switch-
ing detector circuits.—Tube Dept., Radio
Corp of America, Harrison N, J.

ELECTROMETER TUBE

Designed primarily for measurement pur-
poses, the 5674 ‘split-anode” electrometer
tube combines high current sensitivity with

operating stabilily, when a Wheatstone
bridge circuit is utilized. Control grid ana
plate of the tube are cut in two and con-
nected to function as a pair. This permits
measurement of the differential response
between the two halves of the tube, inde-
pendent of random fluctuations. When a
1013 ohm grid resistor and 10-2¢ ampere-
per-millimeter galvanometer are used, sensi-
tivity of approximately 75,608 millimeters
per volt is obtainable. The thoriated tung-
sten filament operates at 3.8 V and .00
amps. Maximum plate voltage is 6 7V,
maximum plate current 20 microamps. per
plate—Tubc Div.. General Electric <o.
Schenectady, N. Y.

7-INCH PICTURE TUBE

Sylvania Type 7GP4 is an electrostatic
focusing and deflection type cathode ray
tube particular]y designed for use in smailer
size television receivers. When used at
recommended vollages the deflection sen-
sitivity is better than for some smaller
iubes, thus permitting a larger image with
ne increase in amplifier gain. Type TGPl
utilizes the green P1 medlum persistence
phosphor and is designed for use in large
size oscilloscopes. Feater voltage is 6.3,
current 0.6 amps. Maximum ancde voltage
is 4000, focusing anode wvoltage 1600, grid
cireuvit resistance 1.5 megohms. The de-
fiection factor for the vertical plates is
108 V' dc¢ per inch, for the horlzontal plates
90 ¥V per ineh.—Sylvania RElectrle Products
Inc.,, Emporinm, Pa.
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News

of the Industry

IRE Awards Honors

The Board of Directors of The
Institute of Radic Engineers has made
the following awards for the year
1948:

To L. C. F. Horle for “his contribu-
tions to the radio industry in standard-
ization work, both in peace and war,
particularly in the field of electron
tubes, and for his guidance of a multi-
plicity of technical committees into
effective action” the Institute’s Medal
of Honor.

To S. W. Seeley, the Morris Lieb-
mann Memorial Prize for “his develop-
ment of ingenious circuits related to
frequency modulation.”

To W. H. Huggins for his paper on
“Broadband Noncontacting Short Cir-
cuits for Coaxial Lines,” the Browder
J. Thompson Memorial Prize.

The following members have been
elected to the grade of Fellow by the
Board of Directors:

M. W. Baldwin, Jr, Bell Telephone Laboratories

L. H. Bedford, 18 Heath“‘ate Londen, England

H. S. Black, Bell I‘elephunc Taboratories

R M. Bowxe Sylvania Electric Pmductb, Ine.,
Flushmg, N. Y.

D, IiI %hambcr:s,, General Electric Co., Scotia,

J. B. Coleman, RCA, Camden, N, J.

A Earl Cullum Jr., Dallas, Texas

R. BC. Dome, General Elestric Co., Bridgeport,

L. S, E lrf.sou Syivania Electiie Products, Inc.,
PBayside, N. Y.

I TNFarlell General Electric Co., Schenectady,

II. C, Forbes, Colonial Radio Corp., Buffalo, N.Y.

L. W. Herold, RCA Laboratories, Pllncetnu, N.J.

William Hewlett, Hewlett-Packard Co., Palo Alto

T A Hutcheson, Westinghouse Electnc Corp.,
Fast Plttﬂburgh

J. E. Keto, Aircraft Radio Laboratory, Dayton,

Ohig
N. L. Lindm}ll;]ad RCA Laboratories, Port Jeffer-

son
Knox  Melllw ain, Little Neck,
N. Y,

Hazeltine Corp.,
i

D. W. R, McKinley, National Research Council,
Ottawa

L. . Mcacham, Dell
Murray Hiil, N, J.

David Packard, Hewlétt-Packard Co.,

Telephone Laboratories,

Palo Alto

J. R. Pierce, Bell Telephone Laboratorics, New
York, N. Y.
Albert Rose, RCA Laboratories, Princeton, N. J.
Arne Schleimann- Jensen, StOCkho]rn, Sweden
E. Shelby, National Broadcasting Co., New
York
Sperry Gyroscope Co,, Great

J. E. Shepherd,
Neck, N. Y.
D. B. Smith, Philco Corp., Philadelphia, Pa.

“Surplus” Distributors

Washed Up March 1

War Assets Administration has noti-
fied distributors of surplus electronic
equipment that sales through them
will be terminated March 1, 1948. Even
though the distributors now have a
rather large inventory of electronic
equipment comprising a variety of end
radio-electronic products, radic com-
ponents and vacuum tubes, the WAA
stated that disposal progress has indi-
cated the 'present distributor inven-
tories will be largely depleted by
March 1.

Should any inventory remain in the
hands of distributors after the March
1 deadline, WAA said, it will be dis-
posed of by donations to educational
institutions in line with the program
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One of the
in the 220-mile stretch between New York
and Boston on the Bell Svstem TV relay

seven hilltop relay siations

now applying to electronic inventories
still in possession of WAA, It is antici-
pated, War Assets Administration
added, that there may be no oppor-
tunity to purchase electronic equip-
ment after the distributor disposal pro-
gram has been terminated.

GE Equips WIVO

It is expected that Detroit’s tele-
vision station WTVQO will get a test
signal on the air by the second quarter
of 1948. The station will be completely
equipped by General Electric and will
have one of the highest powered tele-
vision transmitter installations yet
authorized by FCC, The station will
operate on Channel 2. Included in the
GE equipment which covers antennas,
studio cameras, control consoles and
remote pickup equipment will be a
combination television and frequency
modulation antenna system, consisting
of a three-bay super turnstile tele-
vision antenna, above a four-bay FM
circular antenna, both mounted at the
top of a 415-ft. steel tower. Studio ap-
paratus includes two of the new Gen-
eral Electric 35 mm Synchrolite pro-
jectors, two 16 mm projectors of the
same kind, and a special slide projector
for station identification and other
announcements.

ATT Preparing to Expand
Mobile Service

Plans for a considerable expansion
of its mobile radio-telephone service
have been completed by the American
Telephone & Telegraph Co. Applica-
tions have been filed with FCC for
authority to install stations in Balti-
more, Chicago, Cincinnati, Columbus,
Denver Houston, M11waukee, addi-
tional equ1pment in New York, Phila-
delphia, Pittsburgh, St Louis Salt
Lake City and Washmgton The lim-
ited two-way vehicular service that
has been operated for some time in
New York and Boston for emergency
use by certain public utilities com-
panies, is to be expanded so that simi-
lar equipment may be used on all sorts
of privately-owned cars, trucks, buses
and harbor and river craft operating
within the areas served. Types of ve-
hicles to be equipped include ambul-
ance services, armored car services,
burglar and fire alarm services, con-
struction contractors, doctors, express
companies, food distributors, news-
papers, oil companies, pick-up and de-
livery services serving department
stores, public service companies, truck-
ing companies and railroad switch en-
gines. The service will operate in the
frequency range between 152 and 162
me with fixed transmitters of about
250 watts power and mobile units of
about 15 watts power. Eventually, it
is planned to expand the service to in-
clude a long list of key cities as far
West as San Francisco and Seattle and
as far South as Miami in Florida.

New York-Boston Radio Relay

A Bell System radio relay is now in
experimental operation between New
York and Boston. At present it is the
longest television network and may
soon bring television programs to a
viewing audience in the neighborhood
of 25 million people. Seven hilltop
relay stations between these two cities
are required to complete the circuit.
The radio distance is 220 miles, and
there are eight jumps ranging in length
from eleven to thirty-five miles.

Each relay station has four anten-
nas; two are for repeat in one direction
and the other two for repeat in the
other direction. The antennas are of
the metallic lens type which focus the

(Continued on page 73)

CONVENTIONS AND

MEETINGS AHEAD

January 26-30—American Institute of Elec-
trical LEngineers, Winter General Meeting,
Pittsburgh, Pa.

January 30-31—Instrument Socicty of Amer-
lea, New York Sectien Regional Confer-
ence, Pennsylvania Hotel, New York.

March 22-25—IRE Convention and Radio

Engineering Show. Grz;.nd Central Palace
and Heotel Commodore, New York.
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April 24—Regional Television Conference,
TRE Cincinnati Rection, Cincinnaii, Okio.

May 10-15—Radio Farts and FElecironic
Rquipment Shows, In¢, Show, Hoiel Stev-
ens, Chicago.

May 17—NXNational Association of Broadcast-
ers, 26tk Annual Convention and Engineer-
ing Conference, Los Angeles.

TELE-TECH « January, 1948
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SIMPLIFIED SINGLE SIDEBAND TRANSMITTER

Dave Thompson and Reobert D. Smith of Stanford University Radio Club, with the f{inal
ampli‘ier section of the newly developed single sideband transmitter

Devised late last year as the result
of a research program sponsored by
the Air Materiel Command’'s Watson
Laboratories in Red Bank, N. J., a new
type of considerably simplified single
sideband transmitter has been devel-
oped by Oswald G. Villard, Jr., mem-
her of the electrical engineering faculty
cof Stanford TUniversity, Palo Alto,
Calif. The new transmitter, in opera-
tion in the amateur frequency bands
since last October, requires only one
stage of high power amplification, and
is said to be so simple that anyone can
build the equipment. It requires no
special components. Simplicity of the
unit is expected to open up single side-
band operation for widespread use
where its principle of operation will
mulfiply the number of channels avail-
able, reduce required power by one-
third, permit duplex operation and
help to eliminate selective fading. The
system is viewed as particularly valu-
able for police, aviation and point-te~
point services.

Instrument Men Meet

“Electrical Methods in Industrial In-
strumentation” will be the subject of
a two-day regional conference of the
New York Section of the Instrument
Society of America, to be held on
January 30 and 31, 1948 at the Penn-
sylvania Hotel, New York City. R. R.
Batcher, of Electronic Indusiries and
Instrumentation is (acting) president
of this section. Of interest to labora-
tory men and technicians in the com-
munication field is a one-day short
course on electrical instrument main-
tenance and repair with practical
demonstrations of repair technics.

Capacitron to Jefferson

Jefferson Electric Co., Bellwood, I,
has purchased the Capacitron Co.,
Chicago, manufacturer of oil-filled and
electrolytic capacitors, AC motor start-
ing capacitors and Ballastrons for
power factor correction. The capaci-
tron production is to be continued and
enlarged.
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Edison Medal to Slepian

The FEdison Medal for 1947, cne of
the nation’s top engineering honors for
meritorious achievement in electrical
science, has been awarded to Dr.
Joseph Slepian, associate director of
the Westinghouse Research Labora-
tories. Dr. Slepian was selected as the
37th winner of the Medal “for his prac-
tical and theoretical contributions to
power systems through circuit analysis,
arc control, and current interruption.”

Code Signal Typewriter

An electronic converter designed to
translate radio code signals directly fo
typewritten messages has been devel-
oped by Bennett and Langmuir Devel-
opment Corp., Mamaroneck, N. Y. The
unit receives code signals and operates
into an IBM Electromatic or an Under-
wood electric typewriter attaining
speeds of 60 to 75 words per minute.

Radio teletype requires special trans-
mitting and receiving equipment at
both ends of the circuit. A special 5-
unit code must be used, i.e., each letter
is made up of a unigue positioning of
units, thus requiring the same amount
of transmission time., A considerable
portion of the world’s radic circuits is
equipped for transmission and recep-
tion of Morse International code only.
For this reason, key radio centers have
a need for code converters to monitor
outgoing Morse signals and thus pro-
vide permanent records for their legal
departments. The United Press head-
quarters in New York uses two such
units.

The Morse Code Printer itself is
capable of high word speeds, but the
limit is in the electric typewriters now
available. This printer can also be
used to translate conventional codes to
the 5-unit radio teletype code for
retransmission to another point. The
printer consists of two standard 834 in.
rack panels for easy mounting. It can
operate from a tone keyer, and uses
about 30 tubes to accomplish the
change-over.
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TBA Clinic Theme:
Television is here!

The Dec, 10 TBA television clinic at
the Waldorf-Astoria honored two tele-
vision engineers as having contributed
most to the advancement of television
for the past year. One award went to
Frank Back who invented the Zoomar
lens. Considerable savings in dolly and
boom apparatus, as well as operators
in studio production are due to this
important development in camera tech-
nics.

Captain Bill Eddy, Television Direc-
tor for WBKB, Chicago, was awarded
the other honor for his work in the
development of the Chicago-South-
bend, Indiana, radie relay which al-
lowed telecasting of the Notre Dame
football games during the past season.
This 100-mile radio relay has 3 re-
peater stations and will be used shortly
to link WBKB and the new Southbend
TV station. Eddy announced for the
first time that rates on the network
will be $40 per hour of program de-
livered to the station. The link will
operate on a 40-hour per week basis.

Another highlight of the clinic was
the showing of a film which was made
directly from a TV screen. Television
Productions, Inc., shot the TV screen
with a breadboard model camera and
had the processed film ready for thea-
tre television or reshipment to other
TV stations in 66 seconds! The pro-
jected film was remarkably clear of
fuzziness or banding.

QOther speakers included N. H. Swan-
son WMAR, G. E. Markham WRGE,
J. D. MclLean WPTZ, R. E. Shelby
WNBT and Scott Helt WABD.

NAB Meets May 17

The National Association of Broad-
casters is to hold its 26th annual con-
vention in Los Angeles during the
week of May 17. The first two days of
the conference are to be devoted to an
engineering conference under the
guidance of the NAB Engineering
Committee. Beginning with the New
Year, NAB activities now centered in
New York and Los Angeles offices are
to be moved to Washington headquar-
ters. The Association has maintained
the Los Angeles office for two years;
the New York offices have been in
operation since 1942.

“News”> Readies TV

New York’s first newspaper-owned
television station, to be operated by
“The Daily News”, is tc use RCA
equipment. The contract has bcen
signed for a 5-kw RCA television
transmitter and associated pick-up and
relay equipment. The station has been
assigned the call letters WLTV and
will operate from the Daily News
Building on channel 11 (198-204 mc).
It is expected that the station will go
on the air with test patterns early next
spring.

Telicon Becomes Telicor

Telicon Corp., 851 Madison ave=-
nue, New York, mas made a slight
change in its corporate style. Here-
after the company is {0 be known
as Telicor Corp. to avoid conflicting
with GE’s Telechron clock designa-
tion.
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- WASHINGTON

Latest Electronic News Developments Summarized

by Tele-Tech's Washington Bureau

FCC DEEMED CERTAIN TO ELIMINATE TELE-
VISION CHANNEL NQ, 1—Because of slashing attacks
at the public need value of television contrasted with
police, highway maintenance and other general mobile
services which feel they are starved for frequencies in
recent week-long hearings before the FCC, Commission
is certain to uphold proposed finding of eliminating
Television Channel 1 so as to give the entire six mega-
cycles to these safety and mobile radio services. Latter,
of course, are growing by leaps and bounds and fre-
quency allotments of sufficient operational area must be
given them in near future. Mobile Radio services and
special industry radio systems are really at present in
embryonic status, in opinion of many observers, and
present operations are on experimental basis and will
be greatly expanded when FCC gives “green light” for
regular public service licenses.

HOPE OF RECARVING SPECTRUM SPACE MAY
RESULT—Television, FM broadcasting and the new
general mobile and industrial radio services out of this
hearing may receive benefits in a larger share of the
spectrum as the result of views expressed about the
abundance of frequencies assigned to the Federal Gov-
ernment through the planning activities of the Inter-
department Radio Advisory Commitiee. While there
have been no public disclosures, TELE-TECH'S Wash-
ington Bureau has learned from highly authoritative
government sources that the resurvey of the govern-
ment use of frequencies has been commenced by IRAC
and the Armed Services. It was learned that the Joint
Communications Board, composed of the Signal Corps,
Naval Communications and Air Forces, has launched a
comprehensive study of the armed forces’ spectrum
space with the aim of conserving frequencies and al-
ready a joint operation by the three services of radio-
teletype networks has been commenced that could well
eventuate in returning frequencies back from govern-
mental usage to civilian private services,

MOBILE SERVICES’ MUSHROOM-LIKE EXPAN-
SION—Pattern for regular radio public service in the
general mobile radio service was slated for speedy
formulation by FCC after week-long hearings during
second week of December with determination of fre-
quencies for respective industries and organizations—
telephone companies, limited common carriers, taxicabs,

_bus and truck radic systems and miscellaneous non-
common carrier groups. Public need and safety aspects
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of proposed services formed major measuring-stick of
Commission. Size of mobile services illustrated by latest
FCC figures: taxicabs, 865 land stations and 22,365
mobile units; telephone companies, 110 land stations and
7500 mobile units in urban mobile service and 114 land
stations and 4233 mobile units in highway service
limited common carrier, 50 land stations and 2226 mobile
units; bus systems, 10 land systems and 240 mobile
units; and truck systems, one land station and 300
mobile units.

FM BROADCASTING HAS BOOMING PROSPECTS
—Network telephone program wire facilities and radio
relay systems are imperative for FM broadcasters to
establish networks and FM Association has launched

rive to present problem to FCC which in turn has
called in telephone companies to evolve most suitable
FM network program rates. Optimistic outlook of FM
broadcasting illustrated by prospect that within the next
year the investment in FM hroadcasting facilities by
radio stations will amount to $100 million and the
distribution of FM receivers will bring manufacturers
gross sales revenues of $400 million in 1948.

PETROLEUM INDUSTRY GEARS SELF FOR BIG
RADIQO SYSTEMS' PROGRAM—Formation of new
cenfral committee on radio facilities by American
Petroleum Institute, composed of top executives of oil
companies, augurs widespread use of radio in practically
every phase of the petroleum industry's operations.
Another activity just launched by petroleum industry in
radio facilities’ expansion is an API Radio Technical
Committee for Marine Services to handle the frequency
and equipment standardization matters for petroléum
tankers on the high seas and inland waters. F. W, Littell
of Shell Pipeline Co. of Texas and J."A. Polhemus of
Standard Qil Co. of California are mainsprings in
formation of central committee. Many expanded uses of
radio projected—growth of geophysical radio, radio-
telephone and telegraph in remote drilling fields with
drilling contractors likely to install 300 or more trans-

_mitters in next year, pipeline radio systems to supple-

ment oil companies’ own wire telephone systems, radio-

equipped pipeline patrol planes, radar installations on

tankers and even VHF radic uses in petroleum lab-

oratories in experiments for conversion of o0il among
many uses contemplated.

ROLAND C. DAVIES

Washington Editor
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NICHROME"

This new, fireless home-heating furnace, manufactured by
Electromode Corporation, heats a house noiselessly by electricity.
No dust, no ashes . . . no fuel storage tanks, no elaborate installa-
tions.

The furnace, which is only 40" x 262" x 58", contains six
heating elements, each consisting of an insulated NICHROME resis-
tor wire in metal sheath, embedded in a finned aluminum casting.
A master thermostat inside the house controls two of the units.
The four remaining units are controlled from exterior thermostats
set at various temperatures. As outside temperature falls, addi-
tional heating units are cut “'in"' as the various thermostat settings
are reached; conversely, when outside temperature rises, units
are cut “out”. Thus maximum heating flexibility is combined with
economical operation. Room temperatures vary only about 3°
from floor to ceiling.

In developing this heating equipment, the Electromode Cor-
poration encountered the problem of providing electrical heating
elements efficient enough to heat an entire home, yet sufficiently
compact to fit into o space-saving outer cabinet. They selected
NICHROME as the resistance wire for this exacting job, in order to
assure top-level performance and a life-time of trouble-free oper-
ation.

Whatever your product, if it requires a resistance element
combining high efficiency with long life, specify NICHROME. And
remember, there are more than 80 Driver-Harris electrical resistance
alloys specifically designed to fill the numerous requirements of
the Electrical and Electronic Industries . . . get in touch with us for
expert advice.

@:"m.sl L
SV

o
PJJ_

Driver-Harvis
COMPANY

Exclusive Manufacturers of Nichrome
HARRISON, N. J.

BRANCHES: Chicoge & Detroit @« Cleveland
Los Angeles ¢ San Francisco # Seattle

THE B. GREENING WIRE COMPANY, LTD.
Hamilten, Ontario, Canada

*Trode Mork Reg, U. 5. Pol. Of.
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EVERYBODY #APPY?

We are hecause
NOW we can deliver
your COILS

s lots more satisfactory to be able to say to you:
“Sure we can wind those coils for you and deliver
them promptly.” — than to say: “Sorry — we can’t get

the wire,”

Send Us Your Specifications For

BOBBINS - PAPER INTERLEAVE - ACETATE INTERLEAVE
COTTON INTERWEAVE + TAPED FORM WOUND
UNIVERSAL SINGLE OR MULTI-PIE CROSS WOUND

Send us your specifications
and we shall be glad to quote.

coro coiL co.,mc.

- COIL SPECTALIS'I'S SINCE 1917
65 Pmri!mn Ave., Providence 5, R L.

West Coast Address: P, Q. Box 674, Belmont, Calif.
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PERSONNEL

Edward E. Lewis has been elecled
president of Colonial Radio Corp.,
Buffalo, N. Y. He has been serving as
an independent industrial consultant
for Sylvania, of which Colonial is a
wholly owned subsidiary since 1945,
was elected executive vice president
of Colonial in 1947.

J. K. Poff has been promoted to
general sales-service engineer for
both manufacturer and jobber divis-
ions of the Astatic Corp., Conneaut,
Ohio. He was formerly service engi-
neer of the company’s jobber division.
Coincidentally, Willilam Schmid has
been appointed assistant engineer.

Allan W. Parkes, Jr. has been ap-
pointed head of the field engineering
and sales department of the Alircraft
Radio corp., Boonton, N. J. He joined
Alireraft in 1927.

Captain L. B. Blayleck, U. S. Navy
(retired) has been appointed director
of the Radio Division of the Federal
Telephone and Radio Corp., Clifton,
N. J. He was formerly in charge of
the Research and Design Section,
Radio Division, Bureau of Ships,
Washington.

Albert R. Hodges has joined the

" patent department of Stromberg

Carlson, Rochester, N. Y. He has
served with the Airborne Instruments
Laboratory, Mineola, N. Y. and in
electrical and engineering capacities
for General Electric, Farnsworth and
other companies.

George W. Little, chiel of research
and electronic development of the
Maico Co., Inc., Minneapolis, manu-
facturers of audiometers and hearing
aids, has been elected vice-president
of the company.

Robert L. Coe has been appointed
to head up the staff which will operate
the New York “Daily News” tele-
vision station scheduled to go on the
air early in 1948 He has been chief
engineer of KSD-TV, St. Louis. At
the same time, Clifford E. Denton has
been made operations manager and
B. 0. Sullivan commercial manager.

Kay Enlarges

Kay Electric Co., makers of Mega-
Sweep and Mega-Match equipment,
has moved into new and enlarged
quarters. The new address is Maple
Avenue, Pine Brook, New Jersey.

TELE-TECH <+ January, 1948


www.americanradiohistory.com

P irte o '-.f-’-'(.r,r‘:'.'/:tf;r/
.}/{f(}'rr’r}{_(_f 4'-.*-)}.;;"3 lele
rEre .ln"‘(-('ﬁ /;'M('

Full Frequency Range

30 io 15,000 Cycles, provides uni-
form response over this entire band with
+ 15 db up to 10 watts of audio power,
within £ 1 db over 10 watts. Scandard
RMA impedances. Hum balancing coil
structures and nickel alloy shielding.
Included are Input, Qutpur, Driver, and
Modulation Transformers; Modulation
Reactors. Sealed in Steel construction,
stud mounting, with pin-type terminals.

Communications Range

200 to0 3,500 Cycles, affords response
with variations not exceeding = 1 db
over the range of voice frequencies. For
use with 600 or 150-ohm lines. Inpur,
Output, Driver and Modulation Trans-
formers offered. Sealed in Steel con-
struction, flange mounting, with wire
leads or solder lugs.

TELE-TECH * Joanuary. 1948

Public Address Range

50 to 10,000 Cycles, frequency re-
sponse within * L4 db up to 10 watts
of power, within *1db over 10 watts,
throughour this range. Secondary im-
pedances match 600 and 150-ohm lines,
16, 8 and 4-ohm reproducing systems.
Listed are Driver and Ourtpur Trans-
formers. Sealed in Steel construction,
flange mounting, with solder lugs or
wire leads.
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B

GET YOUR COPY FROM YOUR B&feq

REPRESENTATIVE OR DISTRIBUTOR . .

¥t

M. B. Patterson Clyde H. Schryver

Gerard Mcl. Cole Dove M. Lee

Herb Becker
1406 S. Grand Ave. 920 N. Michigan Ave. 2626 Second Ave lég:n tewin-Keasler B1dz. 108 Wallower Eldg.
Los Angales 15, Cal. Chiczgo 11, lllinais Sealile 1, Wash. ¥ oL Kansas Cily 6, Mo,

Dallas. Texas

Fred Stevens
15126 E. Warren Ave.,
Detroil 24, Mich,
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Bosion 15, Mass. Columbus, Ohio

Ronald G. Bowen
1886 S. Humboldt SL.
Denver 10, Colo.

Fred B, Hill

Henry W. Burwell

R. W. Mirscher F. Edwm s:hm-u Gen(r,dgoeco T;nner
105 Forrest Ave. Bldg. 256 First Ave, N, Elicatt Square Bldg. 136 Liberty Sl rant St,
Allanta 3.'Ga. £ Minneapolis, Minn, Buffalo 3, N. Y. New York §, N, ¥, Pitlsburgh 19, Pa.

H. R. Gray, Astral€leclric Co., 56-58 Wellinglon St. E., Toronto 1, Onl, Can, |
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NEW BOOKS

Higher Mathematics for
Studenls of Chemistry and
Physics

With special reference to practical work. By
J. W. Mellor, D.Sc., F.R.S., published by
Dover Publications, New York City, 1946, 641
pages, §4.50.

This text is an unusual approach
to mathematics; its concepts and
methods are closely interrelated with
laws of physwal chemistry, chemistry
and physics. It is a competent repre-
sentation of several branches of
mathematics selected for the student
of these subjects.

The chapter on differential calcu-
lus contains a section on the gas
equations of Boyle and van der Waal;
while the chapter on functions with
singular properties discusses hydrates
in solution and pv-curves, Analyti-
cal geometry, integral calculus, infi-
nite series, numerical equatlons and
dlﬁerentlal equations, Fourier’s the-
orem, probability and theory or er-
rors, calculus of variations, and de-
terminants are treated in separate
chapters. A collection of formulas
and reference tables are appended.

Guide to the Literature of
Mathematics and Physics

Including related works on engineering science
by Nathan Grier Parke I, Research Associate
in Physics, Research Laborarory of Electronics,
M.LT.: published by McGraw-Hill Book Co.,
Inc., New York, 1947, first edition; 205 pages,
$5.00.

Part T of the book entitled “Gen-
eral Considerations”, discusses read-
ing techniques, principles to be fol-
lowed when studying, and consider-
ations of importance in the selection
of reference and text books. Advice
on how to conduct a literature search
is given; methods of locating and
consulting available reference mate-
rial are suggested. It is a guide on
the general aspects of the acquisi-
tion of information from written
sources. These sources are classified
and their comparative advantages for
different purposes are pointed out.

This part of the text is well writ-
ten  and contains excellent recom-
mendations. Most of its contents,
however, may be assumed to be ta-
miliar to anybody engaged in either
serious studies or research work.

Part IT ‘“‘the literature” lists about
2,300 bibliographical items on domes-
tic and foreign literature in the field
of mathematics and physics, as well
as electronics and electrical mechan-
ical and aeronautical engineering.
Subject headings are arranged alpha-
betically and each is followed by an
explanatory note. Alphabetically ar-
ranged author index and subject
index are appended and facilitate lo-
cation of a desired reference. Sci-
entists, engineers, librarians, and
students, in search for pertinent lit-
erature will find this bibliography
very helpful. It may serve as a guide
for the systematic study of a par-
ficular subject, or for the finding of
special information. It will supply
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selected reading material and indica-
tion of the most suitable material for
a particular investigation.

Electronic Transformers and
Circuits

By Reuben Lee (Westinghouse). Published by
John Wiley & Sons, New York, 282 pages,
well illusirated. Price $4.50.

A reference book on the design of
transformers for electronic apparatus
and the effects of {ransformer charac-
teristics on electronic circuits. Physi-
cal concepts are emphasized with the
mathematical treatment simplified
wherever possible. Much new and
previously unavailable material is in-
cluded. The book includes material
on the construction and performance
of transformers, rectifiers and re-
actors. Transformers, amplifier and
modulator service are taken up as to
design and use, including transform-
ers adapted to use at the higher fre-
quencies, as well as for pulse and
video services. A section on confrol
contains ideas for many specialties in
transformers which are of value in
industrial work. It is an excellent
reference work on this subject.

Engineered Sound Systems

The Architects Manual of Engineered Sound Sys-
tems issued by Architeciural Relations, Sound
Equipment Section, RCA, Camden, N. I. Price
$5.00.

This Manual is designed to aid and
guide those engaged in the increas-
ing field of engineered sound sys-
tems in present day structures. It is
also a guide to architects and de-
signers of new structures in drawing
up specifications which allow for the
installation of such systems.

It offers particular appeal to those
acoustical engineers who will be re-
sponsible for the acoustical perform-
ance in over 1000 existing AM sta-
tions and an additional 2000 AM and
FM stations which are scheduled for
operation in the near future. The
chapters on Architectural and En-
gineering Specifications, Loudspeak-
ers, Studios and Control Rooms, and
Acoustics—the latter one covering
such important computations as re-
verberation time, absorption, noise
levels, etc.—are replete with typical
manual data,

The Manual is comprised mainly
of two parts: 1) General information
on all component parts of a com-
plete sound system, and 2) Typical
layouts and specifications.

Transvision Starts Wiring

To supplement its television receiver
kit business, which in no way will be
affected by the change, President Her-
bert Suesholtz of Transvision, Inc.,
New Rochelle, N, Y. has formed an
entirely separate company for the
purpose of supplying pre-wired tele-
vision receivers fo be equipped with
10, 12 and 15 in, tubes. The plan is fo
supply combination television-with-
FM receivers at popular prices. Offi-
cers of the new company which will
do business as the Sightmaster Corp.
from headquarters at 220 Fitth avenue,
New 7York, are: President, Herbert
Suesholtz; Treasurer, Michael Kaplan;
Vice-President, Bernard Kaplan; Sales
Manager, ¥. Wakefield Minor.
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BENDIX-SCINTILLA

the finest ELECTRICAL CONNECTORS
money can build or buy!

AND THE SECRET IS SC| N FLEX!

Bendix-Scintilla* Electrical Connectors are precision-built to
render peak efficiency day-in and day-out even under difficult
operating conditions. The use of Scinflex —a new Bendix-
Scintilla dielectric material of outstanding stability—makes
them vibration-proof, moisture-proof, pressure-tight, and
increases flashover and creepage distances. Under extremes of
temperature, from—67° E. to +300° F., performance is remark-
able. Dielectric strength is never less than 300 volts per mil.
The contacts, made of the finest materials, carry maximum
currents with the lowest voltage drop known to the industry.
The simplicity and soundness of design is demonstrated by
the fact that Bendix-Scintilla Connectors have fewer parts than
any other connector on the market—an exclusive feature that

means lower maintenance cost and better performance,
*REG. U.5. PAT. OFF.

Write our Sales Department for detailed information,

o Moisture-proof, Pressure-tight e Radio Quiet e Single-piece Inserts
e Vibration-proof e Light Weight ¢« High Arc Resistance o
Easy Assembly and Disassembly e Less parts than any other Connector

Avarlable in all Standard A.N. Contact Configurations

“BENDIX 4
CSCINTILLA
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‘70

New Type “LT" CRYSTAL CARTRIDGE

This fine quality, genuine crystal Cartridge
is Astalic’'s answer to repeated requests from the
radio-phonograph industry for a “low needle talk”
reproducer with high sensitivity capable of excel-
lent quality reproduction. .. at an attractively low
price. Designed for use with all types of automatic
record changers and manually operated phono-
graphs, the "LT" Cartridge employs' a replaceable
Type "T" Needle with an "Electro-Formed" Pre-

cious Metal tip. Note these important features:

1. Low Needle Talk S. Cutoff Frequency, 4.000
c.p.s.
Low Needle Pressu?e 6. Output Voltage, 1.00 volt

2.
3. Low Price (Avg. at 1,000 ¢.p.s.)

: 7. Needle Guard Posts
4. Replaceable “T" Needle 8. Standard Dimensions

Special "LT"

and "QT"

Literature For those who prefer a de luxe Reproducer,

Astatic highly recommends the "QT" CRYS.
TAL CARTRIDGE—now being specified for
use by a number of leading manu-
facturers of high

grade phonographs

is available.
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NEW BULLETINS

Speakers and Horns

A new catalog, issued by Racon Electric
Co., 652 East 19 St, New York 3, N, Y., lists
their standard line of horn and cone spealkers,
double re-entrant marine speakers. projec-
tors, trumpels and new microphone stands.
An attached sheet contains a number of price
changes, effective after Qctober 25, (Mention
T-T) B

HF Conductors

Titeflex water-eooled, fAexible leads for con-
ducting high-frequency currents are described
in a folder issued by Titeflex Inc., 614 Ire-
linghuysen Ave., Newark 5, N. J. Included
is a description of power loss tests performed
on the leads. (Mention T-T}

Capacitors

A comprehensive line of oil, wax, electroly-
tic capacilors and special units designed to
specifications is described in the 16-pg. cata-
log No. 1083, published by Industrial Con-
denser Corp., 3243 N. California Ave., Chi-
cago 18, Til. In additien 1o standard units, the
booklet includes motor starting capacitors,
interference eliminators. vibrator, and photo-
fAash capacitors. (Mention T-T)

Electrical Alloys

This 72-pg. reference booli, published by
Driver-Harris ‘Co., Harrison, N. J., lists
properties, applications, current-temperature
characteristics, life expectancy etc. of Ni-
chrome, Chromax, Advance and a number of
other high nickel electrical heat and cor-
rosion resistant alloys in wire, ribbon. and
otber forms. A numher of tables and charts
are ineluded. (Mention T-T)

Laminations and Magnets

Catalog No. 47, issued by Thomag and Skin-
ner Steel Products Co., 1124 E. 23 St.
Indianapolis 5, Ind., gives complete mechani-
cal, electrical and dimensional information
on six grades of eglectrical sheet steel lamina-
tions for transformers and small motors, K",
“1”, “LE”, and “EK"” laminations are des-
cribed. The same company has published a
new 16-pg. treatise on permauent magnets
showing various shapes, air-gaps, steel and
Alnico grades available. (Mention T-T)

Rack Connectors -

Type “DP'" connectors for rack and pane!
radio, and electronic equipment are described
in a 24-pg. “DP” bulletin available from
Cannon Electrie Development Co.. 3209 Hum-
holdt St., Los Angeles 13, Calif. Two general
types having up to 46 contacts and the new
“DPD2’ two-gang type are shown in  the
bulletin. {Mention T-T)

Fittings and Connectors

This 62-pg.. loosc-leaf catalog, prepared hy
Gedney Eleetric Co., RKO Bldg., Radio City.
New .York 20, contains in nine separale sec-
tions, descriptions, illustrations, price data
and Qimensions of Gedney conduit fittings.
EMT fttings, box connecltors, entrance fit-
tings. cable and ground fittings, connectors
for mon-metallic sheathed cable, straps and
¢lamp backs, conduit bodies and EMT bodies.
(Menlion T-T)

Switches and Plugs

Various “Litttte-Jax’, “SIF-Jax’, 'Littel-
Plugs’, "‘Littel-Switches”, "FP-Switches'” and
stack switches are described in detail in the
8-pg. catalog No, §47, published by Switch-
craft Ine., 1735 West Diversey Parkway,
Chicago 14, T11. Mechanical drawings, photo-
graphs and specifications are given for each
component. (Mention T-T) .

Instrument Replacement Parts

Precision instrument screws, washers, nuts
lock washers, taps and dies are listed in
price list, 100A. issued by the R. Y. Fermer
Co.. 131 State St., Boston 9, Mass. {Mention
T-T)

Capacitors

A comprehensive 32-pg. catalog. published
by the Gudeman Co., 361 W. Superior St
Chicago 10, 111., describes and lists specifica-
tions for wvarious tvpes of 4ry electrolyties.
AC motor capacilors, paper capacitors, Dber-
mnetically sealed oil capacitors, and special
types such as fiuorescent lamp capacitors and
photoflashi capacitors. (Mention T-T)
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Printed Circuit Technices

This first  camprebensive (reatment  of
“Printed Cirenit Technigues” by Drs. Cledo
Brunetti and R. W. Curlis of the Natianal
1Bureau of Standards consists af 10 chaplers
wotalling 43 wpages, illustrated with 39 cuts
and fAve lables. The NBES circular {No. 648,
Printed Circuit Techniques) is available from
1he Superintendent of Documents, U. S, Gov-
ernment Printing Office, Washington 25, D, C.,
at 26 cenis per copy.

Photegraphic Paper

A new silver-sensitized pholographic paper
for reproducing engineering drawings wlilh
standard blue-print or direct process printers.
12 deseribed inoan S-pg, pamphler issued by
ISastman Iodak Co., 343 State St., Rochester
4. N. Y. Thc paper is available in packages
of 100 or 500 sheets, and in 60 ft., 100 ft., and
250 FL. rolls. (Mention T-T)

Design of Sound Equipment

Data on mixcr circuits, showing circuit dia-
grams and applications are given in a 4-pg.
technical bulletin, issued by Daven Co., 191
Cenilral Ave., Newark, N. J. The folder alse
includes a table of “impedance vs, decibel
loss” with values calculated for impedance
nmismatch, minimum *'T" loss, and bridging
pad loss. (Mention T-T)

Tube Data for Hams

A roundup of amateur tube information is
contained in a technical bulletin and price
ligt for hams issued by RCA Tube Deplt..
Connmercial Xng. Section, Harrvison. N, T.
Included are new ratings on the RCA 807,
808, 810, 813 and 829-B, new operaling con-
ditions for frequency doublers, and data on
modulators. (Mention T-T)

Speakers and Transformers

Data on 52 types of permanent magnet
speakers, 54 types of electro-magnetic
spealkers, inclnding P.A. and high fidelity
models, and 20 types of output transformers
are contained in a 4-pg. bulletin available
from  Permoflux  Corp., 4900 West Grand
Ave,, Chicago 39, Ill. (Mention T-T)

Resistuance Bridges

Bulletin 100, published by Rubicon o,
3667 Ridge Ave, Philadeiphia 32, Pa., de-
scribes in detail a compleie line of resistance
standards and resistance bridges. Operation,
applicalion and construclion data are fur-
nished on a variely of models af Wheat-
stone, Kelvin, Musller and limit bridges, Des-
criptions  of standard resistors, standard
shunts, and deeade resistance boxes are in-
cluded. (Mention T-T)

Manual on Sound Systems

Tresigned for use by architects, building en-
sineers and Lthe construction industry, the
new “Architects Manual of Tngineered Sound
Svstems’ is a guide 1o the installation of
sound systems in industriul plants, auditori-
uins, schools, ete. The manual is divided
into two parts. The first part defines and
discusses the principal components of sound
syvstems and describes the specifications used
in installing the equipment. The second part
contains  complete specifications on  sound
wvstems for seven principal types of buildings.
The 288-pg. illustraled manual is available al
ihe price of §5 from the RCA Sound Prod-
uets Secltion, Camden, N. J,  (Mention T-T)

Carrier Communicuations
Equipment

Booklet B-3882, issued by Westinghouse
Hlecirie Corp.. P. O. Box 868, Dittsburgh R?0.

TPa., describes type JY power line carrier
conmmunications eguipment Included in the
8-pg. bulletin are descriptions and illustra-
tions of the two-frequency <duplex. manual
simplex, and automatlic simplex transmitter-
receiver assemblies, along with their com-
ponent parts. (Mention T-T)

Instrument Knobs

Catalog 1034A lists in 13 pages the line of
radio knobs, instrument knabs, and control
balls manufactured by Kurz-Kaseh Inc.,
1464 South Broadway, Dayton 1, QOhio, Di-
mensions, illustrations and application dala
are given for each Ltype.

Miniature Tube Guide

This revised reference guide for minia-
Lure tubes, published LY Hytron Radio &
Electronics Corp., Salem, Mass., contains
characteristic data and ' typical operating
condlitions for all presently available minia-
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MACALLEN MICA

ALL FORMS, ALL QUANTITIES — ALL DEPENDABLE

when you think of MICA, think of MACALLEN

THE MACALLEN COMPANY °© !5 MACALLEN ST, BOSTON 27, MASS.

CHICAGO: 565 W. WASHINGION BLYD. e CLEVELAND: 12371 SUPERIOR AVE
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Watch These Two Magazines

for Technical and

.Murch

See TELE-TECH’s
Television-IRE Show Issue

The publication of a special Television-lRE Show lssue
in March is part of the pattern of technical leadership
demonstrated every month by TELE-TECH in the world
of Television and all tele-communications.

During 1948’s months of intense full-speed-ahead ac-
tivity and for many years to come, you ean connt on
TELE-TECH to serve the highly techuical needs of top
design engineers, manufaeturing and operaling men
with editorial coverage of Television developmenis
second to none.

Because of TELE-TECH'’s comprehensive coverage of
new phases of Television in March, editorial pages and
advertising will eommand unusnally elose attention frem
readers. Advertisers should plan now to take advansage
of the exceptional marketing opportunities this March
issue will make available, '

Merchandising Leadership

January

See RADIO & TELEVISION RETAILING'S

Special Television Issue

In marketing and merchandising, RADIO & TELEVI-
SION RETAILING again takes the lead with a special
Television Issue in January, which editorially and in its
advertising is the most important issne of the magazine
c¢ver published — and the higgest dealing with Televi-
sion.

January’s RADIO & TELEVISION RETAILING mirrors
the sensational growth of Television. It takes its 28.,-
000 readers behind the scemes of an cpoch-making
period in merehandising at the right moment at the
beginning of the greatest year which Radio may ever
know.

This January Television lssue is another example of
why it is that RADIO & TELEVISION RETAILING is
the ontstanding business paper in its field today. Manu-
faeturers who may not have seen this issue may obtain
copies upou request.

W—W, Tete. 150 Lexingion ave, New York 17, PL. 31340

CHICAGO 6 « LOS ANGELES 5 + SAN FRANCISCO 4

Also publishers of ELECTRONIC INDUSTRIES & ELECTRONIC INSTRUMENTATION

72
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ture tywpes. Corresponding  prototypes  in
Jarger envelopes and bhasing Jdiagrams are
also given.
Capacitors

Cataloy No. C-307, prepared by Spraguae
Products Co., Norih Adams, DMass, gives
complete listings, specifications, dimensiovnal
sketches, prizes, cte, of the company’s line
of capacilors, resistors, Interference tiliers
and test snuipment. The 49 pg. catalog is

profusely illustrated and contiains aumnervus
engineering charts.

Crystal Daia

Specifications, [requency ranges, consiruc-
tion features and dimensions of twelve widely
used crysial types are given in bulletin No.
201, issued by Premier Crystal Lahoratarvies,
. 57-67 Park Row, New York 7. Informa-
tion on ulirasonic crystal blunks is also ziven,
(Mention T-'l)

Image Orthicon Chain

hy

32-pg. illustrated brochure, piepnred

B. DaMont Labs,, Clifton, N.
scribes (e Type TA-124-B
camers chain for field use.
deseriptions of 1he c¢amers withh elsclronic
viewfinder, the field pickuep auxiliary, low
voltage supply, control and monitor nnit, svn-
elironizing  generator, distribntion amplifier,
mixer amplifier and monitor. aml other as-
sociated equipnient. (Mention T-T)

s
Allen A
image ovthicon

Tcluded are

Replacement Cones and
Field Coils

A complete listing of replaceinent cone us-
semblies and universal field coil replacements
fur most existing veceivers is cnnlained in
catalog No. 48, published by Waldont Elee-
tronies Toc., 811 N. Larrabee 3L, Chicago 19,
I, (Mention T-T)

Microwave Equipment

A reference manual and catalog on micro-
witve equipment has Dbeen published by De
Mornay-Budd, ITnc., 475 Grand Concourse, New
York 51 A {0-pe. introductory seciion is
divided into chapters on “lIntroduclory Con-
cepts tn Microwaves” and “Microwave Test
Equipment Measurement and Calibration Pro-
cedures’. The rest of the catalog describes
test equipment and standard component X
and IX band parts. The manual is free and
new pages will he sent automatically to
OWners. {(Mention T-T)

NY-Boston Relay

(Continued from page 62)

signal into a beam ten thousand times
more powerful than unfocused signals.
Each antenna is connected to either a
transmitter or a receiver by wave-
guide. Reflex Klystrons generate car-
riers in the 4,000 mc region (4 bega-
cycles). The power output is only
about 1% watt.

The receivers (repeaters) are of the
radar type and use cartridge crystal
detectors. The IF freqguency is 65 me.
These receivers are designed to handle
any type of modulation, and at present
are set up for FM. However, tests are
being carried on with amplitude and
pulse modulation.

Experimental work has shown that
hundreds of telephone circuits and
many television channels can operate
over the new System. The microwaves
(3700-4200 mc) are not seriously in-

terfered with by rain, snow and most |

man-made interference.

Climax of a series of demonstrations
of the new relay system was when a
television program which originated in
New York was sent to Boston twice
and returned to the television screen
in New York. An operator switched
the receiver picture tube so that it
alternately showed the direct received
picture and the double relay picture.
For an observer sitting at a comfort-
able distance from a 10 in. screen, no
discernible difference in detail was
noticed when the switch was made
from one to the other,
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Meter instantly indicates

in anfenna adjustments

The ANDREW Type 40-C Phase

Monitor is a modern, new instru-

| ment, designed to facilitate adjust-

ment and maintenance of broadcast
directional antenna arrays. Ac-
curately measuring both angle of
phase difference and ratio of, an-
tenna current amplitude, it provides
a quick, direct check on antenna
system adjustment.

An exclusive Andrew feature pet-
mits measurement of current ratios
and phase angles in degrees on a
single meter. This affords im-
mediate observation of the effects of
small antenna circuit adjustments.

Sensitivity is high — better than
one volt from 550 to 1600 KC.

changes

Six individual input circuits ac-
commodate directional systems
utilizing as many as six towers.

Write for Bulletin 47 for full
details. Prompt placement of your
order will assure delivery when
needed.

[ e e e ey
I Many statians already have purchased this 1
] new. Phase Monitor; among them are: I
I cica KIAY weoc  wkez |
I ckeH KLoU WBTM  wkow |
I xeee KOGT  WDEV  Wkvm |
I kecr6 koo  weAD  WwreA |
I KDpsH  XsBw  WGIO  WROw 1
I krsa KSEL WGTM  WRWR |
I keim  KkvGB  WHHT  WSAV |
: KGHI KVOH  WHIS WIMC |
[ KoiL KVVC  WINZ  WVIs 1
§ KGNC  KXOA  WILS WWOK |
| KGO WAGF  WIMS  wwxl |
| KO WBBC  WIRD 1
1 1
I I
1 I

A

%
IRl ke ]
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o REEVES-HOFFMAN

SALES OFFICE: 215 EAST 91 STREET, NEW YORK 28, N. Y.
PLANT: 321 CHERRY STREET, CARLISLE, PA.

Specialists in
[ Difficult Designs

DINION COIL COMPANY, INC. SAteeon
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Enter the Video Ham

The time may soon come when it
will be necessary to make a dis-
tinction between a radio ham and
a video ham. Appearance on the
market recently of a newly de-
veloped television camera tube at
an eye-bugging price ($25), bids
fair to launch at least some of the
amateur field on the first fresh and
exciting tangent since the days
when hams were looking hopefully
to the generation of a handful of
watts in the 100 mc region, It is
entirely possible to construct a
complete prototype television sta-
tion with parts that can be pur-
chased for approximately $300.
Small TV camera tubes were used
in wartime applications, such as
radio-controlled missiles and air-
craft* (*See Electronic Industries,
May 1946, pp. 62, 63).

Two-Way Ferry System

Four ferryboats running between
Sandy Point and Matepeake, Mary-
land, on Chesapeake Bay have been
equipped with GE two-way FM com-
munication units. The installation is
believed to be the first of its kind,
linking the boats with each other and
with the terminals approximately
four miles apart. System operates at
a frequency of 43.02 mec.

Midget Meters

International Insfruments, Inc. has
been formed from the instrument di-
vision of MB Mifg., Co., New Haven,
Conn. for the production of a spe-
cialized line of midget meters. The
instruments mount in a one-inch
hole and are supplied in six basic
ranges from 100 microamperes to 10
milliamperes. Shunted ammeters and
ac and dec voltmeters, self-contained,
are slightly larger.

New TACO Home

Technical Appliance Corp. has
moved manufacturing facilities to its
own plant in Sherburne, N. Y., 40
miles south of Utica. Company has
long produced antenna systems, will
produce other electronic specialties
in its new 30,000 sq. ft. home.

California Consulianis

Burgess Dempster and R. B. Bon-
ney have organized the Electronic
Engineering Co. of California. The
company will operate a general con-
sulting business from headquarters at
2008 West Seventh street, Los An-
geles.

Waveguide Componenis

Carl W. Schutter, long steam and
diesel engineering specialist, with of-
fices and factory at Rockville Center,
N. Y., now is producing a complete
assortment of waveguide assemblies in
standard and special shapes, as well as
chokes, choke flanges, coaxial connec-
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tors and related radar and UHFEF com-
ponents. The company also does sub-
contract work.

GE Equips WNAC

General Electric Co. will supply
complete television transmitting equip-
ment for WINAC, key station of the
Yankee Network in Boston. Trans-
mitting facilities are to be located in
Medford, Mass., and the station is
scheduled to go on the air early this
year.

Gray Drops Phones

Gray Manufacturing Co., Hartford,
Conn., has sold its telephone pay-sta-
tion business to the Automatic Electric
Co., Chicago. Henceforth Gray is to
devote its energies to the production
of the Audograph, an electronic dicta-
tion instrument.

To Make Rectifiers

International Rectifier Corp. has
been formed in Los Angeles for the
production of colerimetric equipment,
photo-electric cells and selenium rec-
tifiers. Headquarters and factory are
at 6809 South Victoria avenue.

More DuMont Tubes

The tube plant of the Allen B.
Du Mont Labs., Inc., in Passaic, N. J.
is to be considerably enlarged. A new
addition, recently finished, is to be de-
voted to tripling the capacity for the
production of 12 in, tubes.

Beam-Deflection Amplifier
Tubes

C. R. Kilgore (RCA Review, September 1947,
pp. 480-505),

An extensive survey of the
theory of operation and of the
properties of beam-deflection am-
plifier tubes is presented. Insight
in the expected transconductance,
current, input and output capaci-
ties and their dependence on the
essential structural features are
gained. The design method is illus-
trated by a numerical example for
a particular tube which was used
in experimental work. Results ob-
tained with this tube in connec-
tion with a secondary emission
electron multiplier are presented.
—JZ

Lead-Sulfide Cell for Sonund
Reproduction
R. J. Cashman (Journal of the Society of

Motion Picture Engineers, Qctober, 1947, pp.
342-348).

Photoconductive cells made of
thallous-sulfide and lead-sulfide
have been recently released by the
Government. The lead-sulfide cell
1s particularly adapted for use in
sound reproduction by virtue of
its high sensitivity, low noise, low
impedance. excellent frequency
response, and general sturdiness
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in the presence of background ra-
diation.

Cne important characteristic of
the lead-sulfide cell is its high
infrared response which enables it
to be operated with a source of
radiation at a much lower temper-
ature (2700° C) than was possible
with any previous photoelectric
cell. For this purpose an indirectly
heated exciter lamp has been de-
veloped in which the heating cur-
rent 1s supplied by an ordinary
filament transformer.—JZ

British Television
(Continued from page 28)

stations is possible. It is called
“Rotatime”.

Nearly every exhibitor displayed
sets especially made to suit export
requirements, including sefs de-
signed for particular terrifories.
Thus several firms show sets de-
signed for China, for India and
South Africa. One receiver intend-

"You Save 3 Warys
by standardizing on
BUD for ALL your ngeds!

i

Your money goes farther when you buy BUD Products! First of all,

you get highest quality, precision-made parts at lowest possible prices.
Second, you save time by getting all your radio requirements from

your BUD distributor . .

. because BUD makes the most complete line

in the field! Third, you save on replacement because BUD products

are built to last . . .

to give years and years of service. And best of

all, you get better performance when you standardize on BUD because
you get products that are made to the same uniform standard . . .
they work better together! Buy BUD and you’ll notice the difference
immediately! Send coupon below for new catalog!

SOLD THROUGH ALL LEADING RADIO DISTRIBUTORS

The rk lII of perfection

ma

BUD RADIO, INC.

CLEVELAND, CHIO

This coupon is the key to the new lower prices
in BUD Products.

BUD RADIO, INC., 2124 East 55th St., Cleveland

3, Ohio. Send copy of NEW BUD CATALOG.
Name ... ... e
Company . ... it
Address ... o i
Cily oot State .............
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Designed for

YOUR APPLICATION

PANADAPTOR

. Whether your application of spectrum an-

W alysis requires high resolution of signals

closely adjacent in frequency or extra broad

spectrum scanning, there is o standord model Panadaptor to simplify and speed up your job.
Standardized input frequencies enable operation with most receivers.

F

GO0 GOO
e LN

MODEL SA-3 TYPES MODEL SA-6 TYPES

T-50 T-100 T-200 T-1000 T-]000 T-6000 | T-1000 T-10000 T-20000
Maximum Scanning Width 50KC T00KC  200KC  TMC TMC 1118 M 10kE 20MC
Input Centes Frequency 455KC  455KC  455KC 5.25MC 10.2MC  30MC 5.25MC 30MC 30MC

Resolution at Maximum
Scanning Width 2.5KC 3.4KC  4.4KC  1TKC 11KC 25KC 1KC  75KC 91KC

Resolution at 209 of
Maximum Sconning Width | 1.9KC 27HC 4RC 9KC 7.5KC  22KC 7.5KC  65KC 75KC

‘7%64&'9486 Phese
APPLICATIONS OF PANADAPTOR

*Frequency Monitoring
*Qscillator performance

analysis
* AM studies ) /
FM and AM stud 926old St. X\ Table Address
WRITE NOW for recommendations, detailed - NewYork 7,N.Y. PANORAMIC, NEW YORK

specifications, prices and delivery time. Exclusive Canadian Representative: Canadian Marconi, Lid.

Materials for potting, dipping or impreg-
nating all types of radio components or all
kinds of electrical units. ® Tropicalized
fungus proofing waxes.. i_Wtﬂ.erprtaqﬁn'g' ;
finishes for wire jackets. ® Rubber finishes.
® Inquiries and problems invited by our en-
gineering and developmeni laboratories.

Zophar Mills, Inc. has been known for its dependable service and
--ul.'l-iformiiy of pr_es-fu:f since 1846, [

 ZOPHAR MILLS, Inc.

'I" 2.615 STREET, BROOKLYN, '32 N. Y.

i
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ed for the middle east was
equipped with a dial in Arabiec.

Alreraft radar and navigational
equipment included a new piece
of apparatus designed by EMI and
styled “Rebecca” Mark IV, a
light-weight miniature airborne
interrogator which operates at be-
tween 170 and 240 mc and pro-
vides the pilot with “heading”
and distance information from a
ground or airborne responder bea-
con. In addition to navigational
information the set also provides
for blind approach and landing.
Another piece of new equipment
designed for a somewhat similar
purpose is the Marconi “Radio-
locator”. This unit permits the
picture received in the PPI screen
of the radar set to be compared
immediately with a chart, thus fa-
cilitating instant identification of
objects detected.

National Conference
{Continued from page 51)

An unusual amount of Interest
was shown in the session on “Op-
eration of Electronic Research”. A
paper describing the methods for
handling electronic research as con-
ducted at several research organi-
zations was presented by E. Ziegler.
In particular the types of research
organization, their management and
the methods of laboratory operation
at the Armour, Midwest, Battelle,
Mellon and Southern Research In-
stitutes were discussed. Visits dis-
closed that electronic research, on
the whole, is not handled in any
one of the institutions as a separate
department but is organized as a
sub-group in one or more of the
major sections.

The principles of organization
and the operation of an electronic
research group to give the most ef-
fective results were listed in a
paper by R. M. Bowie (Sylvania),
an analysis of considerable value to
management as well as the physi-
cists and engineers of such a group.

Microwave Link
(Continued from page 57)

The transmitter oscillator is a
reflex Klystron of approximately
75 mw output. The carrier is fully
pulse modulated with equal am-
plitude pulses having a repetition
frequency of 17 kc; these pulses
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are width modulated by the audio
frequency signal. With this meth-
od the mean carrier power is mod-
ulated at audio frequency, and it
can be received by a conventional
wideband AM receiver.

The local oscillator in the re-
ceiver is also a Reflex Klystron,
its output being coupled into the
receiving branch of the waveguide.
A crystal mixer is placed across
the waveguide and tuned by a fil-
ter piston behind it. The live end
of the crystal 1s connected through

~an RF filter to the input of the
first IF amplifier stage. AVC and
automatic frequency control volt-
ages are both derived from the
17-ke pulses: the latter voltage is
applied to the reflector electrode
of the local oscillator Klystron.

A signal-to-noise ratio of about
55 db is obtained; distances to 70
miles may be covered.—JZ

Receiver Noise Figure
(Continued from page 39)

two frequencies above and below
the tuned or resonant frequency at
which the response has fallen to
half the tuned output power level
(70.79% output voltage). The dif-
ference between these two fre-
quencies is taken as the band-
width.

The noise factor is easily com-
puted from the following data:
(A) Bandwidth; (B) Effective in-
put resistance to receiver; (C)
Reading of output meter without
input signal; (D) Reading of out-
put meter with signal generator
input volts reading.

As an example, assume: (A)
Bandpass = 0.9 megacycles; {(B)
‘Effective input resistance = 90
ohms; (C) Output meter reading
= without input signal .5 volts;
(D) Output meter reading = with
input signal 1 wvolt; generator
reading of 5 microvolts.

For the above assumed values,
the noise-factor is:

E.; P1
r=_ —— X —_——
4KT(ADR, P2—-P1
(5x107%)°
F =

4x1.374x107*x300(.9x10°) 90
(.5x1.12)°
X —
1°— (.5x1.12)"
F = 855
or, converting to decibels

= 10 log 8.55 = 9.32 db
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¢ Noiseless in operation
¢ Strong and durable

e Good performance in all
climates

Aclual Size
Other types available
in the lower yalues

E

different
. sions of the diffe

1t shows '”l;“:;}:i!e Molded Reﬂs’_'ﬂ'"s
types of 5. 2. W ns’ruchc: .
with Price
vest. Write

STANDARD RANGE
1000 ohms to 10 megohms

¢ NOISE TESTED o

At slight additional cost, resistors in the
Standard Range are supplied with each
resistor noise tested fo the following stand-
ard: “For the complete oudio frequency
ronge, resistor shall have less noise thun
corresponds to o chonge of resistance of
1 part in 1,000,000."

HIGH VALUES

15 to 1,00__0,000 megohms
| SSWHITE . hiucrriarl ...

DEPY. , 10 EAST 40th ST., NEW YORK 14, N. Y.

PLEXIBLE SHATTS - FLEXIBLE SHAFI TOOLS - MRCRAFT ACCESSORIES
MALL CUTTING AMD GRINDING TOOLS .«  SFECIAL FORMULA RUBBERS
MOLDED REHSTORS o FPLASTIC SPECIAITIEY + CONTRACT PLASTICS MOLDING

Ouc of menicas AAAA Tndeatnial Eatenpnisee

' [FOR LOW HUM.. NS
| HIGH FIDELITY &

SPECIFY KENYON TELESCOPIC SHIELDED HUMBUCKING TRANSFORME§'

and gives
dimensions.
List will be ™
for it—today.

For low hum and high fidelity Kenyon tele-

scoping shield transformers practically

eliminate hum pick-up wherever high
quality sound applications are required.
» CHECK THESE ADVANTAGES

» LOW HUM PICK-UP . . . Assures high gain with
minimum hum in high fidelity systems.

» HIGH FIDELITY . . . Frequency response fiat with-
in = 1 db from 30 to 20,000 cycles.

» DIFFERENT HUM RATIOS . . . Degrees of hum re-
duction with P-200 series ranges from 50 db
to 90 db below input level . . . made possible
by unique humbuckling coil construction plus
multiple high efficiency electromagnetic shields.

» QUALITY DESIGN . . . Electrostatic shielding
between windings.

» WIDE INPUT IMPEDENCE MATCHING RANGE.

» EXCELLENT OVERALL PERFORMANCE . . . Rugged
construction, lightweight- mounts on either end.

» SAVES TIME . .. In design . . . in trouble shoot-
ing . .. in production,

Ovur standard line will save you time and money.
Send for our catalog for complete technical data on
specific types.

For any iron cored component problems that are
off the beaten frack, consult with our engineering
department. No obligotion, of course.

KENYON TRANSFORMER CO., Inc.

840 BARRY STREET  NEW YORK, U.S. A.
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PLASTIC DIALS

Dials in plastic for the radio, electronic, and electricol fields offer
you virtuolly limitless combinations of design, size, shope and
color treatment. Our digls, windows and scoles ore precision mode,
dimensionally stable, clearly and ottractively printed . , . sturdily
made for long life and service.

Tell us your needs, get our suggestions an design. Or, send
us your awn samples or blueprints. We will quote you promptly.

DIAL WINDOWS
NAME PLATES

GAUGES
CHARTS

CALCULATORS
SCALES

ef THE HD )
- o

)_.‘-
450 WEST 34th SYREET, NEW YORK 1, N. Y. .

ESTABLISHED 1893 TEL, BRYANT 9-1803

COMMUNICATIONS—ELECTRONICS—TELEVISION

for DEPENDABLE performance

To meet rigid requirements for all industrial and elec-
tronic applications Freed has manufactured for many
yvears all types of transformers, chokes, and reactors.
In addition the manufacture of all types of production
laboratory test equipment is a Freed specialty.

If you have special requirements or need custom
made egquipment, our modern plant and irained staff
are always at your service. i

FREED TRANSFORMER CO., Inc.

78 SPRING STREET NEW YORK CITY 12, N. Y.

78

www americanradiohistorv com

or, converting to volts
El=F
E.=+8.55=2.92 microvolts
Acknowledgment is given to the
Research Products Division of
Stevens-Arnold Co., Inc., Boston,
Mass., for their assistance.

RF Coil Finishes

(Continued from page 44)

Q-Dope. It may be observed that
this coil shows a decreasing tem-
perature coefficient as it is stabi-
lized, approaching that of the coil
represented by curve No. 1 which
was stable after ifs original finish.

The coil represented by Fig. 10
is a low-temperature-coefficient
type, and consists of 74 turns of
silvered No. 20 invar wire on a
1%-in. grooved ceramic form (Al-
simag No. 202) having a linear
expansion coefficient of 1.88 x
107°/°C. The expansion coefficient
of the invar conductor is about 1
x 107°/°C, and the overall temper-
ature coefficient of inductance for
the coil, measured at 3 mc is 4.1
x 107°/°C.

The two complete temperature
cycles shown by the full line
curves indicate shifts occurring
during the heating portion of the
cold half of the thermal cycle. The
dashed portion from the point
marked “X" represents a further
test conducted after removal of the
coil for four cycles of —40 to
+70°C treatment. Although some
shift evidently still occurs on the
initial heating, the coil appears to
be better stabilized. Construction
of stable coils using wire as stiff
as the invar conductor used on this
coil or of hard-drawn copper wire
of an equivalent size proves very
difficult, and winding under regu-
lated tension and axial pressure, as
well as rigid conductor end fasten-
ings are required. Coils wound
with soft-drawn copper conductors
are stabilized with less difficulty.

The tests described above were
carried out by the writer while in
the employ of the Northern Elec-
tric Co., Lid., of Montreal, Canada,
who have kindly permitted publi-
cation of the resulfs.
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Cavity Type Filters
(Continued from page 37)

be approximately 1-to-1 where the
same powers and elevation were
used. For this arrangement, remote
receivers would be used and there
should be very little limitation in
the interference-free adjacent chan-
nel operation.

So far, the discussion of selectivity
has referred primarily to reception
in the mobile units. For land station
installations, the receiver selectivity
need not be the controlling factor.
Under some conditions where high
signal levels are received from op-
posing transmitters, receiver inter-
modulation becomes a limiting fac-
tor and no degree of IF selectivity
can affect this interference produced
by intermodulation.

Every engineer knows that when
two or xaore signals appear together
in a non-linear circuit, the cross
beating of intermodulation which
results will produce sum and differ-
ence frequencies, together with a
whole array of additional by-
products resulting from beats be-
tween the sum and difference prod-
ucts and the original signals or
their harmonics.

Any system of allocation which
establishes the channels at egqual
frequency interval separations 1is
particularly wvulnerable to inter-
ference produced by intermodula-
tion.

Consider three transmitters op-
erating 60 mc apart. Two of the
transmitters may produce a fre-
quency difference by intermodula-
tion in the receiver non-linear cir-
cuits of 60 k¢, and the 60 kc may
combine with the third channel to
produce a new carrier 60 ke removed
from the third carrier. In another
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m FOR THE FIRST TIME ==

HIGH SENSITIVITY IN A
SELF-CONTAINED ALL AC OPERATED UNIT

50 MICROVOLTS TO 500 VOLTS

MODEL 47 VOLTMETER

An extremely sensitive am-
plifier type instrument thet
sarves simultaneously as a
volt-meter and high gain
amplifier.
® Accuracy =2% from 15
cycles to 30 ke.

~5% from 30 ke to
100 ke.

¢ Input Impedance 1 meg-

- ohm plus 15 uuf. shunt
capacify.

@ Amplifier Gain 40000

Also MODEL 4§
WIDE BAND
VOLTMETER

.0005 To 500 Volts

5 Cycles To 1600 kc.

A few of many uses:

® Goin ond frequency measurements for all
types of audio eguipment .

© Densitometric meosurements in
rophy and film production

Qutput indicotor for microphones of oll
types

Low level phonograph pickups
Acceleration and other vibration measur- )
ing pickups ® Light flux measurements in
Sound level measurements. with photocells

Write for Complete Information

Instrument Electronics

photoy-

conjunctian

42-17D Douglaston Parkway
DOUGLASTON, L. I, N. Y,

New TYpe 172'50:

R. F. SWITCH

High r. f. current carrying capacity
50 amps. max. intermittent load; 30
amps. steady load. Low loss factor.
Sturdy mechanical design . . .

Mykroy insulation,
Furnished in any
number of

decks.

Write for Bulletin No. 472

Manufacturers of Precision Elecirical Resisfance Instrumenis

339 CENTRAL AVE. * JERSEY CITY; N.“J.
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BOBBINS

For bobbin
wound coils

BT =

Wind more wires on these bobbins. Wind less.
You can do either, because you need no in-
sulation, and wires fit between those in lower
layers. Let us help you with coil base prob-

for samples.

|
|

PRECISION PAPER TUBE CO.

2057 W. Charleston St., Chicago 47, III.
Plant No. 2, 79 Chapel St., Hartford, Conn.

PERMEABILITY TUNING CORES
Moldite permeability tuning
cores are manvfactured to
meet the most precise require-
ments. Modern mass produc-
tion metheds of manufocturing
perm cores hove resulled in
increased quality ond econemy
to our customers, |
MOLDED IRON CORES

Moldite maognetic iren cores
are manufactured to  exact ¢
specification with on exclusive
pawder mix on eoch specific
requirement of oudio, broad-
cast, FM and Television fre-
quencies. DMew formulae ond
methods of processing increase
Q wolues, resvlt in grecter
stability and density.

SAMPLES

National Moldite sample iren
cores will be submitted for
design, test ond pre-produc-
tion purposes upon receip! of
your request, Use Moldite
material grade designations tao
insure prampt and exact du-
plicotion af the cores.

MOLDITE COMPANY

25 MONTGOMERY ST., HILLSIDE 5, N. J.

WESTERN REP. MID-WESTERN REP. SO. AMERICAN REP.
Pertmuth-Colmon Assoc Irving Rose Jose Luis Poatet

942 Maple Avenue 7752 So. Kingsten Ave. Cordobo 1472

Los Angeles, Calif, Chicago, lllinois Buenos Aires, Argenting
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lems. Send B/P or specifications; or write
|

Metallic Rectifiers Since 1923

Selenium

g [

ELECTRICAL
RECTIFIERS Copper
Sulphide

A modern plant plus a resourceful en-
gineering staff and a quarter century of
experience

provide the “know-how” and facilities
to serve YOUR AC to DC power
conversion requirements

Manufacturers of selenium and copper-sulphide
rectifiers, rectifier-transformer assemblies and
AC-DC power supply units for every requirement,

Consulting service available
without obligation

THE BENWOOD - LINZE CO.

Division of the Sperry Corporation .

1815 Locust St. st. Louis, 3, Mo.

Long Distance Telephone CEntral 5830

ENGINEERS

The Crosley Division, AYCO Manufacturing Carporation is
rapidly expanding its television department and has excellent
openings for a few gqualified engineers and technicians.
Modern laboratory and other engineering facilities provide
ideal warking conditions. Forty-haur week, insurance and
hospitalization plan, and pension plan. Opportunities un-
limited. Salary based on experience and ability.

ENGINEER, SENIOR — College graduate. At least two
years' experience in product develapment of television re-
ceivers. Thorough knowledge of circuit design and analysis.

ENGINEER, SENIOR — College graduate. At least four
years’ experience in high frequency circuit development,
Experience in television, R. F. circuits and frequency modula-
tion desirable.

ENGINEER, JUNIOR — College graducte with experience
in product develapment of television and radio receivers.
Experience in the develapment or maintenance of radar or
similar equipment helpful.

TECHNICIAN, SENIOR — College degree or equivalent.
Some experience in high frequency circuits, particularly
televisian R. F. circuits. Be familiar with test procedures.
Will train to a limited degree.

In replying give age, experience, educatian, and
salary requirements, addressing replies to
Crosley Division, AVCD Manufacturing Gorporation
1329 Arlingion Street, Cincinnati 25, Ohie

Attention — Director of Research and Engineering.
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case, two carriers may combine to
produce a 60 ke product, which in
turn combines with one of the car-
riers to produce a third carrier 60 ke
removed from this carrier.

There are several other ways of
combining harmonics and beats for
the production of undesired carriers,
and when any two transmitter sig-
nals combine in a receiver to pro-
duce a new carrier on the desired
frequency, no amount of selectivity
can remove this artificial carrier. We
must either eliminate the inter-
modulation or mask out the unde-
sired signal by a superior desired
signal.

Fig. 2 shows the relationship be-
tween the level of two undesired
signals B and C in producing an
interfering signal on desired Chan-
nel A at threshold, or quieting,
level. You will note that under all
conditions, at least one strong signal
is required to produce the inter-
modulation in the receiver. This
points to the fact that a strong signal
on the rf amplifier grid will carry
the tube into non-linear operating
characteristics. The chart shows
that Channel B with approximately
10,000 microvolts will produce an
intermodulation quieting signal on
Channel A when Channel C is ap-
proximately five microvolts. When
Channel C is 10,000 microvolts, the
Channel B signal required to pro-
duce a threshold intermodulation
product on the desired frequency is
approximately 250 microvolts.

For the conditions of the test, B
is 120 ke removed from the receiver
desired and C is 240 ke¢ removed.
Approximately .6 of a microvolt is
required In this particular experi-
mental setup to produce 20 db of
guieting on the receiver freguency.
Since the received signal in the
mobile unit drops off rapidly as the
mobile unit moves away from the
land station, the area where inter-
modulation will be produced in a
mobile receiver will be decidedly
limited.

No intermodulation products of a
level sufficient to interfere would be
produced, if all three transmitters
were located at the same land sta-
tion site. While intermodulation
would be produced in the receiver,
it follows that the products of inter-
modulation on the desired channel
would always be less than the level
of the signal from the desired sta-
tion located at the same point as the
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A ruggedly constructed direct reading laboratory instrument
specially designed to measure Q, inductance, and capacitance
values quickly and accurately. Invaluable in selecting proper low
loss components for high frequency applications.

SPECIFICATIONS: —FREQUENCY RANGE: 30-200 mc, accuracy + 1%

RANGE OF Q MEASUREMENT: 80 to 1200

Q CAPACITOR RANGE: 11-60 mmf; accuracy + 1% or 0.5 mmf, whichever is greafer

WRITE FOR
CATALOG 'D”

BOONTO

BOONTON:NJ- U-S-A-

DESIGNERS AND MANUFACTURERS OF THE Q" METER . . . QX-CHECKER

... FREQUENCY MODULATED SI1GNAL

GENERATOR . . . BEAT FREQUENCY GENERATOR ... AND OTHER DIRECT READING TEST INSTRUMENTS ’

EISLER

SPECIALIZES IN EQUIPMENT FOR THE COMPLETE MANUFACTURE GF

INCANDESCENT AND
FLUORESCENT
LAMPS,
LUMINOUS NEON,
RAIDO, X-RAY,
TELEVISION, AND
ELECTRONIC TUBES
OF ALL TYPES

SPOTWELDERS
SIZES FROM 14 TO 250 KVA

24 HEAD RADIO TUBE EXHAUST-

ING MACHINE WITH
BOMBARDER

BUTT, GUN, ARC
WELDERS
Large or Small Contract
Spot and Butt Welding.
Ask for Qur Catalog

TRANSFORMERS FOR EVERY

SERVICE FROM 14 TC 250 KVA

SPECIAL TRANSFORMERS FOR
ELECTRONIC DEVICES

EISLER ENGINEERING CO., INC., 778 So. 13th St., NEWARK 2, N. J.

i A
DORMITZER THYRATRON
PULl?g MODULATOR

R V.H.F.—
S$.H.F. STUDIES

Power for: DEVELOPMENT ...
RESEARCH ... H. V. TESTS IN INDUSTRY

The Dormitzer Model 12 Laboratory Modulator is designed specifically
for research in the fields of pulse power generation. As such it is in
use in many of the foremost scientific laboratories in the world; it
is an invaluable precision tool fer high-frequency studies and tests
on r.f. equipment including tubes, transmissian lines, wavegquides,
diractional antennas, etc. It is becoming an indispensable instrument
for certain lines of industrial development and design.

Complete descriptive infarmation will be sent upon request.

- a

ELECTRIC & MANUFACTUR/ING CORR

=/ paralis—

782 COMMONWEALTH AVEHUE, BOSTON 15, MASS
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'MID-AMERICA

Look at these sensational buys In brand-new,
unused, top-quality radie parts and electronic
e¢quipment. You've never seen big buys like these
before! And that's only the beginning, Theso
values are but a_few of the hundreds and huna
dreds of items Mid-America has in stock right
bow. Write for free catalog., You'll save money!

Tests performance, leak-
age and shorts in ALL
receiving tubes. evcn
sub-minigture and
acorn, PLUS provision
for tubes that may be
invented. Durable con-
struction is fully shielded; dust-

proof high-visibility meter, illuminated

case,
chart; no books or charts to be mlisplaced. Sim-
ple, fast operation with positive contact slide-
switches; tests EVERY tube element. 118 volt AC.

162" x 1414"

MAL2I93 L §2950
PORTABLE DACO TUBE TESTER

Same construction and operating featurcs as
counter model, Enclosed in sturdy case with dur-
able black leatherctte covering. $3 250
123" x 124" MA-2194 . ... ... ... ...

 PHONO AMP and
RECORD CHANGER

Inexpensive phono am-
plifierandrecord changer
with '"bigd set™ fearures,
Positive-action Crescent
changet handles 10° and 12*
regords withoUut jamming: finger-tip

reject hutton. Lightweight counter-halanced
pickup arm with Shure crystal and lifetime Aoate
ing sapthrc needle. 78 RPM constant-speed
motor, 5" PM speaker and high-quality amplifier
complete with tuhes. ’

Base measures 154" x 1244 x 67, pA2L 32395
Base with motor, turntable and % 95
record changer. MA-2192. ... ... 14

Indicator Amplifier AM-
61. All brand-new, valu-
y able pares. 15

5 tubes. including: 6SL7GT,
VR-105, 5N7GT. 5Y3GT. 8016.

W Powerful compact Dblower, unl-
versal wound for 22-30 volts AC or
DC. Resistors, filter by-pass con=
densers, sockets, connectors. eic.

$895

HIGH-FIDELITY
AMIC SPEAKER

- Husky 25-watt dynamic speaker
for usc where perfect reproduc-
| tion is desired. ldeal for both
7 indoor and ourdoor installations.
12,500 ohm field. i
coil, Regular $40.00
Ilst. MA-2190 .. -

-

AN-104-B. I -wave at 100-156 MC; formerly used
with SCR-522, 274-N, ARC-5. A palr make an
excellent broad-band dipole for FM rcception.
Coaxial connector In bage. Very sturdy;: use any-

w}\e-r; 153 39

Telephone Repeater EE-99-A,
designed for telephone and
Intercom systems, either port-
able ot fixed station. Com-

plete with tubes, battery
cable and plugs, carrying case
and strap, less Datteries.

Brand new, $1995

n
MA-E99. ... _......

FREE CATALOG

. pnow—right from this ad! Send 25% deposit—
S:;dser:-lp C.O.Di‘for balance plus postage. Write, too,
for Mid-America's big, complete catalog that lists
trundreds and hundreds of hard-to-get {tems—ALL
AT UNBEATABLE LOW PRICES! Mail nrders and
catalog requests to store address—Dept. TE 18,

MID*AMERICA €O.Inc.
STORE . WAREHOUSE
2412 5, MICHIGAN AVE. 2307 S. ARCHER AYE.
CHICAGO 16, ILL. ~  CHICAGD 16, ILL.

o
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cross-modulating  stations. Under
these conditions, the intermodulat-
ing signal would be blanked out by
the strong desired signal. Nuisance
interference would result whenever
the two opposing stations were on
the air without the presence of the
desired station.

The nuisance interference could
be controlled by the use of selective
calling equipment which would open
the receiver only when the desired
station was on the air. Fig. 3 shows
the various levels of interfering sig-
nals produced on Channel A as a
result of the products of intermodu-
lation from B and C combining in
the non-linear receiver circuits.
Note that for a signal level of 5,000
to 50,000 microvolts on Channel B,
a 50 microvolt signal is required on
Channel C to produce a 1 microvolt
interfering signal on Channel A.
When we drop the Channel B signal
to 1,000 microvolts, a 500 microvolt
signal is required on C to produce 1
microvolt on A. Note also that, with
1,000 microvolts on Channel B,
there is no level of signal on Chan-
nel C which will produce 10 micro-
volts of interfering signal on Chan-
nel A,

Under conditions where the sig-
rals from Channel B and Channel
C are both strong, the interfering
signal produced on Channel A is
very severe. For 10,000 microvolts
on Channel C and 5,000 microvolts
on Channel B, more than 100 micro-
volts of interfering signal will be
introduced in the receiver on the
desired Channel A. Such signal
levels will not be encountered in
mobile receiver applications, but
they may readily be encountered in
land station installations where
efficient antennas are located at
very high elevations and where little
attention is paid to the location of
the opposing stations. The conditions
considered here are for 120 and 240
ke separation of the two opposing
stations. The conditions are some-
what more severe as we deal with
60 kc and 120 kc separation. The
intermodulation produced where the
opposing stations are =60 kc¢ rela-
tive to the desired station is entirely
negligible.

The production of intermodula-
tion is a more severe limiting factor
in the design of systems for success-
ful adjacent and alternate channel
operation in the same area than the
factor of selectivity in the IF chan-
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JEWEL
BEARINGY

Designed for long, ecomomi-

eal, trouble-free service in:
AMMETERS. VOLTME.
TERS, AIRCRAFT IN.
STRUMENTS, WEATHER
RECORDERS, DIAL
GAUGES, TIMING INSTRU-
MENTS, WATTMETERS,
COMPASSES,
all testing and record-
ing instrumenta.

QUTSTANDING FEATURES

@ Unitorm fine qualit

® Low coefficient of friction

® High shock resistance

@ Special bevel-turned mountings for
top efficiency

® Manufactured to your specifica-

tions
® Held 1o precise folerances

Furnished unset, or set in screws or
bushings.

Sappfu're BearingsAvailable in all jewel styles
and mountings. Further Information On Request

RICHARD I BIRD & €0., e

1 SPRUCE STREET, WALTHAM, MASS.

Serving Industry With Fine Jewels
Since 1913

P NN

AMMUNITION BOXES & CHUTES

ITH over 25

years of expe-
rience, the name
Lavelle stands for en-
gineering  skill and
precision in the manu-
facture of stainless
steel and aluminum
alloy products requir-
ing the application of
technical knowledge,
exacting control, and
highly  trained per-
sonnel.

Toel design, re-
search and engineeting
consultation are avail-
able for the develop-
ment of new prejects.

BAFFLES & DEFLECTORS

GALLEY EQUIPMENT

RADAR REFLECTORS

JET COMPONENTS

MUFFS & SHIELDS

FIRE WALLS

EXPERIENCE

+
PRECISION

2!«1».;4‘«
/f

TAIL PIPES]

FOR
Arenage, Ailines.

Mu‘#&m‘!{‘hl

LAVELLE AIRCRAFT CORPORATION

NEWTOWN. Bucks County. PENNA.
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OIL COMNDENSERS
25 mf @ 20000 VDC Aerovox 2
$17.50

1.5 mf @ 6000 VDG Aero\éox'

12.

1.0 mf @ 25 KV......... 360,00
MICA

50
045 mf @ 2000 VDC Sangaéno

00015 mf @ 20 KV, Aerovox

1970-404 . ... ...l $25.00
060 mf @ 20 KV, Sangamo -
Gl $25.00
0051 mf @ 15 KV, Sangamo G¢........... £25.00
006 mf @@ 10 KV, Sangamo G3... .
002 mf @ 15 KV, Sangamo............ ... $20.
Isolating Gapamwl, Cornell-Dubilier PL 1417.
106-110 mmf €2 10 KV AGC (peak) Each....$3.50

MFRS: Send vour requitements for bathtubs.
Micas. Hardware. resistors. & connectors.

RADAR SETS

§03-10CM. SURFACE SEARCH 4. 20 and 80 mile
raoges; Raytheon, 250 KW peak power inpui Lo
2J27 mugnetron. Complete set including: spare
varts, tubes, wave guides and fittings. Send for
further information.

SO13-IDENTICAL TO 809, Complete set. used.
Consists of: transmitter and receiver, PPI scope
modulator, motor alteinater. rectifier, power
unit and new rotating antenna......... $375.00

SN RADAR-GE, low power. 5 and 25 mile ranges.
Uses GL46¢ as pulsed oscillator, 57 ‘*A’ scope.
‘8" band. Extremely compact: ideal for dem-
onstration and laboratory work,
operation. Used, excel. Cond

SE RADAR Sets now in stock. New., Send for
information.

TELEPHONE RELAYS
E\F’ST1 (nolmalh open) 5800 chms, 48 vdc. WE=
............................... $1.15
SPDT, 4850 ohms, 48 vdc. WE¥ D-163482..51.13
Make one. break one, 3.5 ma. 12,000 ohms
Contacts: .5 amp, 50 vde............... ... $1.05
{A complete line of telephone and terminal
equipment in stock. Write for your needs)
Varistors $.95 Ea. Thermistors 3.95 Each
{Western Eleclric) (Western Electric)

D-167176 D-167332 Bead
D-170225 D-170395 Read
D-162356 . D-163392 Bution

All  merchandise guaranteed. Mail orders

promptly filled. All prices, F.O.B. New York
City. Send Money Order or Check. Shipping
charges sent C.O.D. Rated concerns send P.O.

COMMUNICATIONS EQUIPMENT GO,

31-T Liberty St., New York City 7,
Digby 9-4124

"STABILIZED"

JK STABILIZED IF-17W

The IF-17W is one of three new filter
crystals, hermetically sealed which permit
operation from the Arctic 1o the Tropics.
They are silver plated and wire mounted
for higher Q, faster starting and elimina-
tion of sudden shift of peak freguency
characteristics of the old air-gap type. Cut
for low series resistance. Low shunt
capacity approx, 1.8 mmifd., low series
resistance approx. 4,000 obms. Spurious
tesponses are none 2 10 ke. Type IF-17
has pins 050" in dia. spaced ¥3"” centers,
type [F-17L has pins .093” in dia, spaced
15" centers and type IF-17W has the
RMA, Standard wire lead pigtails.

The JAMES KNIGHTS CO.

SANDWICH, ILLINOIS
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nel of the receiver. Power tubes may
be used as rf amplifiers in the re-
ceivers to reduce the amount of
intermodulation, but this approach
seems to be impracticable, since
strong signals would require high
power transmitter tubes as rf am-
plifiers to provide satisfactory
linearity. Intermodulation will not
take place if strong signals are not
allowed to reach the rf tube or mixer
stages.

The one way to prevent the off-
channel strong signals from reach-
ing the amplifier is to introduce a
high degree of selectivity at carrier
frequency. Effective selectivity can-
not be introduced at 150 mc without
the use of extremely high-Q circuits.
To produce such high-@ circuits, it
becomes necessary to resort tc the
use of cavity fAlters with effective
Q’s of the order of 3600.

Fig. 4 shows the selectivity curves
for the Motorola anti-intermodula-
tion cavity for wvarious insertion
losses. In a number of applications,
we have found this cavily to be ex-

| t{remely effective. In one particular

case, intermodulation from three
undesired stations operating on suc-
cessive 120 ke channels produced a
strong signal by intermodulation in
the receiver. This strong signal on
the desired channel blocked out the
talk-back from the mobile unit. The
introduction of the cavity in series
with the receiver reduced the unde-
sired signal levels sufficiently to
wipe out the intermodulation and

' the interfering signal was complete-

ly eliminated.

While the cavity is much too
large for use in mobile units, actual
tests were made with the cavity in
mobile units and it was found to be
very effective in the elimination of
intermodulation problems. For all of
the curves shown, the intermodula-
tion levels are actual measurements
for a particular receiver, This re-
ceiver is designed with intermodula-
tion problems in mind and the
values represent a substantial im-
provement over those encountered
in receivers where no attention is
paid to the problem.

Now the cavity has other uses. In
the operation of a transmitter ad-
jacent to a receiver location where
duplex operation is required, a
strong signal at the receiver will re-
sult in the desensitizing of the re-
ceiver even though no modulation is
transmitted through the IF and de-
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3 Half Waves
in Phase
Instead of 2

By adding an additional
half wave dipole to its
well-known beacon an-
tenna, the Workshop has
stepped up ihe power
gain from 23¢ to 3ty
times that of the ordinary
coaxial dipole.

Other new design features
include a new molded
fiberglass housing for
great'er strength, less
weight, and lower oper-
ating losses,

Design Highlights

e Low angle of radiation
concentrates energy on
the horizon.

e Symmetrical design
makes azimuth pattern
circular.

Can be fed with various
types of transmission
lines. Special fittings
are available for spccml
applications.

Entirely enclosed in non-
metallic housing for
maximum weather pro-
tection.

» Designed specifically for
152-162 me. with a low
SWR over the band.

Awailable for immediate
delivery through author-
ived distributors or your
equipment manufacturer.

THE

WORKSHOP
ASSOCIATES

INCORPORATED

PAT. APP, FOR

Spectalists in High-Frequeney Andennas

66 NEEDHAM STREET
Newton Highlands 61, Mass.
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SAVE MONEY...UsE
FEDERAL

SHORT RUN STAMPINGS

Whenever you need
accurate high quality
stampings from almost
any material, specify
FEDERAL stampings.
You are sure to be
pleased, and you will
save money too!

FASTER DELIVERIES
SAVE YOU TIME!

Speedy shipments
save you valuable
time on design changes
or important experi-
mental work. Helps
you make faster de-
liveries on special
orders.

SEND FOR FREE

A BULLETIN TODAY

modulation system. This effect is
shown whenever the mobile unit is
operating with a weak signal and
the operation of the local transmit-
ter wipes out the reception from the
mobile unit. even though interfer-
ence from the local transmitter is
not received.

For frequency separations be-
tween the transmitted signal and

as little as 400 ke, the introduction
of the cavity profoundly affects the
desensitizing level. In Detroit, dup-
lex operation was possible cver the
entire city limits with the receiving
antennas and 250 watt transmitting
antenna mounted on the same tower,
but with one of the Motorola cavi-
ties installed to control the desen-
sitizing of the receiver.

While the construction of the
cavity appears to be simple, there
is one very important element of
design which is an absolutely essen-
tial refinement for successful opera-
tion. With simple construction and
without means for automatic tem-

| the talk-back or received signal of |

BOOKS

FOR THE

ENGINEER

§ UNDERSTANDING MICROWAYVES
by Victor J. Young

{Chapter Heads}

The Ultra High Frequency Concept
Stationery Charge and its Field « Mog-
netostatics «+ Alternating Current and
Lumped Constants « Transmission Lines
Poynting’s Vector and Maxwell’s
Equotions « Waveguides « Resonant
Cavities + Antennat « Microwave
Oscillators « Rodar ond Cammunico-
tion « Section Two it devated ta de-
scriptions of Microwave Terms, ldeas
ond Theorems. Index.

400 PAGES PRICE $6.00

Treatise on
‘'‘High Frequency Measuring Tech-
nique Using Transmission Lines
by three members of Collins Radie Co.
Research laborotory of Cedor Ropids,
towa. &4 pages, $1.50.

AC CALCULATION CHARTS
by Lorenzen
For student engineers or practising
engineers for whom it provides an-
swer five times faster than slide

FEDERAL

perature compensation, the cavity |
may drift completely off ‘the chan-
nel to which it is tuned with a
comparatively slight change in tem-
The Motorola cavity is
- automatically temperature compen-
sated, sc that the relative length of
the frequency determining element
remains constant over wide ranges
of temperature.

One of the first applications of the
cavity was in Indianapolis, where
two 250 w. police transmitters and
the fire dept. transmitter were to
operate simultaneously from a
single antenna. Under ordinary con-
ditions, the connection of three
transmitters to a single antenna
would tend to produce the division
of power more or less equally among
the two opposed transmitters and
the antenna, so that approximately
one-third of the power would be
radiated from each transmitter.

JOHN F.RIDER Publisher, Inc.

404 FOURTH AVENUE. NEW YORK 16 N Y

TOOL & MFG. COMPANY

3216 Wash. Ave. N., Minneapolis 12, Minn.

Export : Rocke-Internationa! Corp.
13 E. 40th Street, New York 16, N.Y.

- = perature.

IN-RES-CO

NOW AVAILABLE!
Fll Range Reproduction

WIRE WOUND

RESISTORS

Wi 5}5_5,‘3" :3}15 (Rudiol Lead} o mm
min. 3,600 Bhms max. 3
WLA 5/B-5f8" % 318" {.I'.r!ul Lead) 01
- Ohms min. 3,000 Ohms max.

WL—1" % 3/167 (Radinl Load){.01 Obms min. e ; S e
WA= X 318 {Axiol Lend] 10:000  mox. A l'_o:—vclsﬁmnqr\,- lda\felup_fnm.ﬁ in amp-clflers_ cue_'srm.'ly
i g : :  designed to defy obiclescehce ond omiing in s
- 3 " perfarmance. New circuits, new materials and new

processes are actually combined in fhis one amplifier

;. to produce the most sotisfying musical omplifier the
i world has ever known! If you are one of those discrimi-
" nating persons for whom onything less thon the best is
¢ o disappointment, you ore one for whom the ACA-
100DC was desrgned Send {or tecl-n col ln‘rrmure

' AMPLIFIER CORP. of AMERICA

The introduction of a cavity in
each transmitter output circuit effi-
ciently isolated the transmitters to
prevent interaction, so that power
i loss was limited to something less
than 10% and the transmitters
could be operated independently or
simultaneously without interaction
of any kind. The use of the single
antenna will insure the protection of
a 1-to-1 desired to undesired signal
ratio at the receiving point for any
of the transmitters, and thus the

New Economy Line!

Here’s a new line of resis-
tors priced for real economy.
§ Wire wound to a tolerance
; of 1% — higher accuracy
on special order at slightly
higher cost. Write today.

398 - 15 Broadway © New York 13, N Y.

INSTRUMENT
RESISTORS CO.

1036 COMMERCE AVE,
UNION, NEW JERSEY

AMPLIFIER CORP, of AMERICA
B 398 - 15 Broadway © New York 13, N. Y.

APPLICATION-DESIGNED RESISTORS!

84 TELE-TECH ¢ January, 1948

www americanradiohistorv com


www.americanradiohistory.com

160 Volve-Packed Poges of
the LATEST and BEST in

RADIO » TELEVISION and
ELECTRONIC EQUIPMENT
Write for FREE copy. Address Deph. TE-13

RADIO
CORP.

CHICAGO 7 ATLANTA 3
901 W. Jackson Boulevard 265 Peachtree Street
Downtown Chicago Branch: 223 W. Madison Street
LAFAYETTE RADIO CORP.

ELECTRON TUBE
MACHINERY OF Q
ALL TYPES

STANDARD
AND SPECIAL
DESIGN

We specialize in Equipment and
Methods for the Manufacture of

RADIO TUBES
CATHODE RAY TUBES
FLUORESCENT LAMPS
INCANDESCENT LAMPS
NEON TUBES

PHOTO CELLS

X-RAY TUBES

GLASS PRODUCTS

Production or
Laboratory Basis

Manufacturers  contemplating
New Plants or Plant Changes
are invited to consult with us.
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ENGINEERING COMPANY

1313 SEVENTH STREET
NORTH BERGEN, NEW JERSEY, U. &. A,
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effects of intermodulation or cross
interference of all kinds are elimi-
nated. The receivers for the system
are, of course, located at a remote
point.

Sometime ago, the Federal Com-
munications Commission propose
that the 40 mc band should be re-
allocated on the basis of 20 ke chan-
nels, instead of the usual 40 ke
channels. Intermodulation intro-
duces a severe limitation and adja-
cent and alternate channel operation
for the present bandwidths is im-
practicable under some conditions.
Further, the introduction of front-
end selectivity is the only practic-
able way of controlling intermodu-

lation. As the bands are cut and the |

channel spacing becomes closer and
closer, the problems of the control of
intermodulation are increased.

The data available at the present
state of the art indicates that the
halving of channels does not double
the number of channels available for
vse in the same area. Any increase
in channel loading should be ap-
proached on the basis of multiplex-
ing, rather than channel-splitting at
carrier frequency. If the multiplex-
ing is confined to a sharing of the
modulation band, rather than to the
sharing of a carrier, the problems of
stability as well as the problems of

. intermodulation can be brought un-

der proper control.

Of course, it must be remembered
that multiplexing cannot be used
without a degradation of the signal-
to-noise ratio and that the placing of
four communication channels on a
single band will reduce the signal~
to-noise ratio by a factor of four.
However, under conditions where
the range is limited and sufficient
signal level can be provided to in-
sure the proper signal-to-noise
ratio, even with the degradation in-
troduced by muitiplexing, the use
of multiplexing will increase the
channel loading. The splitting of the
carrier channel will be subject to the
same degradation of signal-to-noise
ratio as the multiplexing by sharing
of the modulation band.

Every effort must be made to
push the standards for all factors
relating to adjacent and alternate
channel operation to their limits as
soon as possible. The use of cheap
equipment inadequately designed
for proper protection will waste
valuable spectrum space, and preci-
sion equipment must be used for the
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ELECTRONIC RADIO
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PEERLESS IS
TELEVISION HEADQUARTERS

AVAILABLE NOW!
13—CHANNEL FRONT END
I. F. PICTURE AND SOUND STRIP

TELEVISION
ASSEMBLIES

*Factory-wired, bested,

*Licensed by RCA tubed, ‘and aligned.

COMPLETE — FOR FRONT AND I. F.
PICTURE AND SOUND STRIP

Build 10”7, 12”7, 157, and

20~ direct-view Or pro-

jection-type  television

receivers with these sen- *

sationally low - priced

assemblies. All components are well-known stand-

ard brands and guaranteed to operate when

simple directions are followed.

FRONT END
Completely wired for
all 13 TV channels,

from 44 to 88 mec. and
174 to 216 mo. Channel
Selector and  Sound
sensltivity on one
shaft, 300-ohm an-
tenna input. TUBES:
6J6 Amplifier; 6J6
Converter; 6J6 Oscilla-
tor. SIZE: 514" 1. x
37 w. x T'%” high.

STRIP

(Patents Pending)

ALL. POLLOW-
ING CIRCUIT #
AND

of amplification and
2nd detector—at 26.1

with limiter and is=
eriminator at 21.6 me. (3)
VIDEQ STAGES— 2 stages

of Viden with a frequency re-
sponse of 45 me. (4) ONE D. C.

BESTORER (5) 13TUBES.
(6) SIZE: 13%” 1. % 5 $ 50
w. x 415” h. .
51 sq. inch PICTURE ASSEMBLY

complete with 28 RCA tubes, 12” pm
speaker, and dibole antenna ........ .. $224 91

complete as above, with larger tube ....$254.31
PEERLESS CARRIES COMPLETE STOCKS

OF RCA PARTS AND ACCESSORIES

at Peerless-low prices

Deflection Yoke, Type 20111 $ 8.08
YOKE MOUNTING HOOD, Type 201X1... 1.62
FOCUS COIL, Type 202D ... .. ........ . 5.34
HORIZONTAL OUTPUT TRANSFORMER,

Type 204T1 ... ... .._................... 13.52
HORIZONTAL OUTPUT TRANSFORMER,

Type 21ITL ...t cia e ineeinnnns 9.90
HORIZONTAL OUTPUT TRANSFORMER,

Type 2L1IT2 .. viiiiniiieaninnnn ., 13.38
VERTICAL

............................. 5.28

HE%DI%%%T ]

AL BLOCKING-OSCILLATOR
TRANSFORMER, Type 208T3 ........... 2.68

Listings on this page represent only g fraction

of the huge stock of Television parts and com-

ponenks that are available for immediate delivery
'a.kt1 PEERLESS low prices. Wrlte for current price

sheet,
MINIMUM ORDER $2.00
All prices F.Q.B. Jamaica, N. Y. Please add
postage, Write Dept. @

RADIO

DISTRIBUTORS, INC.
92-32 Merrick Rd., Jomaica 3, N. Y.

Branch: 71 Murray 5t., New York 7, N, Y.
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benefit of the user, the manufac-
turer, and of the Federal Communi-
cations Commission.

Even with the efficient use of all
channels assigned, we are still short
of channels for the proper expansion
of our many mobile services, but we
are not in a strong position to insist
upon the assignment of new channel

space until we have set the stand-
ards for the efficient and effective
use of the channel space already as-
signed. Manufacturers and users
must cooperate toward the end that
large amounts of unsuitable equip-
ment will not be placed in operation
to plague all users of mobile equip-
ment for the next five or ten years.

Central Television Distribution
(Continued from page 48)

combination sound volume-off-on
control and a contrast control. All
other controls are pre-set under
locked doors.

The off-on switch available to the
user is interlocked with both pro-
tective interlock switches and a key
operated off-on switch which pre-
vents the use of the unit when the
rental fee is not paid. The contrast
control is applied to a low level
video amplifier stage. Because the
line level for each channel is main-
tained within close tolerances, it is
unnecessary to have a wide range of
contrast control, and the user gets
a verniler action as a result, which
simplifies adjustment. This is a dis-
tinct advantage over contrast comn-
trol action in complete television re-
ceivers where the contrast control
range must be at least 2000:1 un-
less automatic gain control is in-

corporated. A range of 5:1 has been

found adequate for this service.

The table model viewer contains
the sweep and synchronizing cir-
cuits, the video amplifier, the audio
amplifier and necessary power sup-
plies. It is mounted in a tamper-
proof wooden cabinet which is ap-
proximately 20 in. wide, 13 in. high
and 19 in. deep. Both modern and
pericd styling are available to
match the decor of any room,

The 15 in. and 20 in. viewers have
the same features as the 10 in.
viewer except, of course, higher ac-
celerating voltages are used to ob-
tain adeguate picture brightness
and resolution. These units also
have pushbutton selection of the
television and sound channels and
are mounted in all-metal cabinets.

The use of only two operating
controls plus the pushbutton selec-
tor insures proper operation by the
casual viewer who has had no pre-
vious experience with television.
While the system miight be further
simplified from the viewer stand-
point by eliminating the contrast
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control and monitoring the video
line level even more closely, vari-
ations in the television station out-
put level and individual preferences
as to desired contrast would cause
this to be a distinct limitation on
the performance of the viewers.

Each type of viewer is equipped
with interchangeable connector fit-
tings, and it is possible to discon-
nect viewers and reconnect them
in different outlet locations while
the system is in use.

The economic advantages of Cen-
tral Control Television over com-
plete receiver installations are out-
standing only in relatively large
scale installations. A major item is,
of course, central control cost and
the distribution network. Com-
pletely aside from the operational
advantages both to the management
and the viewer of a central control
system, the central control system
may be expected to be less expen-
sive both in initial cost and upkeep
where 25 or more viewing units are
provided.

Electron Emission
(Continued from page 45)

It is further shown that a straight
line should be obtained if the
logarithm of the current intensity is
plotted against the square of the
angle «. This assumes Maxwellian
distribution of initial tangential
electron velocities. The slope of this
line is a measure of the cathode tem-
perature associated with the particu-
lar velocity distribution.

In the results plotted in Fig. 2, the
currents received in the Faraday cage
in 10™ amp are plotted against the
relative positions of the target slot
in millimeters. The curves are meas-
vred under space-charge limited
conditions; anode voltages and total
cathode-current are marked on each
curve. One curve shows five distinct
maxima, each corresponding to an
elementary pencil and thus indicat-
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ing five separate tangential velocity
groups.

If the squares of the spreading
angle « are plotted against the rela-
tive current intensities in a logarith-
mic scale, a straight line is obtained
in some instances. Thus the experi-
mental values represent a Maxwel-
lian distribution of initial tangential
electron velocities. However, though
the cathode is at 1000°K, the experi-
mental curve correspon'ds to another
cathode temperature, for instance to
700°K. Computations from experi-
mental results thus frequently in-
dicate temperatures which are sub-
stantially different from the actual
cathode temperature.

Moreover, experimental wvalues
obtained from other measurements
do not plot as straight lines, and
therefore do not represent a homo-
geneous cathode temperature but
rather discrete groups of electrons
emitted by cathodes of temperatures
ranging from below T00°K to far
above 1000°K. The pencil appears to
split up in a multiplet of elementary
pencils; sometimes as many as 30
elementaries can be observed. The
pencils seem to spread mainly in the

work.
employing type 1620 Lubes.

Input and 500 ohms
Output 333 ohms 125 ohms }
Impedances 350 ohms 50 ohms Internal

Physical Specificalions—Compensator comes built totally within an 87 x 37 x 127
ehassis with switches projecting from the front, and plug receptacles proiecting

from either the rear or the side.

ARLINGTON ELECTRIC PRODUCTS, INC.

18 West 25th Street New York 10, N. Y.

Igg X 10710 AMP,

0 I 2 3 a
POSITION OF TARGET SLOT IN Tmn —»=—

Fig. 2—Measured current intensity
across width of electron pencil
direction in which the strip cathode

extends.

These somewhat surprising results
have been confirmed by various ex-
periments under different condi-
tions, and the possibility of substan-
tial influences of spurious effects
seems 1o be ruled out.

The present results—i.e., either a
reduction of the temperature of
emission with respect to the cathode
temperature, or, under other cir-
cumstances, a splitting up of the
continuous distribution in discrete
velocity groups—are attributed to
space-charge effects in front of the
cathode. The effect of temperature

reduction might be related to the
known effect of reduction of shot
noise by space charge.

The splitting-up effect is ex-
plained by the influence of space-
charge oscillations which may cause
an uneven withdrawal of current
over the cathode surface. With suit-
able boundary conditions, a standing
wave may be formed in the space
charge, producing a stable pattern
of nodes and antinodes of constant
pitech. The periodic pattern formed
by the splitting of the electron pen-
cils is interpreted as an image of the
nodes and antinodes at the cathode.
If this explanation holds, the wave-
length of the standing waves can be
computed from the angular devia-
tion of the electrons, resulting in a
frequency range from 100° to 10°
cycles.

Standing oscillations can be de-
tected with the great majority of all
cathode systems, the wavelength be-
ing substantially the same for differ-
ent geometrical arrangements, but
the amplitudes, indicated by the
number of elementaries into which
the pencil appears to be spit, vary
over a wide range. '

g ARLINGTON
AUDID
COMPENSATOR

This compensator is designed for use where audio equalization is Tequired. It
is applicable in film recording, dise¢ recording and general broadcast studio
The unit for each channel consists of a two slage “RC*’

200 ohms Insertion Loss—Equipment comes nor-
mally connected for zero loss at 1 Ke.
connections  are
whereby 25 Db gain may be obtained.

amplifier

provided

WAtkins 9-8961

TERMINALS

SMALL METAL STAMPINGS

in accordance with your blueprints

PRECISION PARTS

from Modern Equipment

PATTON-MacGUYER CO.

17 VIRGINIA AVENUE

for
ELECTRIC WIRES

PROVIDENCE 5, R. I

Cornell-Dubilier Condensers—
K-G-T-6250-1-25 MFD 660 V.

Sylvania Tubes—SN 4 Strobotron
Aluminum-Foil 57 wide .00025 G. 1b.

ELECTRONIC SUPPLIES

Mallory CB 605 Condensers—600 V. 10 MFD
Electronic Tubes—GE or Westinghouse

corporation.

#7.25 Ea.
1.40
4.25
3.50

.30 ments.

ENGINEER, SENIOR

Fine opportunity with a large mid-western radio
Must have @ minimum of three
years’ experience in loud-speaker design and
materials used in manufacturing. College educa-
! tion in electronics or equivalent. In replying state
age, education, experience, and salary require-

BOX 1480 TELE-TECH,
480 Lexington Avenue, New York 17, N. Y.

BRADDOCK SUPPLY CO.

1218 GRANITE BLDG., ROCHESTER, N. Y. MAIN 7214
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TYPE SRC-12.-20,-21
FREQUENCY 4400-5000 mc
POWER DUTPUT 5 WATTS MAX.

TYPE SRL-Ta
FREQUENCY 1825-2100 mc
POWER DUTPUT 5 WATTS MAX

NOW AVAILABLE FOR.

e ——

MICROWAVE RELAYS

—

B Four Sperry Rellex Klystron ()su_lla.mm-ﬁh

I]!l(,l()\\/d\e relay S\Bt(,lllb areé now z]\Ell

commercial use. These Klystrons can Be lie_f[__—-———-—-—'; g
either as transmutting types or locaTosertators: —

They can also be used in the laborstor—ashench
oscillators 1 the development of narerowave

TYPE 3K27
FREQUENCY 750-960 mc

B With these new Klystron tubes, refayte Tque — i POWER DUTPUT 1.5 WATTS MAX
are simplified and the mechanical problens L e
assoclated with lower frequency relay—timks are

overcome.

relav systems.

& Other Sperry Klystrons are n\';lil%ﬁ.;m___-__—
frequency range lrom 500 to 12,0005 megacveles
Our Industrial Department will glacvsipph

further mformation.

e TYPE SRC-B SERIES
N i | FREQUENCY 5500-7800 mc*
- 4 & POWER DUTPUT 4.5 WATTS MAX,

'i

@

Sperry Gyroscope Company, Inc. [N

EXECUTIVE OFFICES: GREAT NECK, NEW YORK « DIVISION OF THE SPERRY CORPORATIO
NEW YORK - CLEVELAND - NEW ORLEANS - LOS ANGELES « SAN FRANCISE0 - SEATTLE— §

\“4"'/
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Miniatures are musts —

HE TREND IS TO MINIATURES . .. because
Tminiatures offer the engineer a wider latitude
in equipment designs for 2!/ services where light
weight and compaciness are necessary or desir-
able...and RCA has complements of miniatures

for virtually all applications.

Feature for feature, RCA miniatures incorpo-
rate electrical and mechanical characteristics that
set them apart from other tubes for midget and

TUBE DEPARTMENT

There are more than 50 types of RCA miniatures

most miniatures are RCA

auto sets . .. TV and FM receivers . . . commercial

and business equipment.

RCA Application Engineers will be pleased to
consult with you on the use of RCA miniatures in
your future equipment designs. For further in-
formation write RCA, Commercial Engineering,
Section AR-63, Harrison, New Jersey.

The Fountainhead of Modern Tube Development is RCA

2| RADIO CORPORATION of AMERICA

k=

HARRISON. N. J.
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