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When we say Radio Noise-Proofed—we mean Radio
Noise-Proofed. It's no trick at all to build a filter
with high attenuation at 150 ke or 100 mc . . . but
to build one which filters at 150 kc and 100 mc—as
well as all points in between—is a horse of a differ-
ent color. We know because we've done it. It is
only one of hundreds of available types of C-D

Quietones designed for all standard requirements.

£.PROOFED WITH

Among these stock types there may be one which
will bring the interference level of your product
down to the level of a rabbit’s bark. If notr, we
invite you to make full use of our Radio noise-
proofing laboratory and our engineers for the de-
velopment of a unit designed for your specific needs.

Your inquiries are cordially invited. Address:
Cornell-Dubilier Electric Corporation, Dept. J10,
South Plainfield, N. J. Other large plants in New

Mass., and Providence, R. I.

Make Your Product More Saleable
With C-D Quietone Radio Noise

Filters and Spark Suppressors

MICA o DYKANOL e PAPER o ELECTROLYTIC

www americanradiohistorv com
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For Versatility of Application &

PLATE VOLTAGE

95

TYPE 4.654 — I N

138 100 265

FOWER QUTPUT

°
Conservatively rated at 65
watts plate-dissipation, the
4-65A is physically small
and radiation cooled.

®
Instant heating thoriated
tungsten 6.0 volt filament
makes the 4-65A ideally
suited for mobile applica-
tion.

®
Self-supported internal ele-

ments. No troublesome in-
sulators,

°
Direct electron beaming

without the use of deflect-
ing hardware.

°
Low interelectrode capaci-
tances. (Average} Grid-Plate
.08 puf, Input 8.0 upf, Out-
put 2.1 uuf.

®
Unique design shields input
output  circuits, simplifies
neutralization.

®
Non - emitting processed
grid provides stability famil-
iar to all Eimac tetrodes.

pE——e———
Follow the Leaders to

ABE The Power for R-F

MORE FOR

YOUR

ACTUAL SIZE

Write today for additional data.

EXPCORT AGENTS: FRAZAR & HANSEN. 301 CLAY ST.. SAN FRANCISCO 11, CALIFORNIA, U.S.A,

www americanradiohistorv com
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Versatile operation . , . the
4.65A has excellent power
characteristics over a plate
voltage range from 400 to
3000 volts, as indicated in
the above chart,

®
Base pins fit available com-
mercial sockets.

®
Low inductance and short
direct leads enable opera-
tion above 200 mc.

®
Processed metal plate as-
sures long tube life and can
really “"take it"" during mo-
mentary overloads.

°
Hard glass envelope provides
resistance to thermal shock
and permits high tempera-
ture operation,

®
Proven design, the 4-65A is
a physically smaller version
of the 4-125A,

°
In the 4-65A you get truly
"“more for your vacuum tube
dollar’

PRICE $14.50
]

EITEL-McCULLOUGH, Inc.]
179 San Mateo Ave.,
San Bruno, California

TELE .TECH ¢ October. 1947
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ON THE JOB AT WESTERN ELECTRIC!

Soldering the many million connections in the
nationwide exchanges of the Bell System is a big job
for anybody’s money. That’s why Western Electric
has purchased almost 200,000 G-E INDUSTRIAL
SOLDERING IRONS. Efficient, reliable tools are
needed for the big job they have to do.

These G-E INDUSTRIAL SOLDERING IRONS
are built for heavy-duty, continuous service. Famous

Calrodf heaters assure fast, dependable heat and long
life. Ironclad-copper tips have calorized threads to
prevent “freezing in.”” Simplified disassembly features
make them easy to maintain right on the spot.

For complete information on G-E INDUSTRIAL
SOLDERING IRONS, ask your G-E Apparatus Dis-
tributor for free bulletin GEA-4519A. Or, write Dept.
675-170, General Electric Company, Schenectady, N. Y.
tReg. U. 8. Par. Of.

TELE-TECH +* October. 1947
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Your magnetic recorder
cah help fight death

® By training young doctors In step-by-step surgery, the

magnetic recorder you design can be a teaching weapon
that helps fight pain and death. There are endless fields in
teaching alone that magnetic recording will revolutionize.
Start this vast new industry off right—look into Brush

Magnetic recording components today:

Brush Paper Tape

1~ Basy to handle L Excellent high frequency repro-

duction ai slow speed
1w Extreme low-cost

- . L~ Permanent . . . excellent repro-
1~ Can be edited . . . spliced duction for several thousand
1~ Greater dynamic range play-backs

p* Minimum wear on heads 1~ Easily erased

Brush Paper Tape will be furnished you either in bulk in varying widths or
1225 ff. Va-inch wide on a metal reel {(standard item).

These latest developments in magnefic recording equipment can now be
obtained for radic combinations and other uses. Brush engineers are ready
1o assist you in your particular use of magnetic recording components.

The Brush Development Co.

3405 Perkins Ave. @ Cleveland 14, Ohio

www americanradiohistorv com
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SYLVANIA'S LOCK-IN TUBE...

. . « the radio tube whose electricat
and mechanical superiority makes
it the ideal choice for equipment
on the road, in the oir, marine
radar, FM and Television.

Lock-/n 'tube- is at home
ON THE ROAD!

- STAYS PUT IN SOCKET...THROUGH LOCK-IN FEATURE

No matter how rough the road, the tubes
in an automobile’s radio will stay in their
sockets—if those tubes are Sylvania Lock-
Ins. Specially designed ‘‘lock-in’’ locating
lug on each tube keeps them in place—
assuring firm socket contact.

COMPACT...MADE TO FIT SMALL SPACES

~This famous Sylvania product is ideal for

use in space-seeking modern vehicles—it’s
so compact . . . has reduced overall height
and weight. Further, it has no top cap con-
nection . . . overhead wires are eliminated!

MECHANICALLY RUGGED. ..ELECTRICALLY SUPERIOR

Improved tube mount keeps elements rug-
gedly supported on all sides. There are few
welded joints and no soldered joints—the
elements can’t warp or weave, Electrical
features include: short, direct connectibns.
. . . less loss; getter located on top . . .
shorts eliminated by separation of getter
material from leads. See Sylvamia Distril-
utors or write Radio Division, Emporium, Pa.

MAKERS OF RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULSS'

TELE - TECH

*
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" FLAME TEST. ..

Burn it with a match!

It won't harm this
capaciler—no wax to
run...nothing to burn.

WATER TEST. ..
Dip it in boiling water!
Try this too, with an ordi:
nary wex tubular. Then

/ test both.

PULL TEST.

Pull as hard as you can!
The wire will break befere
you can pull out the leads!

£ SANGAMO Type 30 Plastic Molded Paper Tubular Capacitors

The surprising tests pictured
above clearly demonstrate the
ability of the Sangamec Type 30
Molded Paper Tubular Capaci-
tors to deliver better performance
and greater dependability under
usual service conditions. Sangamo
is first to develop paper tubulars
—molded, like micas, in a thermo-
setting plastic! The same advan-
tages gained by molded micas are
now available in these new plastic
molded paper tubulars: capacity
values are permanently sealed in
—moisture is sealed out; the life
of these capacitors is prolonged;
no way to melt at higher tem-
peratures; and their molded case
resists damage to the cartridge.
These advantages mean better

characteristics, longer life and
more dependable performance.

Sangamo Plastic Molded Paper
Tubular Capacitors are readily
applicable wherever ordinary
paper capacitors are used—they
can even be applied at higher
temperatures! They are economi-

are Definitely Superior!

cal too—since they give longer
life and more satisfactory per-
formance.

Radio service men will readily
appreciate the many improve-
ments embodied in the new
Sangamo Type 30 Capacitors.
They are definitely superior.

Write for the new Sangamo Capacitor Catalog

www americanradiohistorv com
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REVERE SHEET AND STRIP
FOR DRAWN PARTS

OR all products to be made by drawing,

stamping and similar sheet metal operations,
Revere sheet and strip of copper or brass offer
maximum ease of fabrication. Not only are these
metals naturally ductile, but they benefit further
from the metallurgical skill which Revere has
gained in 146 years of experience.

In composition, mechanical properties, grain
size, dimensions and finish, you will find Revere
metals highly uniform. They enable you to set
up economical production methods and adhere
to them. They can help you produce better
products at faster production rates, with less
scrap and fewer rejects.

Revere copper, brass and bronze lend them-
selves readily to the widest variety of finishing
operations—polishing, lacquering, electro-plat-
ing. With these superior materials it is easy to

TELE -TECH * Oclober, 1947

make radio shields and similar products beau-
tiful as well as serviceable.

That is why wise buyers place their orders
with Revere for such mill products as—Copper
and Copper Alloys: Sheet and Plate, Roll and
Strip, Rod and Bar, Tube and Pipe, Extruded
Shapes, Forgings— Aluminum Alloys: Tubing,
Extruded Shapes, Forgings— Magnesium Alloys:
Sheet and Plate, Rod and Bar, Tubing, Extruded
Shapes, Forgings—Steel: Electric Welded Steel
Tube. We solicit your orders for these materials.

REVERE

COPPER AND BRASS INCORPORATED
Fonnded by Panl Revere in 1801
230 Park Avenue, New York 17, N. Y.

Milis: Baltimore, Md.; Chicago, 1ll.; Detvoit, Mich.;
New Bedford. Mass.; Rome, N. Y.
Sales Offices in Principal Cities, Distributors Everywhere.

www americanradiohistorv com
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LrLVvER
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YOU GET SOLID SILVER

SIMGLE I MLAY =

CONDUCTIVITY

PLUS ECONOMY WITH GENERAL PLATE

LAMINATED SILVER METALS AND CONTACTS

The big advantage of General Plate
Laminated Silver metals and contacts
is that they give you solid silver per-
formance at a fraction of the cost of
solid silver. Why — because General
Plate permanently bonds a thin layer of
silver to suitable inexpensive base meral,
thus providing a contact face of high
electrical conductivity at the point of
actual contact.

General Plate Laminated silver metals,
for your own fabrication, are available

GENERAL PLATE DIVISION

of Metals & Controls Corporation

ATTLEBORO,

MASSACHUSETTS
50 Church St., New York, N. Y.; 205 W. Wacker Drive, Chicago, Ill.; 2635 Page Drive

with silver bonded to base metal in the
following stock ... overlay, single or
double inlay and single ordoubleedgelay.
General Plate contacts and fabricated
parts are made to customers specifi-
cations. Laminated contact buttoans,
rivets and screw type contacts are also
available. Advantages include — long
contact life, greater strength, easier fabri-
cation, and easier soldering, brazing or
spot welding.

Write, specifying your problems.

METAL

VISIT OUR SHOW

EXHIBIT CHICAGO
Oct. 18-24

TELE-TECH -
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MILLIONTH OF
A secomvo.”

From 4000 to 29,000 accelerating
volts applied by means of the new

special-application indicator com-
bination—Type 281 Indicator and
Ty pe 286 High-Voltage Power Sup-
ply—shown below.

®
ot
o

DU MONT Type 5 n:p
~ CATHODE- RAY TUB

>
4
S
w
I
-
»

Du Mont Type SRP-A, the very latest thing in high-voltage
cathode-ray tubes, may now be exploited io its fullest capabili-
fies for a performance that equals or even excels the cold-cath-
ode, continuously-evacuated, bulky and costly cathode-ray tube.
This means thal writing rates of 400 in./us. may now be re-
corded. A special indicator combination of the Du Mont Type
281 Cathode-ray Indicator and the Type 286 High-Voltage Power
Supply provides accelerating potentials up to 29 kv. Thus the
Du Mont Type SRP-A tube now extends the range of cathode-ray
oscillography into an unlimited field of advanced applications.

b Details on request

© ALLEN B. DU MONT LABORATORIES, INC.

ALLEN B. DUMONT LABORATORIES, INC.,, PASSAIC, NEW JERSEY -

TELE - TECH + October. 1347
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THE NUMBER OF UNITS DEPENDS UPON THE SIZE OF YOUR STATION

CAMERA MONITOR SECTION © PROGRAM MONITOR SECTION “PREVIEW MONITOR SECTION
(ONE FOR EACH STUDIO = : i |
AND FILM CAMERA)

HOUSING END SECTION  CAMERA CONTROL UNIT HOUSING END SECTION
(LEFT END) - (RIGHT END)
- i [

www americanradiohistorv com
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ERE'S THE CONSOLE that puts all elec-
H tronic aspects of television program-
ming “under control.” It is already in
production at RCA.

It contains everything needed to moni-
tor, control, and switch the ouputs of
several studio cameras, film cameras, and
network lines. Ten-inch Kinescopes pro-
vide for direct picture monitoring; five-
inch oscilloscopes for checking video
signal components. It’s easy to increase
picture brilliance, adjust' contrast and
focus, and provide proper shading.

Complete switching facilities centralize
the selection of all video program mate-
rial . . . permit push-button control of
closeups, long shots, film commercials,
station breaks, fadeouts, dissolves, wipes,
special effects, and network programs.

Engineered with on eye fo the future:

The number of units in the video console
depends upon the size of your station.
RCA’s “add-a-unit” design gives you a
compact, unified console, whatever your
: requirements . . . permits easy and eco-
- nomical addition of extra units as your

station expands...without discard of any
original equipment.

To co-ordinate all programming direc-
tions, provision has been made for tele-
phone communication between key studio
personnel and console operators.

This console, we believe, is a real
contribution to convenient video control

. another step by RCA to assure
smoother studio programming . .. more in-
teresting, more dramatic telecasting. We'll
be glad to make specific recommendations
for your station. Write Dept. 9§-],

Normally, two operators haadle a
S-monitor console ... one selecrs the
“on-rhe-air’ signal at the requesc of
the program director; the other has
rechnical control of the individual
cameras.

LEVISION BROADCAST EQUIPMENT

DIO CORPORATION of AMERICA

www americanradiohistorv com
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Compare the new and the old! Note the square,
even form with minimum bow of the new DI-
FORMED tube—previously made only on special

order, at higher prices.

Now all Precision square and rectangular paper tubes and coil bases are DI-FORMED
as a standard process. And you now get these DI-FORMED tubes at no extra cost.

Use these New Precision DI-FORMED Coil Bases to

save money — speed production and increase efficiency of
your equipment—because DI-FORMED coil bases have greater
strength; permit avtomatic stacking; eliminate forming coils
after winding; and cores can be engineered closer, saving wire.

Write for new Mandrel List (many new sizes now!} ond ask for samples of Precison DI-FORMED
Tubes — to your specificotions.

PRECISION PAPER TUBE COMPANY

7057 WEST CHARLESTON STREET CHICAGO 47, ILLINOIS
12 TELE-TECH +* October, 1947

www americanradiohistorv com


www.americanradiohistory.com

A GOOD TRADEMARK

4

BUT A REFLECTION OF

Wary OTHERS

WHEN a manufacturer puts lis tr'adéinﬁik

on a-product, he ﬂot only expresses pride in his 6wn',
workmanship, but also his confidence in the trade-
marks of those who have contributed vital parts to its
manufacture. For instance — on capacitors he recog—r'
nizes the El-Meﬁco branding as his assurance of

trustworthy performance under all operating conditions.

JOBBERS & DISTRIBUTORS Foreign Radio and Electronic Manufacturers

Arco Electronics, communicate direct with our Export Deparf-
135 Liberty St., New York, N. Y.

is.Sole Agent for E)-Mente Products
in  United States & Canada

THE ELECTRO MOTIVE MFG. CO., Inc., Willimantic, Conn.

Write on firm letterhead
; for somples ond
cotaleg.
MOLDED MICA MICA TRIMMER

CAPACITORS

ment at Willimantic, Conn., for information.

TELE-TECH ¢ October. 1947 13
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From America’s Most Modern Baking Equipment...

Money Can Buy

HE accurate temperature controlled baking oven pictured here is just one of many

similar ovens which constitute the most modern installation devoted exclusively to
vitreous enamel resistors. This precision baking process is a final essential operation in
the careful technique of producing high quahlv dependable resistors.

The enamel, prepared under a carefully controlled chemical process, applied in even
thickness, insuring the ultimate in protection to the winding element to afford uniform
heat distribution, is then baked just right to insure a smooth surface of low porosity—
safeguarded against moisture, fumes and heat—resulting in a resistor tamous {or strength
and durability.

These resistors, too, emnploy the largest wire size obtainable, aflording maximum area for
heat dissipation consistent with specified resistance value. They have terminal bands of
one piece, Mallory alloy construction, electrically and miechbanically bonded to the re-
sistance element. They are conservatively rated. And thev include a sufficient variety of
types and sizes to meet all imporiant needs.

There are standard fixed and adjustable types . . . "RIN" resistors that meet characteristics
“I” of the joint Army-Navy specifications . . . ferrule resistors for use with conventional
fuse mounting clips No better resistors can be bought for the money, and you need not
be satisfied with less. Gel the Lomplete story m the newly-published Mallory Vitreous
Eunamel Resistor Engineering Data Folder. Ask for Form No. VER-1146. Erad

(FIX’ED AND VARIABL")

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

14 TELE - TECH + Octlober, 1947
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The Sperry Klystron Tube to generate
ultra-high-frequency microwaves . . .
The Spervy Klystron Signal Source
to “power”™ them . . .
The Sperry Microline to test and
measure them . .,

These Sperry products equip the
rescarch or development engineer
with every essential for development
or design in the microwave field.

The Sperry Klystron Tube has -

already opened up new vistas in

TELE -TECH * October, 1947

navigation, aviation, medicine, radio,
telephone, telegrapl and other major
applications. It s ready for many new
local oseillator or high power uses.
The Sperry Microline includes
practically every type of instrument
for quick precision measurements
m the/microwave [requency bands.

EXtGUTWE OFFICES : GREAT NECK, NEW YORK
NEW ORLEANS

HEW YORK CLEVELAND

www americanradiohistorv com

’J\§perry Gyroscope Company, Inc. '

This Sperry service — beginning
with @ source of nicrowave energy,
the Klystron, and following through
with every facility for measuring’
microwaves — opens up almost un-
Limited possibilities for industry.

We will be glad to supply cow-
plete mformation.

DIVISION OF THE SPERRY CORPORATION
LOS ANGELES SAN FRANCISCO SEATTLE

15
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Early in the history ol
dent that further grow

\‘_j\ﬁio telephony, it became evi-
ﬁ}‘:d ‘expansion depended on
accurate means of controlling frequency. The first step
toward solving this problem was taken in 1915, when a
Laboratories engineer developed the first master oscil-
lator cireuit for radio transmission. In 1917 came the
first crystal controlled oscillator using Rochelle salt
crystal, and in 1921 the application of quartz erystals.

’ this team brings

From that day on, the Bell Laboratories-Western
Electric team has pionecred in piezoelectric crystals.
New cuts, new circuit applications, new methods of
growing synthetic crystals. . . all have been developed
by the Laboratories, and all mass-produced by Western
Electric.

Today it is only natural to look first to this team for
the finest quartz and synthetic erystalsfor every service

1917 A Rochelle salt crystal used by

a Laborataries researcher to
control an oscillator circuit was the grands
daddy of all frequency control erystals,

192 Quartz crystal applied to fre-

quency control af station WEAF
by Bell Luborotories-Western Electric teom
greatly improved the quality of distant
broadcast reception and faid foundation
for more economical use of radio spectrum.

]92 Oscillating 100,000 fimes a sec-

ond, a crystal served as the
heartbeat of a clock far more accurdie
than any other timing device ever before
made by man.

193 Low - temperature - coeficient

crystal cuts, utilizing for the first
time specially selected shape, dimensions,
and orientation characteristics, increased
frequency stability, made temperature
controls needless for certain applications.

1934 “Traffic Cop” crystal filter de-
signed by Bell Labarataries ta
act as separatian unit for carrier systems.

Led to today's 480 channel caaxial systems
and single sideband radio transmitters.

www americanradiohistorv com

1939 GT crystal serves as a “fre-
quency madel.” Used for Loran,
extremely accurate time signals (stable to

1 part in 10%), and other applicatians re-
quiring utmost frequency stability.

TELE-TECH <+ October, 1947
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you more accurate frequency control

]942 Wire mounted crystal unit de-
signed to withstand shocks and
rough usage went into battle in tanks ond
with artillery, Western Electric produced
over 10,000,000 of these.

TODAY reom 12 cciaiso

MC.—that's the extraordinary”

range covered by Western Elec-
tric’s new line of crystal units for
oscillator control. All are engi-
neered to assure maximum fre-
quency for a given design, with
increased accuracy and stability.

1943 Synthetic ADP crystals, first

mass-produced by this team,
were also first applied by the team to un-
derwater sound in Sonar, Change acoustic
energy into electric and vice versa.

1947 EDT crystals — the first low-co-

efficient synthetics — are being
grown on Western Electric’s crystal farms
ta replace hard-to-get natural quartz.

"BELL TELEPHONE LABORATORIES
World’s largest orgunization devoted exclusively to' research
‘and development in all phases of electrical communicat

Western Eleclric

Manufucturing unit of the Bell System and the nation’s lurgest -
producer of communications equipment.
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Authorized WAA Electronics Distributors

EASTERN

Avutomatic Radio Mfg, Co., Inc.

122 Brookline Ave.

Boston, Mass.

Carr Industries, Inc.

1269 Atlantic Ave.

Brooklyn, New York, N. Y,

Tobe Deutschmann Corp.

863 Washington Street

Canton, Mass.

Electronic Corp. of America

353 West 48th Street

New York, N. Y.

Emerson Radio &
Phonograph Corp.

76 Ninth Ave.

New York, N. Y.

General Electric Co.

Bldg. 267; 1 River Road

Schenectady, N. Y.

General Electronics, Inc.

1819 Broadway

New York, N. Y.

Hammarlund Mfg. Co., Inc.

460 West 34th Street

New York, N. Y.

Hytron Radio & Electronics Corp.

76 LaFayette 5t.

Salem, Mass.

Johanns & Keegan Co_, Inc.
62 Pearl St.
New York, N. Y.

Nework Electric Co., Inc.
242 West 55th St.
New York, N, Y.

Radio Parts Distributing Co.
128 West Olney Road
Norfolk, Va.

Smith-Meeker Engineering Co.
125 Barclay Street
New York, N. Y.

Standard Arcturus Corp.
99 Sussex Ave.
Nework, New Jersey

Sylvania Electric Products, Inc.
Emporium, Po.

Technical Apparatus Co.
165 Washington St.
Boston, Mass.

Tung-Sol Lamp Works, inc.
95 Eighth Ave.

Newark, New Jersey

W. & H. Avidation Carp.
Municipal Airpart
Rochester, New York

MIDWESTERN

American Condenser Co.
4410 N. Ravenswood Ave.
Chicago, lll.

Belmont Radio Corp.

3633 S. Racine Ave,
Chicago, Il

Electro-Voice, Inc.
Carroll & Cecil Streets
Buchanan, Michigan
Essex Wire Corp.
1601 Wall Street

Fort Wayne, Indiana

E. F. Johnson Co.
206 Second Ave., S. W.
Waseca, Minnesota

SOUTHERN

Navigation Instrument Co., Inc.
P. O. Box 7001, Heights Station
Houston, Texas

Southern Electronic Co.
512 St. Charles Street
New Orleans, La.

PACIFIC

Cole Instrument Co.
1320 5. Grand Avenve
Los Angeles, Calif.

Hoffman Radio Corp.
3761 S. Hill Street
Los Angeles, Calif.

DFFICE OF AIRCRAFT AND ELECTRONICS DISPOSAL

JOBBERS
WHOLESALERS
MANUFACTURERS

You’'ll save—save—save when you pur-
chase surplus electronic equipment from
these Approved Distributors. They are
offering electronic tubes, devices and
equipment which were declared surplus
by the Armed Forces. Fill your needs—
now—while Inventories still permit large
purchases and wide selection.

Purchasing of this equipment has
been simplified to a high degree. These
WAA Approved Distributors were se-
lected on a basis of their ability to serve
you intelligently and efficiently. Write,
phone or visit your nearest Approved
Distributor for information concerning
inventories, prices and delivery arrange-
ments. You'll find you can “Save with
Surplus’.

WAR ASSETS ADMINISTRATION | A =

Offices located at: Atianta + Birmingham » Beston « Charloite

Chicagoe » Cincinnali « Cleveland « Denver - Detroit « Grand Prairie,

Tex. » Helena « Houston - Jacksonville « Kansas City, Mo. = LiHie Rock, Ark,
Los Angeles ¢ Lovisville » Minneapolis « Nashville - New Orleans « New York
Omaha + Philodelphia « Portland, Ore. » Richmond « St Louis « Salt Loke City

1322

Son Anptonio » S3an Francisco « Seattle « Spokane » Tulsa
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For high Q
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ﬁ" A megohm at —3 volts. E"’ .5 megohm at —1 volt. ,v" 2 megohms at —5 volts.
E’ .8 megohm at —2 volts. ’v" .35 megohm at — 1% volt. A@“ 2 megohms at —18 volts.

E" A megohm at —33 volts. dv‘ .25 megohm at —100 volts.

The 6,000,000th crystal Sylvania made was a 1N38!
Let Sylvania engineers help you with your crystal problems.

— - g ==l

Erectronics Division, Dept. E1410, 500 Fifth Avenue, New York 18, N. Y.

MAKERS OF ELECTRONIC DEVICES; RADIO TUBES; CATHODE RAY TUBES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULBS

TELE -TECH * October, 1947
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with these NEW G-E
DISCHARGE CAPACITORS

If you are trying to squeeze a lot of energy-storage capacity into a
small space to reduce the size or weight of your equipment, General
Electric’s new Pyranol} discharge capacitors may be your answer.
These new, smaller, lighter units give economical energy storage, fast
discharge and service reliability.

Ambienr temperature operating limits, at rated voltage, range from
0 to 50 C and the capacitance tolerances, measured at 25 C, are = 10
per cent. The performance of these compact units has been thoroughly
proved by several years of laboratory tests and actual operating experi-
ence in the field.

G-E light-duty energy-storage capacitors are particularly applicable
to light-metal welding equipment and flash photography apparatus,
Check the table below for ratings and dimensions of G-E discharge
capacitors to fit your application . . . or mark Bulletin GEA-4646 on
the coupon for more details. tPyranol is G.E.’s noninflammable liquid dielectric.

PREFERRED RATINGS

. Base Dimensions | Approx-
Number Height imate
D-C Wait- of Catalog over Case Net
Volf‘uge Mot Seconds | Bush- | Number 'I.'er- H_ellght +2% | In,| Weight
Rating . minals | =55 In| —. L, 3z 1. i
ings =1 |n 3z h- in
te T Pounds
2000 | 25 50 *2 25F903| S5 413 334 | 4% 5.2
2000 | 28 56 *2 | 25F939| S17 43 3% | 4% 53
2000 | 4q 80 1 25F910| 814 7 334 | 4% 7.8
2500 | 25.5 |80 1 25F911| 8lY4 7 3% | 4% 7.8
3000 | 60 270 2 1 14F312| 1515 136 | 4 8 26
3350 {17.8 100 1 25F912| 814 7 33y |4 7.8
4000 |25 /50 [200/400| 3 14F309| 1514 134 | 4 8 26
4000 | 100 800 2 14F3N| 158 | 1274 | sl | 1315 56
4000 | 12.5 [100 1 26F906| 634 514 334 | 4%k 6
5000 |25 /50 |313/625| 3 14F305| 1514 13| 434 1314 46
6000 | 55 990 2 14F313| 167% 1224 | sl |12 56
4000 | 25 450 2 14F314| 165 135 | 4 8 26

* Cup-type bushings with solder lug terminals.

TWO NEW MOUNTINGS
FOR GENERAL-PURPOSE RELAY
Two new mounting arrange-
ments, this “plug-in’’ design and a
“back-connected” design, have
been added to General Electric’s
line of CR2790-E magnetic relays.
These two new forms, plus the
open and enclosed forms, make
this general-purpose 10-amp relay
useful in a wide variety of electronic
applications.

Three contact arrangements—
single-pole, single-throw; double-
pole, “single-throw; double-pole,
double-throw—provide further de-
sign flexibility. Heavy silver con-
tacts are rated 10 amps continuous
at 115/230 volts, 60 cycles, and
will safely close on 45 amps and
open on 20 amps maximum. Check
Bulletin GEA-4668 below for
further details.

REMOTE POSITIONS
THAT ARE ACCURATE

Here’s a war baby that you can use.
I's General Electric’s d-c selsyn
position-indicating equipment per-
fected for vse in military aircraft.
Transmitters will operate in am-
bient temperatures from —85 F to
158 F and are weather resistant.
Indicators are available in two
standard sizes: 17g-inch dial with
1 or 2 pointers, and 234-inch dial
with 1, 2, 3 or 4 pointers, Dial
markings to meet your needs

www americanradiohistorv com
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A single d-c selsyn indicating
system consumes about 2 watts at
either 12 or 24 volts. Any reason-
able lead length may be used. Two
indicating instruments can be op-
erated from the same transmitter.
Bulletin GET-1304 is a compre-
hensive application manual you’ll
find extremely helpful. Check it on
the coupon.

COILS TESTED FAST
. . . INDUCTIVELY

High-speed production testing of
small coils 1s possible with this
General Electric low-voltage tester
which shows the presence of short-
circuited turns in unmounted coils
and gives an approximate indica-
tion of the number of short-cir-
cuited turns. The coil to be tested
is simply slipped over the core
which projects from the top of the
case; the coil’s leads need not be
connected,

small motors, relays, radios, trans-
formers, instruments and other
equipment. It is simple to operate,
and connects to any 115-volt, GO-
cycle supply. More information on
this and another equipment for
high-potential coil testing is in-
cluded in Bulletin GEA-4539 . . .
check it on the coupon below.

PRECISION RECTIFIER
IN A SMALL PACKAGE

These new, small a-c to d-c power
supplies are specially built for pre-
cision workwith cathode-ray tubes,
television camera tubes, radar indi-
cator scopes, electron microscopes

. . or any job where good regula-
tion, light weight and small size
are primary considerations. These
hermetically sealed, oil-filled power
supplies will furnish up to 7 kv at
0.1 ma. They have a regulation of
3.5% per 0.1 ma d-c output, or
better.

i

They easily meet Army and Navy
specifications both in design and
ability to withstand mechanical
shock and operate continuously for
long periods of time. Designed to

operate in ambient temperatures
from —40 Cto +60 C. For quota-
tion and further data, write General
Electric Co., Section 642-15, Sche-
nectady 5, N. Y., giving complete
information on application pro-
posed and specifications required.

25 G’s WON'T BOTHER
THIS SWITCHETTE

Shock, vibration, humidity and
heat are all taken in stride by Gen-
eral Electric’s tiny, light-weight
Switchette. It is built to operate in
ambient temperatures from 200 F
to —70 F, and is tested at 959,
relative humidity. Low-inertia mov-
ing parts, high contact force, and

double-break contact structure
make it unusually resistant to vibra-
tion. Phenolic-resin operating but-
ton assures safety from live parts
during operation.

The snap-action contact construc-
tion gives the Switcherte a high
current rating. Because of negligi-
ble contact bounce and lightness of
moving parts, it is particularly well
suited to application on electronic
equipment. Bulletins GEA-3818
and GEA-4259 give electrical and
mechanical details; check coupon
below.

GENERAL ELECTRIC COMPANY, Sec. E 642-15

Apparatus Department, Schenectady 5, N. Y.
Please send me:
e .GEA-40646
..GEA-4668
ceeee....GEA-4539

(Discharge capacitors)
(Magnetic relays)
{Coil testers)

o ...GET-1304 {Position indicotors)

...GEA-3818 .
77777777777 GEA.-4259 L (Switchettes)

This tester was designed for |
mﬂDUfﬂCture_rS who want accurate | NOTE: More data available in Sweets’ File for Product Designers
tests of coils before assembly in |

COMPaANY e e,

Address
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IN MODERN TELEGRAPHIC
COMMUNICATIONS

Features

® Simple aperolion requiring only the closing of pawer
switches.

® Oven-controlled, stable crystal oscillator assures tun-
ing stability.

® Reception of frequency shift signals with &= 425 cycle
deviotion,

® Provides reception in 2-20 mc ronge normally. A
wider range is also available an order.

® low impedence interconnections permit voried installo-
tien arrangements.

® Tropicalized for resistance ta fungus.
® Power-Saurce — Conventional 115v, 60 cycle AC.
BASIC INSTALLATION

FSR FSL
RECEIVER LIMITER

DUAL OIYERSITY INSTALLATION

FSK
XEYER

PRINTER

FSL
LIMITER

FSR FSL
REGEIVER LINITER

DUAL DIVERSITY USING SEPARATE DAY ANO NIGHT FREQUENCIES

FSR
RECEIVER

FSK
XEYER

0
FRINTER

FsL
LIMITER

FSH
KEVER
T0
PRINTER

FSL
LIMITER

FSR
RECEIVER

Figure Neoo ) Typeead FSDR Lugsablarionn
The FSR Receiver, the FSL Limiter and the FSK Keyer ore the
three units comprising this equipment and the use of multiple
FSR's ond FSL's mokes passible space or frequency diversity
or both.

Please write our Sales Engineering Deportment far FSDR
baeklet.

NATIONAL'S
FREQUENCY SHIFT
DIVERSITY RECEIVING
EQUIPMENT

After two years of actual field operation, the National
Company presents receiving equipment for a most
modern and dependable system of telegraphic com-
munications.

Airlines, shipping lines, oil companies and other indus-
trial organizations requiring a communications nefwork
essentially free from interruptions can now secure a
thoroughly dependable system that will save time,
money and man-hours,

This equipment, providing reception in the 2 to 20 mc
range, is especially suitable for teletypewriter opera-
tions but may also be employed with other types of
terminal equipment.

MNMational

Company, Inc.
Dept. No. 13
Malden, Mass.

MAKERS OF LIFETIME RADIO EQUIPMENT

22
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The FIRST NAME in

Selenium Rectifiers

HERE'S HOW IT CAN HELP KEEP YOUR
PRODUCTS FIRST IN THE FIELD.

WHEN YOUR ELECTRICAL PRODUCTS go into service, your reputation as a manufacturer
goes with them! Their competitive survival depends on how they stand up on the job —
on the quality and dependability of every component. And where your equipment calls
for conversion of AC to DC, a reciifier is one of those vital parts. That’s where Federal
can really help you build a better product—one that will stay first in the field.

Here’s why, The Selenium Rectifier —an IT&T development —was first introduced

into this country by Federal, in 1938. And, by constant research and improvement,

Federal Selenium Rectifiers have continued to set the industry’s standards for long,

trouble-free service. The initials “FTR” on any Selenium Rectifier mean the last word
in_engineering excellence and eraftsmanship—the inherent relia-
bility that assures longer life for your preduct.

There's a Federal Selenium Rectifier for practically every power-
conversion job—from milliwatts to kilowatts. For complete infor-
mation, write Federal today. Dept. F366.

Federal Telephone and Kadio (orporation

SELENIUM and INTELIN DIVISION, 1000 Passaic Ave., East Newark, New lersey

research and engineering organization, of which the Federal

Telecommunication Laboratories, Mutley, N. J.. is @ unit. In Canada:—Federal Electric Manufacturing Company, Lid., Montreal, P. Q.

KEEPING FEDERAL YEARS AHEAD...is |T&T's world-wide)
Export Distributors :—Injernational Standard Electric Corp. 67 Broad St., N.Y.

TELE -TECH <« CQctober, 1847 23
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TO MEET AN OUTSTANDING OSCILLOGRAPHIC NEED,
lwo grredl noomees gel, @e/f%

B LOW PRICED

A ﬁm QSCILOGRAPR
_ RECORD. CAMERA
Type M-k » SIMPLE DESIGN

: " c\\\ogmp\\
aplete for any 5" 0% . i ’ DESCRIPTIVE BULLETIN

P CONVENIENT

™
Co ON REQUEST .

MANUFACTURED FOR DU MONT BY EASTMAN KODAK COMPANY

£ ALLEN B.DUMONT LABORATORES, ING

ALLEN B. DUMONT LABORATORIES, INC., PASSAIC, NEW JERSEY * CABLE ADDRESS: ALBEEDU, PASSAIC, N. J., U. 5. A,
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Formerly the TELE.communications TECH-nical Section of

slacrdyglle Wy Us Tl s

O. H. CALDWELL, EDITOR * M. CLEMENTS, PUBLISHER * 480 LEXINGTON AVE., NEW YORK (17}, N. Y.

STANDARDIZE PARTS, CUT COSTS is formula
for lower receiver prices being proposed by some
factory engineers. If radio industry will accept sim-
plified lines of resistors, capacitors, transformers, coils.
ete., and adopt wider tolerances, parts stockpiles could
be built up during slack times, spreading employment
and production, while reducing unit costs. These in
turn would be reflected clear through to the retail
sales price.

ADD “FRE-MO-DYNE” to your list of cireuit names.
Hazeltine Corp. has adopted this moniker for new FRE-
quency MOD-ulation circuit being used by its licensees
to produce FM sets as low as $39. Simple additions will
also make possible conversion of already-built AM
table models in AM-FM sets, thus making saleable pres-
ent overstock of small AM sets.

UNUSED GOV'T CHANNELS NEEDED BY TV
are still being denied public use by IRAC, the Govern-
ment committee which has first choice in allocation of
nation’s wavelengths. This Interdepartmental body has
no contacts with the television industry and cannot
even discuss situation with industry leaders; mean-
while FCC stands powerless to help TV applicants for
these unused Government wavelengths suitable for at
least 12 additional TV channels.

“IRAC No. 1, FCC GETS LEAVINGS” is situation
created by U. S. radio law which gives to the Presi-
dent first rights to take any needed wavelengths for
Army, Navy and Government use. However, it is
the Interdepartmental Radio Allocations Committee
(IRAC), made up of radio representatives of Wash-
ington Departments, which exercises this function for
the President. After various Department bureaucrats
have taken freely such channels as they think they
may sometime need, remaining channels are turned
over to FCC to be allocated for use of civilian public.
Result is that valuable badly-needed frequencies are

The New International

often long held unused, with FFCC and public helpless
to put these idle channels to work.

FD $15,000,000 RADIO MARKET is revealed from
survey of fire departments of U.S., both regular and
volunteer, showing that in next few years they plan to
spend $150,000,000 on modernization and rehabilitation
of fire-fighting services. Of whole amount, ten per cent
of above will go for radio equipment, transmitters,
receivers, transceivers, etc.

FCC’s DROPPING OF TV No. 1 channel was finally
dztermined as the best solution of the sharing prob-
lem, though Washington experts admit it does mnot
solve a number of the interference difficulties—for ex-
ample, interference from TV transmitters to the ILS
receivers on aircraft about to land on fog-bound air-
strips near large cities. Services moving into No. 1,
when and if available, will be mostly police, fire and
emergency services; no taxicabs or busses.

POINT FOR PETRILLQ. When the music czar de-
creed that AFMusicians may not, without extra com-
pensation, broadcast simultaneously over AM and FM
stations, he dredged up one card that perked up some
of his severest critics. If simultaneous AM-FM pro-
gramming were permitted, Petrillo argued, it would
put unmingled FM operators at a disadvantage with
respect to the opulent AM-FM group, These AM-
FM’ers would get their FM programs free, AM pay-
ing the way. But the pure and poor FM operators
have no such sugar daddy. For their musicians they
must shell out from a crimped pocketbook.

RADIO EMBARGOES. To conserve dollar credits,
some foreign nations, notably Mexico, have taken steps
to curtail the linportation of U. 8. radios. Add to this
the fierce competitive struggle already being waged
for the export market and it becomes remarkably
clear that U. S. radio manufacturers are on the re-
ceiving end of a curved ball.

In This Issue

FREQUENCY ALLOCATIONS FOR THE WESTERN HEMISPHERE

Just completed and adopted by the International Radio Conference meeting at Atlantic City, as this issue goes fo press,

TELE-TECH vpresents on following pages the complete tabulation of frequency assignments for the regional classification

comprising North and South America

TELE -TECH ¢ October, 1947
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TV Intercarrier Sound System

By L. W. PARKER, Television Consultant, Little Neck. N. Y.

A simple explanation of the method of deriving sound programs in a

receiver by noting difference frequency between video and sound channels

* The sound in present day re-
ceivers is frequency modulated,
and is received by a more-or-iess
conventional FM sound receiver,
where the RF and converter stages
are used in common with the pic-
ture receiver. This saves from two
to three tubes in the sound re-
celver and one tuning operation
handles both signals. However,
this system has, among others, the
disadvantage that the sound IF is
dependent on the local oscillator
which has a tendency to drift, in
the case of fixed tuning and suffers
a small permanent change after
several months of use. For this
reason, it is usually necessary to
provide for readjusting the fre-
quency manually. As little as 50 ke
inaccuracy of the local oscillator
may result in distortion of the
sound. This represents at 200 mc.
a change of less than 0.025%, which
can hardly be maintained over
long periods of time with a con-
tinuously tuned oscillator tuned at
the factory and using switches to
insert the various tuning units.

Recently some continuously
tuned units which improve this
situation somewhat were intro-
duced. However, such units are ex-
pensive, and do not solve the
problem of frequency drift during
warm-up, except when retuned, in
some cases, several times.

In the system introduced by the
writer, the sound intermediate
frequency does not depend on the
local oscillator. It is based on for-
tuitous relations in the modulation
gystems in television use: ampli-
iude modulated video carrier and
frequency modulated sound carri-
er transmitted simultaneously and

28

HE system described here,

which is being critically
studied in  many research
laboratories, seems to intro-
duce a simplification of the
television reception problem.
The method, designated by
the above title by the FCC,
was proposed by Parker a
few vears ago. The possibil-
ity s shown of reducing the
number of tubes in a receiver
and of simplifying reception
in other regards by the use of
TRF methods.

P PIX
. F cony 1F oLT, A
AME, 08c e ame.

Fig. 1—Television reception by the stand-
ard {above) and by the intercarrier system
(below)

TRAN'

/ !
4.5 MG —

BIGTURE
CARRIER-

SOUND
CARRIER |

Fig. 2—Typical pas;sband cha;&cteristics
desired. showing (above) location of reson-
ant frequency of the sound trap

www americanradiohistorv com

separated by 4.5 mec. The frequen-
¢y tolerances which must be
maintained are still under discus-
sion but it seems that a variation
jimit of about 5 kc¢ might become
standard, at least on the lower
bands.

By heterodyning the FM car-
rier, which is modulated with the
sound program, with the AM car-
rier, a difference frequency is ob-
tained which contains all the
sound intelligence. To understand
the details of ils operation, let us
examine the block diagrams, Fig.
1A and 1B. In Fig. 1A the con-
ventional picture and sound sys-
tem is illustrated. The RF and
converter sections are common to
the picture and sound. After this,
however, they are separated from
one another and each has its chain
of components.

In the new system, as shown in
Fig. 1B, the separation of the
picture and sound channels does
not take place until the very last
tube in the picture receiver. Ob-
viously, the gain of both the en-
tire picture IF channel and video
stages is effective in amplifying
the sound signal in the new sys-
tem, but it turns out that this gain
is somewhat lower than for the
picture signal.

As was stated, the FM sound
signal is separated in the RF
spectrum by 4.5 me from the pic-
ture signal. About 4.3 mc of the
space between the carriers is taken
up by the picture signal sidebands.
This additional sound signal 4.5
mc higher is treated in the new
system just as another sideband
and after the second detector it
yvields a 4.5 mc signal.

TELE - TECH < CQclober. 1947
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It is necessary to prevent this
4.5 mc signal from reaching the
kinescope, as will be explained
later. This can be done simply by
placing some kind of filter ahead
of it, to reduce the amplitude of
the 4.5 mc signal, while the 4.5
mc FM signal can be separated
from the picture signal by permit-
ting only 4.5 mc and nearby sig-
nals to pass through a filter to the
FM discriminator.

FM Program Reception

In addition to receiving sound
for television, sometimes it is re-
quired that the television set be
able to reproduce the frequency
modulated broadcasting stations in
the 100 mc band. With conven-
tional receiving equipment this
merely means the ability to work
from 88-108 mc. Continuously
tuned units, of course, have this
ability inherently, Switch tuned
units may have one or two extra
switch points for this band and an
oscillator trimmer to cover the
range. This latter method is wide-
ly used, although the resulting FM
receiver is poor, due to wvarious
reasons.

One reason for this is that the
television sound discriminator is
required to demodulate a 25 ke
FM excursion, while the standard
FM sound is three 1{iimes that
much. Therefore, the Q of the
discriminator coil when using
television sound can be higher and
greater AF output voltage is ob-
tained on a given frequency ex-
cursion. This advantage has to be
Iost when using the set for FM
broadcast reception as well as
television, unless a complicated
switch circuit be added. Another
reason for poor performance is the
fact that unless continuous tuning
is used both in the RF amplifier
and converter stages, in addition
to the oscillator, low RF gain and
poor image rejection may be ex-
pecited. In spite of these and a
number of additional disadvan-
tages, many sets are still being
made to perform dual functions,

When using the new sound sys-
tem for FM broadcast reception,
an additional carrier has to be
generated to take the place of the
picture carrier. For example, 1if
the sound IF is to be 21.25 mc and
the picture IF is 25.75 mc, then a
local oscillator at this latier fre-

TELE -TECH -+ Oclober, 1947
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Fig, 3—I(left} Heterodyning elfects with

large amplitude CW signals, compared
with smaller amplifude signal levels in
Fig. 4 (at right)

quency is required in order to
help generate the 4.5 mc beat fre-
quency. This oscillator may be one
of the 25.75 mc IF amplifier stages,
made to oscillate by switching the
appropriate values of reactances
into its circuit or there may be a
separate oscillator tube for this
purpose. This latter arrangement
is preferred.

In Fig. 1B the additional oscil-
lator intended for FM broadcast
reception is indicated with dotted

T

AMP

CONV.
Qsc

lines. The use of such an oscillator
is, ot course, optional. It is not
expected that after FM sets be-
come popular the television re-
ceiver will be used for receiving
M breadcasting. The application
of the above described principles
present a number of new prob-
lems.

Conventional video IF ampli-
fiers contain sound traps to elimi-
nate audio frequency interference
from the picture. In this system
the sound signals must not be
eliminated or reduced too much
since they need to appear in con-
siderable amplitude at the output
of the picture receiver. There-
fore, the sound traps are used to
reduce the slope of the resonance
curve in the neighborhood of the
sound frequency, putting in a
small shelf as shown in Fig. 2.

This can be made by tuning an
absorption trap near the sound IF
frequency. The curve of absorp-
tion for such a trap is shown at
the top of the figure.

As is readily seen, the point of
greatest absorption is not exactly
on the sound carrier but a little
off toward the picture carrier. The
final result is a resonance curve
with unchanging amplitude near
the FM carrier. This eliminates the
partial demodulation of the FM

6ALS
DETECTOR

DISCRIMINATOR

Fig. 5—Simplified diagram of an intercarrier television receiver. The BAG7 video stage is
shown connecied fo the modulation grid of a conventional calhode ray tube through a
special sound filter
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signal. Such demodulation would
generate audio frequencies which
would be amplified by the video
frequency amplifier and degrade
the picture.

Three factors need adjustment
in these absorption traps: The
frequency, the coupling, and the
Q. By using a frequency modulated
signal generator (wobbulator), it
is possible to obtain an oscillo-
gram of the resonance curve; then
by empirical adjustment of the
above constants, the desired curve
can be made. It is expected that
in mass production the coupling
and @ will be set without testing,
and a simple screwdriver adjust-
ment for the frequency will be
sufficient to obtain the desired
curve,

The importance of proper ad-
justment of these traps should not
be over-emphasized. It was found
that even if the traps were tuned
directly on the sound frequency,
the recelver still operated fairly.
The AF signal dropped consider-
ably, but by using the full gain
of the circuit, as shown in Fig. 5,
there was enough volume to give
satisfactory performance in a not
too noisy room.

Limiter is Optional

The use of the limiter ahead of
the discriminator is optional. If a
great enough ratio of amplitudes
is maintained between the picture
and sound carriers before they
reach the second detector, substan-
tially no amplitude modulation oc-
curs on the 4.5 mc FM carrier,
even when the picture carrier is
amplitude modulated. Since this
usually appears as a paradox to
most people not well acquainted
with the heterodyne phenomenon,
it will be explained further and
demonstrated graphically.

In Fig. 3A is the envelope of a
large-amplitude continuous wave.
Under it at Fig. 3B is the envelope
of a small-gmplitude continuous
wave of slightly different frequen-
cy. This frequency difference is not
illusirated, but has to be assumed.
The sum of these two envelopes is
shown in Fig. 3C. Due to the dif-
ference in the frequency of the
two heterodyning waves, there is
a ripple on top of the resultant
envelope. As one frequency
changes relative to the other, there
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is a point where they are in phase.
Here the resultant is the arith-

metical sum of the two waves. On

another point in Fig. 3C the two
waves are exactly in opposing
phase. This is in the valley of the
envelope, where the resultant
wave of Fig. 3C is the arithmetical
difference of the two heterodyning
waves. Therefore, the peak-to-
peak amplitude of the beat fre-
quency is equal to the peak-to-
peak amplitude of the smaller one
of the two heterodyning waves.

130,000
N

4 Eq

Fig. 8—Equivalent circuit of the final video
amplifier tube, type B6AG7, of Fig. 5

In Fig. 4, the large-amplitude
wave was reduced to twice the
amplitude of the smaller one. The
sum of these two waves in Fig. 4C
still has the same ripple or beat
amplitude as before. Obviously
then, wave A may be amplitude
modulated and vary between the
limits shown on Figs. 3 and 4,
without transferring this modula-
tion to the resultant beat ampli-
tude.

While it can be shown mathe-
matically that this is not strictly
50, due to the beat frequency con-
taining harmonics, for our purpose
it is near enough to be considered
true.

The only condition that must be
met is, that the smaller of the two
waves must always remain con-
siderably smaller than the larger
wave. This must be so even when
the larger wave drops its ampli-
tude due to modulation.

Sound May Be AM

It is interesting to note that the
sound need not be FM when using
this system. It could be separated
from the amplitude modulated
picture carrier by the above de-
scribed means even if it were itself
amplitude modulated.

Separation of the two modula-
tions is inherent in the system.
Consequently, the use of a limiter
to eliminate amplitude modulation
from the FM signal at times may
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not be justified. If a limiter is used
its function is mainly to eliminate
extraneous noises. These noises,
however, are in most cases not
very disturbing. For this reason
cheaper sets may be made without
limiters. In such cases the sound
carrier amplitude has to be more
attenuated than when a limiter is
used.

It is not practical to set an ac-
curate upper limit for the sound
carrier amplitude since this am-
plitude varies between sets due to
production wvariations. For this
reason, wide limits, such as the
following, are advisable. The am-
plitude of the sound carrier, as
shown in Fig. 2, should be between
1% and 5% of the full amplitude
of the resonance curve. This re-
sults in a considerable variation of
audio sensitivity but it can be
compensated for by higher audio
gain in the AF amplifier. All re-
ceivers of the same vintage, of
course, have the same kind of
AF amplifier; they differ only in
the adjustment of the wvolume-
control.

Functional Diagram

Fig. 5 illustrates a combination
circuit and block diagram of a
simple television receiver using
this system. The parts unchanged
by the use of the new system are
indicated as blocks. All the new
information is in detail.

The last tube in the stagger-
tuned IF amplifier is shown in
detail to illustrate the use of the
absorption trap. This trap helps
to eliminate the sound from the
picture and was described above.

The diode detector following the
last IF amplifier is conventional.
The wvideo amplifier is also con-
ventional except for the parallel
resonant circuit in series with its
plate. This is the resonant circuit
that takes off the 4.5 me frequency
modulated carrier for the sound.

It was stated before that the
sound carrier is attenuated to the
point where its amplitude may be
in the order of 1% to 5% of the
picture carrier. Since this can vary
over wide limits, we may assume
for the following discussion that
it happens to be 1% of the great-
est picture signal. This greatest
picture signal is 809 of the peak

{(Continued on page 94)
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New Frequency Allocations

Set

Atlantic City Conference completes global spectrum master-

plan dividing World into four Regions for 10 ke to 10,500 me

® After four months of continuous
work, delegates to the 71 countries
participating in the International
Radio Conference which opened in
Atlantic City, N. J. on May 15 this
year, have determined on what is
generally believed to be an equit-
able division of the radio spectrum
from the low end at 10 ke to the
extreme high end at 10,500 me.
There has accordingly heen issued
a new table of frequency alloca-
tions designating the particular
bands in which all services may
operate throughout the world.

Prime object of the new alloca-
tions, of course, has been to assure
operation of the maximum number
of essential services without inter-
ference between them. To this end,
the general rules for the assign-
ment and use of frequencies spe-
cifically state that “the countries

that are members of the Union ad-
hering to the regulations agree
that in assigning frequencies to
stations . . . they will make assign-
ments in accordance with the table
of allocations’.

One important change has been
made in the method of making al-
locations. Under the new set-up
there are three Regions and a
Worldwide category. Heretofore
there have been but two Regions—
General and European. The
Worldwide category takes the
place of the two former Regions.
The three new Regions have been
added for the purpose of permit-
ting certain exceptions to the
Worldwide allocations.

Region 1 under the new arrange-
ment covers most of Europe and
all of Africa; Region 2, in which
the United States will have great-

est interest, includes North Amer-
ica, South  America, Hawali,
Greenland and all the northern
islands. Region 3 includes Asia
and Oceania.

The complete table of allocations
with its voluminous explanatory
footnotes is designated Document
874 and comprises some 33 type-
written pages. As compiled for
presentation with this issue of
Tele-Tech. the table includes only
those allocations designaled for
Region 2, which includes World-
wide as a matter of course.

The allocations table was to be
signed by each country’s delegate
about Sept. 15, after which each
government would ratify the as-
signments. It is likely that the new
allocations will not become effec-
tive until some time in 1949, prob-
ably with little or no change.

Frequency Allocations for the Western Hemisphere

Frequency Service
KC

10-14. . iuen ... Radin Navigatinn®

24-7T0..... .. .Fixed, Maritime Mobile* (1)

70-90............ ixed, Maritime Mobile (1)

90-110. ... ... ... Fixed, Maritime Mobile (1}
{4) Radio Navigation*

110-130.......... Fixed, Maritime Mobile

130-130.......... Fixed (8), Maritime Mobile

150-160.,........ Fixed, Maritime Mobile

160-200. ......... {13) Tixed

200-285.. ..., ... . Acropautical Mobile, (14) Arra-
nautical Radio Navigalion

285-335.. ..., {16) Maritime Raodio Navigation
(radio heacons)

325-4085. .. ....... (17, 18, 19, 20) Aeronautical
Mohile® Aeronautical Radio Nai-
ealion®

403-41%3. .. ... ... (23) Aeronawtical Mohile, Aero-

nautical Radio Navigation, Mavi-
time Radie Navigation, (radio di-
recting fiuding)
£15-490.......... (24, 25) Maritime MNohile®
490-510.......... (26) Maritime Mabile, (qistross
and calling)*®

510-525......... . Xobile

525-535 . Mobile

$35-1605 Broadeasting™

1605-1800........ Aeronautical Radio  Nuvigalion,
Fixed, Mobile

1800-2000........ Amateyr, Fixed, Mobile Excepl
Aeronautical Mobile (33) Radio-
narigation

2000-2065........ Fixed, Mobile

2065-2105. ... ... .(7) Maritime Mobile

2105-2300........ {37) Pixcd, AMobile

2300-2495........ Broadeasting. Fized, (37) Mohile

2495-2505. .. ..... Standard Frequency
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Frequency Service
KC

Fixad, Mobile
eronautical Mebile®

2505-2850
2850-302

3025-3155. . . Aoronautical Mobile*

3155-3200. ....... Fixed, Alobile DBxeept Acronauli-
cal Mobile

3200-3230. ....... Broadeasting®,  Fixed®, Mohile
Except deronautical Mobile*

3230-3400........ Broadcasting®,  Fixed®, Modbiiv
Except  Aeronautical Mobile®

3400-3500. . ... ... Aeronautical Mobile*

3500-4000. .. ... .. Amateur, Fised, Mobile Except
Acronaulieal Mobile

4000-40063........ Fixed* .

4063-4438...... .. {39) Marilime Mobile*

4438-4650........ Fixed. Mobile Except \erongwnii-
cal Afobile

1650-4700. .. ... . . Aeronanlical Mobile*

4700-4750. ... ... Acronautical Mobile*

4750-4850, .. ... .. Broadeasting Wived

4850-4965...... .. Broadeasting*, Fixed*, Land Mo-
bile*

4995-5005., ....... Standard Frequency™

3005-3060. .. ... .. Broadeasling®, Wixed*

5060-5250........ Fixed#

5250-5450........ Fixed, Laud Mobile

5450-3480........4 Acronanticat Mobile

§480-5680. Agronautical Mobile®

5680-5730. 2

5730-5950 3

5950-6200........ Broadeasting™

6200-6525. . ... ... Maritime Mobile*

6525-6685.. ... .../ Aeronautical Mobile®

6635-6765........ Aeronautical Mobile*

68763-7000........ Fixed*

7000-7100....... .4 Amateur*®

7100-7300... ..., .2 Amateur

7300-8195. . ... ... Fived®
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Frequency Servite
KC

8165-8313........ (42} Marltime Mehile® _
3815-8985......... \eronauiical Mebile*
$065-9040. .. ... . Aerconautical Mobile*
9040-9500. ... . ... IPixed®
9500-9775 . Droadcasting®
9775-99 Fixed*

9995-10003 . . standard Frequency™
10005-10100 \eronauiical Mahile®
10100-111%4...... Tixed*

. Aeronaulieal Mobile#*
. Aeronaulical Mobile*

11175-11276.. ..
11275-11400... ..

11400-11700. .. ... [ixed®
11700-11975. ... .. Broadcasting®
11975-12330. ... .. Fised*
12330-13200...... Maritime Mebile®
13200-13260, .. . .. .Acronautieal Aphile®
3260-13360. .. ... Acronautical Mobile®
13360-14000... ... (46) Fixed*
14000-14350. . . .. _Amalew®
14350-14990, ... .. Iixed#
14990-15010. ... .. Staupdard Fregueney®
15010-15100. .. ... Acronantical Mobile*
13100-15450. .. .. Broadeasling™
15450-16460, .. ... Fived*
16460-17360... . .. (42) Maritime Mobile*
17360-17700... ... Pixed*
17700-17900 Broadecasting®

17900-17970.
17070-18030.

. Aeronantical Mobile®
-Acronautical Mobile*

18030-19990 Fixed*

19990-20010. .. ... Standard Frequency*
20010-21000. . . .. .Fixed*
21000-21450. . . ... Amateur*
21450-21750.... .. Broadeasting*
31750-21850... ... Tixed*

21850-22000. ... .. ¢ Aeronautical Fixed¥

Aeronautical Mobile*
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Frequency Service

29000-227329. . . ,, N

Taritime Mobile®
22720-23200. .. .., Fixed*
23200-23350. .. ... Aeroraulical Fixed®

Aeronautical Mobile®
Fixed*, (50) Land Mobile
Standard Fregueney®

23330-24990. .,
24000-25010.

25010-23500. . ... . Fixed*. Mohile Except Aeronauti-
. cal Mobile*

25600-26100. .. ... Broadeasting*

26100-27300...... Fixed*, (53) Mohile Lxcept Aero-
~ nautical obile=

27500-28000. ... .. Fixed Mobile

28000-29700. ... ... Amatcur*

Megacyctes

39.7-29.44, ... .., Fixed, Mobile

29.44-2050. .., ... Broadeasting, Fixed, Aobile

3852—5‘5234 oo Amateur

29.54-29.72. . .. .. . Broadcasting, Fived, Mohile
29._7_2-29.78. . -Fixed, Mobile

28.76-29.8%. . -Broadeasting, Fixed, Mobile

88-100 . Broadeasting®

100-108. . Broudcasting

108-118. .. ... - Acronautical Radio Navigation*
118-132. ... .. - Aeronautieal Mobile

NOTE-—An asterisk(*) following a gervice
designation indicates that allocation has
heen made on a Worldwide basis. Explana-
tory notes are nninbered and include only
those nctes which apply specifically  to
Worldwide and Region 2 allocations, Nntes
referring  to  other Regions have been
ainitted. Where the number in parenthesis
(1, etc.) appears at the lelft of a section
the note refers to all the services listed
under that allocation. Where the number in
parenthesis appears at the right, the toot-
note applies to that specific service.

(1)—_Limited to coastal lelegraph stalions
using unmodulated emissions (A1),

(4)—The development of long distance ra-
dionavigational systems s authorized in
this baud wbich will become exclusively
allocated wholly or in part for the use of
any one such system as soon as it is inter-
nationally adopted.

{Ty—Limited to ship stations (telegraphy
exclusively),

(8)—The fixed service is authorized, pro-
vided no harmful interference is caused to
ship telegraphy in the North Atlantic and
the Mediterranean arcas.

(13)-~Priori_ty is given to the aeronantical
fixed service in northern areas which arc
subject ts auroral disturbances.

(14)fP1~io\jiLy is given to the aeronautical
radionavigalivn service in Region 2, China,
India, and Pakistan.

(16)—Tn Region 2 the aeronautical radio-
navigation service is permitted in the
band 285-325 ke provided that no harm-
ful interferenee is caused to the mmari-
time radionavigation service,

(17)—The aeronantical radionavigation ser-
vice has priority cxcept in New Zealund.

(18)—In Region 1. the frequency 334 ke
is the general calling frequency for air-
craft stations operating in the band 325-
105 Iee.

(19)—This band is allocated cxclusively to
the aeronautlical mobile and acronautical
radionavigation services. Nevertheless, in
the European Area, subject to authoriza-
tion by the Convention concluded by the
next ¥uropean Administrative Broadcasi-
ing Conference and the conditions spe-
cified in that Convention, the Administra~
tions concerned may place in the bands
325-365 k¢ and 385-405 ke those of ihe
following broadcasting stations which will
not cause harmful interference to the
#eronautical mobile and aeronautical ra-
dionavigation services. The broadeasting
stations now in operation in the whole
of the band 325-105 Lc¢ are;—DRBanska
Bystrica, Bergen, Finnmark, Lulea.

(20)—The fixed stations in Scandinavia now
operutiug in the bana 3§5-395 k¢ may con-
tinue to do so by special arrangement.

(23)——_111 Region 2, the aeronautical radio-
navigation service has priority over Lhe
acronautical mabile service,

{R4)---The band 413-490 kc is allocated ex-
elusively to the maritime mobile service
on a world-wide basis and the band 510-
525 ke is allocated exclusively ta that
service in Region 1. Nevertheless, in the
Eurcpean Area, subject to authorization
by the Convention concluded by the next
European Administrative Broadcasting
Conference and Ic the conditions specified
in that Convention, the Administration
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Service

Frequency

Fixed. Mobile

CAmateur®

. nateur

L Fixed, Mobile

.Broadeasting, Tixed, obile
Fixed, Mobile

\mateur

ixed, (83} Mobile
......Fixed®, Mobile*

.. ... Acronantical Radio  Navigatio

333.4-420. .. ... .. Itixed®, (86, 87) Aohile

420-450. . ... ... Aevonaulical Radio  Navigation®,
(%8, 89y Amatewr®

450-460. ... ... CAeronaulical  Radio  Navigation,

ixed, {89) Mohile

460-470, ... ..., Fixed*, Alohile*

470-385. ... .. . Broadeasting®

585-610.... .. Broadeasting

G10-9.10. ... {91, 92) Broadeasting®

940-260 . .. Fixed

960-1215. .. .Acronanlieal Radio Navigalion®

1215-1300. .
1300-16650

(04 Amatewr®
(97) Aervonautical Radio Naviga-
tion

concerned may place in the bands 415-485
ke and 515-323 ke such of the following
hroadcasting stations as will not cause
harmtful interference te (he marilime mo-
bile gervice:—Geneva, Hamar, Innsbruck,
Qestersund, Oulu,

{23)—Limitcd to telcgraphy,

(26) —The frequency 360 kc is the inter-
national dislress and calling [requency.

{33)—1In any particular area the LORAN
svstem of radionavigation operates either
on 1850 or 1950 ke, the Dband occupied
being 1800-1900 ke or 1%400-2000 ke, Any of
the antharized services may employ
whichever of these two bands is not re-
quired for LORAN on condition that they
do mnot eause harmful interference to
LORAN,

{37)—TIn Region 2, provision will be made
for ecoastal telegraphy in the maritime
mobile scrvice by special arrangement.

{39)—In the hands 4063-1133 kc and 4408-
4438 ke, fixed stations of limited wpower
may operate provided that, in order to
minimize the possibility of causing harm-
ful interference to the maritime mobile
service, they are situated at Jeast 600 km
from the coast,

{d2)—Belween 8615 and 8815 k¢, the TU.S.
S.R. will meet their special reguirements
for the fixed service with due regard to
technical provisions (power, location, an-
tenna, etc.) with a view 10 minimizing the
possibility of harmful interference with
the maritime mobile service. Coastal sta-
fions in the maritizne mobile service will
also have due regard to technical provi-
sions (power, location, antenna, etc.) with
a4 view to minimizing the possibility of
harmful interference with the fixed sger-
vice in the UB.8.R.

{46)—The frequency 13360 ke is designated
for industrial. scicutific and medical pur-
poses. ISmissions must be confined within
=+ 0.05% of this frequency. Radiccommu-
nication services operating within these
limits must accept any harmful interfer-
ence that may be experienced from the
operation  of industrial, scientific ana
medical equipment.

(30) —Inter-ship telegraphy in the marilime
mohile service i3 permitted in the band
I3550-24000 ke

{33)—In Region 2, Australia, New Zealand,
and the Union of South Africa and the
territory  under mandate of Southiwest
Africa, the amartcur service will operate
within the DLand 26960-27230 ke,

85)—-In Region 2, distance measuring
equipment in the aeronaulical radionavi-
galion service mayx be operated in the
band 220-231 me until January 1952 in ac-
cordance with appropriate bilateral or
multilateral arrangements.

(86)—The meteorological aids service (ra-
dio-sonde) may be operated in the band
400-420 me,

(B%)—In the .88 R. the band 412-460 mc
1§ allocatect for the radionavigation ser-
vice,

(88)—1In the band 420-460 mc the aeronau-
tical radionavigalion service has priority.
The other services are admitfed to this
hand only on condition that harmful in-
tertence is not caused to thc aeronautical
radionuvigation service.
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3500-3000. ..
3900-4200. ..
4200-4400........ (103) Aeronautical Radio Navi-

4400-3000
500 50.

Frequency Service
me

1660-1700........ Meteorological Alds {Radic
Sonde)

1700-2300. . . Fized*, (98} Mobilc*

2300-2430. . . {98) Amateur*

2450-2700 . . . L. {99) Wixed?, (100) Mobile™

2700-2900. ....... {100) Aeronautical Radie Navi-
gation*

2900-3300 (101, 102) Radio Navigation®

3300-3500. . . Amateur

. xed, Maobile
Fixed* Mobile®

guljon*®

Fixed* Mobile*

.. Acronaulical Radio Navigation®
(104, 103} Radie Navigation®
Amatenr*

. Amateur

. Pixed® (107) DBMobile*

0-3925. ..
8300, . .

8500-9800, .. . (108, 109) Radio Nayigation*
9800-10000. . ..Fixed* Radio Navigation*
10000-10500. .. ...Amateur®

Above

10500 ..., .. Unaligented

(89)—In Region 2, Lhe allocation for the
acronaulical radionavigalion service in the
band 420-460 mc is temporary and is ex-
clusively for altimeters.

(91)—Tn France, the band 585-685 me is al-
located for ihe fixed and broadcasting ser-
vices,

{(92)—In China, the band 585-810 me is al-
located for the radionavigation service.

{93)—1n Region 2, the fixed scrvice may
operate in Llhe band 890-940 mc.

(94)—In the U.S,8.R., the band 1215-1300
mec is allocaled for the fixed service, pri-
marily for relaying television.

(95)—In Region 2, the band 1300-1660 mc is
intended for an integratced system of
electronic aids to air navigation and traf-
fic control, Administrations of the other
Regions should envisage the wossibility of
the future application of such a system
on a world-wide basis.

(96)—In the U.S.5R., the band 1300-160¢
mnc is atlocaled for the aeronautical radio-
navigation scrvice.

{(97)—In Region 2 and the United Kingdom,
the nse of the band 1300-1365 mc is re-
tricted to surveillance radar.

(98)—In Regions 1 and 2, the meteorological
aids gervice may be overated in the band
1700-1750 me.

{09)—1n Region 2, Australia, New Zealand.
Northern Rhodesia, Southern Rhodesia,
the [Union of South Africa and territory
under mandate of Southwest Africa, and
the United Kingdom, the frequency 2450
me is designated for industrial, scientific
and medical purposes. Emisslons must be
confined within the limits of == 50 mc¢ of
that frequency. Radiocommunication ser-
vices operating within those limits must
accept any harmful interference that may
be experienced from the operation of in-
dustrial, scientific and medical equipment.

(100)—In the US.8.R., the band 2450-270¢
mic is allocated for the aeronautical mobile
and the aeronautical radionavigation ser-
vices. The meteorological aids service may
be operated in the band 2700-2000 me,

(101)—The band 3246-3266 mec is designated
tor racons.

{102)—1In the hand 2900-3300 mc shiphorne
radar in merchant ships is coniined within
the hand 3000-3246 me.

(103)—In China, the Dband 4200-1:00 mc
may be used for the fixed service provided
that havmful interference is not caused
to tlhe =neronautical radionavigation ser-
vice.

(104}—7The bhand 5443-5480 me is designated
[or racons.

{105)—1n the bhand 5250-5650 mc shipborne
radar in merchant ships is confined within
the band 5460-5650 me.

(10¥)—In the U.S.8.R., the band 8%00-7050
mc¢ may be used for the meteorological
aids service.

(108)—The band 9380-3320 mc is designated
for racons.

(109)—In the band 8300-3%500 mc shipborne
radar in merchant ships is confined within
the band 9320-9500 mec.
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The Theory of Antenna Design for

FM Broadcasting

By G. GLINSKI, Consulting Engineer, Electronics Div.
Northern Electric Co., Montreal, Canada

A systematic review of the main features and characteristics of the

principal types with a mathematical analysis of their properties

¢ There are in use at present sev-
eral distinct types of FM broad-
cast antennas. Some information
concerning the more important
properties of these antennas may
be found in the literature. Un-
fortunately, this information is
usually limited to one particular
antenna type, and there is no uni-
formity in the treatment of wvari-

ous antenna types by different

authors, It appears, therefore, im-
portant to attempt a more sys-
tematic review of the main fea-
tures and characteristics of FM
broadcast antennas. Obviously, a
review of this type involves an
extensive use of already published
material. It is net possible to ac-
knowledge explicitly every source
used, but more important refer-
ances are given in the end bibli-
ography. In line with the present
FCC regulations, this survey is re-
stricted to antennas for horizon-
tally polarized radiation within the
frequency band of 88-108 Mec.

Each type of antenna may be
characterized by its horizontal
and vertical radiation patterns.
The horizontal pattern determines
the shape of the coverage area.
The vertical pattern determines its
radius. The radiation patterns, as
presented here, are relative field
intensity patterns. They represent
the ratio of a magnitude of the
total electric field in the given
direction to the magnitude of the
electric field in the direction where
it is maximum.

To compare the different types
of antennas, a power gain is used.
It may be defined as a ratio of
powers which must be radiated by
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the reference dipole and the actual
antenna to produce the same field
intensity in the direction where it
is maximum. Horizontal polariza-
tion requires horizontal radiating
elements, such as dipoles or loops.
These, therefore, constitute the
basic FM antenna elements,

Consider a half-wave dipole
with its center located at the origin
of the coordinate system and par-
allel to the x-axis (Fig. 1). To the
first approximation, the relative
fleld intensity pattern is¥ E =
(cos’wcos™ + sin‘e)’:. In the hori-
zontal., x-y plane, = 90 degrees
and, therefore, the relative hori-
zontal field intensity pattern is
E. =sing or has a familiar. figure-
of-eight shape (Fig. 2). The maxi-
mum of field intensity occurs in
the direction perpendicular to the
dipole axis (¢ = 90 degrees).

In the vertical, x-z plane, ¢ —
0 degrees and, therefore. the rela-
tive vertical field intensity pattern
is E.. = cost or has again figure-
of-eight shape (Fig. 3).

In the vertical z-y plane, s =
90 degrees, and therefore the rela-
tive vertical field intensity pattern
is E,..=1 or has circular shape
(Fig. 4).

The power gain of the dipole,
by the definition, is unity. It has
to be noticed that the horizontal
dipole is not a particularly efficient
radiator insofar as the concentra-
tion of radiation in the horizontal
plane is concerned; in x-z plane.
for example, there is as much radi-

*In ihis arlicle, g is consistently an elevation
angle counted from the wvertical z-axis and
¢ is azimuth angle counied from ths hori-
zontal x-axis fowards y-axis.
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ation toward the zenith as toward
the horizon.

In general, the loop radiators
used in FM broadcasting have
their linear dimensions compar-
able to the wavelength and, there-

fore, their radiation properties dif- .

ter from those of the ordinary
loop, very small in comparison to
wavelength.

Square Loop

Consider a square loop with its
center located at the origin of the
coordinate system and with sides
parallel to x and y axis (Fig. 5).
To a first approximationi and
provided the loop sides carry
equal currents, the relative field
intensity pattern is

Jv (Bl sin:B_I

E =
JilB)

[ -

where J,(x) and J,(x) are first
and third order Bessel functions
of the first kind. Their ratio
Ja(x)/J.(x) is shown in Fig. 6.
B = 2x/%, » = wavelength; | =
half side of the loop. In the hori-

zontai x-y plane, % = 90 degrees
and
N [1(: )] L
flB. =1 T (oo 4 el

If it were not for the second
term on the right side, the hori-
zontal pattern would have a cir-
cular shape. The degree of the
departure from the circularity in-
creases with the increase of Bl
Fig. 7 shows the horizontal field
intensity pattern for the most
common case of Bl==/2.

The vertical fleld pattern (x-z
plane) is shown in Fig. 8. Since
J:(0)=20, there is no zenithal ra-
diation, In general, it may be
stated that the square loop has
approximately circular horizontal
pattern and approximately figure-
of-eight pattern in any wvertical
plane.

It has to be noticed, therefore,
that the square loop, when com-
pared with the horizontal dipole,
has a more desirable field pattern
since the radiation is more effi-
ciently concentrated around the
Thorizon. This statement should not
.'T’I'h_eformulcrs presented in this and the fol-

lowing sections cre taken from the cuihor’s

yst unpublished paper on the theory of
loop cntennas.
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Fig. 5 —
Square loop
and coordi-
y nate system
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Fig. 6—Graph of J{X}/].{X)
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JilBt sin & me

be understood as claiming higheyr
gain for the loop: The loop radi-
ates more or less uniformly in the
horizontal plane, whereas the di-
pole concentrates radiation in the
direction perpendicular to its axis
and there is no radiation in the
direction of the dipole.

Since the horizontal field pattern
of the loop is mot circular, it is
customary to speak about its av-
erage power gain, that is power
gain based on the average field
intensity in the horizontal plane.

The average power gain is

1 al J 280
3o B Ty — 23,4280

The integral appearing in the
denominator is a tabulated func-
tion*, Fig. 9 shows the average
power galn versus §i. For 8l =
7/2, (PG). = .885.

Consider a circular loop with its
center located at the origin of the
coordinate system and in the x-y
plane—Fig. 10. To a first approxi-
mation and under the assumption
of the transmission line current
distribution, the relative field in-
tensity pattern is

(PQla =

1807

R
-
-
A 7
P2
/ -
/ 8
! \
“ \
210° L ‘ g0°
!
K ‘/
a ,‘/"
Y
6 /
!\/
,-“/-

WA

\\»\ J
T
0o
Figs. 7 & 8—Patterns of square loop with
A
L = —: (7). horizontal pattern; (8) vertical
4
pattern in x-z plane 1
PGy

e

Fig. 9—Graph of power gain of square loop

R+JX

X

Fig. 10—Circular loop and coordinate sys-
tem

Ry
? /

A
[«] i .2 3 A 5 'F
Fig. 11—Graph of radiation resistance of

short.circuited circular loop

* A.N.Lowan and M. Abramowith. Table
of Integrals o/ =Jo(t)dt and o/ =Yq()dl.
Journ. Math. and Phys. Vol. 22, pp. 2-12,
May 1943.

1

k= 2
[16(.42 + Cz)(

Bt

X
l+ S(AB + CD) sin 6 cos » (

: L X
+ 1)2 1 8(4B + cm(% + 1) + B+ DZ):|
(A% + %) sin? 20 sin? 24 + 2(AB + CD)} sin 26 cos 8 sin 24 sin 1
2
4+ (B + D% cos? 0§ sin? ¢ + 16{42 + (%) sin? 8 (@?a_z + cos? (,a))
2

52‘12

+ cos? (p) + (B + D% cos? o
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Where 4 = —blrlflJl(ﬁa> sin gaw ol
B

C = bhfl(b;) sin BGTW A

D = ('ngu(ﬁa

I
{
A
<
P
=
ro|
e’
I
<
L
o
=)
"

a
2 0 s 2 E) 4 s

Fig. 12—Graph of power gain of short-

Ba circuited circular loop
b 4 _W Fig. 15—Horizontal pattern of capaci-
tively loaded circular loop with Se =
Ba 314 and x — —1.54 d
1 — g%* Figs. 13 & 14—Patterns of short-circuited
circular loop with fa = .5: (13), hori-
P zontal pattern ("O” de-
LBem L BeT s PO grees corresponds to
( fOs T T * A Qﬁ) T grosin 2 feeder end); (14}, verti-
samr cal paitern in x-z plane
; 5 il Bam (0" and “180" de-
b g (l cos 2 ] ) grees line corresponds
to x-axis, ‘90" and
B+ JX 270" degrees corre-
T4 sponds to z-axis) |

L+ iy

i

r 4 e =

o

180

R + jX = impedance terminating
far end of the loop.

Z,=1oop characteristic imped-
ance;

Z,=276 log a/d (

a =mean loop radius /

d =loop conductor diafeter i}\ ‘

In the horizontal x-y plane, 0 = Y
90 degrees, and Fig. 16—Vertical pat-
tern in x-z plane of ca-
\ pacitively loaded circu-
lar loop
with fa =
314 and
2 2 . X
18042 + (% ( o + cos? qp) + 8(4B 4+ CD}) cos ¢ (E“’_&“ + cos? w) 4+ (B 4 D?) cox? o | —1.54
E, =
62 + (7 J(s + 1) 4 S(AB + (D)(aa S+ 1) B+
Fig. 17—Physical presentation of the slot antenna g
The maximum field intensity in the
horizontal plane is for ¢ =0 de-
grees (feeder end of the loop). (In
the same horizontal plane, but for . .
» =180 degrees Fig, 18—Top view of a single element of Clover-Leaf antenna—>

- : ~ 2 s 4 P2
16(4* C)(62a2+1) —8(AB+(D)<B;—Z+1)+(B~+ )

By = 2 — lqao°
((l’ C"’)(Bz 3 + ]) -+ 8(ARB + CD)(EZ 3 —+ ) + (B" ' D) / F
- 7/
In the same horizontal plane, but Fig. 18—Horizontal patterns of turnstile /
for © =90 degrees (or 270 de- element with different current ratios m-—> / m=0
grees): J
! \\
. o * :
. 16042 + €% 7
Bp0® = | — - 5 2 3
16082+ (g +1) + 8048 + D)5 + 1) + (B + DY
It follows, therefore, that the hori- end of the loop (v =0 degrees). ,
zontal pattern is symmetrical The zenithal value of the field \so®
about the x-axis. In general, it intensity (for §—=degrees) is Y
has a maximum toward the feeder (See next page) g
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— S 1{&

Fig. 20--Horizonial pallerns of (urnstile
element with different phasing 3

Figs. 21 & 22—Patterns of turnstile ele-
ment: (21), horizonta! pattern: (22), vertical
patiern

Z

N

Fiy. 23—Multiple
turnstile

Fig. 24—Vertical palterns of multiple turn-
stile with different number of elements n
{for each n only one quadrant is shown)
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E =

L

B 4+ D?

In general, it may be said, there-
fore, that the circular loop has a
pear-shaped horizontal and wver-
tical field pattern. That is, the cir-
cular loop with non-uniform cur-
rent distribution has patterns in-
termediate between those of the

R, = 808%at)y (%1) sin? gaw [32 10 + 58%a* + pla? B2 (3_20) + aJg (Bﬁ):l

38at

dipole and the square loop with
uniform current distribution.

The average power gain (since
the horizontal pattern is not circu-
lar) is

I:w(Ae + CZ)(ﬁf‘aZ + 1)2 + 8(4B + CD)(EW + 1) + B+ m}

2

If the loop is short-circuited at
the far end, the general formulas
of the previous section may be
considerably simplified. To a first
approximation, the radiation re-
sistance, as defined in the previous
section, is

2

The radiation resistance versus Ba
is plotted in Fig. 11. To the same
approximation, the average power
gain is (see next page)

(PGl =

[ =Rl

i B + In
1(32 + 168%* + 38lat) + B! Tr e

2 )‘Z
32010 + 58% + fiat) + 5p'at i—i]@

It should be pointed out that
the coefficients A and D in the
formulas of this section are,
among others, functions of the
unitized resistive component of the
load. In the derivation of these
formulas, it was assumed that the
current distribution in the loop is
equivalent to that of impedance-
terminated, non-attenuating line.
Since the loop radiates, the actual
current distribution must be rath-
er as in the attenuating line. But,
as is known, the attenuating line
may be approximated by the non-
attenuating line with the properly
modified load. This is done by
lumping the effect of radiation into
an additional resistive component
of the load equal to the radiation
resistance (referred to the Iload
current) of the loop. The expres-
sion for this radiation resistance is:

PG

R, = 808%] 2 (%‘f)[gzw (A% + 0B + (Bt + Dz):l

If, as is normal, there is no ex-
ternal resistive load, then R =R,.
Since the coefficients A and D are
the functions of R through the co-
efficients 'm,, and 1, the last for-
mula may be used for the deter-
mination of R for given loop.

www americanradiohistorv com

584al

Fig. 25—Power gain of muliiple turnstile
for different number of elements 4
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1(324 168%* 4 38') + pBiat

(PG = 7

32(10 +

The average power gain versus fa
is plotted in Fig. 12. The combina-
tions of coefficients A, B, C and D
appearing in the field pattern for-
mulas of the previous sections are
now:

B+ D = 4 (%“) cost 22T
2 2
At 4 A
4B +CD

Field patterns may be found by
substituting these expressions into
the general formulas of the pre-
vious section. Figs. 13 and 14 show
the horizontal and vertical pat-
terns for one particular loop.

Capacitively Loaded
Circular Loop

In this case, to a first approxi-
mation, the radiation resistance is

Ry = 320807, (%“) 33

ﬁla-l

—& sin 6*;1)_] + [CEJ:F (BZE) COs? B;ﬂ-

To the same approximation,
average power gain is

the

PG = -

5ﬁ2a2 + B4a‘\) + 554[14 —

2
:41,2‘]12(5‘1)5'1“ﬁa'VA’r(aS ﬁ__+

2
= 2berJ, ('B ) Jao (5) sin Bamr

o+ ﬁfﬂaz + Blad I:h” (

, 4052 + 165%* + 3pal) l:bUJ?(B?—G) sin?

vertical patterns for one particu-
lar loop; its average power gain
is .84.

Consider a section of balanced
transmission line along the verti-
cal z axis, short-circuited at each

Bam Baw
2 2 el T
(mn 5 4+ % cos 3 )

. fam )
2

end, and fed at the center. If this
line is shunted by a number of
equi-distant loops short-circuited
at the far end, (Fig. 17), the loops
will carry circumferential currents
and will radiate. Assume now that
the loop spacing decreases indefi-
nitely and at the same time the
number of locps increases indefi-
nitely.

In the limit, the loops will form

) e (o
(8 42

a metallic cylindrical surface and
the balanced line will represent an

axial slot in this cylinder. This
slotted cylinder is known under
the name of slot antenna. It is ob-
vious that the horizontal pattern
of such a slot antenna will be
similar to that of a single circular
short-circuited loop, considered
previously. As far as vertical pat-
tern is concerned, it will be a re-
sultant of field patterns of the
individual loops. It will be consid-
ered, therefore, later in the sec-
tion concerned with the wvertical
pattern shaping.

Horizontal Pattern Shaping

At present, unless there are some
special considerations, an FM an-
tenna is required to have an omni-
directional horizontal pattern. A
horizontal dipole obviously does
not provide such a pattern. There-
fore, the combination of at least
two dipoles is required to obtain
an omnidirectional operation. A
combination of two crossed dipoles
is known under the name of a
turnstile antenna. A loop produces
nearly omnidirectional horizontal
pattern. If more perfect circularity
is desirable, a combination of sev-
eral loops may be used. For ex-
ample, a set of four loops forms an
element of what is known as a
clover-leaf antenna—Fig. 18.

If a directional horizontal pat-
tern is required and the turnstile
is used as an antenna, the shape of
the pattern may be modified either
by the proper choice of the ratio
of current magnitudes or of their
relative phase. If loop antennas
are used, the horizontal directivity

32010 + 58%2 + ﬁ‘a“)[bﬂJﬁ(%l) sin

The coefficients in the general field
pattern formulas are:

4 = —2br sin? ﬁ‘;’r i (%“)

B =

—2¢ (:r cos? 62 + sin famr e}

2 er) 7o

C =

D = 2¢r cos? BHTT Jo (%a)

The field patterns may be found
by substituting these coefficients
into the general formulas. Figs. 15
and 16 show the horizontal and

TELE -TECH * October, 1947

20 (sm ﬁ;z\w o8 g;* — \112 ) Jl(ﬂa)

183

2
LBam ( paw
—2—‘ ((.D?’: —2— — I S

i (cos ﬂgw — zsin "—) :, + 5‘a4[c’J0 (B ) A'-'é—;lr- (sin 'SGTW + 7 cos 5%'?)1]

) :' + 58%af l:c”-Jo (ﬁ ) cos? ﬁgn- (sm pam + z cos %~

(%)

L4

[ T N

Fig, 26—Continuous Turnstile. This is the
counterpart of the continuous loop or slot
antenna
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Fig, 27—Power guain of the continuous turn-
stile. For a given wavelength, the power
gain is proportional to the antenna lenath
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may be obtained by the use of two
or "more properiy located and
phased anteiinas in the way similar
to that for directional arrays of
ordinary broadcasting.

Turnstiles-

Consider first two dipoles direct-
ed along x and y axes and with
currents I and mle'™, respectively,
(m <1). The relative fleld inten-
sity pattern is

superposition of properly fed and
spaced simple turnstile elements
or horizontal loops one above an-
other.

Consider n equi-distant (spacing
d) turnstile elements with their
centers stacked along the z-axis
with current of equal magnitude
and phase—Fig. 23. The horizontal
relative field intensity pattern re-
mains the same as for the simple
turnstile. The wvertical relative

» L . o - W 3
- I:ms? e t0xt 8 4 sIn? o 4 ni(sin? , cos? B + cosl w;:lf

In the horizontal x-y plane, § = 90
degrees and the horizontal in-
tensity pattern is

B = [sin2 e + m?eos? o F
b 1 4

The horizontal patterns for m = 0,
.5 and 1 are shown in Fig. 19.

Consider now two dipoles direct-
ed as previously but with currents
I and Ie'® resp=zctively. The rela-
tive field inten«<ity pattern is

B = ‘:l + cos® 6 + si2119 e 8in? 0 cos 5‘:!%

In the horizontal x-y plane, § =
90 degrees and the horizontal field
intensity pattern is

B, = l:l + 311122 @ COS 5}2

The horizontal patterns for 3 = 0,
30, 60 and 90 degrees are shown
in Fig. 20. In the case of an ordi-
nary turnstile m = 1 and & = 90
degrees. The horizontal relative
fleld strength pattern is circular
(Fig. 21). The wvertical relative
field strength pattern (Fig. 22) is

1+ cos2at
E‘[ 2 ]

Since each dipole of the simple
turnstile radiates only half of the
transmitter power, the power gain
of the simple turnstile is only 1/2.

As mentioned before, for FM
broadcasting, the only useful part
of radiation in vertical plane is
that near the horizontal equatorial
plane. From this point of view the
circular vertical pattern of a sim-
ple horizontal dipole is very ineffi-
cient. A nearly figure-of-eight
vertical pattern of the horizontal
loop is slightly better in this re-
spect. A more efficient vertical pat-
tern mav be obtained by the
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1+ m?

fleld intensity pattern, in any <
plane, is now

. d cos
sin fnd cos ¢

2 [1+L'0539 :
. fBdcos e 2
o sin —————

2

E =

7

These vertical patterns, for vari-
ous n and usual spacing d=11/2
are shown in Fig. 24. The power
gain is

PC =

. BLcose@
S11

2 [1 + cos? e]%
8L ecos 8 2

2

E =

Notice that for given L the shape
of the pattern is the same as that
for the multiple turnstile with
nd=0L therefore, the patterns
shown in Fig. 24 correspond also
to the case of the turnstile with
continuous current distribution
with L = 3, L = 2%, L, = 3. and
L = 4) respectively. The power
gain is

, 1
PG = 3 I:St' gL 1 cos BL sin gL
8L (8L» (BL)®

where S5ix is a sine integral func-
tion. Power gain versus L/A is
shown in Fig. 27.

Consider n equi-distant (spacing
d) horizontal loops with their cen-
ters stacked along the vertical z-
axis with currents of equal magni-

1

-1

[z Sy,
I e

r=1

The comparison of this formula
with the formula for the power
gain of a broadside array shows
that the power gain of the mul-
tiple turnstile is exactly half that
of a corresponding broadside array.
This is obvious since each turnstile
panel carries only half of the total
transmitter power. Power gain
versus element spacing for n from
2 to 17 is shown in Fig. 25. Notice
that for a given number of ele-
ments the power gain is maximum
in the vicinity of d =.755. In prac-
tice, d =.5} spacing is preferred
since it simplifies the problem of
feeding the elements in proper
phase relationship.

Continuous Current Distribution

In the rmultiple turnstile of the
previous section, let n increase and
d decrease indefinitely in such a
way that the total length L =nd
of the array is unchanged. In the
limit the array assumes the shape
of two continuous metal strips at
right angle to each other—Fig. 26.
The horizontal relative field in-
tensity pattern remains the same
as for the simple turnstile. The
vertical relative field intensity pat-
tern (in any ¢ plane) is

www americanradiohistorv. com

-

sin r3d

cos rB1

(1@

s rgd
(r3:h3

78

Fig. 28 — Multiple
loop antenna. Pow-
er gain is moximum
when the spacing is
approximately one
wavelength

-y

tude and phase — Fig. 28. The
horizontal relative field intensity
pattern remains the same as for
the individual loop. The vertical
relative field intensity pattern is
. Bnd cos 8
SIHT

Bl Bdesg | P
n SIn
2
Where E, = relative vertical pat-

tern of the individual loop. Notice
that for a given value of the prod-
uct nd, the “space factor”
sinnx/nsin x for the multiple loop
is identical with that of multiple
turnstile. Apart, therefore, from
the effect of the term E,, the shape
of a multiple loop vertical pattern
is similar to that of a multiple
turnstile with the same value of
the product nd. Since the usual
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spacing 1s d = x (that is twice
that for the turnstile), the pat-
terns shown in Fig. 24 correspond
now to n=1, 2, 3 and 4, respec-
tively. Power gain versus loop
spacing for n from 2 to 14 is shown
in Fig. 29.

To a first approximation, the
power gain is

PG = 1

PG =

sin AL

N1 L cos L — 2
(BL)?

L Ly T

Where Six is a sine integral func-
tion.

In this formula, it is assumed
that the power gain of the ele-

n=t

1 6 r@d
w T 2 (n — 1) [CO”' GBdE

r=L

In this formula it is assumed
that the power gain of the individ-
ual loop is unity. Therefore, for
the loops of larger (in comparison
to the operating wavelength)
linear dimensions, the power gain
from the above formula should
be multiplied by the actual gain
of the individual loop.

The comparison of the above
formula for the power gain with
the power gain formula for the
collinear array of half-wave di-
poles shows that they are identi-
cal. This could be expected since
the radiation pattern of the small
loop is identical (except for the
polarization) with that of the ver-
fical dipole.

Slot Antenna

As mentioned before, the slot
antenna is equivalent to a vertical
stack of continuously distributed
horizontal loops. Also in the light
of the remark of the last section,
the slot antenna is equivalent to
a continuous collinear array of
elementary dipoles. Under the as-
sumption of the uniform current
distribution, the relative wvertical
field intensity pattern is

in PL cos 0
111 2

BL cos @
2

s
Lo

Where E, = relative field pattern
of the elementary loop; L. = an-
tenna height.

Notice that apart from the effect
of the term E,, the vertical pattern
of slot antenna is similar to that
of continuous turnstile with equiv-
alent length (Fig. 24). The hori-
zontal pattern is, of course, the
same as for the elementary loop.
The power gain is

TELE - TECH * October, 1847

sin rBd
(rBd)3)

Fig. 29—Power gain of multiple
loop for different number of ele-
mentis

PG

>

Fig. 30—Power gain of slot antenna

mentary loop is unity. Therefore,
to obtain the actual power gain,
the power gain from the above
formula should be multiplied by
the actual gain of the elementary
loop. Power gain versus antenna
length is shown in Fig. 30.

Effective Field Intensity

The relative field intensity pat-
terns given above do not convey
any information as to the effective
value of the field strength for the
given set of conditions. This effec-
tive value E of field strength (in

www americanradiohistorv com

free-space) may be found, how-
ever, from the formula

E =\/PG Ey

In this formula, E; is a free-space
field intensity in the® horizontal
(equaterial) plane of the vertical
reference dipole:

Ey =132 \L}L millivolts per meter
d

Where W = radiated power, kilo-
watts; d = distance, miles.

Conclusions

The reader might pose the ques-
tion: It seems that there are many
different types of FM antennas,
but which one is the best? The
trouble with answering that is that
“the best” might have many mean-
ings. If, for instance, ‘“the best”
would mean “maximum theoreti-
cal power gain per given antenna
height”, then the answer would be
that any one is almost as good as
any other. If, however, “the bhest”
would mean “the most economi-
cal” the answer would be more
definite but, unfortunately, outside
of the scope of this survey.

The trouble with the multitude
of different commercially available
M broadcast antennas is in the
faet that the whole FM art is still
in a rather floating state. As
the problem stands now, the ques-
tion is not “which antenna is the
best?” but rather “whose antenna
is the best?” The day will undoubt-
edly come, however, when, simi-
larly to the situation in the present
AM broadcasting, there will be
essentially only one type of FM
antenna. This type will emerge
from the present multitude through
the action of the law of natural
selection.
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Loudspeaker Design by Electro-

Mechanical Analogy

By ARTHUR J. SANIAL, Acoustic Consultant, Flushing, N. Y.

The practical application of theoretical derivation in the design of

dynamic vibrating systems for the reproduction of voice and music

® The design of acoustical instru-
ments involves electrical, mechan-
ical, and acoustical problems which
require both theoretical and prac-
tical knowledge for their solution.
Such design problems are usually
approached by utilizing the dy-
namic theory of vibrating systems
In some manner. The communica-
tion or electronic engineer oftimes
has difficulty with the mechanical
concepts or the nomenclature and
symbols used in the literature.

Many authorities in this field,
who are also well versed in electric
transmission systems, have recog-
nized this condition. The vast store
of accumulated knowledge and
data of electric transmission sys-
tems can also be applied to
mechanical transmission systems
as can combinations of the two.
This is because the fundamental
equation of motion is the same in
form for any such system, the
significance of the wvariables and
parameters depending on the type
of transmission or vibrating sys-
tem under consideration.

By means of mathematical trans~
formation, the electric, mechanical
and acoustical sections of a vibrat-
ing system therefore can be repre-
sented by coupled networks in con-
ventional electrical {ransmission
network form. There are several
methods by which this can be done,
and detailed mathematical treat-
ment of the various approaches to
electro-mechanical analogies of
this type will be found in the
literature. (See references.)

One method commonly used and
perhaps more adaptable to elec-
trical engineers’ thinking is treated
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Fig. 1—A simple mechanical system, with
(2) the elactrical equivalent, and (3) the
loudspecker circuit from the electrical side

herein with an outline of the
mathematical basis. This method
considers mechanical force and
electrical voltage to be analogous.
It should be said that no such sys-
tem of analogies is strictly rigorous
as several assumptions are made,
For example, the representation of
mechanical and acoustical elements
as lumped constants in the equiva-
lent electrical circuit is not repre-
sentative of their distributed na-
ture. This, however, is of secondary
importance as such approximations
are recognized and do not vitiate
the value of the method.

To illustrate the analogy which
relates force to voltage let us first
consider the simple mechanical
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system shown in Fig. 1, where M
is a mass, S a spring and R, a
mechanical resistance such as frie-
tion. The differential equation of
motion in this system with a
periodic force applied is:

d*x dx
+R——+4 Sx = F, sin ot
dt? dt

(1)

The corresponding equation for
the simple electrical circuit (Fig.
2) of R, LL and C in series with a
periodic applied voltage is:

d'q dq
L + R +

dt* dt

M

= E, sin ot

(2)
The equivalent form of these
two equations is obvious, as well
as the correspondence of displace-
ment x and electric charge q. It
also follows that
dx dg .
Velocity, — = — = 1 or current.
dt dt
d’x d*q di
and Acceleration, — =
dt® dt* dt
or rate of change of current.
The familiar steady state solu-

tion of these equations is:

F
Velocity, V = ——
Zon

Mechanical:

/T f S\
Where Z, =VR* +{ oM —— ) *
)
(3)
E

Electrical: Current, I=——
Ze

/ 1
Where Z. = VR +(®L -

: wk
(4)
The only difference in the above
forms is between S and C. S is the
stiffness of the spring, but use of
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the spring compliance (which is
the reciprocal of S) will make the
equivalence complefe. It is some-
what more convenient for some to
use S in design work, however.
The impedances in both cases con-
sist of real and imaginary com-
ponents that also have equivalent
form.

In this system of mechanical-
electrical analogy, equivalent terms
are expressed in the units shown
in the table at right.

It must be recognized that the
magnitudes of electrical and
mechanical impedances  differ;
electrical ohms are expressed in
the practical systemn of units,
mechanical ohms, in the absolute
or c.g.s. system. In magnitude,
eleetrical ohms are 10" times
mechanical ohms, so that in cases
where the electrical circuit im-
pedances are transformed to the
mechanical circuit, electrical ohms
must be multiplied by this factor.

Reactance Analogy

Mechanical reactances are com-
puted just as electrical reactances,
except for this difference in magni-
tude. Just as the wvalue of in-
ductance must be available to
compute electrical X. so we must
have the value of mass to compute
mechanical Xu. If the mass of a
simple vibrating system is 1 gram.
the numerical value of the mass
reactance at 1000 cycles per second
18 6280 mechanical ohms. In like
manner, the reactance due to com-
pliance (or stiffness) is computed.

The compliance of a spring is the
amount that the spring is deflected,
in centimeters at the point of ap-
plied force, per dyne of applied
force. The stiffness is the reciprocal
of this ratio. Thus, if a force of 100
dynes (approx. 0.1 gram weight)
applied to the spring causes a de-
flection of .0001 cms., the static
stiffness is 10° dynes per c¢m. If the
force is periodically applied at 1000
cycles per second, the correspond-
ing stiffness reactance would then
be 159 mechanical ohms.

Formulas for the computation of
statlc stifiness of elementary beams
with various loadings can be found
in handbooks. These are often use-
ful in working with leaf spring de-
signs and the like, as the stiffness is
found from the relations between
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EQUIVALENCE TABLE

ELECTRICAL MECHANICAL
QUANTITY DIMENSIONS QUANTITY DIMENSIONS
Voltage E, in volts Force F.in dynes
Current I in amperes Velocity V. in cms/sec.
Impedance Z, in electrical ohms Impedance Z. in mechanical
ohms
Quantity Q. in coulombs Displacement X, in cms
Inductance L. in henries Mass M, in grams

Capacity C, in farads Compliance C,in cms/dyne or
1/8. where 5—Stiff-
ness in dynes/cm,

Resistance R, in electrical ochms Resistance R. in mechanical

ohms

Inductive Re-
actance

jwL, in elecirical ochms

Mass Reactance

jwM, in mechanical
ohms

Capacitive Reactance

1/jwC, in electrical
ohms

Stitiness Reactance

S/jw, in mechanical
chms

Resonant Frequency

1/2m/1/LC

Resonant Frequency

1/27Vv'S/M

width,

thickness,
Young’'s modulus.

length, and
For wvibrating

A = Area of the volume, sq.

cms.

plates and discs, however, the re-
lations are more complex, as will
be found by consulting the refer-
ences given.

The mechanical impedance of an
acoustic compliance of an air
volume can bhe computed from the
dimensions. Using stiffness S for
the constant again, the numerical
value can be found from

S—Asc/ x

Where

(5)

Speaker Criteria

e MYHE most commonly ac-

cepted criteria for high
quality loudspeaker develop-
ment can be grouped under
the following general head-
mngs:

I—A wide frequency range
must be reproduced;

2—Uniformity of response
over the range reproduced
is extremely desirable;

3-—Ail forms of distortion
must be reduced to wvery
low levels;

4—A high degree of damping
is desirable for faithful re-
production of transients
and to improve the linear-
ity of the system;

5—Uniform distribution of
energy over an appropriate
angle is required;

6—The power capacity must
be adequate to cover the
peak powers expected.”—
R. S. Lanier, Western Elec-
tric Co.
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x = Height of the volume, cms.

s = Density of air in grams/

.C.

¢ = Velocity of sound in air.
cms./sec.

o]

For an area of 1 sq. ¢m., 1 mm
high, the stiffness coefficient S is
14x10® dynes/cm., approx., and the
reactance at 1000 cycles is S/w
and has a numerical wvalue of
2.25x10" mechanical ohms.

It should be pointed out that
mass and stiffness reactances com-
puted as above from static meas-
urements are not usually exactly
equal to the values obtained from
dynamic measurements of dia-
phragms and the like. The dynamic
values vary with magnitude and
period of the force, shape of the
vibrating member, how it is sup-
ported, and many other factors.
This is a highly complex problem,
and is treated by such authorities
as Lamb, Kennelly, and others
given in the references. It will be
seen later, however, that a fairly
close approach to a required design
still can be made, even when sim-
plifying approximations such as
these are resorted to.

In the case of mechanical resist-
ance, there is no simple way of
computing this from the data
usually available when a new de-
sign is first initiated. It is usually
derived from circle diagram meas-
urements etc., on the actual mech-
anical system, by methods de-
scribed in the literature. In the
present simplified treatment, mech-
anical resistance, other than that
due to the air load radiation re-
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sistance, can be, and is, considered
negligible.

To represent an electro-mech-
anical vibrating system in the form
of a conventional electrical circuit,
the above principles can be applied,
with the addition of a transforma-
tion factor to account for the
coupling between the electrical
and mechanical sections of the sys-
tem. The system can then be set ur
as a network of impedances, and
solved by appropriate electrical
transmission network theory meth-
ods.

The reason for using this trans-
formation factor can be understood
by going back to basic principles.
For example, when electrical
power is applied to a loudspeaker
voice coil, a force is set up across
the mechanical elements which the
coil actuates, and these move with
a resultant velocity. In such a sys-
tem, the force is expressed in the
form

F=Bli (6)
in which B represents the steady
magnetic flux density in the air gap
in gauss, ! the length of voice coil
wire in centimeters, and i the
current in the wvoice e¢oil in
abamperes. The e.m.f. set up by the
movement of the voice coil in the
air gap is

E =Bl {7)
where v is the velocity of the voice
coll and E is in abvolts. It is seen
that in each case the electrical and
mechanical variables are related
by a common product, Bl It is
customary to term this the force
factor. This force factor is, there-
fore, the link between the electri-
cal and mechanical sections of the
vibratling system.

It has been shown in the litera-
ture that the variables and the con-
stants of both the electrical and
mechanical sections can be set up
in two equations, one for electrical
voltage and one for mechanical
force.

When solved for the steady state
condition the wvoliage in practical
units is expressed as

(BY)*x 10
B=3 (ij-l——-— volts (8)

m

where L == inductance of the voice
coil in henries
i — current in amperes
w = AInf
Z., = total mechanical impe-
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A%
=
®

Zo =2 A

®

Fig. 4 (a)—Acoustic {o mechanical irans-
formation, and (b) equivalent circuil

. C

Ay =

®
(AdiA)z
Emh—-—%é Zm,
|

Fig. 5 (a)}—Piston D vibrating in air cham-
ber C. having an opening of area A: (b)
equivalent electrical circuit

Fig. 5 {c}—Diagrammatic section of loud-
speaker unit and horn, with constants

dance in the moving system.

In other words, this shows that
the whole system can be repre-
sented by an electrical circuit in
which the mechanical vibrating
section is in the form of an im-
pedance, the latter being the (force
factor)® in practical units multi-
plied by the reciprocal of the
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mechanical impedance. This could
be shown in circuit form as in Fig.
3 where

(Bl)*x 10
— (9)

Zm
from which it is seen that the
mechanical impedance appears in
the electrical circuit in a trans-
formed value, Z... This can be seen
in another way by using the basic
force and em.f. relations above.
from which
Blv. (Bl)*
e/1 = =
(F/Bl)y (F/v)
as e/1 is an electrical impedance
due to the mechanical system it is
equal to Z.., and as the quotient of
force by velocity is the mechanical
impedance, Z.,, then
Zom = (BD?*x 10°/Z (11)
(The factor 10-° is necessary to
express the result in practical
units, where Z., is in electrical
ohms and Z. in mechanical ohms).
In design work it is more con-
venient to represent the mechan-
ical section as an equivalent elec-
trical impedance network directly,
using the proper transformations
to convert electrical and other sec-
tion constants into eguivalent
mechanical units in this circuit.
This is particularly desirable with
electro-acoustic apparatus as there
are usually three sections in all
practical devices of this kind. The
mechanical section is the middle
link between the electrical and
acoustic sections {or vice versa),
hence a more straightforward
equivalent representation is effect-
ed by referring both the electrical
and acoustic terms fo it.

10)

Acoustic Impedance

This requires another trans-
formation, as the acouslic im-
pedances of diaphragms, horns, etc.
which radiate the mechanical
energy as sound (or the opposite
in microphones) are in different
units than are those of the mechan-
ical impedances. Briefly, acoustic
impedance Z, is proportional to im-
pedance per unit area divided by
the area (of the directly radiating
diaphragm or cone, or of a specified
cross section of a loudspeaker
horn), while in terms of mechan-
ical impedance Z, it is expressed
as the product of the impedance
per unit area and the area. For an
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area A, if Z is the impedance per
unit area, then

Z.=Z/A (12)
Zon = ZA (13)
hence Zpm = Z.A° (14)

To illusirate how the acoustic
and mechanical impedances of a
cone or a diaphragm, open to the
air, are determined, it is customary
to consider that these devices be-
have as an equivalent piston of the
same diameter mounted in an in-
finite wall, as a first approxima-
tion. In such a device, the resistive
component of the air load at fre-
quencies where the diameter of
the piston is large compared to the
wavelength, approaches the value
of the characteristic impedance of
airi— pc=41.

In this frequency range, then,
assuming a shallow cone 14 in. in
diameter, and vibrating as a disc
to 1100 cycles, the average value
of gc will be about 41 (the im-
pedance per unit area), and the
total resistive component of the
acoustic impedance will be 41
divided by the total exposed area
of the cone. Thus the total acoustic
radiation resistance of this cone
would be about .02 acoustic ohms.
As the resistive component of the
mechanical impedance is 41 multi-
plied by the total area, its mechan-
ical radiation resistance would be
81,000 mechanical ohms. For a
more detailed study of the varia-
tion of impedance of acoustic
radiators with dimensions and
wavelength, cne of the textbooks
on Sound should be referred to.

Thus, from equation (14) to con-
vert the acoustic impedances to the
proper value for insertion in the
mechanical circuit, when the latter
is set up in electrical conventions,
an ideal transformer of the ratio
A® must be inserted as shown in
Fig. 4a, with the result as in Fig.
4b, :

Fig. 4 shows schematically how
the transformation of acoustic to
mechanical impedance is made for
a direct radiator, such as a cone or
open diaphragm. However, the ad-
dition of a horn to a vibrating
radiator increases the radiation
efficiency at frequencies below that
at which the wavelength is small
compared to the diameter of the
radiator. This assumes that the
horn mouth is appreciably larger
than the area of the radiator. Al-
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Fig, 5 {d}—Equivalent electrical circuit of loudspeaker unit aend horn shown diagram-
matically in Fig. S5¢

though an infinite exponential horn
would afford a loading of 41
mechanical resistance units per sq.
cm., for all frequencies above the
cut-off frequency, in finite horns,
this value rises from a fraction of
ge (=41) at the cutoff frequency,
approaching the value of 41 asymp-
totically in a series of maxima and
minima.

The degree and character of the
fluctuation of the characteristic re-
sistance (and the reactance) de-
pend upon the shape and dimen-
sions of the particular horn. The
general effect is similar to that
exhibited by the radiation charac-
teristic’ of a piston, and for ex-
amples of horn and piston charac-
teristics, and methods for comput-
ing impedance wvariations. for a
particular horn, the text books
should be consulted. These fluc-
tuations in impedance can be
taken into account where im-
portant—usually in the low fre-
quency range—when working out
the design of the driver unit that
is to be used with the horn.

Equations for Horns
The finite horn, which meets the
practical limitations of a particular
condition can be designed suffi-
ciently accurately by utilizing the
equations for horns, which relate
dimensions, flare, and cut-off fre-
quency, or by taking the values
from published charts and tables
which have been worked out from
these equations. The equation giv-
ing the length of an exponential
horn (in cms.) from the throat to
any given section is as follows:
L.=2.302/m (logw AJA) (15)
Where
A,— Area of horn throat
A, — Area at section L. from
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throat

m — Rate of exponential taper,
4n f./c

c— Velocity of sound in air,
34,400 ems./sec.

f.— Theoretical cut-off Ifre-

quency {low end).

Now, as the constants of the
mechanical circuit components of
a loudspeaker wusually require
working at a higher impedance
level than that provided by a horn
having a throat diameter equal to
the diaphragm diameter, it is gen-
erally desirable to step up the
value of the mechanical impedance
of the horn throat as seen from the
diaphragm. A sound chamber is
used for this purpose as it acts as
a fluid transformer between the
diaphragm area and the relatively
smaller area of the horn throat.
In Fig. 5a, D represents a piston or
diaphragm of area A, vibrating in
the air chamber C, which has an
opening (e.g. for coupling to a
horn) of area A. If the opening A,
has a mechanical impedance of Z..,,
the mechanical impedance Z.,, pre-
sented to D is Z.., multiplied by the
square of the respective areas, that
is:

T = Lo (Ad/A)2 (16)
From equation (14) and letting the
ratio A,/JA =T.., and also as Z,=
oc/A (for any given value of oc
depending on the conditions noted
previously) then the resistive com-
ponent of Z.n 1s

Ronw=¢cA (T.)* (17

The equivalent electrical circuit
representation of a sound chamber
coupling a diaphragm impedance
and a horn throat impedance, is
shown in Fig. 5b.

The electrical-mechanical-acous-
tic system can then be repre-
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sented by an electrical network,
working between an impedance on
one side Zn., the transformed elec-
trical impedance, and an im-
pedance Z,,, the transformed
acoustical impedance, on the other.
An example of such a vibrating
system, and its equivalent circuit
is shown in Figs., 5¢ and 5d, in
which the diagrammatic sketch is
that of a typical horn-driver loud-
speaker.

The designations in this circuit,
other than those described, are as
follows: E is the open circuil gen-
erator voltage such as would be
supplied by an amplifier. Z, is the
impedance of the generator. R, is
the de resistance of the loud-
speaker voice coil, and L. its in-
ductance.

Acoustic Power

The power available for produc-
ing acoustic output is derived from
e, the voltage across the motional
impedance, Z... The transforma-
tion of impedance from electrical
to mechanical, due to the force fac-
tor Bl, occurs in the transformer,
T;;. The mechanical circuit source
impedance, due to damping in the
electrical circuit, is Z.,., and from
equation (10}, in the ideal case,

Zme = (BD)*x 10-°/2Z, (18)

(M, + M.) is the total mass of
the moving system, M, being that
of the diaphragm and M. that of
the voice coil. If the diaphragm can
be made to vibrate as a plunger
over a good portion of its frequency
range, the measured mass in grams
of the portion within the clamping
diameter can be safely taken as
near enough to its effective mass.
Any departure from this will in
general be a lower effective value,
which is in a favorable direction as
far as an ideal speaker design is
concerned. The desired plunger
action is usually approached suffi-
ciently close in practice by stiffen-
ing the center of the diaphragm,
and corrugating the suspension
edge cutside of the voice coil in a
variety of ways. The chief errors
occur at high frequencies, where
the diaphragm breaks up into
nodal patterns instead of moving
as a plunger.

S, is the total suspension edge
stiffness. The corrugated suspen-
sion edge can be represented by
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Fig. 6—Equivalent circuit of loudspeaker

system with constants in mechanical units,

showing similarity 1o electrical bandpass
filter
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Fig. 7—Cross section of short folded horn
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Fig. 8—Mulli-channel type sound chamber
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Fig. 9—Correspondence of electric wave
filter impedances and loudspeaker con-
stants
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Fig. 10—Cross-sectional sketch of com-
pleted driver unit
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separate small masses (parts of the
total mass) coupled with com-
pliances, if special designs require
this refinement for analysis. At low
frequencies, these small portions of
M, have a negligible effect, and the
separate edge compliances, all in
parallel are equal to 1/8;. The
compliance of the voice coil form,
1/S;, can cause loss at high fre-
quencies unless kept very small.
The air coupling compliance to the
diaphragm on the sound chamber
side is 1/S,. The air coupling com-
pliance to the back of the dia-
phragm is 1/S,. M, is the mass of
the air in the air gap, which forms
a narrow slit passage to the rear
cavity whose compliance is 1/SR.
The magnetic air gap flux is B.

It will be noted that some factors
are neglected as being insignificant,
such as the air compliance under
the suspension edge and the air
mass in that side of the gap. These
and other possible refinements
merely complicate the equivalent
circuit unduly and have little prac-
tical effect except in special cases
as, for instance, in some micro-
phone designs.

Design Procedure

The various assumptions made
in such an equivalent circuit repre-
sentation are not strictly rigorous,
but this does not detract from its
value in working out initial de-
signs. The circuit, for instance, as-
sumes lumped impedances, and the
design procedure assumes that the
diaphragm moves with piston ac-
tion. The assumption is also made
that the compliances are linear,
and that the air in the sound cham-
ber does not compress. As these as-
sumptions are made in most de-
signs of this nature whether elec-
tro-mechanical equivalences are
used or not, this method of equiva-
lences loses nothing by these as-
sumptions, while it retains the
value of affording an orderly and
logical method of design. Even
further simplifications can be
made before initiating a new de-
sign to meet a given set of require-
ments if a few preliminary calcula-
tions show they are warranted.

Suppose, for example, a loud-
speaker is required whose low fre-
quency cut-off is such that the rear
stiffnesses have negligible effect in
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the pass band. The network 1/S,,,
1/8;, M,, can then be omitted. If
desired, and considered important,
computations can be made to find
the effect of this network after-
wards. If the effect of resonances
in the suspension edge is negligible
in the pass band, as indicated be-
fore, 1/8., 1/8,, etc., can be elim-
inated, and a single compliance
1/8, used. If it is intended to use
a voice coil form which previous
experience or measurements have
shown to have a stiffness high
enough so that no appreciable
shunting effect is encountered at
the highest frequency required,
1/S, can also be omitted. Then
with these simplifications, and
combining all parameters in the
mechanical circuit the equivalent
electrical circuit of this hypo-
thetical loudspeaker can be repre-
sented by Fig. 6.

Here M. is the total mass of the
moving system and F the force
(Bli) due to the electro-magnetic
circuit. Transmission engineers
will recognize this as the schematice
of an electric wave filter, the con-
stants of which can be found pro-
vided the terminating impedances,
pass band, dissipation require-
ments, ete., are specified. Unfor-
tunately, all these factors cannot
be specified in electro-acoustic de-
sign work, due to the limitations
of materials, the absence of stand-
ard lumped components corre-
sponding to capacitors, trans-
formers, etc., in the electrical field,
and most important, because of the
interdependence of the filter ele-
ment constants and the factors de-
termining the values of the termi-
nating impedances.

Determining Values

However, the design specifica-
tions usually set up requirements
which limit the manner in which
the problem can be approached.
Starting at this point, the method
followed involves a process of ten-
tative computations, which are
successively corrected as the de-
sign proceeds. In this way, the best
possible values for the wvarious
interrelated factors can be ob-
tained. The procedure can be il-
lustrated concretely by one method
of approach used in designing a
typical horn loudspeaker which is
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Fig. 11—Frequency response curve of loudspeaker culput pressure at 4 it. on the horn axis

suitable primarily for voice repro-
duction, and also for music if the
lack of full bass response is ac-
ceptable. The requirements set for
this loudspeaker are as follows:

1—Maximum input power —12

watts;

2—Minimum {frequency range—

300 to 5000 cycles;
3—Efficiency—High as practicable

to-day, within reasonable cost;
4—Impedance—Suitable for con-

nection to a low impedance out-
put tap of a standard amplifier;
5—Size—Not to exceed 8 to 9 in. in
length, and about 8 ins. bell
diameter;
6—Low manufacturing cost.

First of all, the dissipation in the
voice coil 1s determined. As loud-
speakers of this type can be made
to-day with an efficiency of 30 to
35%, about 8 watts must be dis-
sipated as heat. When the voice
coil size is computed, as shown
later, its ability to dissipate this
power without excessive heating
can be checked in accordance with
electrical engineering practices. In
conventional designs, a figure of
approximately .1 to .2 sg. in. of
exposed conductor area per watt is
sufficient to keep the temperature
rise within acceptable limits.

The specifications on size, and
the low frequency requirement,
restricts the horn to fairly definite
limits. A tentative theoretical horn
cut-off frequency of 250 cycles is
suitable, and as the length limita-
tion allows only about six inches
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for the horn section, it is necessary
to fold it into three annular re-
entrant sections. With a mouth
diameter of 8 in. and an acoustic
path length of about 20 in., a re-
quired throat diameter of % in. is
found from horn theory, in the
manner explained before. A diag-
rammatic sketech of this horn sec-
tion is shown in Fig. 7.

Diaphragm Size

A tentative value of diaphragm
size can be chosen, based partly on
experience and partly on the re-
guirements. Its suitability may
then be checked from the stand-
point of power output, permissible
deflection, ete., as will be shown
below. First, however, to hold
manufacturing cost low, the sound
chamber cannot be too complex.
One of the refinements used in
loudspeakers designed for high
frequency reproduction, is the use
of a sound chamber which has
several openings or channels be-
tween the diaphragm and horn
throat. A sketch of one type is
shown in Fig, 8.

Briefly, the openings are spaced
some fraction of a wave length of
the highest frequency required, so
proportioned as to prevent phase
cancellation of the sound in the
chamber. This is a relatively ex-
pensive construction. The single
opening type is much less expen-
sive, but for the same diaphragm
and throat dimensions, starts to

(Continued on page 97)
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Making Reverberation Time Tests

in Broadcast Studios

By L. P. REITZ, Acoustical Engineer
Sound Apparatus Co., New York

The use of high-speed level recorders in determining studio

charaeteristics and as an aid in proper acoustic designing

® Architectural acoustics is a
product of modern times. Although
it should have been of importance
at any time and place where con-
struction was done, it was neg-
lected for a long time and has
only recently come into its own
and become “modern.”

After the early pioneer work in
acoustics in the beginning of the
20th Century, it needed the chal-
lenge of proper acoustical design
of motion picture theaters and
broadcast studios to advance archi-
tectural acoustics and to improve
measurement technics. The stop-
watch, ear and organ-pipe method
of measuring reverberation time
was no longer adequate. For-
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tunately, with the invention of the
vacuum tube, acoustical engineers
could make use of audio-frequency
oscillators, amplifiers, attenuators,
loudspeakers and microphones for
their experiments on sound, and
research work has progressed not
only in a number of laboratories
but in industrial manufacturing
plants of acoustic materials as well.

An outstanding recent contribu-
tion to the advancement of sound
measurement was the design angd
construction of graphic high-speed
level recorders, instruments which
not only enable the accurate
measurment of acoustical phe-
nomena but produce a graph of
the result of the investigation.
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It is the purpose of this paper
to acguaint engineers with the
advantages of graphic recorders
in the task of creating acoustically
correct auditoriums, theaters and
studios, and to illustrate how such
a reverberation analyzer can be
adapted to the modern acoustical
problems of the architect and
building-material manufacturer.

Considering the acoustic pro-
perties of present buildings, the
defects are fourfold: reverbera-
tion, echo, dead spots and sound
focal points, and high noise levels.

In making a study of these de-
fects, a reverberation analyzer is
practically the only instrument
which will give a complete analy-
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sis of all four of these common
architectural faults. Furthermore,
it is a substantial aid in designing
new buildings through experience
gained on present construction.

Reverberation has been defined
as the persistence of sound due
to repeated and diffused reflections.
Too long a reverberation is un-
desirable inasmuch as it makes an
unintelligent jumble of speech
sounds and in a somewhat lesser
degree impairs the quality of
music. If the reverberation is too
small, it causes a flatness in speech
and music and in large auditoriums
makes it difficult for a speaker to
be heard because most of the
sound is absorbed.

It is common to measure re-
verberations by what is termed
the reverberation time. This is the
length of time required for the
original sound to decay to one-
millionth of its original intensity.
Acceptable limits for various size
rooms and auditoriums are given
in Tables IIT and IV.

Measuring Reverberation

Sample charts with an explana-
tory analysis of the curves for
both reverberation and echo are
illustrated in Fig. 1. Reverbera-
tion time can be measured from
the high-speed level recorder
charts as shown in Fig. 2, using
the Reverberation time scale.

Echo 1is the reflection from
smooth surfaces as a mirror reflects
light. Audibly, it is described as a
reflected syllable or word arriving
at the ear at the same moment as
a later sound arriving by the direct
path, causing a disturbing and
uvnintelligible effect. The surfaces
causing this echo can be located by
examination of the reverberation
decay record as shown in B and
Cin Fig. L.

Dead spots and focal point pat-
terns can be made on the chart
by using the microphone as a rov-
ing detector throughout the room
space. This investigation will re-
veal any dead spots or excessively
loud points in the room. If these
occur, they probably are caused
by curvatures in the walls or
ceiling which act as a focussing
mirror concentrating sound at one
point. This in turn will impart to
the surrounding area a lack of
reflected sound and dead svots. A
geometric analysis of the borders
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of the room will aid in locating the
fault.

Noise level may negate an
otherwise acoustically acceptable
auditorium. This is particularly
disturbing 1in theaters, hospitals
and churches. This, also, can be
measured in a similar manner to
the measurement of sound distri-
bution, but without the oscillator.
Relative loudness of noises Is
given in Table I, and can be com-
pared with the readings obtained
on the chart to give a clear picture
of the amount of annoyance this
unwanted sound will cause.

In order to acguaint the reader
with the type of problems en-
countered, a simple analysis of
sample records is given and a few
typical calculations are made to
illustrate the wvarious ways this
analyzer may be used,

The tracings in Fig. 1 serve to

‘ TABLE I \
( CORRELATION OF THF
! DECIBEL WITH LOUDNESS

( AND INTENSITIES

Volts  Sound
Decibels Input Pressure Loudness '
dynes/cm?

0 .00003 .00 Rustling of leaves
10 .0001 008 Quiet whisper

20 .00032 .01 Quiet Home !
3 001 03 Quiet Street |
40 .0032 1 Normal Conversalion

50 .01 3 Average Office '
60 .032 1 Depariment Slors

0 .1 3 Average  Automobile |
80 .32 10 Average Factory

90 1.0 30 Lion’s Ttoar

100 3.16 100 Subway Neise !
The decibel  (abbreviated ah) is  the |

logarithm of the ratlo of the corresponding
jntensity to that of the rveference infensity
level, Tt is given exactly hy ihe equation: '
Intensity
Decibels = 20 Logyp —m————
Intensity Referenes
The logarithmie function was chwsen be-
cause the hnman ear iz very nenrly loga-
rihmic in the perception of sound intensi-
ties. A change in intensitv of one decibel i
corresponds vety closely to the smallest change |
in intensity that the ear ean deteet, ve-
gardless of the lowdness of the sound. The }

chart above i= a correlation hetween the
decibe] and vellage inpuf to ihe pre-ampli-
fier. sound pressure, and vreeognizahle Joprd-
ness lesels
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Fig. 2—Reverberation-lime scale fitled
over a charl record

Coustesy of Prof. K. C. Morvical, Washington U,

illustrate the various types of de-
cay curves normally encountered.
The curve A shows a typical de-
cay using a pure tone as the
sound source. Notice the many
reinforcement and cancellation
tendencies as the sound “hounces”
about the room. A c¢omparison
with the other curves, which were
obtained using a warble tone
oscillator, shows the effectiveness
of using this type of sound source.

Echos appear on the curves B
and C. If the elapsed time from
the initial drop to the echo peak
is measured by the hottom time
scale of the Reverberation-time
scale, it serves as a clue as to
what causes the echo. In B, this
time is .35 seconds. Inasmuch as
sound travels 1100 feet a second,
this equivalent distance is 1100 x
.35 =385 feet. A path is then
sought which is 385 feel from
speaker to microphone by way
of some smooth reflecting surface.
The microphone and speaker can
be relocated to establish further
this exact surface.

Curve Interpretation

It frequently occurs that the
microphone and speaker are placed
too close together and the incident
sound directly from the speaker
decays more rapidly than the re-
verberation as shown in D. In
making reverberation time meas-
urements this is to be avoided
either by moving the speaker and
microphone apart or by inserting a
baffle in the direct path.

Insufficient initial sound level or
too high a noise level will result
in a curve similar to E. The curve
tends to flatten out as the noise
level is approached, giving a false
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High and low speedsound-level recorders, warbletone oscillators, mikes, speakers. etc.,
comprise typical test setup

reverberation time if the slope is
measured at this lower level. The
curve in F is an example of a
good record made with ample
level and in a room relatively free
of echo, and is the result strived
for in obtaining an accurate
measurement of reverberation
time.

In the calculation of reverbera-
tion time, the dimensions of the
room and absorption coefficients
of the room materials must be
known and tabulated. Room di-
mensions: 20 x 80 x 125 Volume V:
200,000 cu. ft. )

The reverberation time is given
by the formula:

v
T=.05—,

where V = volume in cu. ft., A=
total absorption.

The total absorption is the sum
of the products of each area of the
sides of the room, times its ab-
sorption coefficient. A list of these
coefficients appears in Table IL

The various values of absorption
{A) are listed in the table below,
where: Reverberation time T = .05
V/A=.05 x 200000/5130=1.95
seconds,

Absorption
Coefficient  AbsSorution
Area at 1000 c.p.s. Product
Ceiling Celotex A:. 22 2200
34 ffoor linolewm:. . 03 130
% floor eork:. . ...40 12 606
Side walls hard
plaster: ..., 20 %123 .03 T3
Side walls hard
plaster ....o... 20 %123 .03 735
Rear wall eclotex
Bl e 20x 70 46 044
10 in. rear
openingt. .. 3 1o
Front area, plagt .03 12
Frout stage opening
with p
walls: .25 300
200 empty seats:. . 1T 34
300 vecupicd seatst —— 4.5 940
TOTAL (4) 3130
46

If it has been established by
measurement that the reverbera-
tion time is too long, the formula
below gives the amount of addi-
tional square feet of absorbing ma-
terials required:

.05V (T,—T.)
S=n—n —————
A —A (TwxT.)
where V = Volume of the room,
A, = absorption coefficient
for the added ma-

terial
absorption coefficient
for the material to
be replaced by the
new material
T, = present reverberation
time measured by

A,

il

analyzer
T, = desired reverberation
time
' TABLE 11
ABSORPTION COEFFICIENTS
at at
200 1000
Materials cps tps
Average  Acoustic  Plaster  over
grpsum plaster ... .23 .60
Hard Plaster . ............ 02 .03
Lime Plaster with rowgh fnish
over weod lathe L., 03 .08
Brick Wall Unpainted ...... 02 04
Brick Wall Painted ........ . 02
GLASS v cmme e 02 0%
Mosonite 157 Board ... ... . .21 .30
Felt 17 Thick 100 pereent fwir .32 .62
Rock Wool, 17 Telted .. .. A3 T2
Wood sheathing. pine ...... 11 .08
Cork flooring ... ... o 03 .12
Linolewm ........... 03 .03
Draperies. draped to 35 .2
Carpet, lined .......... 14 42
Balsam Weol ... o . .23 .63
Powred Cenercle ...... .0 02
Acoustical Westfelt ........ AT .62
J-M Sound Tnsulating  Blanket
MK ... e .78
Celotex Twpe A . .. 20 .22
Celotex Type B with perfova-
tions exposed . ........ .. 21 .46
Objects
Openings (depending upon furnish-
ings bevond) .........-. .35 to .80
Venptilators ......... ... A0 50
Average adult person 4.3 g . 4.7 sq. ft.
Seat, plywood .13 s5q. ft. 7 sq. ft
Seat, upholstered
{average) . 2.0 sqo bl 25 sqolt.
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As a practical problem, let us
take a room of 100,000 cu. ft. which
has a measured reverberation time
of 3 seconds. It is desirable to re-
duce this to 1.5 seconds. The
amount of acoustic plaster to be
added to the hard plaster of the
ceiling is to be calculated: Present
reverberation time T, = 3, Desired
reverberation time T,=1.5, Hard
plaster coefficient A, = .03, Acous-
tic plaster coefficient A,=.60

05V (T.—T.)

T A—As (TuxTY)
05 % 100,000 (3—1.5)

S

£0—.03 (3x15)
= 3,000 sq: ft.

If the ceiling meagures 50 by
100 ft., or 5000 sq. ft., then 3000
sq. ft. must be covered by the
acoustic plaster to give the desired
reverberation time. After this has
been done, the reverberation
analyzer can be used again to sub-
stantiate the results.

Many ways have been advised to
measure the absorption guality of
acoustic materials using the high-
speed recorder, but a simple and
direct method is described which
will give a quite accurate absorp-
t{ion index of the material.

A gquiet rectangular room of
high reverberation time is required
(about 5 seconds minimum). If a
reverberation time record is made
before (T,), and after (T.), the
addition of a given number of
square feet {A) of unknown ma-
terial has been added to the room.
the equation of the absorption
coefficient (=) is:

05V (T.—T.)

A (T.xT.)

Of course, if any degree of ac-
curacy is to be obtained the dif-
ference between the two values of
reverberation time should be a
significant factor. This can be ac-
complished by beginning with a
very reverberant roorm, or using a
larger area of the unknown ma-
terial.

The basic principle of operation
of these graphic recording instru-
ments is dependent upon a variable
de voltage impressed upon a bridge
circuit which operates the stylus
or pen through a servo system. The
stylus is connected to the potentio-
meter which restores the input
voltage to the balance level

The recorder is schematically
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shown in Fig. 3. The input poten-
tiometer P is interposed between
the input terminals and the ampli-
fler. The signal from the poten-
tiometer connects to the amplifier
through the flexible lead L and the
contact point K. The output of the
amplifier is a balanced rectifier
from which d¢ current flows
through coils 3, and 3.. These coils
are wound on the two sides of
magnetic disc M. The two prongs
of the magnetic fork G slide on the
edges of the disc forming a mag-
netic clutch whose gripping power
is dependent on the signal. This
fork carries the potentiometer con-
tact X and a scribing point which
is always in contact with the
waxed paper R.

When there is no output signal
across the terminals there is an
initial unbalance in the rectifier
circuit which causes a relatively
large current to flow In the coil
marked S. in Fig. 3, while the cur-
rent through S, is very small. This
attracts the fork prong to the dise
on the side of the disc where S. is
located, increasing the friction be-
tween this prong and the disc. This
friction causes the fork to move
with the dise, carrying the scriber
and potentiometer point to the end
of the scale where the attenuation
of the potentiometer is zero. This
makes the instrument ready to re-
ceive a signal with the sensitivity
at its maximum value. If a signal
voltage is applied to the input
terminals, it is amplified and recti-
fied and the rectified output causes
the current through S. to decrease.

Recorder Operation

If the signal level is raised to
a certain point, the current through
S. becomes very small and that
through S, increases to the point
where the friction on the other
prong of the fork is greater. The
fork moves to the right which re-
duces the voltage on the amplifier
and restores the balance of cur-
rents through S, and S.. The dis-
tance the potentiometer moves in
restoring the balance is recorded
by the scriber on the moving wax-
paper strip. Thus a measurement
of the amount of change in input
signal is made and recorded. These
operations are repeated for any
increase or decrease in the signal
and are carried out at very high
speeds. The balancing of the bridge
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Fig. 4—Broadcast siation may use already installed facilities in conjunction with level-
recorder for reverberation tests. Measurement of frequency response, field intensity, etc..
are further uses

for every signal change is accom-
panied by the inscription of the
amount of change on the wax
paper making a continuous record
of the changes of the input level.
The measuring range of the in-
strument is determined by the
input potentiometer. Since these
potentiometers are interchange-
able, a narrow as well as wide
range of intensities can be covered.
The resistors are terminated in a
contact train which is divided into

iNpuT

AMPLIFIER RECTIFIER .|

S

/ V\/\/’\;",F‘:’M’.w,, L—(—':
K (‘O

4 5 bl

Fig. 3—Schematic of the high-speed level-
recorder

TABLE III
REVERBERATION TIME
LIMITS FOR AUDITORIUMS

Reom Optimum Limits of
Volume Reverberation Time in Seconds
{Cubic Half Audience Full Audience
Feet) 200 cps 1000cps 200cps 1000 ceps
10,000.. 1.2 1.0 Lo 0.3
23.000.. 1.4 1.2 1.2 L
50.000.. 1.7 14 1.5 1.2
100,000., 2.0 1.7 L7 1.4
200,000,. 23 1.9 1.y |0
100000 0 2.5 2.1 2.1 7
300.000.. 2.8 2.3 2.3 1.8
§00.000.. 3.1 2.5 35 wn

1,000,000.. 3.4 2.8 2.7 2

= ie

These vaJues are for an auditorium where
a universal application 15 sought, e, it
is to accominodate music and specch  with
and without sound reinforeement. Where sound
reinforcemment is to be cxelusively used, lhe
above figures should be reduced hy 20 per-
cent.
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100 steps. In a potentiometer of
0-25 db, each step represents
db; in one of 50 db, each step
represents ¥ db, etc. Potentio-
meters of 0-25, 0-50, and 0-75 db
are available for the PL and PS
models.

For a test set-up the loudspeaker
and microphone are preferably
located in different parts of the
room (Fig. 4). When the oscillator
is turned off the sound decay is
plotted on the recorder chart
paper. The cause of echos shown in
B and C of Fig. 1 can be located in
the room by measuring the time
from the shut-off point of the
oscillator and the occurrence of the
echo.

Decay Curve Slope

The reverberation time is deter-
mined by the average slope of the
decay curve, and is measured con-
veniently by the Reverberation-
time scale as shown in Fig. 2.
The wvertical line of the scale is
fitted to the average slope of the
decay line with the cross-line in-
tersection coinciding with the bot-
tom calibration line. Running
along this calibration line we find
that the reverberation time on the
illustrated example is .9 seconds.
For making noise level records, the
oscillator is shut off and a running
level of noise is recorded on the
recorder in the various parts of the
room,

In the process of making a field
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plot of sound distribution, it is
necessary 1o use the microphone
as a roving probe throughout the
room. Although the pre-amplifier
in the oscillator can be used with
long connecting cables, it becomes
much more convenient to use a
pre-amplifier which is in a small
portable case with a low impedance
output. The recorder can remain
stationary, as the microphone and
pre-amplifier are carried around
the room and the sound level is
plotted on the chart. The warble
is used on the oscillator to prevent
standing waves in the room and
permits a smooth curve of the
sound distribution.

The following is a list of some
applications for highspeed, level
recorders:

a. Maintenance of circuits and
apparatus in broadcasting sta-
tions.

b. Recording of radio field inten-
sities.

c¢. Measurement of studio charac-
teristics,

d. Determination of the frequency
characteristic of a portion of a
broadcasting system during reg-
ular operation without interrup-
tion.

e. Reverberation
ments.

f. Decay of sound.
Sound absorbing—and insulat-
ing properties of acoustic ma-
terials.

h. Acoustic impedance of
mercial materials.

i. Sound intensity and loudness
measurements in general.

The complete equipment com-
prising a reverberation analvzer
kit consists of: (1) Model PL high-
speed level recorder; (2) Model

time measure-

com-

A, W. Niemann, founder of Sound Apparatus Co. in 1832 examines
a Portable Analyzer record
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TABLE IV
REVERBERATION LIMITS
FOR SOUND STUDIOS
AND HOMES

Optimum Limits
of Reverheration Time
in Seconds

200 cps 1000 cps

Room Volume
(Cubic Fret)

—
=
=)
=]
=
=
~a
=
=3

Hrpe oo
[ R R Y2)

WO warble-tone oscillator.

The Model PL recorder equip-
ment is normally furnished with a
50 db scale which is linearly cali-
brated in decibels on a 2-in. wide
chart, and is capable of faithfully
recording changes in sound level
up to 400 db per second. Controls
are provided for starting and stop-
ping the chart paper and the writ-
ing mechanism, It is provided with
a fast paper and wrifing speed for
reverberation time measurements,
and a slow paper and writing
speed for the recording of noise
and sound level measurements.

Reverberation Studies

The Model PS recorder has only
one writing and paper speed, but
can be used where only the rever-
beration studies are required. This
instrument is a simplified form of
the Model PL and as an economy
measure is available to those not
anticipating an overall survey of
21l acoustic conditions.

The Model WO warble-tone
oscillator is an audio-oscillator
with a main tuning dial calibrated
logarithmically from 50 to 20,000
cps. The warble rate can be select-
ed for 3, 6 and 10 times a second.
The warble extent can be adjusted

www americanradiohistorv com

by means of a dial calibrated from
0 to 1000 cycles above and below
the center frequency. Included in
the oscillator case is a 10-watt am-
plifier, a crystal microphone, a
pre-amplifier with a gain control
for adjusting the sound level, and
a 10-watt loudspeaker built into
the removable lid of the case. Both
units are constructed for portabil-
ily with each housed in a leather-
ette case 9 x 12”7 x 16”, and each
weighing less than 35 pounds. Each
instrument is operated on 115 volt
60 c¢ycle current and comes
equipped with a detachable line
cord.
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Model PL recorder has a last writing speed for reverberation
tests and a slow one for noise and level measurements
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Radar System for Airport Traffic

and Navigation Control

By FRED ], KITTY, Project Engineer
Bendix Radio Div.. Bendix Aviation Corp.

Bendix-Navy GCA ““Quonset Installation” combines advantages of many systems

to provide for surveillance,

height-finding and instrument approach — Part III

® The precision approach system
of radar set AN/FPN—1 (XN2)
consists of two X-band radar sets
scanning a small angle of space in
the direction of approaching air-
craft. One radar set scans ver-
tically to determine very accurate-
ly the angle of the aircraft above
the horizontal to detect any devia-
tion from a preselected glide path.
This is called the elevation system.
The other set scans horizontally to
detect any deviation in course from
that leading down the center line
of the runway. This is called thc
azimuth system. Each set has its
own indicator with a single range
of six nautical miles. An approach
indicalor coordinates the elevation
and azimuth deviations so that the
approach controller can orally
direct, with extreme accuracy, the
pilots of incoming aircraft.

The azimuth, elevation and ap-
proach indicators and two video
amplifiers are installed in racks in
the indicator room housed in the
control tower building (Fig. 1,
August issue Tele-Tech). All other
major units are mounted in the
trailer (Fig. 15 and 16) which can
be towed to either of two pre-
selected sites. Cables from the in-
dicator location have been laid
underground to connect to identical
terminal boxes at these sites. These
and a connector panel at the rear
of the trailer provide for quickly
connecting the trailer to the rest
of the system. The two sites are
separated by 4500 and 2000 ft. of
cable respectively from the in-
dicator room.

The two synchronizers (eleva-
tion and azimuth) are identical in
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The Search Tower containing the search

transmitting and receiving equipment

construction and function to the
ones used in the search and height
finder systems.t The master posi-
tive trigger from the search sys-
tem controls the elevation syn-
chronizer which in turn produces
a ftrigger to control the azimuth
synchronizer. Thus it may be seen
that all four radar systems are
synchronized.

There are two identical trans-
mitter racks, one for each of the

iSee Tele-Tech for Augusl and Seplember.
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wwo systems. Each contains a re-
celver, synchroscope, transmitter
and H. V. power supply. Except for
the transmitted frequencies these
components are identical with
those used in the height finding
system. The 2J51 magnetron in the
azimuth transmitter is tuned to
9040 mc while the 2J51 in the
elevation transmitter is tuned to
5010 me.

Except for mechanical arrange-
ment, length of waveguide and
omission of the rotating joint, the
plumbing used in each of the pre-
cision systems 1is identical with
that of the height finder system.
This includes the directional
couplers and adjustable impedance
transformers shown on the height
finder block diagram.

The elevation antenna system
occupies the left rear corner of the
trailer and when erected projects
above the roof. A house is provided
to protect the antenna mechanism,
the house being braced by struts
to the trailer roof. The front of the
house consists of a plastic sheet
translucent to radio energy. The
entire house is removable for
travelling and a cover fits over the
hole in the roof.

The elevation reflector is identi-
cal with that used in the height
finder system, the lower half in
this case being hinged to the trailer
body. The antenna array consists
of 165 probe fed dipoles mounted
in a 14 ft. length of variable-width
waveguide. Scanning is accom-
plished in a manner identical with
that used for the height finder ex-
cept that the scan range is from
+1° to +8° with respect to the
normal. The array produces a beam
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0.6° wide in elevation at the half
power points.

In order that scanning below the
horizon may be obtained the entire
trailer is tilted 2° into the ground
so that the actual limits of scan
are from 1° below the horizontal
to 6° above. Angle data is obtained
from the scanner in an identical
manner to that used in the height
finder; the angle coupler and
coupling capacitors being identical.
However, the voltages produced by
the scan range from -+2 volts to
-+102 volts in this case. The eleva-
tion antenna system is installed so
that it may be rotated by means of
a motor through an angle of 20
azimuth degrees.

The azimuth antenna system is
mounted horizontally along the left
side of the trailer, protected by a
plastic sheet similar to the one
used in the elevation system. For
travelling a steel cover folds over
the plastic sheet. The azimuth re-
flector resembles the height finder
reflector except that it is in one
piece and is 8 ft. in length. It is
parabolic and mounted so that it
may be turned 7° about its hori-
zontal axis. The reflector controls
the elevation thickness of the ra-
diated beam which is approxi-
mately 2° at the half power points.

The antenna array consists of
114 probe fed dipoles mounted in

Fig. 16—General view inside the trailer, looking down the aisle
from rear door
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15—The {railer housing the preci-
sion antennas, fransmitters and receivers

Fig.

an 8 ft. length of variable width
waveguide. Scanning is accom-
plished in a manner similar to that
used in the height finder, the limits
of scan being —1° to —21° with
respect to the normal. The trailer
is parked at an angle of 84° to the
runway so that the actual limits of
scan are from 5° to the right of the
runway to 15° to the left. The
array produces a beam which is
less than 1.2° in azimuth at the
half power points. The azimuth
antenna system uses angle data
equipment identical with that used
in the height finder system. How-
ever voltages produced by the scan
range from -+10 to +90 volts in
this case.

The precision antennas (Fig. 17)
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have two scans, one electrical and
one mechanical. The electrical séan
is continuous and its rate is fixed.
The electrical scan drive motor
runs at approximately 1750 rpm
and drives the two variable width
waveguide scanners simultaneous-
ly through a mechanical linkage
with an overall reduction ratio of
30:1. It can be easily shown that
this results in one complete scan
cycle per second or it may be said
that each antenna makes two
sweeps (1 up and 1 down) per
second. The mechanical motion of
the antennas is controlled through
pedals at the elevation and azimuth
indicators. (Figs. 18 and 19).
These are quite similar as far
as circuitry and general features
are concerned to the height finder -
indicator already described. The
azimuth indicator has a single

‘range of six nautical miles, with

one mile range marks. It presents
a picture in azimuth of a 20° arc
in front of the precision system
trailer, rotated so that the azimuth
operator, who views the indicator,
sees the same picture that the pilot
sees approaching the field. Using
10 in. of the 12 in. cathode ray
tube, with an EPI presentation, the
horizontal component of the sweep
is cxpanded three times for in-
creased accuracy in azimuth.

A hand wheel on the front of

Fig. 17—Close-up view of the Precision anlenna system, identi-
fying its elements
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the indicator actuates a cursor with
which the tracker follows the sig-
nal of the incoming aircraft. A
synchro generator driven by the
same handwheel actuates the
azimuth marker on the approach
indicator. Since the radar equip-
ment is mounted in the trailer,
which may be as far as 5000 ft.
distant, a video amplifier is pro-
vided in the bottom of the rack to
amplifly the signals transmitted
over this long line. An identical
amplifier is provided for the eleva-
tion indication. These amplifiers
are not required in the search or
height finding systems, whose
radar equipment is located within
500 ft. of the indicators.

Pedals are provided at the bot-
tom of the rack by means of which
the azimuth tracker rotates the
elevation antenna system in
azimuth to keep it aimed on the
target. An electronic follower cir-
cuit indicates the azimuth position
of the elevation antenna. This elec-
tronic follower extinguishes the
azimuth indicator range marks ex-
cept in the space being scanned by
the elevation antenna. The range
.marks appear as a fan, or wedge,
with the point at the origin of the
sweep. Operation of the pedals
moves the wedge left or right in
accordance with the rotation of the
elevation antenna.

Elevation Indicator

The elevation indicator has a
single range of six nautical miles,
with one mile range marks. Il pre-
sents a picture in elevation of a
7°¢ arc in front of the trailer, from
1° below the horizontal to 6°
above. Using 10 in. of a 12 in.
cathode ray tube, with an EPI
presentation, the vertical compo-
nent of the sweep is expanded ten
times for increased accuracy in
elevation. A hand wheel in front
of the indicator actuates a cursor
by means of which the elevation
tracker follows the signal of the
incoming aircraft. A synchro gen-
erator driven by the same hand-
wheel actuates the elevation
marker on the approach indicator.

Pedals are provided at the bot-
tom of the rack, by means of
which the elevation tracker tilts
the azimuth antenna system in
elevation to keep it aimed on the

target. Electronic follower circuits .
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Fig. 18—The two operators sit back-to-back, operator for the Approach Indicator being in
the foreground, with the Elevation operator in the background

like those in the azimuth indicator,
allow the range marks to show
only in the position covered by
the azimuth antenna beam. The
cursor used on the elevation in-
dicator is adjustable for any de-
sired glide path, depending upon
the type of aircraft to be landed.

The approach indicator contains
two synchro motors, one receiving
deviation information from the
azimuth indicator, the second from
the elevation indicator. In the case
of the elevation system the synchro
motor swings a wire semicircle
(through gears) behind a curved
plastic disc on which are etched
numbers representing feet of de-
viation above and below the glide
path. Thus when the tracker
moves his cursor he moves a wire
marker in the approach indicator.
Two dial lamps in the latter cast
the wire marker’s shadow on the
“ground glass” surface of the

Fig. 19—Azimuth indicator presentation
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plexiglass disc. The same process
is used in the case of the azimuth
deviations.

Now, since the two wires are
mounted at right angles under the
same disc, the position of the air-
craft with respect to the ideal can
be read dircctly, in terms of rec-
tangular coordinates at the point
on the indicator where the two
shadows intersect. The origin of
the rectangular cocrdinate system
used on this indicator, represents
the ideal position for the aircraft.
A full set of radio facilities are
provided at the approach indicator
position to afford complete com-
munications with aircraft and the
other radar operators,

Functions of Operators

The azimuth tracker sits in
front of the azimuth indicator
rack. He performs two major func-
tions: he follows the signal on
his indicator with a cursor which
controls the azimuth deviation
marker on the approach indicator;
by means of pedals he aims the
elevation antenna in azimuth.

The elevation tracker sits in
front of the elevation indicator
rack which faces the azimuth rack.
Thus the two trackers are sitting
with their backs fo one another.
The elevation tracker performs the
same two functions with respect to
elevation that the azimuth tracker

(Continued on page 93)
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Mobile Radiophone for Taxicabs
Proves Its Worth

Operators of many installations using low-power two.-way FM

in 152 mec band report business increases as much as 409,

® “We have learned that a car
equipped with 2-way radio is three
times as useful as one without.”
These words of L. L. Welsh, presi-
dent of the Welsh Taxicab Co.,
Morristown, N. J., mark one sig-
nificant reason why the advent of
radio in the taxi service is accom-
panied by an average 409% in-
¢crease in business. Two-way radio
sets work like magiec in putting to
work the otherwise wasteful
“empty returns.”

With the automobile market in
short-supply, cab-starved taxi
companies across the nation are
now ‘trebling their fleet sizes in
effect with 2-way radio wunits.
Twenty-one of these taxi com-
panies in the Greater New York
area comprise a fast-growing or-
ganization called the Metropolitan
2-Way Radio Taxi Owner’s Asso-
ciation. This group is pledged to
the task of mutual negotiation for
maximum efficiency and workable
radio procedure. Welsh, who is also
president of this organization, em-
phasized the value of mutual dis-
cussions which account for ‘“re-
markable cooperation between
radio taxi companies operating on
nearly the same wavelength in a
crowded spectrum.” The associa-
tion imposes self-censorship on the
various group members and em-
ploys an assoclation censor who
monitors for superfluous conversa-
tion and other abuses of the wave-
lengths. It is learned from experi-
ence that the average transmis-
sion requires a period of ¢nly 6
seconds, and any conversation
much beyond this may be cause for
a citation.
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Welsh explained that each taxi-
cab company is assigned a prelim-
inary number which identifies the
call. If a taxi of company A hears
the transmission of a taxi of com-
pany B, there would be no possibil-
ity of error because of this num-
bering system. A Welsh radio call,
for example, bears the prefix num-
ber 2 and each numbered car is as-
signed a call such as 2-10 or 2-15.
The number 10 and 15 taxi’s of an-
other nearby company may be
4-10 or 4-15. In this way, trans-
missions are kept in the proper
administrative channels.

Welsh mobile stations went on
the air in June, 1946 using Link
equipment. The FCC issued ex-
perimental class II licenses for 16
mobile-stations and one fixed sta-
tion. Eight taxis already are radio-
equipped and the remainder under

way. W2XIG, the fixed station, is
a 250-watt Link, type 1908, FM
radio set and is assigned a fre-
quency of 152.27 mc. Each mobile
station consists of a 15-watt FM
transmitter and its companion re-
ceiver. The mobile units transmit
on a frequency of 157.5 me.

Phase Modulation

Link mobile and fixed station
transmitting equipments use the
phase deviation prineciple for gen--
erating the FM carrier. Three
doublers, one tripler and one quad-
rupler are required to multiply
the phase-deviated crystal-con-
trolled frequency up to the 152-162
mc band. Both the fixed station and
the mobile transmitters are essen-
tially the same, except that the
latier has a dynamotor plate power

Fig. l—Wiring diagram of the Link crystal controlied FM mobile transmilter using dyna-
motor power supply
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Fig. 2—Wiring diagram of the Link FM receiver for mobile installations

source—the former, a 115-volt ac
source. A schematic of the mobile
transmitter is shown in Fig, 1.
The receivers use the Foster-
Seeley discriminator circuit pre-

ceded by a double limiter. The sets -

are designed for *20 kc deviation
and audio frequency range from
350 to 5000 cps within #=2.5 db. An
undistorted receiver output of 1
watt across a 500-ohm line is
available at the output terminals.

A quartz crystal insures stable re-

ception under conditions of tem-
perature wvariation, humidity and
vibrations generally encountered
in mobile service, and a double
heterody.ie circuit provides excel-
lent bandpass characteristiecs and
security against spurious re-
sponses. A synchronous vibrator
type power supply is used for the
mobile receiver; a conventional ac
power supply is used for the fixed
station set. A schematic of the mo-
bile receiver is shown in Fig. 2.

Few Tube Types

From the viewpoint of minimum
maintenance, one main feature of
the receivers is that a total of 13
tubes are used; yet only 5 different
tube types are required to serve as
rf amplifiers, mixers, IF amplifiers,
limiters, oscillators, multipliers,
discriminators, squelch, noise, and
audio tubes. Because the mobile
set is used mainly in vehicles, the
Link FMTR-7C set is designed for
sharp discrimination against motor
noise and ignition interference.
However, a distributor suppressor

TELE-TECH * October, 1947

1s supplied with the equipment in
case it is necessary to reduce fur-
ther any received interferences.

Power Supply

The heavy demands of the taxi
service for 2-way radio telephone
dictate the use of a power supply
of greater capacity than the ordi-
nary automobile generator. For
this purpose, Leece-Neville three-
phase, 60-ampere alternators oper-
ate into selenium rectifiers pro-
ducing about 7 wvolts across the
battery. A voltage regulator sys-
tem consisting of a number of re-
lays are connected in the field cir-
cuit of the alternator to vary the
amount of charge into the battery

Fig. 3—TFixed stalion transmitter-receiver
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depending on its state of charge.
The use of alternators allows
simple line voltage control by
means of varying the field current
and has lower brush outages. A
more detailed description of the
Leece-Neville mobile power source
appears elsewhere in this issue.
Refer to that article for the
schematic of the complete power
unit.

Morristown is a community of
15,000 nestled in a cradle of sharp-
1y rising hills. Owing to these hills
a 15-watt fixed transmitter pro-
vided serviee, though inadequate,
until the present 250-watt unit was
installed. A Link high-efficiency,
coaxial-type FM antenna on a
favorably situated hilltop over-
looks Morristown from an eleva-
tion of 375 feet and blankets an
area encompassing approximately
150,000 people. Welsh cab drivers
report no dead spots within the
city limits. Transmissions average a
distance of approximately 5 miles,
but line-of-sight transmission is
possible over distances up to 30
miles. Something of a transmission
feat is performed daily by Welsh
cabs operating right in the heart of
New York City's skyscrapers with-
out losing touch with their home
station, 30 to 40 miles away.

[.and Line Control

A special remote control unit
designed by Link Radio enables
the taxi dispatcher in the Morris-
town business district to modulate
hilltop station via landline. The
unit consists of the following main
pieces of equipment: a push-to-
talk handset, a loudspeaker, a re-
ceiver amplifier, a microphone am-
plifier, a self-contained power sup-
ply, a volume control, a signal
strength meter and a VU meter.
The fixed station has been in con-
tinuous day and night operation
for over a year without any serious
breakdown.

In the mobile units, a remote
control head containing connec-
tions for a head set and loud-
speaker are connected to the mo-
bile unit in the rear of the auto-
mobile as shown on page opposite.

For repairs and maintenance,
Welsh Taxi retains a radio repair
service which maintains and re-
pairs Link radic equipment ex-
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Leit—Top view of Link mobile radio transmitter; twin tetrode 828B in upper left serves as tripler and power amplifier. Right—Top view
of receiver, which is a double superheterodyne. double limiter FM set

clusively over an area which in-
cludes Morristown. Worthington
Knapp Radio Service of nearby
Roselle Park, N. J., is responsible
for the proper operation of mobile
sets used by 24 different companies
and departments including taxi,
police and state installations. The
cost of the service is scheduled at
the rate of a few dollars per unit
per month.

When a unit is returned to the
repairshop it i1s first given a sen-
sitivity test. If it does not measure
. up to standard, the tubes are
checked and defective ones re-
placed. If the trouble is in the cir-
cuits, the vehicle is fitted with an
entire working unit and returned
to service. The defective set is then
overhauled,

Aimortization, 2-3 years

On the technical side, mainte-
nance problems are at a minimum.
Replacement of tubes is the chief
reason for any servicing at all be-
cause of the jarring conditions to
which radio tubes are subjected in
vehicles. However, important ad-
vances in tube manufacture have
shown up in fewer tube replace-
ments. The BAGT tube, for ex-
ample, 1s now being manufactured
with such ruggedness that replace-
ment is down to a minimum.

An afternoon spent behind the
Welsh Taxi Company’s dispatching
board will provide first-hand
evidence that 2-way radio is very
serliously much more than a pro-
motion stunt. During one busy
session only three cabs were avail-
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able—one with mobile radio and
two without. The dispatcher as-
signed all three to calls. Mean-
while, other requests came in for
immediate service. The dispatcher
radioed Taxi No. 1 and reassigned
him immediately. Taxis 2 and 3
were heard from sometime later

when No. 1 had already handled
all their fares as well as its own.

A period of 5 years operation
with 2-way radio in the taxicabs is
allowed to write off the expense of
the installation. However, accord-
ing to Welsh, that may be done as
early as 2 years.

Typical taxicab installation showing localion of speaker and handset brackei. Below is
¢ view of the transmitter and receiver installed in the luggage compartment

www americanradiohistorv com
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AC Automotive Generator System
tor High Output

Simple equipment giving flat ontput curve with wide variations of

engine speed uses dry disk rectifier and automatic voltage regulator

® To the growing load on the elec-
trical system of motor vehicles has
been added another current-con-
suming element—the radiotele-
phone. For some years automotive
and electrical engineers have
viewed with trepidation the ever-
increasing load imposed, first by
such strictly automotive gadgets
as cigarette lighters, heaters, aux-
iliary lighting equipment and
latterly by automobile radios—a
load which now very closely ap-
proaches if it has not already
reached, the limitations of thc uni-
versal de generator-storage bat-
tery arrangement. It appears cer-
tain, now, that something must be
done about it, and ac generators
may be the answer.

Police communications engineers
were the first to feel the need
for greater electricity producing
equipment. In consequence, dc
generators capable of considerably
greater output, even at the very
much lower speeds represented by
slowly cruising ‘“‘squad’” cars, be-
came available and are quite
widely used. But there still remain
both physical and electrical limita-
tions which it is difficult to over-
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come with de generators due in no
small measure to the tremendously
wide wvariation in vehicle speeds,
and hence in armature speeds, at
which they must operate.

To overcome these limitations
and at the same time provide the
greatly increased output demanded
by the additional load represented
by a radiotelephone, the Leece-
Neville Co., Cleveland, has de-
veloped a radically new and differ-
ent automotive generator system.
Its elements are a generator pro-
ducing alternating instead of direct
current, a dry-dise rectifier which

converts the ac to the dc normally
used in a vehicle system, and a
voltage regulator unit.

The use of direct current in
automotive equipment has been
the result of the simplest solution
to the problem of a portable power
supply—the storage battery. The
conventional automobile, truck, or
bus has a dc generator driven by
the engine of the vehicle, and
controlled by a three-element
regulator.

As the current load is increased,
the generator tends to develop
grealer heat at low engine speeds,
which makes cooling a major
problem. As the speed increases,
the mechanical limitations of
securing the armature windings
becomes a major design considera-
tion. The life of the brushes im-
poses a limitation in high speed
operation in a generator designed
for low speed with high outpuf.

In an effort to get away from the
constant design compromise re-
quired in a direct current genera-
tor, and at the same time solve the
problem of flat output curve for
wide variations of engine speed,
Leece-Neville turned to an alter-

Left—Performance curve of alternating current generator with @ range of 7 volts, 40 amps at 1600 rpm. Right, Comparison of perform-
ance of AC generator (A) and DC generator (B), engine idle speed being 450 rpm
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nator. This uses a rotating mag-
netic field formed from two six-
legged forgings excited by a donut
coil which increases the field
strength to meet higher load de-
mands. The mechanical strength
of this design is at once apparent,
and the problem of securing the
field coil mechanically for high
speed operation is slight.

Qutput of the alternator is taken
from a three-phase stator (corres-
ponding to the armature of a con-
ventional generator) thus elimi-

nating sparking and brush wear,

the two major problems of com-
mutation in a dc generator. The
stator is “Y” connected (although
a delta connection is possible) giv-
ing a voltage conversion factor of
1.732 times that of any single leg.
This ac output is applied to the
three-phase full-wave dry disc
rectifier unit. This unit is com
posed of pre-aged, magnesium-
copper-sulphide plates which in
effect replace the commutator of a
direct-current generator, since a
dc output is obtained.

Either the positive or negative
output of the rectifier can be ap-
plied to the common ground by a
strap to the frame of the car, while
the other tap is fed back through
the series coil of the load limiter of
the voltage regulator unit, and
from there to the proper pole of
the battery.

The control unit is composed of
three sections: a voltage regulator;
load limiter; and a load relay. The
voltage regulator and load limiter
are connected to control the field
current of the rotor as a function
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of load voltage or current, regard-
less of engine speeds above 575
rpm, and load demands within the
capacity of the system, where the
alternator ratio is 2: 1.

When the output of the rectifier
is sufficient for the load, the field
coil will be partially grounded out
by any increase in wvoltage. The
variations in field strength control
the alternator output. The ground-

ing out of the field coil does not
eliminate the flow of de¢ through
the rotor winding, however. A
meter connected in series with it
in this condition would show a
definite flow of dec¢ which would
vary with the speed and load. This
factor aids in assuring voltage con-
trol for the system. The load relay
performs the function of the re-
verse current circuit breaker of the
normal generator system, and is
activated by the ignition switch.
The Leece-Neville gencrator
system provides a flat performance
curve of 60 amperes from 11
miles per hour up to a maximum
speed of 120 mph, with 35 amperes
capacity at engine idling speeds.
This compares with the heavy duty
generator systern used in police
cars having the following perform-
(Continuwed on page 93)

At left is shown the complete alternator, with the rotor in the center and the field assembly ai the right
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Top chassig view of the Cosmo-Compo receiver, identifying functions of its five iubes and six color-coded plug-in units

Here’s the All Plug-In Recerver

AC-DC set for AM eliminates all chassis wiring except filaments

by separately ‘“‘canning’

2

each circuit unit for quick replacement

® Adapting principles worked out
during the late war, and before,
Cosmo Electronics Corp., 675
Hudson street, New York, has suc-
ceeded in developing a compact
AM receiver in which all elements

Top view of chassis with all plug-in units removed but
with the five tubes in place

TELE -TECH <+ Qctober, 1947

cf the superhet circuit have been
made plug-in.

Oscillator and IF units are pre-
tuned and there is sufficient toler-
ance to make interchangeability of
vnifs practical. All normally un-

der-chassis resistors and capacitors
are included in their respective
cans, leaving nothing underneath
but the filament wiring. Volume
control, too, eventually will be
plug-in.

Below chassis view of the receiver showing standard sockets for plug-in

units and tubes, All wiring except for filaments is eliminaled

www americanradiohistorv com
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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

Wave Propagation in Irregularly Shaped Guides

P. Krasnooshkin (Journal of Physics, Moscom,
Russia, Vol. X, No. 5, pp. 434-445).

The propagation of electromag-
netic waves and of sound waves in
bent guides of varving rectangu-
lar cross-section (Fig. 1) is in-
vestigated. Base and top walls
(A and B) are in parallel planes,
the lateral walls, C and D, being
generated by vertical, straight lines
tracing base lines ¢ and d, respec-
tively, Guides where curves ¢ and
d are parabolas, ellipses, and cir~
cles are treated.

[

LATERALWALL,C  BASE,A \LATERAL WaLL, D
BASELINE, o

Fig, 1—Bent waveguide of varying rectan-
qular cross-section

Mathematical equivalence is es-
tablished between these guides of
complicated shape and straight
guides of constant cross-section
filled with an unhomogeneous
dielectric. Variation in cross-sec-
tion without bending is equivalent
to parallel layers of various dielec-
trics in successive cross-sections of
the guide at right angles to the
direction of wave propagation.
Bending of the guide corresponds
to different dielectric layers be-
iween the two lateral walls, C and
D.

If the two curves ¢ and d (Fig.
2) determining the shape of the
lateral walls, are parabolas, the
narrow passage symmetrical with
respect to the narrowest point
particularly attenuates the low-
freguency components of the wave
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Part of the wave will be reflected,
the remainder will pass; this
phenomenon is termed tunnel
effect. A formula for the attenua-
tion is given.

Similar considerations lead to
expressions describing the propa-
gation and atftenuation of waves in
elliptical waveguides (Fig. 3,
left) as a function of the wave-
length and guide dimensions.
These have the characteristics of
a band-pass filter, passing an in-
finite number of bands, separated
by absorption bands.

When studying a slightly spiral-
ing waveguide with annular bhase,
(Fig. 3, right) it becomes evident
that bending, without variation in
cross-section, has no effect on the
cut-off freguency. However, the
wavelength and phase velocity in-
side the guide increase with the
radius; close to the outside wall
they are larger than in a straight

Fig. 2—Waveguide where the iwo base
lines ¢ and d are parabolas
guide, while close to the inside wall
they will be smaller than in a
similar straight guide. Thus the
wave front remains at right angles
to the conducting walls of the
guide. Further, the amplitude near
the inside wall will be consider-
ably smaller than that near the
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outside wall. In extreme cases, the
wave will cling to the outside wall
of the guide, simulating a clinging
effect.

In an experimental investigation,
a 1710 £10 mec wave was propa-
gated between two bent, wvery
wide metallic strips (radius of
curvature of outer strip 100 cm
and of inner strip very small). The
wavelength in open space was 17.5

RADIUS

|

Fig. 3—Spiraling elliptical waveguide and
spiraling waveguide with annular base

cm, while a wavelength of 19.0
*+1.1 em was observed near the
outside wall; the depth of the
clinging effect was 15 =2 em.—JZ

Rubber as Electro-
Mechanical Transducer

(Electrical Manufacturing, June, 1947, pp, 122,
212).

The United States Rubber Co.
has developed an electrically con-
ducting rubber product by adding
carbon black. The resistance of this
rubber varies as the rubber ex-
pands or contracts; this makes it
suitable as an electro-mechanical
converter,

The Admiral Corp. availed itself
of this possibility and designed a
phonograph pick-up where the
needle movements are made to
contract or expand a rubber ele-
ment. The resistance wvariations
are then transformed into current
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variations. A flat frequency re-
sponse from 50 to 10,000 cycles
within three decibels is claimed.
A minimum service of two years
is predicted.—JZ

Cavity Accelerator for
Electrons

H. L. Schuliz, C. L. Clarke, J. A. Lockwoed,
R. L. McCarthy, C. G. Montgomery, P, J. Rice,
and W. W. Watson (The Physical Review,
Angust 15, 1947, pp. 346-347).

A linear electron accelerator in-
corporating a serles of independent
resonant cavities 1s under con-
struction at the Sloane Physics
Laboratory, Yale University; 580
Mc pulses are applied to the cavi-
ties by separate power amplifiers,
all driven by the same master
oscillator. The cavities are axially
aligned circular cylinders operat-
ing in the TM,» mode which sup-
plies an axial electric field. This
field accelerates the electron beam
injected with a 10kv velocity and
traveling along the axis; the beam
enters and leaves the resonators
through small holes in the end
plates.—JZ

B.B.C. Television Chaunels
H. T. Mitchell (Post Office Electrical Engineers’
Journal, Epsom, Surrey, Englend, Vol. 40,
Pary I, pp. 33-36).

The article describes the coaxial
cable system provided by the
General Post Office for the trans-
mission of television signals in the
London area. Coaxial cables,
rather than screened balanced pair
cables, were selected because of
the lower losses introduced, be-
cause they are cheaper, and be-
cause the repeaters required are
simpler and smaller. A 7T mc car-
rier is used; both sidebands are
transmitted.

Transportable equalizing and
amplifying equipment necessary
for other video channels using tele-
phone cable repairs has also been
designed and constructed by the
General Post Office.—JZ

Testing Magnetic Materials
for Recording

L. C. Holmes (Journal o} the Acoustical Society
of America, Vol, 19, Ne. 3, pp. 385-403).

Definitions and specific measure-
ment procedures for the important
characteristics of magnetic record-
ing media are proposed. Sugges-
tions for performance requirements
are made, Background noise, cross-
talk, modulation noise, and fre-
quency response are given particu-

TELE - TECH * Oclober, 1947

lar attention. The ratio of intrinsic
coercitivity to rententivity may be
considered as a figure of merit for
high frequency response; it should
be at least 0.1 in c.g.s. system.
However, other considerations
limit this ratio to unity.—JZ

Transducer Sensitivity
and Impedance

P. Vigoureux (Proceedings of the Physical
Society, London, England, January 1, 1947,
pp. 19-30).

A method is proposed involving
only electrical measurements for
the determination of characteris-
tics involving the mechanical
properties, such as frequency of
maximum acoustic output and
radiation resistance, of piezoelec-
tric crystals and magnetostriction
materials. Measurements of the
electric impedance in air and in
water over a range of frequencies
near resonance or at a few selected
frequencies are requird. The meth-
od is based on consideration of
equivalent electric circuits for
these transducers and the plot-
ting of admittance or impedance
diagrams.—JZ

Measuring 107 to 10™ Seec.

S. H. Neddermeyer, E. J. Althaus, W. Allisgn,
and E. R. Schatr (Review of Screntific Instru-
ments, July 1947, pp. 488-496).

In the chronotron a 108 to 10-19
sec. time interval can be measured
with an accuracy of 10-% to 10-U
sec. by determination of the super-
position locus of two transient

pulses, introduced into opposite
ends of a transmission line. Assume
the two pulses to start simultane-
ously, the superposition locus will
be in the center of the line. Any
deviation from the central location
is a measure of the time interval,
if the velocity inside the line is
constant and known. In the super-
position region, the wvoltage will
be double the original pulse. Its
position can, therefore, be estab-
lished if the length of the line is
explored either with a movable
single detector or with a series of
fixed detectors.

The clllronotron may take the
shape of a closed loop of coaxial
line, see figure below; pulses are
introduced at the center of one
straight leg, a series of 12 fixed
detectors is mounted in the op-
posite leg. All detector out-
puts are simultaneously recorded
on an oscilloscope screen. Correct
positioning of the pulses is assured
by gate circuits synchronizing the
detector outputs with the sweep
circuit voltage. Each detector unit
incorporates a three-stage, direct-
coupled, negative-feedback ampli-
fier, a cathode follower stage, a
pulse lengthener, a restorer and
the gate stage. The gate stages are
triggered at 0.4 millisecond inter-
vals by a series of interconnected
univibrators. Pulse  generator,
coaxial line, detectors, amplifier,
gate circuits, and trigger units are
described in some detail—JZ
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STANDARD - LINEAR

LINEAR = A SQUARE LAW
UNDER TEST CONVERTOR AMPLIFIER METER
H.F.SIGNAL LOGAL STANDARD TRl TahAL
OF KNOWN OSCILLATOR | = __PISTON GENERATOR
MAGNITUDE { ATTENUATOR (20 MC)

Instrument for calibrating siandard signal generators and allenuators for 3 to 200 mc

Calibrating RF Signal
Generators and Attenuators
G. F. Gainsborough (Journal of the Institution
of Electrical Engineers, London, England, Part
I11, Vol. 94, No. 29, pp 203-210).

The essential features of tihe
calibrating method for standard RF
signal generators will be clear
from an inspection of the block
diagram. The output siznals of
the HF signal generator under test
and of a known HF signal genera-
tor are alternately heterodyned
with a local oscillator signal.
Magnitudes of the resulting 20 nc
beat frequencies are compared
with signals from a standard IF
generator of known performance.
The standard IF signal generato:
comprises a 20 me Hartley genera-
tor and an Hu-mode piston attenu-
ator excited through a filter to
eliminate other modes. A square-
law output meter indicates equal-
ity between the amplified signals
from the frequency converter and
the attenuator.

A diode or crystal rectifier may
be used as the linear frequency
converter; care must be taken to
assure that the locally generated
signal is at least ten times as large
as the HF signals. The IF amplifier
gain can be varied by 0.5 db steps
over a range of 92.5 db.

Performance of the piston at-
tenuator—a waveguide with slid-
able piston, operated below cut-off
—was investigated. The field is
attenuated exponentially with dis-
tunce along the tube to such ac-
curacy that the position of the
piston is an exact indication of the
attenuation in the guide. Piston
attenuators are therefore accept-
able as primary standards, i.e., the
attenuation may be computed from
its dimensions and no calibration
is required. A Faraday screen is
inserted at the input side of the
attenuator to prevent other dis-
turbing modes from entering the
wave-guide. With this expedient,
the piston attenuator is applicable
up to thousand megacycle fre-

80

quencies.

With the present instrument,
signal ratios up to 10 db can be
measured with an accuracy of 0.02
db, while signal ratios between 10
db to 90 db can be measured to
within 0.29,. Signals 16 db below
the noise level are indicated to
0.5 db. A 3 to 300 Mc range has
been covered, but the method is
applicable to higher and lower
frequencies. Details of the various
elements incorporated in the in-
strument are given, operation
studied, and errors determined—
JZ

French Tube Processes

M. Descarsin (Le Vide, Paris, France, Vol 2,
No. 8, pp. 217-227).

A historical account of the manu-
facturing processes of wvacuum
tubes in France is presented. Glass
sealing technics and electrode
mounting procedures are given
particular attention. Development
from electron tubes constructed
similar to incandescent lamps to
present day structures are traced.
—JZ

Space-Charge Lens

for Ion Beam

D. Gabor (Nature, London, England, July 19,
1947, ph. 89-80,.

The electron space-charge lens
is intended for focusing high-
energy, pccitive ion beams. The
electron cloud, which generates the

field for the lens, is held in place
by a magnetic field, For anode
potential values below a given
value, the magnetic field prevents
almost all electrons from reaching
the anode, while negatively biased
guard electrodes prevent the elec-
trons from escaping at either end.
The electrons will rotate in equili-
brium orbits; their distribution in
the cloud is uniform.

The negative charges in the
electron cloud are responsible for
a radial electrostatic field. This
electrostatic field, which increases
proportional to the radius, acts as
concentrating lens for the positive
ions. The effect of the magnetic
field on the heavy ions is compara-
tively negligible.

In a numerical example, the
magnetic field may be 500 gauss,
the length 20 ¢m, corresponding
tc about 8,000 amp. turns, the
radius of the anode cylinder 2
cm, the anode voltage 15 kv. Then
for 100 MeV protons, a focal
length of 8.7 meters is obtained.—
JZ

Frequency Range
Preference Test

H. F. Olson (Journal o} the Acoustical Society
of America, July, 1947, pp. 548-555).

Previously reported tests indi-
cate that listeners prefer a re-
stricted frequency range in single-
channel reproduced music and
speech. To study the reason for
this preference, all-acoustic tests
with a six-piece orchestra and the
listeners in the same room, similar
to an average livingroom, have
been carried out. All reproducing
apparatus, such as radio or phono-
graph, is eliminated. An acoustical
low pass filter, cutting off at 5000
cycles per second, is placed be-
tween the musicians and the

Electron space-charge lens for concentrating positive icn beams

Magnetic
field lines
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listeners and arranged so that it
could be switched in and out; the
filter is hidden from view,

It is established that under
these conditions, le., without any
reproducing apparatus, the full
frequency range is preferred.
Similar results are obtained for
speech. From these tests, it appears
that the preference of the average
listener for a restricted frequency
range in reproduced sound is
caused by the distortions and
deviations from the original sound
introduced by the reproducing ap-
paratus; it is not to be interpreted
as a preference for restricted fre-
guency vranges in the original
scund, but rather as an expedient
to reduce objectionable distortions
and deviations.

Further investigations involving
stereophonic and single-channel
reproduced sound and full and
restricted frequency ranges are
planned. The type of distortion in-
troduced by a single-channel re-
producing system, as opposed to
stereophonic reproduction, is con-
sidered important.—JZ

Betatrons at National
Bureau of Standards

(Bulletin of the American Society for Testin-
Materials, August 1947, pp. 92-93).

Plans for the installation of two
betatrons at the National Bureau
of Standards are reported. They
are to operate up to 50 and 100
million volts, respectively. Stand-
ardization problems, particularly
with regard to safety measures,
will be studied. An extensive pro-
gram of great importance to medi-
cine, industry, and scientific re-
search is contemplated. —JZ

Light Modulator for

Sound Recording

G. L. Mimmick {(Journal of the Sac'ety of
Motion Picture Engineers, July, 1947, pp.
48-57).

The construction of a sound
recording galvanometer is de-
scribed in some detail. Particular
attention was given to reduction of
distortion indicating a large air
gap, wider armature, iron-cobalt
alloy for the pole pieces, increased
copper in the modulation coil, and
a tungsten-loaded neoprene line
as damping means. The power re-
quired for 1009 modulation is
1.25 watts.—JZ
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Eleciron-Plasma Oscillations

F. Borgnis (Helvetica Physica Acle, Basel,
Switzerland, Vol. 20, No. 2, 1947, pp. 207-221).

The theory of high frequency
electron oscillations in a gas dis-
charge plasma is presented. The
treatment of the plane problem by
Langmuir and Tonks, which leads
to the concept of the Langmuir fre-
quency, is extended to describe the
generation of sustained oscilla-
tions in a plasma. The frequency
of such oscillations, which origi-
nate inside the discharge, is, in
general, not identical with the
Langmuir frequency.

Langmuir and Tonks assume a
discharge space filled with a
homogeneous plasma consisting of
heavy positively charged ions
and negative electrons. In the
undisturbed plasma, positive and
negative charge densities are

NEGATIVE-RESISTANGE REGIONS,
) Y N

0 2 4T onm T

w,T

Negative resistance regions of plasma are

indicated as functions of oscillating fre-

quency times transit time and of Langmuir
frequency times transit time

equal everywhere in the plasma.
If an electric field is applied, the
heavy positive lons stay in place,
while the readily movable elec-
trons are slightly displaced from
their position of equilibrium. As
a consequence of this small dis-
placement, the positive and nega-
tive charge densities are no longer
evenly distributed throughout the
plasma and an electric field origi-
nates, This electric field will in
turn exert a force on the electrons,
pulling them toward their equili-
brium position, which they will
pass, etc. Thus each electron will
oscillate with a Langmuir fre-
quency o, and with an amplitude
equal to the original displacement
caused by the external field. These
oscillations are damped and will
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gradually subside. The Langmuir
frequency is given by the equation
Wp” = €pp/ M,

where e and m are electron charge
and mass respectively, ¢, is the
undisiurped electron charge den-
sity in coulomb/cm® and e, = 0.886
x 107

However, the various parts of
the plasma do not oscillate inde-
dependently of each other; inter-
action between different electrons
takes place. To evaluate this inter-
action, the electrons are considered
as a gas. It is shown that the
pressure constitutes the connect-
ing force. Under these conditions,
each electron oscillates with a
frequency equal to the Langmuir
frequency or larger, while, when
considering  different electrons,
their displacements from their
equilibrium position, at a given
instant, have a sinusoidal shape.
These oscillations also cannot pre-
vail. No measurable cffect on the
external circuit can be generated
by this mechanism.

The energy of sustained plasma
oscillations, which may supply
oscillation energy to a circuit, is
derived from the energy of the dc
electron convection current, mov-
ing through the plasma. To study
this case, which so far has not
been considered, the behavior of
electrons at great distance from
their equilibrium positions is in-
vestigated. Any problem connected
with the generation of sustained
oscillations therefore, requires an
external current; this current be
composed of a direct current and a
superposed alternating current of
angular frequency .

It is shown that the resistance of
a discharge space across a plasma
with constant positive charges
fixed in space, while the electrons
move across the space, becomes
negative for small applied voltages
of certain frequencies. These are
the frequencies where the plasma
can supply high frequency energy
to the external circuit. It happens
for frequencies different from the
Langmuir frequency. There is a
cooperation of space charge forces
which determine the Langmuir
frequency and the transit time
effects of the electron convection
current in the discharge space.

Assuming constant external cur-
rent, the plasma is to have the

(Continued on page 92)
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Typical of presentations is this elevation and ground plan for
| @ modern radio station which mav house a transmitter of either
1-, 3- or 10-kw power, together with all necessary studio equip-
ment. This is one of six designs especially prepared by the

. Washington “Communications Architects” {irm of Deigert & Yerkes
i

Complete plans for layout, arrangement,

construction and equipment of buildings

Modern Broadcast Station Design

® A great many broadcast stations,
like Topsy, “just growed”. Many,
of course, have been carefully
planned from the ground up—
and down—with a view to capital-
izing on every natural advantage
and with due consideration given
to possible future expansion. Their
number, though is relatively small.
But from now on there can be
little excuse for lack of adequate
planning in the light of all the
years of experience that broad-
casting has behind it. For the
Western Electric Co. has just
issued, through the September
number of its “Oscillator” what
for a long time will go as the very
last word on this whole subject.
If there is any feature or factor
of big and little broadcasting sta-
tions not covered by this 68-page
encyclopedia of modern design and
construction it can be put down as

62

THE BCOK COVERS:

A—Preliminary Planning
1—Secure expert help in planning
and consiruction

from the beginning
3—Expert planning will save
money .
B—Choosing a Site
1—Basic formula for sile seleclion
2—Faclors in site selection
3—How much land does a broad-
cast statien need
4—Marshy or over-water siles
5-—The mid-city building
‘ 6—Transmitters on mountain tops
i C—Layout of the Building
1—Combine or separate studios
and transmitter?
2—Show-place, or just an en-
closure?
3—Units of the building
D—Technical Accessories to Building
]—Heating 1he kuilding—Wasle
iransmitter heat
2—Cooling the building
.3—Construction melhods and ma-
terials
4—Landscaping
F—The Style of Your Building

2—Specialists must work together -
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trivial—and even some of the
things that might be considered
trivial, but which really are not,
are thoughtfully covered. The book
represents a work that long has
been waiting to be done. Now it has
been done very well.

Altogether there are some 60
pages devoted to the architecture,
design, layout and equipment of
broadcasting stations, both AM
and FM, Two-thirds of the book
is a pictorial presentation of fronts
and plans of broadcasting stations,
some brand new to the point where
they have not yvet been built. These
are six original designs from the
boards of Deigert & Yerkes, well-
known Washington “Communica-
tions Architects”. Others are photo-
graphic layouts showing the out-
side and inside, as well as floor
plans, of six existing stations
that are considered by experts to
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be the best there are. In addition
there are four pages of exteriors
of what may well be considered to
be beautiful buildings,

Those six original designs by
Deigert & Yerkes represent the ac-
cumulated experience of a great
many years devoted to broadecast
station design. By comparison with
many existing buildings some of
the designs may appear a bit on
the extreme si-'e. but overy one
of them is functional to a degree.
The designs are for a 250-watt AM
station, a 250-watt FM station, a
1-kw AM station, an expandable
station that may serve for either
1;3-or 10-kw FM, a 5-kw AM
station and a 50-kw FM station.
The designs are complete with
floor plans even to the point where
proper locations for wiring ducts
are indicated.

Beautiful Buildings

The section devoted to existing
buildings which have been select-
ed by experts as representing the
best in use today covers half a
dozen stations which might well
serve as models for new installa-
tions. Supplementing floor plans,
photographs show every essential
feature of these installations:
KGBS, Hartingen, Tex.; KSJO,
San Jose, Cal.; KPFM, Portland,
QOre.; KTAR, Phoenix, Ariz;
WIOD, Miami, Fla.; WTOP Wash-
ington. All these stations are West-
ern Electric equipped throughout.
On another four pages there are
photographs of 24 additional sta-
tion exteriors, not all of them WE
equipped.

One of the most valuable fea-
tures of the presentation is a
tabulation prepared as the result of
questionnaires returned by no less
than 600 broadcast stations giving

an extraordinarily complete statis-
tical picture of everything having
to do with station construction and
physical operation. Each one of
these 600 stations has given facts
in answer to more than 30 specific
questions covering, among other
things, the size of their buildings,
their cost, the materials of which
they are built and a host of other

—1

CONDUIT, DUCT
OR RACEWAY

Indicative of the detail with which plans
have been prepared, even such things as
cable ducts are specified
things every broadecast station en-
gineer and owner will want to

know.

On the whole, the book is in-
tended to give practically ency-
clopedic information on station
design and there won't be many
to quarrel with the manner in
which the objective has been
achieved. Some idea of its con-
tents may be gained from the ap-
pended, abbreviated table of con-
tents. Under the general heading
“Building the Home for Your
Broadecast Transmitter”, it is ex-
plained, first, that the material has
been brought together “to help you
in planning a building . . . that in
every respect will really be a
‘home’ for your transmitter”.

Consequently the experts who
collaborated in the preparation of

the book have started in the logical
place, which is “Preliminary Plan-
ning”’, with a dissertation on the
prime necessity for seeking the
advice of experts long before a
hole in the ground is started. From
there on the book goes right on
through Choosing a Site, Layout
of the Building, Technical Acces-
sories to the Building and the
Style of Your Transmitter Build-
ing.

Designs are Functional

The photographs and plans that
have been included provide for
stations of any and every size from
a tiny 250 watter to a full-grown
50 kilowatter. Transmitter build-
ings can be show places, and if
they are out where they can be
seen by a lot of people it is pointed
out that they may well belong in
that category. But in any case
they must be true homes, and func-
tional, and that is where the de-
signers have placed the greatest
emphasis—on usefulness.

In every case the authors have
done all the thinking that any
prospective station owner or en-
gineer ever need do except inso-
far as local problems are con-
cerned. But even here the answers
that are given, or suggested, will
go a long way toward eliminating
the possibility of future troubles.

After all, the broadcasting busi-
ness has grown to substantial
structure. It is a business that is
as susceptible to mistakes as 1is
many another where experience is
considerably longer. But into this
68-page book Western Electric en-
gineers and designers have piled
so much solid sense that there can
be little excuse for anyone to make
mistakes that might be attributed
to lack of experience.

These two charts, based on a siatistical survey that drew answers to more than 30 specific questions from some 600 broadcast stations,
give essential daila on existing stations, are valuable for estimate purposes or for comparison with current data
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WASHINGTON

Latest Electronic News Developments Summarized

by Tele-Tech's Washingten Bureau

ALLOCATIONS-TECHNICAL DECISIONS COM-
ING—With the summer-long International Telecom-
munications-Radio-High Frequency Broadcasting Con-
ferences which kept Chairman Denny and Commis-
sioners Jett and Webster, together with a number of
key staff officials, at Atlantic City continuously, now
ended, the F'CC is slated to formulate a number of im-
portant decisions, allocations-wise and aimed at re-
vised engineering standards, that will be highly impor-
iant to television, FM broadcasting and the aviation-
marine-mobile radio services, The Commission nat-
urally had to postpone final determinations on many
of the technical questions until the global spectrum
master-plan was mapped out by the nations at the
Atlantic City parleys.

ORGANIZATION OF FCC INTO DIVISIONS—Plan
to restore the organization of FCC into divisions, which
was used in Commission’s first four years and now has
been advocated by Senate Interstate Commerce Com-
mittee Chairman White in his FCC reorganization bill
was not to become effective on October 1 as previously
proposed. Because of the absence of three Commissioners
at the Atlantic City conferences, the FCC membership
feels more time should be given to the blueprinting of
the three-division setup so its consideration will be
a major topic during October. If the division structure
should be approved, the creation of a Safety and Spe-
cial Radio Services Division, which has been proposed,
would be specially beneficial to the fields—aviation,
marine, urban, highway, taxi, bus-truck mobile, police,
fire, etc.—which are the new spheres of radio with huge
equipment possibilities. It would mean greater special-
ized attention will be given to these fields by the Com-
mission.

RESIGNATIONS OF DENNY AND DURR—Late in
the fall or at least by the end of the year, Chairman
Charles R. Denny and Commissioner Clifford J. Durr
are expected to resign from the FCC. Even though both
will neither confirm or deny reports about their retire-
ment, it is believed certain that they will leave. Denny
is slated to become vice-president and general counsel
of the National Broadcasting Co. and Commissioner
Durr is planning to enter teaching probably at his Alma
Mater, the University of Alabama Law School, or pos-
sibly Yale Law School. Major reason for the retire-
ment of Chairman Denny is the low salaries paid to
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Federal Government officials—for example, as head of
the FCC and chairman of the three Atlantic City con-
ferences and as chieftain of the U. S. delegations at those
three parleys he gets a lotal salary of $10,000.

JETT FOR INTERNATIONAL RADIO POST—Ab]e
engineer-Commissioner E. K. Jett also had been rumored
among those considering departing from the FCC with
his selection as the U. S. member of the new Interna-
tional Fregquency Registration Board. But, when the
World Telecommunications Conference at Atlantic City
decided to locate the IFRB at Geneva, Switzerland,
instead of the UN headquarters in the United States,
Commissioner Jett was said to have not been desirous
of the appointment. Another important radio post, how-
ever, may ofler a public service opportunity to Com-
missioner Jett, who is world-renowned in radio
engineering and allocations, in the Atlantic City parley’s
decision to locate the Comite Consultatif International
de Radiodiffusion (CCIR) in the United States either in
New York or Washington. The CCIR, for the first time
in his history, will have a permanent director and there
would be no more capable selection. Another logical
choice might be Dr. John H. Dellinger, chief of the
Bureau of Standard’s Radio Propagation Laboratory,
who is ranked as one of the most expert radio scientists
in the world.

FM NOISE ELIMINATION—The Bureau of Stand-
ards is carrying on experiments to eliminate cosmic
noise from the fringes of the primary service areas of
FM broadcast stations. The tests are aimed toward de-
termining whether elimination of the cosmic noise in
FM sets—the only natural interference reported in FM
radio—is economically feasible, or whether such elimi-
nation would raise the costs of sets too much.

RADIO EXPORTS—Because of the barriers in for-
eign exchange against “dollar” imports which are being
raised by foreign nations in all parts of the world, in-
cluding Latin America, the U. S. Commerce Depart-
ment is closely following the radio export operations
of American manufacturers and is working in full co-
operation with the Radio Manufacturers Association to
break through such obstacles.

ROLAND C. DAVIES
Washington Editor

TELE-TECH < October, 1947
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America’s destiny may well be determined by the vision,
resourcefulness and researches of electronics scientists. The
implications of the development of electronic applications
are clear, even without definition. Speed, therefore, is a
crucial factor in the evolution of electronics, whether as

Y . '
a tool or weapon ... Keenly alert to this urgency, Sherron’s

SHERRON

ELECTIIDN BALLI&IICS

TELE-TECH ¢ October, 1947

LABORATORY

et :i.mummmc EMISSION

scientists, physicists and mathematicians are massed in an
ever-pressing assault on electronics problems. At their
command is the most advanced equipment. Theirs is the
experience of a host of different electronics enigmas clari-
fied, of specialized electronics applications worked out to

meet difficult and unusual operating conditions,

_coven-

PRO.I_IEC'I'S

fn:nnou ELECTRONICS CO.

Division of Sherron Metallic Corporation

1201 FLUSHING AVENUE +* BROOKLYN 6, NEW YORK
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News of the Industry

|

Communications a Major
Electronic Conference Topic

Complete program for the Na-
tional  Electroniecs  Conference,
which is to be held at the Edge-
water Beach Hotel Chicago during
the three days November 3, 4 and
5, reveals that as usual a large
amount of time is to be devoted to
communications and allied sub-
jects. Following is the schedule of
papers: (see page 89)

Million Dollar Cab
Installation for Chicago

What is believed to be the
largest private radiotelephone sys-
tem in the country (operating as
a limited common carrier) is to
be installed by Chicago’s Yellow
Cab Co. The company is to equip
1600 of its cabs with mobile trans-
mitter-receiver units, the installa-
tion to cost $1,001,283. The equip-
ment manufacturer who wrote
this large order is the Mobile Com-
munications Co., Long Beach,
Calif.

Tall Tower for WPTZ

Philco’s television station WPTZ
is getting a new antenna. The
structure, to be one of the loftiest
ever built for TV, will rise 552 ft,
be topped by a three-bay turnstile.
At the 250-ft. level there is to be
a platform for Philco’s continuing
microwave research, It is esti-
mated that the new radiator will
permit WPTZ pictures to be seen
by 4,000,000 people. The old tower,
now in use, is less than one-third
(165 ft.) as high as the new one
now started.

Railroad Radio Gains

" The use of radio by the railroads
of the country is increasing rapid-
ly. At present 35 of the 150 lines
have installed radio equipment,
mostly for yard and switching
operations. FCC has revealed that
all told the railroads have 122
fixed transmitters and 814 mobile
units in use. The Atcheson, Topeka
and Santa Fe line is the largest user
with several land stations and 130
mobile units.
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Dr. B. E. Shackelford

Shackelford, Sinith-Rose
Head IRE Slate

Dr. B. E. Shackelford, manager
of the license department of RCA
International Division, likely will
be the next president of the In-
stitute of Radio Engineers. The
nominating committee has slated
his name along with that of R. L.
Smith-Rose, superintendent of the
radio division of the National Phy-
sical Laboratory, England, as vice-
president. At the same time, a
number of new directors will be
elected this month from the fol-
lowing list of names which has
been placed in nomination:

Two directors-at-large will be elected for
the period 1948.1950 from the following nomi-
nees :

B deF Bayly, Oshawa, Canada; consulting en-
gineer at the Unnersnty of Toronto

A, B. Chamberlain, chief engineer of the
Columbia Bmadcastmg System,

J. E. Shepherd, of Hempstead, L. L.: re-
search engineer for the Sperry Gyrascupe Co.

J. A. Stratton, professor of physies and di-
rector of the research laboratory of electrenics,
Massachusetts Institute of Technalogy.

One reglonal director will be elected for each
?eq;xéltéed region from the following nominees,
or 4

(Continued on page 91)

Rochester Meet, Nov. 17-19

With some 15 engineering dis-
sertations on the agenda, the
Rochester Fall Meeting, sponsored
by the RMA Engineering Depart-
ment and IRE, will get under way
on Monday, November 17. The
sessions will wind up on Wednes-
day, November 19, as usual in the
Sheraton hotel. Following is the
tentative program: (See page 91)

Stringer Heads NAB-FM

Arthur C. Stringer has been ap-
pointed director of the FM Depart-
ment of the National Association
of Broadcasters; he has previously
served as director of special ser-
vices for NAB. Coincidentally,
NAB has let it be known that as a
result of the first meeting of its
FM executive committee under the
guidance of Leonard Asch (WBCA,
Schenectady), the FM Department
hereafter is to devote a major
part of its efforts to the business
and programming problems of
members. FM engineering, it is be-
lieved, has reached a satisfactorily
high standard of excellence and
acceptance. At the forthcoming
convention, slated for Atlantic City
Sept. 15-18, Major Edwin H.
Armstrong will be invited to
demonstrate his relay network.

URSL-IRE Meeting

The American Section, Interna-
tional Scientific Radio Union, and
the Washington Section, Institute
of Radio Engineers, will hold a
second meeting this year in Wash-
ington on Monday, Tuesday, and
Wednesday, October 20 and 21,
in the auditorium of the New In-
terior Department building, Wash-
ington.

| CONVENTIONS AND MEETINGS AHEAD

October 1-11—National Radio Exhibition,
Olympia, London, England.

Oect. 20, 21—Fall meeting of UR.SI Audi-
torium, Interior Dept., Wash,,

October 20-24—Society of Motion Picture
Engineers, Theatre Engineering confer-
ence, Hotel Pennsylvania, New York.

November 3-5—National Electronles Con-
ference. Edgewater Beach Hotel, Chicago.
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Nov. 1%, 18, 19—Roehester Fall Meeting,
RMA Engineering Dept. and IRE, Hotel
Sheraton, Virgll M. Graham, Chairman.
Sylvania Electric Products, 40-42 Law-
rence street, Flushing, N. Y.

March 22-25—IRE eonventlon and Radlo
Engineerlng show, Grand Central Palace
and Hotel Commodore, New York.

May 10-15—Radio Parts and Electronlc
Equipment Shows, Ine., Fotel Stevens,
Chlcago.
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of your product

Whatever miniature lamps you need...incandescent
or neon-glow...GENERAL ELECTRIC makes 'em all!

What can these

little bulbs do for
your product?

This brief check list of
typical uses may suggest
an idea to you:

Muminated dials
Decorative light effects
Safety lighting
Pilot lights
Lighted toys
Inspection lights
Lighted signals
Numeral indicators
Night lights
Pinball games

TELE - TECH ¢ October, 1947

HAT progressive manufac-

turer doesn’t ask himself al-
most daily—‘How can I make my
products more useful, more saleable,
more profitable?’’ Many designers
answer that problem by using in-
expensive miniature G-E light bulbs
to add safety, convenience and
beauty toa wide variety of products.

Whatever job you may have for
miniature bulbs, there is a G-E
lamp that will suit your purpose
exactly. General Electric’s line is
complete—all sizes and types—all
wattages and voltages — filament
and neon-glow lamps—for delicate

service or heavy duty. And the
high quality of every bulb is backed
by G-E Lamp Research.

To make sure you get the right
lamp for your application, entrust
the selection to specialists who
know all kinds of miniature lamps
intimately. G-E Lamp engineers
have the experience and practical
knowledge to assist you. Call your
nearby G-E Lamp office for full
information. Ask for your copy of
“Big Jobs for Small Bulbs’.

General Electric Co., Lamp Dept.,
Nela Park, Cleveland 12, Qhio.

GLELAMPS

GENERAL @} ELECTRIC

www americanradiohistorv com
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’round the W

PHILIPS PRODUCTION OVER
PREWAR LEVEL—Showing a re-
markable recovery from the effects
of the German invasion of the Neth-
erlands during the war, the N. V.
Philips Co., Eindhoven, one of the
world's largest radio manufacturers.
recently revealed in a report to
stockholders that it has brought up
production to 13% over prewar. The
company is now exporting to more
than 100 countries and the Philips’
share of exports of the Netherlands
is now said to be 19% as compared
with 8% in 1938. Philips also is open-
ing a branch assembly factory in the
Dutch East Indies at Sourabaya,
Java, later this year, which will con-
centrate on five-tube takle models.

YUGOSLAVIA’S FIVE - YEAR
PLAN—Stimulated building of ra-
dio broadcasting stations, both
medium and short-wave, and in-
tensification of manufacturing of
radio receivers so that the nation
will be self-sufficient domestically in
home sets feature the Yugoslav five-
year radio plan. The equipment,
which is imported, has mainly come
from Soviet Russia and it is most
difficult — almost impossible — for
American manufacturers to ship
their products into Belgrade and
other Yugoslav outlets, The station
construction for which the Soviet
furnished the transmitters include

By ROLAND C. DAVIES,
Tele-Tech Washingten Bureeu

News of engineering matters of importance

and of markets in various foreign fields

a 150 kw medium-wave station at
Belgrade, seven stations in smaller
cities with power ranging from 10 to
25 kw, and a short-wave station
with a contemplated 210 kw power
for the capital city of Belgrade. By
the end of 1951 Yugoslavia plans
total broadcasting power of 850 kw,
an increase of 35 times the 1939
strength. Starting with 10,000 sets
produced by the end of this year,
Yugoslavia is aiming toward an an-
nual production mark of 150,000 re-
ceivers.

JAMAICA AND TRINIDAD MAY
GET BROADCASTERS — The
Colonial Governments of the Islands
of Jamaica and Trinidad have an-
nounced that they will consider ap-
plications from private firms to op-
erate broadcasting stations on the
islands. Heavy capital investment
and recurrent costs involved are
stated by the administrations as
motivating them away from the
government ownership trend of
other parts of the Empire.

1000-LINE TELEVISION FOR
FRANCE — The Radio-diffusion
Francaise, according to reports in
the Journal Official, has adopted
for its national television network,
construction plans for which are
now being drawn up, a definition
of 1000 lines, although some sources
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indicated this is not yet definite and
the exact definition may vary be-
tween 800 and 1100 lines. The Eiffel
Tower transmitter, presently serv-
ing Paris, is scheduled to continue
on its present definition of 450 lines
for some years.

ARGENTINE MARINE TRAFFIC
—Following recent issuance of an
Executive Decree, all public radio-
telegraph messages sent direct to
ships at sea from Argentina, or di-
rect to Argentina from vessels, must
now be sent or received exclusively
through the stations of the Posts and
Telecommunications Office of that
country. The preamble to the de-
cree stated that the law existing to
the present time gave the govern-
ment a monopoly only on messages
covering a distance up to 1000 kilo-
meters but thaf, since the date of
the original law, the radio art and
the government’s radio facilities
have progressed to such an extent
that messages can now be exchanged
with ships in any part of the world
and adequate provision made for
the safety of life at sea.

GREEK MAREKET FOR U. S.
RADIO — A recent survey of the
Greek market for radio receiving
sets indicates an increased demand
may be expected beginning with the
fall months of 1947, with the set
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Model 57B2226, 5" x 7"
Elliptical Speaker shown above

Magnavox presents...

a new 5" x 7" Elliptical Speaker

OW The Magnavox Company, pioneer in the production of elliptical

speakers, ofters you another important new addition to its family
ot famous component parts—Model 57B2226, 5” x 7” Elliptical Speaker.

This model is immediately available in elec-
trodynamic ot permanent magnet design,
in various field and magnet sizes to meet any
requirement. Your inquiries are invited.

The Elliptical Speaker offers decided advan-
tages in design and performance for a wide
variety of applications. Where space is at a
premium (especially height), or when a cer-
tain sound pattern is desired, the popular oval

speaker has proven itself to be the answer.

Over 100 different speaker models are made
to supply every production need. Capacitors
and other component parcs are “'tailor-made”
to the individual manufacturer’s require-
ments. In your planning, be sure to con-
sult with loud speaker headquarters. The
Magnavox Company, Components Division,
Fort Wayne 4, Indiana.

SPEAKERS

TELE - TECH

CAPACITORS

October, 1947

SOLENOIDS

Mﬂ navox

has served the radio

industry for over 32 years

+ ELECTRONIC EQUIPMENT

www americanradiohistorv com
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WMAL’S ““‘Chicken Brooder’ Antenna for TV

A television antenna of a new
type—it doesn’t have to be “aimed”
at mobile transmitters—has been
designed by the engineers of Gen-
eral Electric Co., and radio station

WMAL, Washington. Termed a
biconical antenna, and styled
“chicken brooder” because of its

physical resemblance to such a de-
vice, the unit is to operate in the
1295-1425 me range, will be
mounted 220 ft. up a 320 ft. tower
which will carry WMAL’s TV and
FM antennas. It is to be used for
pick-ups from a roving transmitter
for spot coverage.

most in demand being a five-tube
table model equipped with standard
and shortwave bands. Also expected
to increase is the demand in rural
areas for battery sets. During the
years 1936-39, the United States
supplied 65.8% of the Greek im-
ports of radio receiving sets and
this percentage has jumped to 80%
during the postwar period. However,
as radio receiving sets have always
been regarded by the Greek import
and exchange control authorities as
“luxury” items, their importation is
subject to stiff exchange restrictions
with the result that American prod-
ucts cost the importers an extra 40
to 60%.

PANAMA PERMITS DUTY-
FREE IMPORT—Two new broad-
casting stations are scheduled to
start operation in the Republic of
Panama in the near future, equip-
ment for which will be supplied by
Hallicrafters and the Radio Cor-
poration of America. The Hallicraft-
ers station is being installed for
Cia. De Mena Herrara, Ltd., toc op-
erate on 1250 ke with 400 watts
power. Call letters assigned to the
station are HOQ. The RCA trans-
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mitter, on which delivery has been
promised in early winter, is to be
installed for Norberto Zurita. It
will operate on 1170 kc with 250
watts power. Call letters will be
HONZ. A contract between the sta-

tion owners and the Panamanian
Government permits duty-free im-
portation of all equipment needed
in the installation and also for re-
placements as needed from time to
time.

RADIO CONGO BELGE TO BE-
COME RELAY STATION—Radio
Congo Belge, which during the war
and up to the present time has per-
formed an important function for
the Belgian Government with its
worldwide beamed broadcasts in
French, Flemish, English and Por-
tuguese, will be reduced to the status
of a relay station when the home
government completes construction
of a new station which is planned
for Belgium. However, the Congo
station will not be reduced from its
present 50,000 watts power and a
European staff of around 12 persons
will be maintained there for station
operation and emergencies arising
from disruption of service from Bel-
gium.

TURKISH RADIO RECEIVING
SET SURVEY—Almost half of the
total of around 188,000 radio re-
ceiving sets in Turkey are located
in Istanbul, accerding to a survey
made available last month. More
than 100,000 sets are concentrated
in the areas of Istanbul, Ankara
and Izmir,

NBC Shatters TV Transmission Record

Shattering all previous televi-
sion records, the National Broad-
casting Co., presented more than
83 hours of television programs
during the 1l-day period from
Friday, Aug. 22, through Monday
(Labor Day), Sept. 1. A record
number of television cameras and
crew members was used to make
these pickups possible. Eight field
cameras —including ocne two-
camera chain flown up from NBC’s
Washington television station—
were used during the 1l-day
period.

High point of the coverage of
the American Legion's activities
came Saturday, Aug. 30, when the
station was on the air 13 consecu-
tive hours, most of which were
devoted to the day-long parade up
Fifth Avenue. Several hours of
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this day were accounted for by the
opening of the Davis Cup tennis
matches. On most of the important
programs televised during the
period, the NBC Television net-
work brought the proceedings to
viewers in four cities along the
eastern seaboard. These were
NBC’s own New York station
WNBT and Washington station
WNBW, as well as Philadelphia’s
station WPTZ and Schenectady’s
station WRGB.

Difficult engineering handicaps
were overcome to make these
pickups possible, since on several
of the days four different mobile
unit programs were telecast. In
addition, the regularly-scheduled
studio television programs were
presented all during this perind
without imterruption.
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Anaconpa Type ATV lead-in lines are playing an
important part in helping to give television buyers the
kind of reception they want.

The well balanced design of conductors and dielec-
tric in ATV lead-in lines minimizes the effects of
attenuation and impedance mismatch. Satin-smooth
polyethylene insulation sheds water readily — thus
avoiding subsequent impedance discontinuities.

ATY line fulfills the most exacting requirements of
wide-band reception — providing maximum freedom
from distortion. Television buyers expect a lot. See that
an ATV lead-in line helps your set to deliver! iz

TELE -TECH <« October, 1947
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Anaconda offers a complete selection of Type ATV
lead-in lines for 75, 125, 150 and 300 ohms impe-
dance unshielded and 150 ohms shielded. For an
electrical and physical characteriscics bullerin, wrire
to Anaconda Wire and Cable Company, 25 Broad-
way, New York 4. New York. Also, write for the
characteristics of the complete line of Anaconda
coaxial cables,

ANACONDA WIRE AND CABLE COMPANY

®An Anaconda Trade-Mark
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SELF-QUENCHING GEIGER TUBE

Designed for use with beta, gamma
and soft X-radiations, this multi-
purpose, self-quenching Geiger tube
is capable of handling in excess of
3000 discrete counts per second.
Especially suited to tracer, survey
and X-ray spectrometer work, the
tube is rugged and utilizes an ex-
tremely thin mica window, vitreous-
sealed to the main tube body. Con-
struction consists essentially of a tu-
bular chrome iron cathode having a
mica window of high transmissibility
at one end and a glass section for
supporting the anode at the other
end. Threshold voltage is 1350 and
the plateau exceeds 300 volts in
length, Normal operating potential
is 1450 V. The tube has a quantum
efficiency for soft X-rays in the or-
der of 70— 80%. Owverall length is
6 in,, diameter 1 in.—Novth Ameri-
can Philips Co., 100 East 42 St., New
York.

YACUUM-GAGE TUBES
RCA-1945 is a highly evacuated,
ionization gage tube sensitive to hy-

drogen, and particularly useful in
detecting and locating leaks in vac-
uum enclosures. The tube is con-
structed with a palladium plate,
which acts, when cold, as a vacuum-
tight barrier to the vacuum system
and permits exhaustion to a high
degree. When heated, the palladium
plate serves as a permeable mem-
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brane, permitting hydrogen intro-
duced in the vacuum system to flow
into the tube. An increase in hydro-
gen pressure of less than .0001 mi-
cron can be detected with the 1845
on systems using rotary pumps.

RCA-1949 is an ionization type
vacuum-gauge tube for measuring
gas pressures in the range below 0.1
micron. When operated with a grid
voltage of 4-110 V. and a plate vol-
tage of —22.5 V., it has a sensitivity
of 110 micrcamps. per micron.

RCA-1950 is similar to the 1949 in
application, but is constructed with
soft glass and has different dimen-
sions.

RCA-1946, a thermocouple type, is
ugeful in measuring gas pressures
from 1 mm to .0001 mm of mercury.
It may be used as a protective device
in vacuum systems, to assure main-
tenance of a desired vacuum.

RCA-1947 is a Pirani type of soft-
glass, vacuum-gage tube for measur-
ing presssures in the range from ap-
proximately 0.5 mm to 0.01 mm of
mercury, but it can be used with
reduced sensitivity to measure pres-
sures above and below this range.—
Tube Dept., RCA Victor Radio Corp.
of America, Div., Harrison, N. J.

1%
i

HEAVY-DUTY THYRATRON

Type F-5563 is a 15,000 volt, heavy-
duty, mercury-vapor thyratron which
operates both as a rectifier and as
an instantaneous electrical circuit
breaker under heavy temporary
overloads. The grid design allows
normal rated current flow yet blocks
sudden destructive overloads without
damage to tube or circuit. Of the
negative-control, triode type, the
tube operates on a filament voltage
of 5 at 10 amps. A typical grid vol-
tage is approximately minus 70 V.
With 15,000 volts peak forward and
inverse anode voltage, the tube is
rated at 1,6 amps. average anode cur-
rent with a peak of 6.4 amps.—Fed-
eral Telephone and Radie Corp., Clif-
ton, N. J.
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New Types of Electron Tubes

X-RAY RECTIFIERS
The Types AV-3E and AV-3K rec-
tifier tubes for X-ray equipment are

identical except that the AV-3E
makes filament connection through
an Edison screw base, while the AV-
3K utilizes two pin terminals. Maxi-
mum peak voltage rating for either
continuous or intermittent operation
is 125 kv. Maximum load current is
50 ma for continuous operation and
200 ma for intermittent operation.
Overall length is 10% in. for type
AV-3E and 1033 in. for type AV-3K.
Maximum diameter is 2% in. Envel-
ope is Pyrex, cathode consists of a
loop-type tungsten filament. Both
are designed for oil-immersed cool-
ing systems—Amperex Electronic
Corp.,, 25 Washington St., Bkiyn.,
New York.

GAS PHOTO-TUBES

A complete line of gas phototubes
with blue-sensitive response (S-4)
is made available with the addi-
tion of four new types,-—the 5581,
5582, 5083 and 5584. These tubes
have high sensitivity to light sources
predominating in blue radiation, no
response to infrared radiation and a
high signal-to-noise ratio. They are
especially useful in sound reproduc-
tion from a dye-image sound track
utilizing an incandescent light source,
since there is no “masking” of the
dye-image modulation by infra-red
transmission. These same features
are of importance in industrial pho-
totube applications, when response to
infrared radiation is not desired.
Each of the tubes is comparable in
luminous sensitivity, anode charac-
teristics and structure to an older
type having S-1 response, to permit
replacement with minor circuit mod-
ifications. The 5581 compares with
type 930, type 5582 with type 921,
tvpe 5583 with type 927, and type
5584 with type 920.—Tube Dept. Ra-
dio Corp. of America, Harrison, N, J.
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BIG CAPACITY

COMPLETE FABRICATING EQUIPMENT

GOOD SERVICE

ARGE additions to equipment during the
I. war, and especially since VJ Day, have
—- provided Formica with by far the largest
capacity in the industry for manufacturing
insulating sheets, tubes and rods, and for

fabricating them fo your blue prints.

The tremendous backlog built up during the
post war order boom has been whittled
down and service and deliveries are now
normal on electrical material. And that
means good service, with a uniform high
quality material, accurately machined where

machining is required.
<

THE FORMICA INSULATION COMPANY

4657 Spring Grove Avenue, Cincinnati 32, Ohio

T
RADE Marm REG. U.5. F&"
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Terminal Block Kits

Designed for experimental work and main-
ifenance operations, the Type 1T (erminal
Dlock kit permits quick assemhbly of any
numbe: of terminals to it. Wil No. 200 con-
tains necessary meolded seetions, rerminals
and screw assemmblles; Kit No. 261 has a
supnly of end brackels, partitions. ihreaded
rods, screws, nuts, and washers. The blocks
are recommended for fnstallations where ihe
temperature does not exceed 400° F.—Termi-
nals Sales Office, Curtis Development & Mfg.
Co., 1 North Crawloerd Ave., Chicago 24, 1N

Midget Meters

Among the smallest D'Arsonval 1ype in-
straments commercially available, ihis
series of midgel meters has a barrel diam-
eler of one inel and o depih beliind the
mouwiting panel of one inch. Maxinium over-
all dimensions including studs and mount-
ing flanges are 1-3/16 x 1-3/16 in. The move-
ment. gmounted on polished pivows in Vee
jewels, will stand rough usage, Volimeters,
inillianimeters,  ammeters.  millivoltmeters,
microammelers, rectifier type  ac  and
thermocouple insirtments are available. the
maximum self-contained voeltage range bhe-
ing 500 v. Alnico ¥ mugnets with machined
saft iran poles provide low response time
and good damping. {Cases avre ciear plastic,
either Lucile. polyvsiyrene, Tumarith or
other miatsr Hermetie seualing is possible,
whet. requir —Assembly  Products  Ince,,
{hagrin Falls, Ohio.

B

Hum Filter

Desgigned for high impedance insl(runients
such as osciltographs, the Kay-Lab bridged-T
hum filter, when inscried at Lhe input ter-
minals cancels 60 cyele stray hum picliup,
even when open leads are used. No match-
ing transformers are required for the units
which have a coinmeon ground from input
to output. The filter is 134 in. in Qiameter
by 2 in, in length (excluding terininals). It
is also available for 120 cyeles and other
frequencies. Kalbfell Laberatories, Inc¢., 1076
‘Morena Blvd,, San Diego 10, Cal.
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J-Peosition Relay

This null indicatin polavizihd  relay for
conirel circuils and servo-mechaniss come-
Trines hizh sensitivity and speed with flexible
contact =troctwre of ap o 4 normedly open
cireults For each polarits. When the coil is
provided with opposed windinzs [or use in
o push-poll etrewit appro vately (0053 wates
ey contact pole s reguived, while with a
singie-wound cotl ahout 0023 watt is
veeded, Contaces, which may be ganged in
double birealk or f arrangement.
dre yaled at § ae. A hbalanced
arniLtur stance 1o gshack
dard v gma Instrnments, Ince., 0
Ceylon St., Boston 21, Mass.

Pual Metal Wire

A ovew type al eleelroplate
wire Ul can be bent. hammered,
woven or twisted 1 now being produced in
commercial  gquantities.  “Fernicklon™  wive
has @ wide vrange of manulacturing applicda-
iions in radio tubes. incaordescent and flue-
veseent lamps. amwd  elecilrieal deviees  andd
appliances. In thig new pre s metnl rods
o i dinmeter are first electroplated,
ihen cold-drawrn down Lo diameters as fine
g 00383 in. Initial production includes steel
wire with nickel and copper  wire with
niekel or silver for radio tubes and lamps
and other wire products., The wire can be
sthisce(ed 1o severe elimactic conditions and
can he welded without destroyving the coat-
iy At the peint of weld.—I{enmore Metals
Corp., Warren, Pa,

a4 and drawn

"
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Plestic Rudio Parts

Escutclieons and name pieces, injection
molded? of mulli-colored Plastic materials
and olher radio pavis of moitled Lumavith,
colored and c¢lear Lucile have Dbeen imade
avatlable to the radio industry. Push-but-
tons can algo be supplied in plastic mate-
rials, the bases being injection molded of
colored Lueite, while (he tep sections and
inserts are of clear Lucite. The pieces atc
assembled and joined together with Lucite
ment.—G. Felesenthal & Sons, Inc. 4108
Grand 8 Chicago 51, 111

Rectifier Assewmbly

A new four dise instrument rectificr assem-
bly designed for experimental use is avail-
able in .5 in. diameter. 30 mil discs, as type
X, ov 165 in. diameter, 5 mil discs, as tvpe
BX-C. Each of the four discs is insulated
from the others and is provided with its own
pair of leads, This construction permits con-
nection of the four dises into any combina-
tion.—Conant Electrical Laboratories, 6500
Q" Street, Lincoln 5, Nebr.
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Television Capacitor

Tyrpe RC-108 capacilor with a rating «f .05
mid,, 3500 Y. de is made with high sarfety
factor., This latest addition 10 a line of
high voltage and tizlevision capacitors is
built in a cylindrical metal container 1-%
in, in Jdiameter, 3 in. loug with screw typse
terminals maoutnted on ceramic insulators
protruding 3% in. from each end of the
case, Dvkanol C impregnation and meatal
hermetical seal assure efficient operarion
under all almospheric conditions.—Cernell-
Dubilier Elcctrie (orp., Nouth Plainfield,
T

e

Miniature Capacitors

AMolded in flat, mica-filled phenolic cases
these miniature capacilor are rfor use in
hearng aids, pockel radio receivers and
oilher compact eleclreonic equipment. Work-
ing voltage of Lhe rectungalar-shaped units
is 75 volts de. Available are rvatings of 001
and 005 mfd. with dimensions of %/16 in, x
5/16 in. X 3/3% in, and .05 mtd. measuring
11716 sn. x 28764 in, x 7/33 in. The units are
case-sealed against 80% relalive humidity.
Operating  temperatures. are f{rom -5 0
C.—Tobe Deutschmann Corp., Canton,

Mercury Swiiches

IHermetically gealed, these small 3. 10, 15
and 20 apipere mercury swilches ars espe-
cially adapted to expleosionprool areas, since
the mctal enclesure provides hazard-free
operation in  atmospheres where switch
sparking constitutes a danger. Th= units
will operate at 110 and 220 voiis ac or dec
in an ambient temperalure of 100°C swith-
out arcing, pitlting or burning: ther can
stand an overload of 4009% for a short
period of time. Only 1-14 in. long x ¥% in.
in diameter, the switches may be installed
in standard cartrigge-fuse holders.—Mer-
control Inc., 278 Pearl St., New York 7,
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Ring Type Transfermers

Avatlable in ratios of 30°3 1o J00:3, this ring
type transtormer is 34 v oin dimmeter and
has a % in. window, with ubitx hav a
ratio of 400/5 or more heing slizht
in diameter. Laminated electirical steel forms
the (orc of the unit. Windings and 24 1o lead
wires, with peolarity idenufication. are tapoed
and lied in place. The coil encased in
varnished cambric tape. np nated with
meoisture-resistant insulating varnish. ISach
wansfornter is rested to an arcuracy of 19
at full scale veading with & barden current
of 2 volt-ampervs.—Midwest Eicetric Irod-~
uets Co.. Mankato, Minn,

Temperature Compensating
Cupacitor

To vomwmpensale foy drilt In the isolaling
cliremit o of M receivers, where 65 m
similar tubes are used. thizg conpensating
ceranilc  capiacitnr can he  produced  wilh
any lemperature coeflicient or capacity re-
quired. For examuple, the unit may consist
off a Sleatile capaeitor of & mmfd with a
L5 -ohm resistor element as an inherent part
of the unit. The curve of comnmens iion can
be controded By the amount of resistance
wire placed around the teatile base tube,
IF a fasl heating unit & reguired, @ low
resistance  element 1s used —Eleetrienl Re-
actance Corp. Iranklinville, N, 1,

Fnse Resistors

A pew wire wound 10
veloped thau doubles as a istor and a luse
al different power levols ANoa relatively
low power level the unit functions as an
ovdinry resisor while ar higher lovels i
ax 1 fuse and opens cilenils when the
> burns ou Designated as Type OWA,

o luwe heen de-

this: new  resfator  is  availabh in o IPAMA
values, from fo 140 ohims avnd has a
power =aling of one watt.——International

Resistance Co., Pliladelphia.

Resonant Relays

Previously available only in llie range of
123 to 412 ¢ps. type 182 v nant reluys Ten
remols  control purposs 1e now  offered
with an extended range 1o 1000 cps. The
unils e a vibrating reed mechanism ad-
justied to respond to a narrow band of {re-
auencies and to refect all others. T3y con-
necting an auxilinry relay or a thyrarron to
the resonmant relay, alnost uany swilching
aperation e¢alr he accomplished at a remole
point—~8tevens-Arnold Co.. 22 FElkins S(.,
South Boston 27, Mass,

Connector

An efficient methol of micchanically fasien-
ing solid or stranded wires and cables of
small diameler uses AMP “soligtrand’” sold-
erless  wire conmmeclors to niake gye O
straight splices, and to attach wire emls to
screws, studs, hooks ete. Parallel conncctors
and ring ftongue conneclors are available.
Spices arc mmade by inserting wire ends into
the barrel of the connector and “crimping'
it by “means of an AMP installation tool.—
Alreraft-Marine Produets, Inc., 1516 North
4th St., Harrisburg, Pa.
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N MX Rim Drive Constant Speed
lf-“t\' Electric Phonograph Motor

(5%0?772% FEATURES
FOR SMOOTH PERFORMANCE

You'll gain highly pleased customers
when you equip your phonographs with
Smooth Power MX Motors. That’s be-
cause of finer performance given by:

1. AMPLE POWER AT CONSTANT SPEED . . . elimi-
nates instantaneous speed variations.

2, SUPERIOR IDLER ARRANGEMENT . . . permits idler
pulley to move smoothly and quietly in any horizental
direction with no vertical wobble.

3. LOW RUMBLE LEVEL . . . obtained by scientific noise
elimination, accurate bdalancing and adequate cush-
ioning.

4. ANTI-FRICTION BEARING CONSTRUCTION . ., .
precision-cast bearing brackets maintain  accurate
centering of shaft in bearing and rotor in field.

5. NO EXTERNAL MOVING PARTS . . . internal fan

GI-RC120 Combination Record- provides adequate cooling, simplifies shipping and
installation.

GI-RM4 Rim Drive, Heavy Duty
Efectric Recording Motor

Changer Recorder
Plan now to give your customers that
smoother, finer performance that’s a
‘“natural” with Smooth Power Motors.

Send for details on the complete
Smooth Power line of phonomotors,
recorders and combination record-chang-
er recorders. They’ll make friends for

GI-R90 Dual Speed, Home your products.

Recording and Phonograph
Assembly

e GENERAL

|NDUSTR|ESCQ.

DEPT. ML . ELYRIA, OHIO

- Rkw;gmtm .
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Communications Components

Broadcast Transmitier

This 3 kw FM t{ransmitter, mode! BF-3A,
uses phase shift modulation and direct ¢rys-
tal frequency control. The output of a 250
watt exciter, the BF-250A, supplied in a
separate cabinet, is fed to the grils of four
4x500F power amplifier tubes, operated in
push-pull parallel. The power amplifier is
complete with self-contained power supply
and control circuits. Fach cabinest is T8
in, high by 36 in. wide by 26 in. deep. Fre-
quency response | within 1% db of standard
75 microsecond preemphasis curve. Power
tnput is approximately 6250 watts from
320/110 wvolts. 60 cvele, sinele phase. ac.
The same company will also have 1 kw and
10 kw FM transmitters available shortly.—
Guates Radio Co., Quincy, TL

HF Converters

Model HFC 610 high freguency converier
is available in two ranges; from 27 to 30
me and irom 50 to 54 me. The units consist
of a 6AKHL high gain rf amplifier stapge, a
6AKE mixer, and a 6C4 stable oscillator.
Good selectivity and separation between sta-
tions. low internal noise, and image-free re-
ception are characteristic. The dial is di-
rectly calibrated. A self-contained, regula-
ted power supply is provided.—Columbus
Electronies Ine., 229 So. Waverly St.. Yon-
kers, N. X,

Amateur Transmitier

Having outputs in the 10-11, 6, and 2 me-
ter amateur bands, this vhf transmitter uses
an 829 B tube in the final PA stage, with
plate input up to 100 watts. Crystal control
utilizes the newly-dewxeloped Bliley overtons
crystal-oscillator unit. Tubeé line-up consists
of a 6AGT crystal oscillator, a 2FE26 tripler,
and an 8298 final stage. For 10 and 6 me-
ter operation. the ervstal output is used di-
rectly to drive the 8293, while for 2-meter
operation the output from the overtone cry-
stal 15 fed through the tripler. The 4800
gseries plug-in coils are deslgned to provide

76

correct link selection in the grid circuit for
various combinations. A& multi-purpose me-
ter, connecled into the grid and plate cir-
cuits of the tripler and power amplifier,
permits operational checks.—James DMIlllen
Mfg. Co., Malden 48, Mass.

Radiotelephone

Model 351 marine radiotelephone, designed
for 12 or 32 wvolt de operation. covers the 2
1o 3 inegacyc¢le marine band in five crystal-
controlled channels {(both transmitter and
veceiver) and has an output of over 33
watts. An internal power supply reduces
standby drain to a minimum to econserve
Lattery life. Twelve tubes are used for re-
ceiver, transmittéer and power supply. Model
351 is housed in a steel cabinet measuring
21 in, high x 151 in. wide x 10 in. deep.—
Jefferson-Travis, Ina, Mfd. by Emerson
Radio & Pheonograph Corp., 111 Eighth Ave.,
New York 11,

Two Way Radio

Half the sizc of thie Army "Handie-Talk-
ie', this transmitter-receiver comblnation
weighs only 3% 1b., complete with batter-
ies. The unit, which has adjustable tuning
on both transmitter and receiver, operates
in the 144-148 mc. amateur band, and has a
range from 3 to 12 miles. Tube lineup com-
prises a 3A4 and a 258, both with instant-
starting filaments. The circuit consists of a
superregenerative detector and one stage of
amplification, which are switched to oscilla-
tor and modulator on transmit. RF Input
is 2 watts. A folding half-wave dipole an-
tenna is inductively coupled. The tuning
arrangement inwvolves a sliding split-stator
capacitor with trimmer adjustment. Tun-
ing range is 3 megacyveles, Frequency shift
from transmit to receive is negligible. Two
Eveready 467 batteries provide 135 V. B-
supply.—Sperti Inc.,, Norwood Station, Cln-
cinnati 12, Ohie.
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Crystal Controlled Oseillator

A complete packaged nucleus for new con-
struction or conversion of existing equip-
ment is provided in the new c¢rystal con- -
trolled oscillator model CCO-2A. Designed
for 2-6-10-11 meters the CCO~2A has direct
output on 6-10-11 meters and ample output
to drive a tripler stage for 2 meters. It
has a BAG7 tube, single mounting control,
and a bandswiteh and crystal socket are
mounted on the outside of the subchassis
with power and output terminals at back.
Uses Blilev AX2 20-meter crysials for output
on 10 and 11 meters, and@ the new Bliley
AXS crystals for 6 and Z2-meter operation.
—Bliley Electric Co., Erie, Penn.

Radiation Loop

Useful for checking loop-oscillator tracking,
gain measurements, alignment ete., this
radiation loop and alisnment want may be
used on any signal generator. The low-
priced accessories find many uses during
receiver design.—Approved Trading Corp.,
142 YLiberty St., New York 6.

FM Tuner

Covering the 88 to 108 megacycle FM
band, model RV-10 FM tuner utilizes the
Armstrong cireuit with duxl limiters. A
sensitivity of 10 microvolts produces good
receptlon even outside of the accepted serv-
ice area of FM transmltters. The antenna
input is designed for 300 ohm standard down-
lead. The unit is equipped wilh built-in
power supply, large slide-tule dial with ver-
nier drive, and a tuning indicator. It is
practical for ‘‘built-in” installations, hav-
ing dimensions of 6% in. height, 9 in. depth,
and 11 in. width. Weight is 10% lbs.—
Browning Laboratories, 1Inc,, Winchester.
Mass.
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Vacuum Tube Voltmeter

Model 730 vacuum tube voltmeter is a low-
cost instrument, utilizing miniature tubes
conservatively operated to extend their life,
and having a power col mption of less
than 1 watt, The unit has 5

¢ ranges of 2.5,
10, 50, 230, 500, and 1000 volts with an ac-
curacy of =3% ac and de, A switeh permits
positive or negative readings on de¢. An rf
probe is provided having a flat response to
120 me. The attenuator utilizes 1% accuracy
atabilized-film resistors to guarantee calibra-
tion over long periods of time, The meter
is a rugged 1 milliamp. ype— Allied Lab-
oratory Instrnment, Inc.. 355 West 26 St.,
New York 1.

Precision Ohmmeter

BEqguipped with a2 long lasting power supply,
ruggedly built, and easy to handle, Model
246 precision obmmeter has a 1neasuring
range from 1 obm to 100,000 olhims in four
overlapping scales. IFeatures of the instru-
ment are: precision wire wound resistors,
individual calibration, 4% in. hand stepped
scale, Power supply consists of two No. 6
dry cells. Ranges are provided from 0-i00,
0-1600, 0-10.000, and 0-100,000 ohms.
Gverall dimensions of Model 246 are 7%
in. x 6 in. x 7-13/16 in.—Associated Research.
Ine., 231 South Green St,, Chicago 7, 111,

AC Power Supply

Alodel AC1135 ac power supply is designed
to supply a continuously wvariable outpul
voltage from 0-135 V., at 7.5 amps.
maximum. Input is II5 volis, 30-60 cicies,
and is fused and provided with main on-off
awitch. An output meter i5 provided for
the two output ecircuits, each of which
has an individual on-off switch and closed
¢ircuit  ammeter jack.—Tuck Electronic
Corp., 76 Montgomery Street, Jersey City 2,
N. J.
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TEAMED FOR

PERFECT HEARING COMFORT

Thousands of secretaries have long exclaimed,
“Oh! For a transcribing machine with comforz-
able headphones.”

And here’s the perfect answer to this need . . .
the new TELEX Monoset...now standard equip-
ment on the Gray Manufacturing Company’s
new transcribing machine, the Gray Audograph.
This modern under-the-chin headset is light in
weight, comfortable and #ustantly adaptable to
the user. Thereis no ear fatigue, no more mussed
up hair with the TELEX Monoset...and it gives
a new kind of performance that means improved
work and improved disposition. Its electro-acoustic “heart’” assures
faithful sound reproduction. Its rugged plastic construction assures
years of service. Yes, the TELEX Monoset teamed with the new
Gray Audograph is another example of “perfect hearing comfort.”

Write Department AM for information and quotations. We'll be bappy
to show you how the TELEX Monoset can become part of your team for
perfect hearing comfort wherever headphones are needed.

SPECIFICATION
c S 58 d.h. above .000204
. 2000 ohms—Part No. 2568 Sensitivity: dynes per square ceoti-
Impedance: 500 ohms—Part No. 2569 y meter for 10 micro-
128 ohms—Part No. 2570 watt tnput.

\NG AT ITg B&'g

wePt

ELECTRO-ACOUSTIC DIVISION
Canadian Distributors: TELEX PARK

Minneopolis, Minn.

Addison Industries, Ltd., Toronto

www americanradiohistorv com
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Studio Recorder

Designed to meet requirements of commer-
cial studios lhe Fairchiid console 1ype studio
recorder accominodates all sizes of acelates
as well as 18-In. Aowed wax masters. Direct
worm and geay drive at 33 1/3 rpm. guar-
anleer nbsolute timing through the ayn-
clironous motor. Speed ean be changed 10
78 rpmn. without shutiing off the molor. A
No. 541 magnelic cutting lhead in combina-
tion with a precision lead gerew mechanism
assures uniform cutlting at any continuously
adjustable pitel trom 80 to 1680 lines, in-out
or out-in. The 323 recorder is provided with
a microseope, tangentially mounted 10 the
record grooves., and (vt may Dbe moved o
anv part of the surface. Teight of the 1ahic
above the Aoor js 41 in.; top is 32 in. wide
by 24 in. deep.—Fairchild Camera & Instr
meunt Corp., 88-06 Van Wycek Blvd., Jamaica
1, N. V.

&

Audio Amplifier

Trovided willh two high impedance in-
puts. ore for phonograph pickup and the
other Tor radic, the Altec-Lansing A-3231
amplifier has a nominal rating of 15 watts
and will deliver rated power within 1 dh
from 33 cycles to 12.000 cycles. Its fregquen-
cy response is fat from 20 to 20,000 cycles.
Intended Jfor use in conjunction withy AL
tuners und in high guality musie reproduc-
ing systems, the amplilier has huilt-in
ecualization to operate directly from the (310
variable reluctance or the Pickering muag-
nelic picknyp cartridges. A treble ronirol.
consisting of an adjustable low-pass filtern,
permits sharp cut-off of noise frequencies. A
hum-balancing potentiometer eliminates
necessity for selecting special 1ubes for
noise-free operation. ‘Tube line-up consisis
of a BU4G rectifier. two 6J71's. a GJ5. and
two GL6TVs—Altee Lansing Corp.. 2
57 8t., New York 19,
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Sound and Recording Equipment

Tape Recorder

Aceommadating up Lo one hour of record-
ing, the dMagnesonic tape recorder is useful
for factory, office and home. New programs
may be recorded continuously on the same
tape hy automatically erasing as new mate-
riul is recorded. A shmplified control panel
permits operatlon hy non-technical person-
nel. The recorder 18 supplied in a black
ebony-finished, wooden cabinet.—Sound Re-
corder & Reproducer Corp., 5301 Wayne Ave.,
rhiladelphia, I'a,

Peortable Electric Megaphone

Capable ol projeecling voice over large
d.stances ihe Tavbern Type TPM-2 “DIow-
cr-Voice” eleetric megaphone is a self-con-
tained portable public-address system com-
Irising  a. horn assembly and a  battery-
operated amplifier. The equipment is rugged
and capable of operating under severe con-
Jditivns; the amnplifler case 1s ribbed-steel
and the chassis is shock-mounted. A meolded
cover-gasket provides a walter-tight seal.
The amplilier. complete with batteries and
winiature tubes, weighs 10 1bs. The mega-
phone section includes @ spun-aluminum
horn at (he small emd of which is mounted
a sturdy lype of “sound power” micro-
phone, Within t(he horn is a high-efliciency
lowdspeualier, which is not affected by wide
teimiperature varfatjons, humidity or mnoist
salt wir. The megaphone assembly weighs
aboual 41 lbs Tayhern Kquipment Co., 120
Greenwich St., New Vork 6.

Reproducer

Alodel T4-A, ane of the new Audak luned-
vibhon  reproducer luts adequate  outpul
withoul pre-amplification, and has a jewel
siyIng which ¢an easily he repluced by the
user. Dynami mass of the unit is near
ZErG,  response Tinewr 1o 10 ke, Needle-
point pressuve 24 erams. No torsional ac-
vion is utilized.- Awdak Co., 300 Fifth Ave.,
New York ity
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Theater Speaker System

Intended for small auditoriums up io 1000
seats the 800 “Voice of the Theutre” speaker
system has an overnll deplh of only 23 in,
making possible its installation in small
houses with limited space Detween scraen
and Dbackwall. The 15-in. low-frequency
horn of the <irectly-radiatling Lype, covers
the range from 30 to 804 cycles and is equip-
ped with Alnico 3 permanent magnet fleld.
The high-frequency unit, designed to operate
from §90 to 15000 cycles, is a mulli~cellular
2 x 4 horn. The resistance dividing net-
work with a crossover trequency ol 800
cyveles i3 equipped wilh four 1 db attenua-
(tfon sleps in 1he LOFf putput Lo meet specific
acoustic requirementls.  Vertical distributing
augle is 49° horizontal angle 90°  Re-
quired amplifier output impedance is from
6 (o 12 oltms.  The system is rated at 20
watle, —Altee Lansi
St., New York 19.

ng Corp.. 230 West 57

Studio Microphone

Designed to give high aualily studio re-
produclion the Amperite rihbon microphone
has a frequency range from 40 to 14000 cps
wilthin 3 db and an output of 56 db., In
spite of pick-up angle of 120° front and
bacl, feedback is very low, Srandard equip-
ment includes a switch. 23 fr. cable and a
cable connccior.—Amperite ('o., 561 Broad-
way, New Yark 12,

Wired Music Amplifies

Suitable for wired music installations the
Langevin 610 amplifier provides 3¢ watts

of audio power with less Lhan 3 distortion
and a frequency response from 30 to 15.000
cyeies within 1.5 ab. A shielded balanced
input transformer permits connection direcl-
1y to the line. Maximum awmplifier gain (up
10 61 db) can be set by a gain limiting con-
tral. functioning independently of the vol-
ume control. Two inpul channels are pro-
vided: n line level channel for wired music
and a microphone channel for plant paging.
Input transformer will atch 150 or 600
ohms or may be used for bridging 0 to
G600 obms, Operation is from 105 fo 125 volts.
60 cycle, ac.-—The Langevin (Co., 37 W. &5
St.. New York 23.
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Tubecheeker

Providing proportional mutual conductance -
readings under conditions closely resembling
aclual operation Model 793 Type 5 Lube-
checker not only Llestg all types of receiving
tubes, but also is eapable of handling volt-
age regulator rtubes and low power thyra-
rons. Sixly-cycle ac potentials are used on
tube elements, thereby approaching zero
plate load condilions. A separate 5-Ke signal
is applied to the control grid. and (he re-
sulting plale component ol the high-lre-
quency signal is measured on i rectifier
meter. Three signal voltages ol .753/1.3/3
volts provide mutual conduelanee ranges of
12.000, 6,000, and 3.000 micrombhos. A hot
neon test ig proevided for checking leakage
hetween tube elements. The instrumeni op-
erates on 105/125 volts, 38/6¢-cycle current.
A rapid reference chart lists test values of
all commonly-uged tubes.—Weston Electrical
Instrument Covp.. G617 Frelinghuysen Ave,,
Newark 5. N. T,

Mutual Conductance ‘

Coafing of front surface mirrors—another wonder product of low
pressure processing—is done automatically in this National Research
Corporation installation using a KINNEY Vacuum Pump. The
KINNEY Single Stage Vacuum Pumps, used in conjunction with

diffusion pumps, maintain the low absolute pres-
sures essential for this high vacuum evaporation
process. In all parts of the world the uses of
KINNEY Pumps are countless—from dehydrating
foods to producing penicillin; from exhausting
| - lamps and tubes to sintering alloy
metals. Wherever low absolute pres-
sures must be created and mainfained,
KINNEY Pumps are giving reliable serv-
ice. KINNEY Single Stage Pumps, avail-
able in 8 sizes with displacements of 13
to 702 cu. ft. per min., maintain low
absolute pressures to 10 microns; Com-

Impedance Matching Bridge

Designed lo provide rapid and accurate
means for checking quantitiex of idenblical
compenents aguinsl standavds, this simpii-
fed, inexpensive Lridge instruonwent is adapi-
able to any Lest sel-up. where impedunce can
ve used as an indicativn. The bridge permits
rapid grading of capacitors, resisiors or re-
actors, dete horted turns in coils o1 in-
syulation, leal e in transformers. choles,
motors, ete. Sixty eyele current serves for

X pound Pumps in 2 sizes, 15 and 46 cu.
most tests, hut frequencies as high as % me
may be utilized. it necessary. The instrument

KINNEY 1. per min., maintain low pressures to
contains a plug-in Balac rectifier unit, but Single Stage 0.5 micron.
no tubes. Tt is availahle as Model 70 for low l

) Vacuum Pum
gensitivity, Model 71 having medium sensiti- P ASk fOI' CGfO’Og V45
vity, and Mode! 72 for use with high-sensi-

Laboraforiee, 8500 70" Street. Lincoln 5 KINNEY MANUFACTURING COMPANY
eDr,

3568 WASHINGTON ST., BOSTON 30, MASS,

|
‘ NEW YORK * CHICAGO * PHILADELFHIA » LOS ANGELES » SAN FRANCISCO
!

o . . Uinit
Hea: Transfer Unit FOREIGN REPRESENTATIVES

General Engineering Co. (Radeliffe) Ltd., Station Works, Bury Road, Radeliffe, Lancashire, England
Horracks, Raxburgh Pty., Lid., Melbourne, C. I. Australla
W. S. Thomas & Toylor Piy., lid., Johannesburg, Union of South Africa

Model 20 hea: transfer unit is used for
cooling radio, television and wther com-
mnnicalion equipiment, Ligh frequency
power 1ubes. induction neafing untts and R g o - P . » 2o s
laboratory lesting apparatus. Heat gen- o ! iy b o el SR P e R s s s s
erated’ by Lhe cguipment Is taken up by WEII.SD MMUFMTURE HEIU!D Plll’l'l’s. cl-“Te‘HEsﬁ"n BITIIHIHENISBESTR!BUTORS 1
A eirculating cooliny  liguid,  which  dis- L : : e SRS : RCE e : it B b R R e |
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BLILEY ELECTRIC COMPANY

80

o —

-

/

Introducing packaged VHF

Crystal Control

Design engineers recognize that peak
frequency precision depends greatly
on close correlation between crystals
and their associated oscillator circuits.
In the region above 20 mc it is equally
true tbat circuit design can make a
significant difference in drive secured
from the oscillator stage. Complete
uniformity of construction and care-
ful control of component tolerances
assumes extreme importance.

Bliley is now prepared to design
and build packaged oscillators for pre-
cision VHF applications between 20
mc and 200 mc. Consistent perform-
ance of overtone crystals and mainte-
nance of operating tolerances to

CRYSTALS

UNION STATION BUILDING -

. Blited

+.0059%, or better over wide temper-
ature ranges is assured by considera-
tion of all significant factors in a pack-
age of this kind. The result is a pre-
cise frequency source that has suffi-
cient power to meet design ratings.
One possible form of packaged oscil-
lator is shown in the picture. Space
requirements in the equipment will
determine whether a subchassis or
plug-in unit is most desirable. Bliley,
with over fifteen years experience in
frequency control applications, is ex-
ceptionally qualified to assumerespon-
sibility for the complete frequency
package from conception to delivery.

This custom-service is lim-
tted, at present, to applica-
tions involving production
quantities. Inquiries, giv-
ing detailed performance
specifications, are invited.

ERIE. PENNSYLVANIA
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charges the heat into the air by means of
a radiator and fan. Capable of dissipating
up to 20,000 watts the unit is equipped
with a six bank reverse flow radiator, two

cooling fang, two centrifugal pumps, a large
pressure switch and
HP.
induction-type mo-
approximately 3C
high.—EBEastern Indus-
6, Conn,

reservoir, thermostat,
fittings. It is powered with two 14
3450 rpm. heavy duty
tors. Overall size is
in.x 27 in.x 26 in.

tries, Imc.. New Haven

St R

WOW-Meter

Measurements of variations and fluctuations
of speed in phonograph turntables or olher
mechanical, optical] and magnetic recording
and reproducing equipment are made possible
with the direct-reading Model 115 WOW-
Meter, whieh consists essentially of an elee-
tronic frequency meter, & 1000 cycle test
record is recuired for checking turntables.
The varying component in the output of the
frequency meter is amplified and measured
by a peak-to-peak VTVM calibrated directly
in per cent variation from the average fre-
quency of the input signal. Frequency range
ig .2 to 120 c¢ps; accuracy is 5% of full-
scale value, A range switch permits full-
seale readings of 3% and 1% wow on an
essentially linear scale. Model 115-R pro-
vides up to 25 wvolt rms output for connec-
tion to a high-speed direct-inking oscillo-
graph. The instrument operales on 105-125
volt, 60 cycles.—Furst Electronics, BG0 W,
North Ave.. Chicago 22, Ill.

Voltage Reguletor

Designed to provide a highly stable, pre-
cisely regulated scource of de voltage and
current, Model E-3006 vollage regulator is
especially useful for instrument testing., The
upper half of the unit is a modified Noba-
tron with an inpot voltage range from 95
to 125 volt ac and an oulpul volilage of § V.
dc. Regulation accuracy is ¢.1% over a load
range from 7% to 15 amps. Maximum ripple
voltage 18 %% %, recovery time 0.2 seconds.
The lower half conilains a regulated dec
power supply with an input voliage range
from 90 to 135 ac and & continuously
adjustable output voltage from 0 to 300 WV,
de. Load capacity s 100 wma. regulatlon
accuracy being 1/10 of 1¢,.—Sorenson & Co.,
Ineg., Stamftord, Conn,
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PERSONNEL

Rudolph Feldt has been placed at
the head of the CR tube oscillo-
graph manufacturing department of
the Allen B. DuMont Labhoratories,
Inc. He will headquarter in the Clif-
ton, N. J. plant.

Ralph B. Austrian who has been
president of RKO Television Corp,,
left that post on Sept. 10 to join
Foote, Cone and Belding, New York
advertising agency.

Major-General Harry C. Ingles
(retired) has been elected president
of RCA Communications, Inc. He
is a director of that corporation and
also of Radio Corp. of America.

Dr. €. B. Jolliffe has been added
to the board of directors of RCA.
He joined RCA in 1935, is now exe-~
cutive vice-president in charge of
RCA Laboratories Div.

Dr. W. L. Barrow has been ap-
pointed chief engineer of the Sperry
Gyroscope Co., Inc. He joined Sperry
in 1943 as director of armament en-
gineering, was formerly on the staff
of the electrical engineering depart-
ment MIT.

Dr. W. L, Barrow Jumes F. Rinke

James F. Rinke has been ap-
pointed chief engineer by Potter &
Brumfield Mfg. Co., Princeton, Ind.
He goes to P&B from Electronic
Laboratories, Inc., Indianapolis..

Rodolfo M. Soria has become asso-
ciated with the American Phenolic
Corp., Chicago as project engineer
in charge of special development
work on antennas and rf transmis-
sion lines. He was formerly in-
structor in electrical engineering at
Illinois Institute of Technology.

H. C. Carroll has been appointed
engineer in charge of General Elec-

TELE-TECH -+ October. 1947

AS ADVERTISED IN
Saturday Evening Post

When you use parts that have a nationally
known Irade-name you aid the sale of prod-
ucts. With this purpose in mind the Webster
Eleetric Company have advertised their
cartridges in the Saturday Evening Post . . .
making consumers conscious of the impor-
tance of this small part.

The Webster Electric Cartridge is available
with a wide range of characterislics to meet
your requirements. .. correct weight,
response, voltage outpnt and other require-
ments. They are of balanced construction

Yiny, wnsasn, vlals W gn FoptOS &
sorpass exiginal glorieus fond veleme ¢ t

=)
to ypur emdi-phomesrmeh: ;::/,“?“

o ge1 Rich, full volume from your

then you (il & on 3 . L
ARt that produce maximam oulput at designated
" o vahme ab all - plac Y . L . .
: b tracking pressures with ininimum distortion
i iy furradge —on e P . -
ity o draw from and minimum mechanical reproduction. Al

ment the glorious true tort

models offer exceptionally uniform response
over the desired range of frequencies.

Webster Electric Cartridges arc carefully
designed and mannfactured under bighest

Sod for it mesklat § b ¥ f quality standards. They have heen on the
T suectuve boghler, 7 Lon g market for years, and during this time have
PR o from proved their value for long life and top
performance.

©
Vontaiet Electine Cortndie o
el (he sesuluing satniaction Rieey

it ey ment from 3
Copy 1 [eee lof iR

In addition 1o cartridges, Wehster Electric
Company manufactures complele toue arin
assemblies of iruproved design, in a wide
seleclion of models.

WEBSTER ELECTRIC
CARTRIDGES

(Licensed wnder patenis of the Brush Development Com pany)

WEBSTER ELECTRIC

RACINE | WISCONSIN
i

Eatablished 1909
Export Depl, 13 E. 40th Street, New York {16), N. Y. Cable Address “"ARLAB'' New York City

"Where Quality is a Responsibility and Fair Dealing an Obligation"

81

www americanradiohistorv com


www.americanradiohistory.com

CHICAGO 2,5 TRANSFORMERS

Designed for simple conw:rsion of domestic radios and electrical
| appliances to the 220 or 230-volt power supplics common in many
foreign countrics. Locking slide switch adjusts to whichever of
two primary voliages provides best output at local voliage vari-
ations. Insulated 7-foot cord and plug on input side, standard
i female recepiacle on output side. ““Sealed in Steel'’ construction
! i assures lasting efficiency in tropical and other adverse climares,
incorporates vacuum-impregnated core and <oil in compound-
filled, drawn sieel case. Three sizes: 50, 100, and 150 load warts.

Wriie Jor furiber derails and prices

“AN” CONNECTORS

Widen the Horizon of
Industrial Electronics

outpuT |*

Wherever industrial electronic equipment is
sectionalized, Amphenol AN connectors serve
with efficiency and economy to provide quick

connection and easy disconnect for servicing
or movement.

CHICAGO TRANSFORMER

Division of Essex Wire Corporation

They save money by permitting associated
wiring for one or many circuits to be prefabri- o o .
cated, thus electronic devices may be tested at ‘

the factory and instantly connected for use on .
arrival, This greatly simplifies installation and
servicing procedures.

3501 ADDISON STREET + CHICAGO 18, ILLINOIS

Avdgilable in five major shell designs. each of
which accommodates over 200 styles of contact
inserts. Amphenol AN connectors handle volt-
ages up to 22,000, amperages up to 200. Types
with pressure-proof, explosion-proof or moisture-
proof housings also are available, as are stand-
ard elements for thermocouples.

Amphenol, long the leader in mass-producing

AN connectors for the armed forces, remains
compietely tooled for large-scale production for
industry at costs far below those in effect pre- ‘
war. Write for full data now.

The DI-ACRO Bender
makes perfectly centered
eyes from rod or strip stock
at high hourly production
rates. Both eye and center-

DI-ACRO

AMERICAN PHENOLIC CORPORATION

" 1830 South 54th Avenue, Chicago 50, Hlinais
COAXJAL CABLES AND CONKECTORS « INDUSTRIAL CONMECTORS, FITTINGS AND
CONDUITo ANTENNAS «RADIO COMPONENTS « PLASTICS FOR ELECTROMICS

THICKER AMPHENOL
AN ANSERTS INCREASE
BREAKNGE RESISTANCE =

BENDERS

DI-ACRO Precision Bend-
ing is accurate to .001” for
duplicated parts. DI-
ACRO Benders bend an-
gle, channel, rod, tubing,
wire, moulding, strip
stock, etc. Machines are
casily adjustable for sim-
ple, compound and reverse

ing bend are formed with
one opcration. Any size
eye may be formed within
capacity of bender and
ductile limits of material.

DI-ACRO Bender No. |

Forming radius 2" approx. Ca-
pacicy 557 round cold rolled s reel
bar or equivalent. Also Benders

No. 2 and 3 with larger
1 capacnues

bends of varying radii. *DiE~ggg.
< ying DUPUCAE‘)-S,'LG ;
//// Send for CATALOG P
\\\\\\«. “DIE-LESS® DUPLICATING shov-
ing many kinds of ‘‘Dic-less™ dupli-
CONVENTIONAL AMPHENQL : cating produced with DI-ACRO

Benders, Brakes and Shears.

“Here's- anolher exumple oi xhe safely insurance” supphed.“ <€ Prenounced "DIE-ACK-RO™

by alen Punnhehal .engineering? On all sizes irom 20 -up,
Ariphonal inserts e fhicker, g grecler rési ‘e
breakage, This Is parfigalarly bmportant where Jarger chcxme(e
uru cmp'l oyed an& g q:anfe:r number “ot.contacts qcc'bmmcdaled

@ PRECISION MACHINES o

A 'NEIL-IRWIN mFs. co.

‘(ESS nupl\tv‘¢
321 B8th Ave. So.

Lake City, Minn.
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tric’s marine and aeronautics engi-
neering division. He replaces Ray
Stearns who has retired after 45
years service. Carroll has been as-
sistant engineer of the division,

Frederick E. Hanson, in charge of
Western Electric Co's. shops in New
York and Allentown. Pa. has been
appointed manager of the shops.
He joined the company’s Hawthorne
works in 1918.

Dr. Fred C. Lindvall has been
made a member of the board of di-
rectors of Consolidated Engineer-
ing Corp., Pasadena, Cal.

Carl P. Rapp who became asso-
ciated with International Telephone
and Telegraph Corp. in 1929 as plant
operation engineer of the system,
has been elected second vice-presi-
dent of the company.

Carroll G. Killen has joined the
field engineering staff of the Sprague
Electric Co., North Adams, Mass.
He was formerly connected with
the Army’s Watson laboratories,
Red Bank, N. J.

Dr. Bernard Kopelman has re-
joined Sylvania Electric Products,
Inc., as section head of the metal-
lurgical  research  group. His
headquarters will be in the Bay-
side, N. Y. laboratories.

H. Hugh Willis has been ap-
pointed director of research and
development of the Kellex Corp.,
atomic energy subsidiary of the
M. W. Kellogg Co. He was formerly
chief research director and vice-
president of the Sperry Gyroscope
Co., Inc.

M. W. Scheldorf has joined the
engineering staff of Andrew Co,
Chicago, as head of the engineer-
ing research department. During
the past five years he has been a
specialist in antenna designs for
the electronics department of the
General Electric Co.

Faraday to Sperti

Sperti, Inc., Cincinnatl, has
taken over the Faraday Electiric
Corp., Adrian, Michigan, which
hereafter will be known as Sperti-
Faraday. The consolidation com-
bines the research and englneer-
ing departments of both companies
and will permit considerable ex-
pansion and production increase.

TELE-TECH -+ October, 1947
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“A . £ 4 ELIMINATES
M(Mfﬁ JAMMING

B -inch
SPEAKER

4linch
SPEAKER

‘»é mch

4,’x6~inch,
- SPEAKER

THE CRESCENT -
ces .désfgned and
engineered fo the most exacting

standazds, deliver the finest

in tonal performance.
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The most attractive and well designed changer in
the popular priced field. Equipped with depend-
able cushion mounted motor — “Barry” mounts to
eliminate vibrations and fool-proof in operation.
Hammertone finished with smart plastic trim. Has
both reject button and control knob for convenient
on-off-manual and automatic operation. Plays 10"

or 12" records automatically.

CONTACT YOUR CLOSEST rescen
CRESCENT SALES REPRESENTATIVE
WM. RUTT, ¢ 'o CRESCENT ELECTRONICS (0.

401 Broodway, New York 13, N, Y.
MILLER-JDYCE CO.
809 S. Yermont Ave., Los Angeles 3, Calif,

LES LOGAN CO.
530 Gough 5t., Son Froncisco, Calif.

HARRISON-REYRQLDS (0.
419 Commenweaith Ave., Boston 15, Mass.

CRESCENT INDUSTRIES inc.

4132-54 W, BELMONT AVENUE
CHICAGO 41, ILLINOIS

EXPQORT ADDRESS

SCHEEL INTERNATIOMAL, INCCRPORATED

4A4237-39 N. LINCOLN AVE.**+ CHICAGO 18, ILL,
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Look to CALDWELL-CLEMENTS
to keep you in step with the World of Television!

.r TELEvision’s

TECHnical Advancement

TELE-TECH is the ouly magazine designed specifically
from its inception to serve the highly special needs of
the dynamic teehnical world of television and all tele-
communications.

TELE-TECH has performed the important function of
unifying and defining the tele-communications market
for designers, manufacturers and users alike. Every
month it supplies the specialized, up-to-the-minute edi-
torial help and produict advertising needed by tcle-com-
munications men wherever they are. It goes directly
without waste circulation to selected, key manufacturing
men who specify and buy—and to engineers and execu-
tives responsible for the successful operation of tele-
commaunications.

For advertisers who want to reach the technical television
and tele-communications world with directness and maxi-
mum effectiveness, TELE-TECH today is far out in front.

Circulation: 17,000

.r Television’s World of
Selling and Merchandising

As television looms in hundred million dollar figures on
the sales and servicing horizon of the nation’s radio-
appliance dealer—

He turns to RADIO & Television RETAILING for help,
information and stimulus in marketing this new and
complex product, which is the most important in tele-
eommunications history. He has been reading RADIO &
Television RETAILING for alinost a quarter of a century
because he knows that in this progressive and thoroughly
alive merchandising magazine, he will get the vital assist-
ance he needs to cash in on a growing market that has
“boom” potentials,

To the advertiser, RADIO & Television RETAILING
represents television’s marketing world as no other maga-
zine can. It is first, of course, on advertising schedules
because it is first in all that counts—in net paid and total
circulation, in advertising volume and number of adver-
tisers, and in editorial service to retailers.

Circulation: 29,000 ABC

W—W, Detc. 150 Lexington v, New York 17, Pla, 31340

CHICAGO 6 - LOS ANGELES 5 ¢+ SAN FRANCISCO 4

Also publishers of ELECTRONIC INDUSTRIES & ELECTRONIC INSTRUMENTATION

TELE-TECH +* October. 1947
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Langevin Joins Maxson

Carl C. Langevin has become a
member of the board of directors
of the W. L. Maxson Corp., New
York, The Maxson corporation has
recently acquired all of the com-
mon stock of a newly organized
Langevin Mfg. Corp., also of New
York, of which Carl C. Langevin is
president. The new company has
taken over all of the property and
business, including good will, of
the Langevin Co., Inc., with the
exception of the latter's West
Coast offices which wilt act as dis-
tributors in a sales and engineer-
ing service for Langevin products.
The new Langevin Mfg. Corp.,
which retains the Langevin man-
agement and personnel, will con-
tinue the manufacture and sale of
audio amplifiers, transformers and
other apparatus wused in record-
ing studios, broadcasting, public
address and other sound systems
and industrial control egquipment.

Gray Heads Electronic

The Electronic Tube Corp., 1200
East Mermaid Avenue, Philadel-
phia, has been reorganized with
Edward D. Gray as president. As-
sociated with him are Henry S.
Bamford, vice-president and di-
rector, George B. Howell, chair-
man of the board. Gray was form-
erly with the New York Telephone
Co., and was director of com-
munications of the 8th Bomber
Command during the war. Bam-
ford was formerly chief engineer
of the company. The corporation
will continue to specialize in the
production of multi-gun cathode
ray tubes and multi-channel oscil-
loscopes.

Powder Metallurgists

Sintercast Corp. of America has
been formed in New York with
headguartcrs at 570 Lexington
Avenue, as a consulting and devel-
opment organization in the fleld of
powder metallurgy. President of
the new company is Erwin Loewy,
presently connected with Hydro-
press, Inc. Associated with him are
Dr. Claus G. Goetzel and John
Ellis. Dr. Goetzel is vice-president
and director of research; Ellis is
chief engineer.

NEW ALLOCATIONS
See Page 29
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MICROWAVE TUBES
3331 (1 cm)

FURES
2326 {10 cm)
2J3? (10 em) .
MAGNWET for 2
2J38 (10 cm) with
WE 700 A (L ban
WE 720 BY (8 Band) 1000 25

KW
2K25-723 AB Klystron ..
QK 59, QK 60, QK 61, QKZ
packaged Mag-
10 cm . ...ed.

Tunable
newrons,

MICROWAVE PLUMBING
1.25 CENTIMETER
wave Gulde Sectlon 1”7 cover to cover,...$2.00
T Section cnoke to cover .. 4.50
Mitred Elbow cover Lo COVEr 3
sections choke to3

Mitred Elbow and “8"
cover
Flexible Section 17 long choke to ehoke.
Tunable Cavity with Coax input and out
t

10 CENTIMETER
Sand Load (Dummy Antenna) wave guide
section with cooling fins. app 23" hlgh S"S 00
Wave Guide to coax with flange, gold
plated app 10” high . 14.50
Rigid Coax Directional Coupler CU-90/UP
20 DB drop, has short right angle, about

ngld coax ’TfB” diam
10 CM Dlpole and Reflector with coa:\
Fitting

T Sections

Wave Guide Sections 2.5
plated with choke flange

Wave Guide 90 deg. bend E Plane 18 long 100
Wwave Guide 90 deg. bend B plane wlth
20DB directional coupler

Wwave Guide 18~ long '8

Rotary Jjolnt wave guide insout chok:
choke joint

Rotary Coupler choke input;
output

S- Curve Wave Guide 8~

Wave Guide 2.5 long.
bend choke to cover .
Duplexer Secctlon using 31
Wave Guide with slotted section and rotary

t
Piek-up loop with adjusteble tuning sec-
tion, used in duplexer 1
3 CM Wavemeter Maquire 1539TFX

MICROWAVE ANTENNAS

Relay System Parabolic re-
flectors apprx. range: 2000
to 6000Mec. Dimensions 4.-
6 x 3 N $85.00

Dinrle for above

TDY ““Jam"” Radar rotatmg
antenns, 10cm, deg.

115V  AC drive.
$100.00

SO burfue Seareh Radar

rotating antenna, l0cm. 247
dish, complete with drive
and selsyn motors.

New .............. $90.00

sed
3 CM. ANTENNA W'.[’I'H DISH 14157
Feed horizontal and vertical scan with 28 V
DC drive motor and drive mechanism. Com-
plete, $65.00

PULSE TRANSFORMERS
All Standard name Items
Type K2450A Wil recelve
13KV. 4 micro-second
pulse on prl., secondary
delivers 14 KV Peak power
KW GE....815.00
Magner.ron lnput
transformer #D- 166173
with eocling fing ..
4298E—Pri, ¢
micrasecond Sec.
16 amps. Fil. pri.
400 Cyele Raytheon
Hi Volt input pulse
£1169271
Radar pulse Tformer K2731 Diameter
App. 11" vertical cooling fins GE. k1
Pulse Input, line to magnetron K27484 12.60

THERMISTORS
D167332 Bead
D170398 Bead
D168391 Button
DI167613 Button

MFR{. SEND YOUR REQUIREMENTS FOR
BATHTUBS, MICAS, RESISTORS, KOOL-
OHMS. CONNECTORS. HARDWARE.

All merchandise guaranteed. Mail orders
promptly filled. All prices F.Q.B. New Yoik
City. Send Money Order or Check, Shipping
charges sent C.0.D.

COMMUNICATIONS
EQUIPMENT CO.

131-T Liberty St,,
‘ Digby 9-4124

www americanradiohistorv com

New York City 7, N. Y.

Highest
Values

POWER EQUIPMENT

Line voltage regulator-TDY-1, Saturable
reactor type Pri 95-130 v 60cy 1 ph 2BA
Sec 115v 60cy 1 ph 17.4A 2 Kw %

Lme Voltage Regulator Pri
57/63cy 1 ph 154 Sec 115v 7.15A .82 Kv
96% Pf, 125,00
Circuit Breakers 600v 60cy 115 A .
Carbon Pile Regulalors 19v @ 5.74 ..
Carbon Pilc Regulators 19v @
22v @ 3A
MIrs request quantity discounts
Plate Trauns. ©Oil Pri 115/230-Sec Single
winding 21000 v @100ma
Plate Pri 117v 60 cy Sec 8180 @ 24 ..
Power Pair-Use two for FW 1900VCT ‘@
.35 A Pri 117v 60 c¢y-3 taps Ea trans
1s eased 95¢ v NCT. Pair ..... £10.00
Plate Trans 117 v 60 cy tapped Bt Sec
2000 or 2500 ea mde @
Limited quantity .
Fil 5v3A_ 5v3A 5v3A 117 Prl
Fil 63 @ lA 63@1A63@ 1A 117 Pri
Fil 8.3 @ 1 @ 3A 5 @ 3A 117 Pri
Pilament Trans Pri 220v50/60cy Sec 5v
10 A 34000 voit insulation
Filament Trans 29000v fest Pri 115
Sec two Sv@BA $24.50
2 KVA Trans and Choke 115v 50/60 ¢y 1
ph Output 17000y @ 144 ma. $74.50
2.5 KVA Amer. reetifier-Input 208'v 3 ph
50/60 cy Out 0-25000 v @ .1 A 10%
Reg. 2.59, Ripple . . . gquotation on re-
quest,

$14.735

REACTORS
0.116 Hy @ 0.15A Res 5.5 ohms
0.1 HY @ 1.4 A Test 1780y ...
8 AY 0.15 A Herm sealed
Capacitor Tnit #69G443 69CH443GE. .
Capaeitor Trans #68GJIGELX GBG366LXGE

OIL CONDENSERS
15 mf 220 AG 860 vDC

10 mf 1000 DC .
.01 mf 25 KVDC
.25 mf 20 KVDC ......
10. mf 25 KVDC .....
J06 mf 15.000 vDC ....
.l mf 10,000 vDC .. ..

200 mf 250 v
4000 mf 30 v

.006 mf 10000 v

.00015 mf 20000 v G4 .
.002 mf 20000v G4

.002 mf 15000 v G4 .
002 mf 6000 v GL ..
005 mf 15000 v G4

RELAYS
Miniatures

SPDT 24 VDC

SPST 28 vDC

DPDT 28 VDC

SPST 100 V Qverload 38071800 cy .
SPDT 110 AC 380/1800 cy

MISCELLANEOQUS TYPES

SPDT 5VDC in can with 5 pr base
DPDT 6 VAC

DFST 6 VAC

2 Section SPDT 6 VAC Wheelock type
SPDT 1156 AC

SPDT 115 AC Wheelock type
SPDT 115 VAC Latch T,
SEDT 115 AC with SPST thermal delay

DPST Antenna relay with SPST revr sece
tion 2¢ VDC and 12 VDC 1

4SPDT 24 VDCGM

Solenoid Contactor 2¢ VDC

Thermal delay 45 to 60 sec Edison type 1503
wilth 4 pr base

8 VDC Relay panel with 3 DPST and 2
SPET on 10 by 7”7 panel 2,75

NOW AVAILABLE: A varied supply of tele-
phone equipment includlng Switchboards, Re-
peaters, etc. western Electric, Kellog, and
Stromberg Carlson components.
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S Here 15 whar
GRACOIL |

“One Good Turn-ora Million”

TELEVISION

TELEVISION M 10 for You

Studia  rehearsals  and

WIfhouf pre-air program tests.
I
TE I' E c A S TI N G . Schoals — for instruction
. N purposes — technical
Requiring no transmitter, antenna and preduction train-
or other major investment. ne-
. . Department stores -
We furnish iconoscope camera, moltinle shawings of
microphone, monitor viewers, merchandise.

camera controls and amplifiers, o
Factory  production-line

synchron_izing unit, power Ssup- observation and con-
plies, lighting equipment, etc. All trof.
operating from 115 volts, 60 cycle, Video “auditians” for
AC outlets. Equipment now in agency or producer.
use with great success. Promotion feature for
. . exhibits, cansumer
Write fOT fﬂ” details. shows, efc.

* Here, in expanded plant facilities, GRACOIL Coils and
Transformers are expertly désigned and built to exact TE I_ Ev I s I n N P R u J E c Ts I “ c

specifications. Plan your next product with GRACOILS. 24 Walnut Street Newark 2, N. J

s i A PUWER
RELAY COIL TRANSFORMER

PERMEABILITY TUNING (ORES

Moldite permeobilily tuning

cores ore manufoctured to

| E meet the most precise require.

! E ments, Modern moss produc-
tion methods of monufocturing
perm cores hove resulted in
increased guality ond ecanamy
to our customers.

i MOLDED IRON (ORES

} . Moldite magnetic iron cortes

| ore manufaciured to exact.

specification with an exclusive

FULLY ENCLOSED GENERATOR ‘ i i powder mix an eosh specific
TRANSFORMER FIELD COIL l : : requirement at audio, brood-

|

|

|

cost, FM and Television fre-
quencies. Mew formulae and
methods of processing increase
Q values, result  in greoter
stobility and density.

SAMPLES

Notional Moldite sample iron
cores will be submitted for
design, test ond pre-produc-
tion purposes upon receipt of
your request, Use Moldite
moterial grode designotions to
insure prompt ond exact du-
plicotion of the cores,

‘“One Good Turn -or a Million”

Write for New Circular — No Cost— No Obligation

THE GRAMER COMPANY = [ArstiPL

Established in 1935 25 MONTGOMERY ST., HILLSIDE 5, N. 4, 5
. o WESTERN REP. MID-WESTERN REP, SO. AMERICAN REP.
(SZBCfrlca! @0113 (Zﬂd (7[’(1[13"0!’”18"8 Perimuth- Colman Assoc lrving Rose Jose Luis Pontet
) P42 Maple Avenve 7752 So. Kingston Ave. Cordoba 1472
2132 “. P U LA S KI RD'I c H 1 c A G D 3 9l ILL‘ U- S‘ Ll Los Angeles, Calif. Chicago, lllineis Buenas Aires, Argenting
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NEW BOOKS

;__V
1

Elemenis of Electrical Engineer-
ing

(Fifth Edition) by A. L. Cook and C. C. Carr.
Published 1947 by Fohn Wiley & Sons. Inec.,
440 Fourth Ave., New York 16, N. Y, 662
pages; §5.

This text is primarily devoted to
presenting fundamentals of the elec-
trical branch of engineering as back-
ground for those specializing in other
fields, or as the basis for further
study in the subject.. Coverage in-
cludes electric and magnetic circuits;
direct-current machinery; alternat-
ing currents; alternating-current ma-
chinery; instruments, electronics, and
special applications. Previous edi-
tions of this book have been widely
used as collegiate texts. In this edi-
tion the author assisted by C. C. Carr,
has made a number of revisions: the
latest types of machines are consid-
ered, and the material on electronics
now includes industrial applications
as well as fundamentals. Complex
quantities are now discussed directly
in connection with the ac circuit text
material. The problems cited are en-
tirely new, as are many of the illus-
trations.

Cycles—Science of Prediction

By Edward R. Dewey and Edwin F. Dakin,
published by Henry Holt & Co., New York.
255 pages; $3.

As all communications engineers
know, radio frequency propagation
varies in cycles with the seasons and
very largely in accordance with the
cycle of sunspots., The present book
has nothing whatever to do with ra-
dio or electronics, but nevertheless
may be of considerable interest to
executives charged with shaping the
destiny of corporations. The authors
have attempted to show, with the
aid of much logic and many graphs
and charts, that there are def-
inite ¢ycles governing the underlying
growth of industry, that, if properly
interpreted, may be used to predict
such growth, or decay. Thus there
are many sequential recurrences of
ups and downs which appear to be
timed to represent cycles of lengths
varying from 41 months to as much
as 54 years. Examples are explained
as they apply not only to business
enterprises, but to bhiology, medicine,
geology and various other sciences.

A-B Elects Loock

Fred F. Loock, formerly vice
president and general manager of
the company, has been elected pre-
sident of the Allen-Bradley Co,,
Milwaukee, Wisc. Coincidentally,
Harry L. Bradley was named
chairman of the board, R. W,
Whitmore was re-elected vice
president, Louis Quarles, secretary,
and A. F. North, treasurer.
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Ingenious New

Technical Methods

To Help You
Simplify Production

R

New Automatic Device Provides
Up-to-the-Minute Visual Record

The new CHART-O-MATIC provides an instant visual
record of all production, shipments, purchases, ab-
senteeism, etc. Avoids inventory surpluses. Guides pur-
chasing department giving constant picture of all parts
and supplies on hand. Requisitions can be made direct
from chart. Information from all departments trans-
mitted to operator by Telautograph permits instant
recording on CHART-O-MATIC. Does away with big
wall charts and card-systems and tedious, time-con-
suming search for data that is often far from current.
With the CHART-O-MATIC, the complete activities
of the entire plant can be determined in an instant,

The entire unit is easily portable and operates from
110 volts current. Chart rotates in either direction by
finger-tip control. Speed may be governed by rheostat.

New devices are proving their worth in saving time
and reducing nervous tension on the job. And modern
plants throughout America are finding that chewing
gum on the job helps relieve monotony and helps to
keep workers alert. That is why more plants every
day are making Wrigley’s Spearmint Gum available
to their employees.

Complete details may be obtained from Spival Mfg.
Corporation, 3612 N. Kilbourn Avenme, Chicago 41,
Hlinois.

The New Chart-O-Matic

EISLER

2 ELFCTRONIC EQUIPMENT

E1TFCTRICAL

: i
24 HEAD RADIO TUBE
EXHAUSTING MACHINE

WITH BOMBARDER
Complete equipment for the
manufacture of incandescent
cooled, and special jobs. lamps, radio & electronic tubes.
SPOT WELDERS Sizes from 4 to 250 KVA

We have a complete line of spot, butt, gun and arc welders,
EISLER ENGINEERING CO., INC,, 778 So. 13th §t., Newark 3, N. J.

AuL 1 IPES

IRANDFURMEKRD> U
Sizes from 14 to 250 KVA

For furnaces, lighting, distribution, power,

auto, phase changing, welding—air, oil,

and water
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IMAGE ORTHICON CAMERA WITH ELECTRONIC VIEWFINDER

¢ Built around the image-orthicon
tube, DuMont's new television
camera incorporates a number of
unusual features which simplify
operation. The unit is part of the
complete camera chain equip-
ments developed by Allen B. Du-
Mont Laboratories, Inc., Passaic,
N. J. In this new camera design,
all essential controls have been
concentrated at the rear of the
camera. Hinged and removable
panels permit immediate adjust-
ments and replacements with min-
imum loss of time. The lens tur-
ret, operated by a rotatable handle
at the back, accommodates four
lenses, diaphragm and focus also
being adjusted from the rear. To
avoid parallax difficulties the
camera retains the DuMont elec-
tronic viewfinder which is mount-
ed on top of the camera by means
of plug-in connections.

The electrical flexibility of this
camera matches. its mechanical
convenience. Voltage control is
provided for a wide variation in
pickup tubes. There are knob ad-

Side and top panels on the new DuMont

Image-Orthicon camera open exposing
the whole insides for servicing

Jjustments for all internal controls.
The video pre-amplifier is essen-
tially non-microphonic so that im-
age pickup is wvirtually unaffected
by vibration or jarring of the
camera in operation. Tubes and
sockets are arranged for immedi-
ate and convenient accessibility.
Controls at the rear of the cam-
era, made available by opening
panel doors, regulate the heater
or the blower for the operation

of the image-orthicon tube at the
proper temperature; centering of
the electronic image; adjustment
of the pre-amplifier gain and
alignment coil current.

The camera takes a plug-in
headset and microphone for use
with the intercommunicating sys-
tem of the studio or outside crew,
and inecludes video pre-amplifier,
blanking multivibrator, and hori-
zontal and vertical deflection cir-
cui*z.

Development and production of
the new camera complements
technical and operating advan-
tages of the complete Image-
Orthicon camera chain, which in-
cludes the Pickup Auxiliary, Low-
Voltage Supplies, Synchronizing
Pulse Generator, Camera Control
and Monitor, Distribution Ampli-
fier and Low-Voltage Supply, and
the Mixer Amplifier and Monitor,
which is adapted to two, three
or four camera operation. The
Mixer Amplifier and Monitor per-
mits automatic lap dissolve and
fade control.

5QI1

« MINIATURE

Selenium Rectifier...

@ -
@«

5Q1 — 250 mil 5-plate stack.
15" x1%"x%"" . Maximum AC

voltage drop approximately 5
volts r.m.s. Recommended in-
put filter capacitor 80 m.f.d.
Replaces the Rectifier Tube

amplifiers, relays and other

electronic devices.

I
|
I
|
I
I
1
1
1

®
®
®
®
®
o
®
®
®
Qur new bulletin “SELETRON Selenium Rectifiers” is now off the press.
® MAIL COUPON TODAY.
® e e e e
I SELETRCN Div., Radio Receptor Ca., Inc.
| 251 West 19th St., New York 11, N. Y.
® | Send me your mew bulletin “SELETRON Selenium Reclifiers’’, without
1 obtigation,
®
| Name ... .. ... Addresg
%
I Position ....oooooiiiiiii City .....
®
COmMAnY covvnerviriiaririiinrro. . State ....
ol
®

input 130 volts r.m.s,; rectifier

STARTS INSTANTLY
RUNS COOL
WILL NOT BREAN

in consoles, television sets,

-
=

RR>
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Here's the 5Q1, the newest SELETRON min-
iature selenium rectifier — built on aluminum.

Clieck “Tlese Peatures . . .

TAKES MOMENTARY HEAYY OVERLOADS
« NORMALLY LASTS LIFETIME OF SEV

5Q1 now joins the family of SELETRON miniature
selenium rectifiers which include the 5P1, 150 mil 5-plate
stack, 1%6"x1%6"x%" and the 5M1, 100 mil 5-plate
stack, 17x1”x%".

For maximum efficiency, rellability and service, specify
SELETRON miniature selenium rectifiers.

WRITE TODAY FOR FULL INFORMATION. ADDRESS DEPT. §.52

. 251 WEST 19th STREET

+ BOOSTS PERFORMANCE

+ EASILY INSTALLED

« EACH UNIT FACTORY TESTED

e HIGH EFFICIENCY ASSURES COMPACTNESS

| SELETRON DIVISION
H RADIO RECEPTOR CO..Ine¢.

Since 1922 in Rﬁdio and Electronics

NEW YORK 11, N. Y.
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Electronics Conference
(Continued from page 66)
MONDAY, NOVEMBER 3
Keynote address by President G. D. Stoddard

of the University of Illinois

“Electronics Comes of Age”’, Dr. L. V. Berkner
of the Joint Research And Developmeut
Board

Luncheon Speaker, W. Evans, vice-president of
W.estinghouse ilectric Co.

1. NOISE SUPPRESSION

“Dynamie Noise Suppressor”,
Technology Instrument Corp.
Imermndulataon Method of Distortion Measure-
ment”, W, J. Warren, and W. R, Howlett,
Hewlett-Packard Co, .

“S/N Ratio in AM Receivers’”, E. C. Tubini
and D. C. Jolingon, Airborne Instruments
Lab., Inc.

“Corona Discl arge at High Altitude and Low
Temperature”’, 1I. J. Dana, State College of
Washington

2. ELECTRONIC INSTRUMENTATION
Dridge”, a. C.

H. H. Scott.

“Self-Balancing Thermistor
Bath, Bendix Radio Corp.

“Vanable Ratio Inductance DBridges and Net-
works”, Paul Glass and Sylvia May Dushkes,
Askania Regulator Co.

A Mmlatule CGastro-manometer for Electrical
Recording””, II. C. Roberts, University of Il
linois

“Short-Time Oscillography”, Jean V.
John Mopkins University

3. MICROWAVES

“Bead Supported Coaxial Attenuator (4000 to
10,000 me.)™, John V. Griemsmann and
Herbert J. Carlin, Microwave Research In-
stitute, Polyteehmc Institute of Bronklyn

“Wave Pm]ragauon in Deaded Lines”, R.
Ream, Northwestern University

“Coaxial Elements and Connectors”, W. R.
Thurston, General Radio Co.

“Broadband Matching of Impedances”, R. M,
Fano, MIT.

“Broadband Dolometer Type UHFEF  Power
Meters”, M. J. DiToro, Pulytechmc Institute
of Brooklyn.

4. ELECTRONIC RESEARCH

Orgamzatmn and Operation of Electromic Re-
search’, M. Bome Sylvania Electnc Co.

“ Electromc Research in the University”, L. T.
DeVore, University of Illinois

“Electronic Research in the Research Institute”,
C. E. Zeigler, Madweﬁt Research Institute
‘Elec!rnmc Research in the Government Ser-
vice’”, Archibald S. Brown, Wright Field

Banquct and Fleor Show—Marine Dining
Room

Lebacqz,

TUBSDAY, NOVEMBER 4

5. MICROWAVES

“Higher Mode Technie for Wave Guides™, M.
W, Goodhue, Polytechnic Research and’ De-
velopment Co.

“Multiplex Transm1:.510n Through Waveguides
Using IMigher Modes™”, R. N. Buss
Hughes, iz Ross and A, fironwell
Northwestern Umversuv

“Microwave Spectroscooy”’, D, K. Coles and

E. Good. Westinghouse Electric Corp.

“Nm:e Reduction in Radar and Communica-
tion”, 8. Goldman, MIT

6. Jomt session of National Eleetronics Con-
EETEEC and AIEE, programt arranged hy

7. COMPUTERS
“Electronic Computers”, J. W, Mauckly and J.
P. Eckert Ir., Electronic Contral Co.
“Storage of Numbers on Magnetic Tape', I.
. Coombs, Engineering Research Associates
“Computers for__ Aeronautical Navigation”,
Hugo Schuck, Minneapolis-Iloneywell Co.

8. ELECTRONIC CIRCUIT ANALYSIS

“Cathode Tap, Cathode TFollower Amplifiers”,
Bradford B. Underhill, Pen_n State College
Luncheon: “An Amevienn Engineering Asso-

ciation”. T3, D. Hull, Chiel Engineer, South-
ern Dell and President AIEE
9. NEW DEVELOPMENTS
Frank IL

“Ultrasenic Guilance of the Dlind”,
Slavmaker and W, [, Meeker, Stromberg-
Carlson Cn.

“Dynanmic Properties of the Infrared Cesium
Are” 1. M. Frank and W. S, Huxford,
Norihwestern University

‘“Ieatless Preservation with Tenetrating Flec-
trons from the Capacitron’, W, Iluber, Eiec-
tronized Chemicals Corn,

“Citizen’'s Radio Scrvice”,
Hallicrafters Co.

R. E. Samuelson,

“General Trends in_ Foreign Electronie De-
;t_*]:llcrlxments”, A. 1L, Sellivan Jr.,, Wright
el
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CATALOG IS NOW AVAI

FINEST YET TO APPEAR, THE NEW 1947 THORDARSON

ABLE.

Describing the complete line of Thordarson Transformers and chokes
for replacement and amateur

purposes, this up-to-date catalog also
contains circuit diagrams, charts,
etc. showing applications for
Audio, Power, Modulator, Out-
put and Plate Transformers and
Chokes . . . plus complete circuit
diagrams for photo-flash power
supplies . . . Compiled by the
engineering staff of America’s
oldest transformer manufac-

. turing company, it is a worthy
_ . addition to your technical library.

THORDRRSON

ELECTRONIC DISTRIBUTOR &
INDUSTRIAL SALES DEPARTMENT

NAME

ELECTRONIC DISTRIBUTOR & INDUSTRIAL SALES DEPT.
MAGUIRE INDUSTRIES INC., 500 WEST HURON ST, CHICAGO 10, ML,

PLEASE SEND MY FREE COPY OF THE NEW 1947
THOADARSON CATALOG, POSTPAID, TO THE ADDRESS BELOW,

STREET.

STATE.

MAGUIRE |

INDUSTRIES,

INCORPORATED

500 WEST HURON STREET » CHICAGO 19, ILLINOIS

EXPORT: SCHEEL

INTERNATIONA AL,
4237 N. LINCOLN AVENUE, CHICAGO 18, ILLINOIS,

INCORPORATED
CABLE HARSCHEEL.

cal design background, ca

formance specifications.

ponents, establishing of i

of initial production,

tional background, and
worked on, and extent of
the past ten years,

Box

PRODUCTION DESIGN ENGINEER

Enginecr, preferably with radio-phonograph mechani-

low cost, mass production designs starting {rom per-

The work involves specification for purchasc of com-

ards, coordination of appearance styling, and follow-up

Reply giving a brief rcsume of personal data, cduea-

Tele-Tech — 480 Lexington Ave., New York, N. Y.

palile of producing practical,

nspection and quality stand-

details of type of product
responsibility thercfore, over
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G-E Variable Reluctance Pickup

HECK these characteristics of the

G-E Variable Reluctance Pickup
against your present reproducer head.
Make your own exacting tests. Prove
to yourself that this pickup will im-
prove the reproduction quality given
by your own phonographs.

The G-E Variable Reluctance Pickup has:
No resonant peaks.

Wide frequency response—essentiaily flat
from 30 to 8000 cycies.

High compliance of the stylus—hence more
faithful reproduction and exceptionally low
record wear.

Self protecting genvine sapphire stylus.
Yirtual freedom from ‘“needle talk’.

Practical insensitivity to vertical vibration—
the source of surface noise.

Stability under humidity, heat and cold.

We are equipped to make prompt de-
livery to meet your production schedules.
For complete informaticn on this finer
pick-up write Genreral Electric Company,
Electronics Park, Syracuse, N. Y.

ELECTRIC

168-Fa

GENERAL

COAXIAL CABLE
and CONNECTORS

We have many ypes of coaxial cable in
stock available for immediare delivery.
It is all of the highest guality, govern-
ment inspected material and is aurac.
tively priced.

All standard and British type conaectors
are carried in stocks adequate for the
largest users. Send ns your requirements
or write for coaxial cable and conaector
listing LODA.

Our inventory of radio-electronic components is
one of the world’s largest. Write for special listings
on relays, wire wound resistors, volume controls,
wafer switches, micro-switches, transmitting tubes,
mica and silver mica condensers, transmitting tubes,
tube sockets, terminal strips, transmitting capaci-
tors, oil filled paper condensers and wire.

SALFS, INC.

320 N. LA SALLE ST., DEPT. ;9 CHICAGO 10, ILL.

S0
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10. INDUSTRIAL ELECTRONICS

“Electronic Half-Tone Eungraver”, Johin Boya-

w jean, Fajrchild Camera zmd '[ustrument Corp.
Electronic Servoinechanism Testing Machine”,
. W. Katz, University of Illinois

“Sealed Ianmons for Radio Transmitter Power
ﬁumlles H. E. Zuvers, General Electric

Smszll. Phase Controlled Rectifier and Inverter
‘ Cireuits”, C. M. Wallis, University of Mis-
souri

11. ANTENNAS

I “High Gain with Discone Antennas”, A. C.
‘ Kandojan, W. Sichak and R. A, Felsenheld,
TFederal Telecomnunieation Lab. Inc.
“'Slot Antennas”, N. E. Lindenblad, Radio Cor-
poration of America
“Measurement of Aircraft Patterns in Flight™,
| { S. Prichard Airborne Instruments Lah,
ne.
‘ “Transmission Frequencies
5
oL

Line of
Naval

for

Sight
Schwartz,

' Systems Research

Lab,

12, NUCLEONICS

“Mass  Spectrometer Tvpe Detector”’
F. Wall, Texas A. and M. (ollege
“Scintillation Countey” T. W, Coltman,
inghouse Electric (,mp

WEDNESDAY, NOVEMBER 5
13. MILITARY APPLICATIONS OF ELEC-

Rober+
West-

TRONICS
“Guided Missiles”, Walter N, Brown Jr., Hal
ler, Raymond and Drown

“Telemetry System for Guided Missles™, L. J.
Neclands and Walter Hausz, Geveral Elec-
tric Co.

“Toreign Developments in
Underhill, Wright [Field

“Foreign Vaeuum Tubes and High Trequency
Technics”, RB. L. Griffing, Wright Field.

Infrared”, E. A,

14. COMMUNIYCATIONS

“Teleran, A Technical Progress Report”’, R. W.
K. Smith, D. H. Ewing and H. ]. Schrader

_Radio Corporanon of America

“Crystal Saver'”, W, R, Hedeman Jjr., Bendix
Radio Corp.

“Pulse Count Modulation’””, D, D. Grieg and
S, Metzger, International Telephone and
Telegraph Cur

“Air Trafhic (_ontrnl’ W. D. White, Airhorne
Instruments Lab., Ine.

15. BASIC SCIENCE

“Semi-Conductors”, K. Lark-Horovitz, Purdue

University

Supeusomc Detection of Infrared Modulation™,
Fry and Fry, Umverslty of Tllinois

chnowave Scattering”, R. T. Gabler, West-

inghousc Electric Cnrp.

16. INDUSTRIAL APPLICATIONS

“High Trequency Operation of Fluorescent
Lamps”’, Campbell and B. D. Bed-
ford, Genera} Electric Co.

“Magnembtnctmn Torquemeter™, E. H., Schulz,
Armour Research Foundation.

“Saturable Core Magnetometer Applications'',
W

Tolles, Airboyne Instruments Labh.,
Ine.
17. TELEVISION
“The Chromascope, A New Color Television
Viewing Tube”, A. B. Bronwell

“Color in Television Cathode Ray Tuhbes, E.
B, Fehr, General Electric Co.

“A Modern Television Transmitter”, C. D.
Kentner, Radia Corporation of America
\’Iomtormg Equipment for Television Broad-
cast”’, M. Silver, Federal Telecommunieation
Lab, "Ine.

“T.uminescent Screens For Cathode-Ray Oscillo-
graphy”, Carl Teldt, A. B. FuMont Labs,
Inc,

i 13, ELECTRONIC INSTRUMENTATION IX

I High Re:ulvmg Power
Svectrometer’”, R, D.

Infrared Recording
Nelson and W. R.

Wilson, Notthwestern University

“Phe Phase Meter”, W, Vandeven., Gen-
eral Electric Co.

‘Accurate Measurement of Relative Phase”,
R. Glaser, MIT

YA Null Metbod for Determtination of Tm-
pedance in the 100-400 mc, Rrange”,
Tivrne, Airborne lnstruments Lab.

19. FM BROADCAST DEVELOPMENT

““A 30 kw. FM Broadcast Transmitter”, C. T.
Starner, Radio Corporation of AmertCa

“A Pulse-Counter Type I'M Station Monitor’,
David Packard and Norman B. Schrock,
Hewlett-Packard Co.

“Transatlantic FM Transmission’”, L. B. Ar-
guimbau and J. Granlund, MIT

“Phase Modulation Circuit”, S. M. DBeleskas,
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Radio Corpeoration of America
20. ELECTRONIC CIRCUIT ANALYSIS II

“Aanlysis of Oscillator Frequency [nstability™,
F. P. lischer, Univcxslty of Connecticut
“Transient Behavior in Non-Linear Systems”’,
Carl 5. Roys, Sveacuse University

“Caleulation of Operaling Characteristics  of
Flectromagnetic Devices’, R. M. Soria.
American Phenolic Co. and T. J. Higgins,
Iilinois Institwte of Technology

Rochester Meet
(Continued from page 66)

MONDAY, NOVEMBER 17
“Conductivity of lonized Gas in the Microve
Region”, Ladislas Goldstein, International
Tel. & Tel. Co.

“IF  Selectivity Consideratious in TFM Re-
ceivers, R. B. Dome, General Electric Co.
“The Orgamzanon of the Work of the I.R .
Technical Committees”, .. (. Cumming, In-

stitute of Radio Engineers

“Use of Miniature Tihes in AC/DC Receivers
for AM and ¥M", R. TV, Duan, Radis Cor-
poration of America

“Two Signal Performance of Some FM Re
ceiver Systems, . 1. Loughlin. Hazeliine
Electronics Corp.

“Engincering Responsibilities in Tuoday's Eco-
nomy”, E. F. Carter, Sylvania Electric Prod-
ucts Inc.

TUESDAY. NOVEMBER 18

“Avenues of Imiprovement inm Present Day
Television”, Donald G. Tink, McGraw-Hill
Puyblishing Co., Inc.

“Standardization of Transient Response of
Tclevision Transmitters and Receivers”, R. D,
Kell and G. L. Fredendall, RCA Labora-
tories

“Spectral Energy Distribution of Cathode Ray
Phosgliors’”, R, M. Bowie and A, K, Martin,
Sylvania Electric Products Inc.

“Quality Control in Receiving Tube Manufac-
ture”, J. A, Davies, General Electric Co.

¥all Meeting Dinner—6:30 p. m.; Toastmaster,
R. A. Hackbusch: Speaker, F. 5. Barton.

WEDNESDAY, NOVEMBER 19

“RF Inductance Meter with Direct Reading
Linear Seale”, Ilarold A. Wheeler, Wheeler
Laboratories Inec.

“VHF DBridge f{or Impedance Measurements
Between 20 and 140 MC,” Robert A. So-
derman, General Radio Co.

“Metallized Film Coaxial Attennators’”, Johin
W. E. Griemsmann. Polytechnic Institute of
Brooklyn

“*Airborne Beacon Receivers,” Irederick Mit-
chell and Ken L. ITenderson. Stromberg-Carl-
son Co.

PHOTOGRAPHIC SESSION — 8:15 P.M.
“The Problem of Amateur Color Photography™.
Ralph M. Evans. Eastman Kodak Co.

Head Ire Slate
(Continued from page 66)

North Central Atlautic:

J. V. L, Hogan, president of Faximile, Inc,,
New York.

F. A. Polkinghorn, DBell Telephone Labora-
tories, Inc.

. Westman. associate editor of “Elec-
trical Cotmunication.”

East Central:

W. A. Dickinson, Sylvania Products, Iue.

P. L. Hoover, profe3>m of electrical engi-
neering, Case School of Applied Science,

1. Hutclhicson. associate director of rve-
search, Westinghouse Electric Corp.

Southern:
~DBen Akerman, chieil engineer of radio sta-
tion WGST, Atlanta.

A. E, Cullum, Ir.. consulting radio engineer,
Dallas.

Canadian:

F. 8. Howes, associate professor of electrical
engineering at McGill University,

F. H. R. Pounsett, chief engineer of Strom-
hem Carlson, Ltd., Toronto.

One rchonal director will be elected for each
designated Region from the f{ollowing nominees,
for 1948 and 1945:

North Atlantic:

L. E. Packard, treuswrer of Technology In-
strument Corp., Waltham, Mass.

H. J Rench professor of electrical en-
gineering at D\mham Laboratary, Yale Uni-
versity,

Central Arlantic:

T. B. Coleman, assistant director of engineer-

ing, R.C.A. Victor Division,

Central:

T. A. Hunter, president, Hunter Mfg Co,
Towa, City,
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Modern Acoustics demand Modern Instruments
ANNOUNCING
THE PORTABLE REVERBERATION ANALYZER

comprising a Recorder — Warble Oscillator —
Amplifier — Microphone — Speaker

Informative Literature upon request

SOUND APPARATUS COMPANY

233 BROADWAY, NEW YORK 7, N. Y.
DESIGNERS & MANUFACTURERS OF GRAPHIC

. RECORDERS

Canadian Representative: H. Pound, 2235 Addington Ave.
Montreal 28, P. Q.

NEW RBRMC Get the highest quality tone re-

preduction possible by using the

EL_3 EQUALIZER new EL-3 EQUALIZER with both
Vertical and Lateral recordings.

(PATENTS PENDING) Use one arm for Vertical only

and one arm for Lateral only on

for simplified operation one turntable or separate tables.

lus finest reproduction Connect both to the new EL-3
p 'ff p . EQUALIZER and obtain the
. . . without compromise acme of perfection In reproduc-

tion from your records and tran-
scriptions. By simply switching
the new EL-3 EQUALIZER from
vertical equalization to Lateral
allows changing from one arm
to the other, at same time, correct
equalization is thrown in.

Both the RMC Vertical only
and Lateral ouly Reproducers
can he replaced by the RMC
Universal head on either or both.

Users of present RMC EL-2
Equalizer can get the extra ad-
vantages of the FL-3 model by
e\:channlncr Equahzer at g special
replacement price. Immediate de-
livery of any extra arm or head
with EL-3 Equalizer.

Frite jor Reproducer Bulletin D/

RADIO-MUSIC CORPORATION

PORT CHESTER . NEW YORK
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Western Elecfric
1126C PROGRAM AMPLIFIER

This popular limiter acts fastto prevent over-modula-
tion, Less than one cycle of peak program automatically
reduces audio level to desired value. Restoration ad-
justable for different type programs. Safeguard quality
and obtain maximum transmission efficiency on your
AM or FM broadeast channel. For full details, write
Graybar Electric Company, 420 Lexington Avenue,

New York 17, N.Y,, or ...
ASK YOUR LOCAL G—‘I)—R
rayba

=
BROADCAST REPRESENTATIVE

TOP PERFORMANCE wétts —

 JINON

Tl

@ Photo Hash Contro! e Radio

o Instrument e Television

o Electronic and Indus-
trial Applications

o Electrical Coil Windings

Plan for perform-
ance perfection.
For transformers and
electrical coil windings of
superior quality and produc-
tion, use Dinion Transformers and
Coils. Manufactured 1o specification
or desighed to meet particular re-
quirements. Special or mass production.

Specialists
in Difficult
Designs

DINION COIL CO., ING. SALooNa
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W. O. Swinyard, chief engineer, Hazeltine
Research, Inc,, Chicago.
Pacific:

F. E, Terman, dean af the school of en-
gineering, Stanford University.

Reverberation Testis

{(Continued from Page 48)

16. Application of Sound Absorption to
Faclory Noise Problems. Hale J. Sabine &
R. Wilson—-Jrl, of Ac. Soc., July 1943,

17. Effects of Posilion on the Acousiical Ab-
sorption by a Paich of Material in a
Room. C. M. Harris—Jrl. of Aec. Soc.,
January 1946.

18. Absorption & Scatlering by Sound Ab-
sorbent Cylinders. R. Cook & Peler
Chrzanowski—Jrl. of Ac. Soc., April 1946.

19. The Modulation of Sound Dscay Curves.
R. Watson—Irl. of Ac. Scc., July 1946.

20. Acouslic Design Charts, by Frank Massa
The Blakisten Co., New York.

21. Advances in Acoust'cal Trealment at new
NBC Studios. “'Electronics’”, March 1942

22. Practical Acoustics and Planning Against
Noise, by Hope Bagenal Chemical Pub-
ltshing Co., Brocklyn, N. T.

23. Acouslical Plann ng for the Motion-Pic-
ture¢ Theater Auditorium, by Potwin &
Schlanger Arch. Rev., July 1944,

24. Acoustical Design and Treatment for
Speech Broadcast Studios, by Content &
Green 1.R.E. Proceedings, February 1944.

25, Noise Reduction, Acoustical Materials,
Their Seleciton and Use, by Sleeper Arch.
Rev., March 19:4,

268. The Theory of Sound, by Lord Rayleigh
Dover Publications, New York-1945.

27. Studio  Acoustics, Basic Princlple and
Recent Developments, by Richard H. Bolt
Radio News, January 1946.

28. Some Common Acoustical
Chadbourne  International
March 1948,

28. Improved Acoustics in New NBC Studios
Radio Age, January 1946.

30. Irregular Room Surfaces in Studios, by
11(5'146 Morrical Communications, April

31. Frequency Characteristics of Reverbera-
tion, by Col. Univ. of War Research P.
B. 33402, November 1944.

32. Acoustics, by A. Wood Interscience Pub-
lishers, New York

33, Acoustics—A Handbook for Architects &
Engineers, by P. L. Marks Chemical Pub-
lishing Co., New York.

34. Development and Current uses of the
Acoustic Envelope, by Burrls-Meyer Jri.
Soc. Mot. Pic. Eng., July 1941

35. Acoustics of Buildings, by Watson John
Wiley & Sons, New York.

36. Factors Affecling Sound Quality in Thea-
ters by A. Goodman Jrl. Soc. Mot. Ple.
Eng. November 1941

37. Standards For Sound Control Architectural
Record, March 18-0.

38. Sound Insulation, by Xeron C. Morrical
Architectural Record, January 1940.

39. Elements of Acoustical Engineering, by
Olson D. Van Nastrand.

40. Community Theaters: Acoustic Require-
ments by Burris-Meyr and Cole Archi-
tectural Record, 1939.

41. Structural Requirements of Houses: Insula-
tion, Thermal and Acoustical, by
Hayes Architectural Record 1939.

Troubles, by
Projectionist.

42, Applied Architecturai Acouslics by
I(\:/Jichael Retlinger Chemical Publishing
0., 1947

43, Electrical Engineers Handbook, by Pender,
Mcllwain, John Wiley & Sons, Inc., 1936

44, Archilects’ Visual Equipment Handbook
Bell & Howell Co., Chicago, lllinois.

Electron-Plasma
(Continued from Page 61)

same positive charge density
throughout, and all wvariables to
be functions of one space coordi-
nate only, the electrons will
traverse the plasma with a velocity
oscillating around their average
velocity with the Langmuir fre-
quency.

In a homogeneous plasma a dis-
charge space of length, d, may be
considered. The electron current
enters the discharge space with
zero velocity in a region of zero
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field intensity. This corresponds to
a virtual cathede. Then the figure
indicates the frequency regions for
which the resistance of the dis-
charge assumes negative values.
The abscissa and coordinate are the
external angular frequency, w,,
times the average electron transit
time, T, through the plasma and
the Langmuir frequency ws, times
the transit time, T, through
the plasma, respectively. Similar
effects for the case of electrons
moving in one direction only are
obtained if the positive space
charge is replaced by a homo-
genecus magnetic field at right
angles to the direction of electron
movement.—J7Z

AC Generator

(Continued from page 56)
ance: maximum output of 40
amperes from 19% miles per hour
to 53 mph, and 18 amperes output
while idling at 450 rpm.

From the above comparisons the
advantages of the alternator sys-
tem, on the basis of performance
at wide variations in engine speeds,
can be readily seen. With the
present-day high loads imposed on
the automotive generator system at
wide ranges of engine speed, the
Leece-Neville development should
solve many of the problems now
confronting engineers of the motor
car industry.

Its use on cars equipped with
radiotelephone is by no means its
only application. It is suitable for
use on fishing boats, which are
used for hours trolling at slow
speeds, boats equipped with two-
way ship-to-shore radio equip-
ment, equipment with electrically-
operated air conditioning, heaters,
and flasher lights—any equipment
whether gasoline or diesel pow-
ered that operates at slow speeds,
or where a heavy load is imposed
by accessories.

Radar System

(Continued from Page 51)

does with respect to azimuth.
The approach conroller sits in
front of two indicators mounted in
a single rack, placed at right angles
to each of the other two precision
racks. The fwo indicators at the
approach controller’s disposal are
the remoted search indicator and
the approach indicator. He can
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SAME TRANSMITTER—SAME ANTENNA—MORE POWER

.Ji-m—

AN INSTRUMENT FOR MEASURING STANDING
WAVE RATIO AND RF POWER

Frequency Range ........ 3 to 162 Megdcycles

Line Impedance .......cccccein. 52 or 72 Ohms
Power Range .....cooccevveeevnnennn. 10 to 500 Watis
Reflection Coefficient ............ Less than 1 db
Directivity ...cccvveiivininneen More than 20 db
Power Loss Less than 3/10 of 1 db
MM2 for 52 or 72 Ohms. ..cvviviivenn.. $37.45

Connectors ............... Amphenol type 83-1 R

M. C. JONES ELECTRONICS COMPANY

BRISTOL, CONNECTICUT
Distributed Qutside of Continentol U. S. A. by
RCA International Division, Radio Corporation of America

Model MM1
for
® AMATEUR RADIO

Model MM2
{Hlustrated)
for
o MOBILE EQUIPT.

Model MM100
for
® INDUCTION
HEATING

Model MM200
for
® FM BROADCAST

Model MM300
for
® AM BROADCAST

RH.7TM

RADIO MANUFACTURERS. ..
A LOW COST CRYSTAL

RH-7M is a new hermetically sealed crystal unit
which combines wide frequency range and in-
creased performance with low cost. RH-7M is pro-
vided with wire leads to specified length, On fixed
frequencies of transmitters or receivers this unit
can be scldered in directly with other components
of the set thus eliminating plug in sockets and pos-
sibility of contact failure. RH-7M with prongs to fit
standard sockets can be supplied on special order.

Any fundamental frequencies from 3 me. to 20 mc.
can be supplied with tolerances from 0.01% down
to plus or minus 0.003% over a temperature range
of minus 55° to plus 90°C.

For series resonance application frequencies of
mechanical overtone (mode) from 15 me. to 75 me.
can be supplied.

This unit is also very adaptable for low frequency
filter circuits. CT cut, center mounted, plated crys-
tals have a frequency range from 300 kc. to 600 ke.
DT cut, center mounted crystals range from 200 ke.
1o 400 ke.

Patent Pending

B
r

RH-7M Dimensions

«|/ REEVES-HOFFMAN
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thus watch aircraft being guided

FQRH‘GH F'DEL'TYAI I.OW COST! i by the search operator and in

o irnoen - mmaay o - emergency can guide them him-
-—the UN|VERS|TY TWEETER i ek self, until they are within range of
o S ' i B ! = | the precision system. At that time

: © ! the aircraft’s position is indicated

on the approach indicatoer as lateral
and vertical deviations from the

T : ER
.CONE SPEAKER AND UNIVERSITY TWEET
f

OND
RESPONSE O yCLES PER SEC
FREQUENCY ﬁ;éé 000 10,000

the radioc communications equip-
ment provided for him, thus guid-
ing the pilot to a point over the

) AEoPONSE OF glide path, in feet. The approach
Z TWEETER controller transmits this informa-
= 3 . . .
5 2 [MAX. ‘;‘i{;&r\g tion to the pilot in terms of cor-
j - L . - ’

> LR rection instructions, by means of
i &

L8

=

(=4

runway from which the plane may
be touched down wvisually in the
usual manner.
MODEL 4404 The reproduction of musie _and voice with breath- ! Intercarrier Soulld
Dual Tweeter in Walnut Cabinet Li\}lfmglrealii:,;n lis now posslblgle with the new UNI-
with High Pass Filt d Vv VERSITY Dual Twecter. sed b1 conjunction with . .
Confrg|_g ° rer an alume auy standard 12" cone speaker in FM and AM radio (Contmued from rage 28)
List Price $60,00 equipmeut and wide range fphono,ﬂ;r:\ph amplifiers, it
: adds the brilliant “*highs’ so frequently carried through o . .
MODEL 4402 all l:(itag,;_es of amplifieation, ouly to qu lost in the bottle- synchromzmg 51gna1, accordlng to
neck of a single unit reproducer. TFrequency response H
Duol Tweeter only is 2,000 to 15.000 eycles. The ldie-cast dual horn design FCC standards. The average kine-
. . permits 100° horizontal distribution and 50° vertical 1
List Price 540.00 distribution. .\ high pass filter with auxiliary high sCope requires about 30 volts of
frequency volume coutrol, permits easy connection by video signal for modulation; there-
MODEL 4405 merely attaching  two wires to the existing speaker. .
. . Mounting space ouly 234" high x 9%” wide. FPower fore, the sound 51gnal would be
High Pass Filter ond Valume Con- ; R g ; - ?
trof handling capacity 16 watts, impedanee 16 ohms. Ioc of .
. List Price §10.00 CIOBHL]T]]E;:P?‘fDrl}]<]?Q“0uI%I(r‘ite today to UNIVERSITY 1/0 of thlS, or 0.3 volts peak_to'
' s SPEAKERS, INC.,, 80 Soutl i Av : : :
White Dlains, New York,' outh Kensico Avenue, peak. However, it is possible to
get much more than this with the

circuit shown on Fig. 5,

For more exact explanation of
this, let us refer to Fig. 6. This is
the approximate equivalent cir-
cuit for the 6AGT video amplifier
shown on Fig. 5. The ac voltage
introduced in the circuit is equal
to the applied grid voltage times
the amplification constant or MU
of the tube. This MU is over 1000,

COMMUWNICATION ENGINEERS
LOOK AT THESE VALUES

ELECTRON TUBE

Mica Condensors Assorted. ..., ,. 100 for $3.49 bUt the real gain is limited by the
Vo Conols fram il mées S0 eom, © | MACHINERY OF QN rict that 130,000 ohms of tube
Carbon Resistors, Color Coded, V2, 1 ALL TYPES plate resistance is in series with

& 2 Walt L. Lol 100 for 2.50

Wisrem\v\;gu\r;&ic“Resisfors, populer ?Ocl?o: 298 STA NDARD

Fuses, Buss & Littlefuse .. ...100 for 1.
Al;::src:edbussoil ﬁ;:;: ucs:nchansc:rs, |ubu]:lIj e I AND SPEC’AL
Pa00 Vairs 2, e 400 Ve 600 e 2.49 DESIGN

Qctal and 4 prong Ceromic Sockets (with-

the load. The load resistance is
determined by the highest fre-
quency passed and the circuit ca-
pacities. Usually the highest load
resistance that can be used is 4000

out TIAGS) L. 100 for  3.98 Ce e e e e ohms. Both of these resistances
Condensors .05 mfd, 2,000 volt to .25 . . ith th
mfd 3,000 WYDC oo © for 3.59 are shown in series wi e ac

Precision Wire Wound Resistors, Sholl- We spec:chze m Equme.‘nf and generator representing the avail-

cross, Mepeo, ele., Vi, V2 ond 1 Methods for the Manufacture of ) -
WOM i 15 for 2.98 able EMF in the tube. There is
SPECIAL COMBO KIT EATHODE RAY TUBES also a parallel resonant cireuit in

OUR INTRODUCTORY OFFER FLUORESCENT LAMPS seri . -
[ eries with these resistances
Excellent Assortment—Big Value— | INCANDESCENT LAMPS )

| NEON TUBES
. . . | PHOTO CELLS
This kit includes o quontity of @ X-RAY TUBES
items listed in the obove kits, $ .98 i GLASS PRODUCTS
PLUS many others. lts our New

Customer Special.

which represents the sound pick-
up system of Fig. 5.

The apparent resistance of such
a parallel resonant circuit is equal
to Quwl, which worked out in one
practical case to be about 40,000
ohms. The voltage across this 40,-
000 ohms is nearly ten times as
much as across the plate load re-
sistor. Therefore. the wvoltage of
| the FM signal coming from the

Tremendous Savings

Production or
Minimum order $2.00 ! chorafory Basis
259% depaosit required on all C.OD, orders. | |

. { Manufacturers  contempleling
Add pastage Write Dept. TES New Plants or Plant Chonges

are invited to consult with us.

55 WALKER ST., KAHLE
IR (VRN A | ENGINEERING COMPANY

1313 SEVENTH STREET
NORTH BERGEN, NEW JERSEY, U. S. A.

. phone CAnal 6-7485
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video tube is not 0.3 volts peak-to-
peak, but about 3 volts. This much
voltage 1s adeqguate to use on the
dicde discriminator without fur-
ther amplification. A limiter also
could be operated from this volt-
age, but for reasons explained
before it was not used in an in-
expensive set as shown on Fig. 3.

A ratio discriminator may be
used to advantage, but for sim-
plicity, the well-known detuned
balanced discriminator is shown In
the figure. This operates by tuning
the pick-up coil of one diode
higher, the other lower than 4.5
mec,

The output of the discriminator
is entirely sufficient to overload
the 6V6 output tube after one
stage of voltage amplification. It
is to be noted that this result is
obtained without leaving the
sound signal at higher than 1<
amplitude ahead of the first de-

tector, For simplicity the absorp- |

tion trap may be tuned right on
the sound signal and not slightly
towards the picture carrier as was
described. Tuning the sound trap
so as to reduce the slope of the
selectivity curve near the sound
FM carrier, is a refinement useful
for expensive sets where the
greater signal obtained in connec-
tion with its use is fed into a lim-
iter. The limiter operates better
with this greater signal.

It is also noteworthy that while
the common IF channel is ampli-
fying a 4.5 mc bandwidth instead
of the usual 4 mec, the gain and
noise factors are not worse than
for conventional bandwidths. The
reason is that the usual 4 mc IF
amplifier will also amplify the
4.5 mc signal, but at lower gain,
This lower gain is not a disad-
vantage in the present case, but

|

a necessity. As was described, the |

sound FM signal must be consid-
erably lower than the picture IF
signal is at its lowest point of
modulation. This results in a sub-

stantially constant amplitude 4.5 |

mc FM signal. It is also necessary
to reduce the sound FM amplitude
in order to reduce the effect of
sound on the picture.

The sound signal can affect the
picture two ways: an audio fre-
guency, or a 4.5 mec oscillation. It
was described how the demodula-
tion of the 4.5 mc signal may be

prevented by lowering the slope

of the resonance curve. In case

TELE -TECH * Oclober. 1947

Jhe
MEGA-MATCH

MEASURES
REFLECTED
ENERGY . ..

Gives

VISUAL
DISPLAY ...

Features

® 10 to 250 MC and up. Complete
television and FM coverage.

* Completely electronic. No slotted
lines, moving parts, bridges, or
other frequency sensitive devices
such as directional couplers.

® Precision frequency meter.

® Saves engineering time — Visual
display presents instantly data
which would take hours to tabu-
late.

® Can be adapted fer balanced

A Basic Laboratory Instrument
COMPLETELY ELECTRONIC

This unique instrument presents a visual dis-
play of REFLECTED energy over any band
up to 30 MC. By the use of the MEGA-
MATCH it is possible to instantly observe and
measure mismatches. Thus this instrument will
check transmission lines, antennas, input and
output impedances of amplifiers, converters,
transformers, etc.

Price: $695 F.O.B. Newark, N. J.

KAY ELECTRIC COMPANY

34 Marshall St. Newark 2, New Jersey

Telephone: Market 3-4337

Manufacturers of THE MICRO-PULSER and other
specialized Elecironic Instruments.

... the Solution to Many Finishing Problems

In instances where spraying Cellusuede Flock is not entirely
practical, you will find flocked-film ready to do the job
simply and effectively. Cellusuede Flocked-film is a pliant
surtace (of varying degrees of flexibility to meet certain
conditions) evenly coated with millions of tiny flock fibres.
Film can be die-cut to meet specifications, and is easily
applied with suitable adhesives. Sound deadening gaskets,
box interior coatings, mar-proofing of external surfaces,
and light-absorbing trim for backs of radio dials are but
a few examples how Cellusuede Flocked-film can be used.

Precision-cut from new rayon filameni in o wide range of
lengths, Cellusuede Flock serves to increase the market
value of thousands of products. Write today for color card,
samples, prices, and othzr details.

-FILM
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CONCORD

ei, ew, mpl

Radio Catalog

160 valve -packed pages of

RADIO PARTS e RADIO SETS
HAM GEAR ¢ AMPLIFIERS
TESTERS o Electronic Equipment

MAIL COUPON FOR FREE COPY

Ready now—the greatest, most com-
plete presentation of radio, electronic
and television equipment and supplies
in Concord history! Packed from cover
10 cover with thousands of items—
Radio Parts, Radio Sets, Amplifiers,
Sound Systems, Test Equipment for
every purpose, Record Players, Record
Changers, Tclevision Equipment, Ham
Gear, Receivers, Transmitters—160
pages of everything and anything in
Radio and Electronics, and featuring a
special bargain section of hundreds of
money-saving values in top quality,
standard-make parts, including scores
of nesr items from nationally-famous
makers. Immediate shipment from
CHICAGO OR ATLANTA, Write for
your FREE copy at once.

WANTED—TRADE-INS ON COMMUNICATIONS EQUIP-
MENT — Always highest trade-in values on com-
munications receivers. Write, phone or call 0
tell what you have, or send it for free appraisal.
TIME-PAYMENT PLAN — Buy your Radio and Flec-
tronic Equipment from Concord on EASY PAY-
MENTS—Communications Receivers, Trans-
mitters, Radios, Radio-Phonos, Sound Equip-
ment. Test Equipment, Write us your needs.

RADIO

CHICAGO 7, ILL.

301 W. Jackson Blivd. 265 Peachtrao 5.

Concord Radio Corporation, Dept. TE-107
901 W. Jackson Blvd., Chicago 7, lIL.-

1

Il

1 Yes, rush FREE COPY of the comprehensive
| new Concord Radio Catalog.
1

t

[

I

CORPORATION

LAFAYETTE RADIO CORPORATION

ATLANTA 3, GA. -

this is not done and the method of
tuning the sound traps right on
the sound is used, some demodu-
lation will take place. However,
the FM signal is reduced in the
[F io about 19 or 40 DB. If the
FM is 10% demodulated, due to
the slope of the resonance curve,
the AF signal will be 20 DB below
that. Consequently, the interfer-
ence due to audio frequencies is
about 60 DB below the useful sig-
nal, and so it is not noticeable.

The 4.5 mc signal appearing on
the kinescope is also attenuated
40 DB in the IF before it reaches
the detector. It is further attenu-
ated by the parallel resonant cir-
cuit in the plate of the video am-
plifier. It was found, however, that
because this frequency can only
make dots that are smaller than
one picture element, as much as
one volt peak on the grid of the
kinescope is tolerable. Actually,
the 4.5 mc is less than 1/10 of
this amplitude.

It is interesting to speculate on
the effect of this new sound sys-
tem on the use of tuned radio
frequency receivers for picture re-
ception. Such receivers are widely
used in Europe and they have
many valuable qualities, such as no
radiation, no tuning images, wide
bandwidth, ete. In this country we
expect to use more television
broadcasting stations and prefer
to use the superheterodyne for
greater selectivity, fewer tuning
units, and because the sound re-
ceiver can be combined with the
picture receiver. This was not the
case when using the TRF circuit
where an almost independent
sound receiver must be used. The
use of this new method practically
eliminates the sound receiver from
the TRF television set. The saving
is therefore very much greater
than in the superheterodyne and
this may make the TREF a healthy
competitor to the superheterodyne
not only in Europe, but in this
country as well,

At present the use of the new
sound system is not expected to
spread quickly to commercial re-
ceivers because of the difficulty
encountered in the 200 mc tele-
vision channel. This difficulty is,
that the picture carrier cannot yet
be kept constant enough for beat-
ing with an FM carrier. A slight
frequency modulation of the pic-
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BROWNING

LABORATORIES [

Precision Instruments
for Electronics and
Radio Research and
Testing

Versatile, Precision
OSCILLOSCOPE
MODEL OL-15

This is a highly flexible instru-
ment particvlarly adaptoble for
production testing or research
work in television, radar, fac-
simile work, and radio-frequency
equipment.

MODEL RJ-12
FM-AM TUNER

An easy-to-install highly-sensitive
tuner thot provides distortion-free
reception on FM and quality re-
ception on AM. Tuning eye shows
correct  tuning. One antenna
serves both FM ond AM. Many
other feotures.

WWV FREQUENCY
CALIBRATOR

Full, accurate use of station
WWYV, the world’s finest primary
frequency ond time standard, is
obtained from the Browning
Madel RH-10 Standard Frequency
Calibrator.

WRITE FOR LITERATURE

OTHER ‘Eﬂ"UIPMENI; menufactured
by Browning Laboratorios includes

an accurate freguency maeter and
ECO Model MJ-9, for apserating in

_the Ham bonds, and o frequency

meter {(Model 5-4} especially design-
ed'for checking mobile fransmittars,

LABORATORIES, INC.
WINCHESTER, MASS.
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GREATEST ACHIEVEMENT

INSTANTANEOUS
RECORDING!

The hit of the 13" long

I. R. E. Show ‘g,,:i‘::

at Grand Central ) b
Palace! The sen- “‘"”g;‘c\};aéfd‘ 5
sation of  the $79 5 ¢ o b.
R.M.A. Chicago WU N,y

Expert’s Unit

parts show!
Includes:

Dual-functioncrys-
tal recording and
play-back recorder
head  (frequency
response 50-5000

e Recordsa full 30
neinutes on @ 44"
plastic disc! Costs
less than Y¢ per

thinude! cveles flat within

+ 2 D. B. signal
® Full yange high- to surface noise
fidelity music and ratio, 35 D.B.)

voice recarding! SPECIAL Sap-
phire Embossing
stylus (L0005 ra-
diug) for both re-
cording and repro-
ducing — foolproof
precision  tracking
mechanism (em-
bosses 416
per inch!}—331/3
G.1. gear reduced
motor set in shock-

YOU DON'T HAVE
TO WAIT — Expe-
rimenters!  Techni-
cians! Hams!

It will be many
menths hefore the
complete Wagner-
Nichols unit—with

lines

speaker and am- .
lifier — will be proof mounting
phn for minimum vi-
available to the .
eneral public bration. D, B, me-
5 i ter mounted and
However, there are viced directl o
a limited number wree irectly o
panel. Completely

of  *knock-down'

. wired switches and
wumts

immediatel .
ately special attaclh-

available for re- Lo
. ments, circuit dia-

cording experts. .
Attachment to grams and deserip-
our ow . tive hooklet —
ment is 8 matier | TLUS 1 doz.
4127 vinylite re-

of only a few min-

cording discs. Ad-
utes!

ditional discs sup-

plied at $2.00 per

Read: TELE-

doz.

TECH, June,

1947, pgs. 55-56— .?
AUDIO ENGI-

1D J

?;EER?(Z";’ 1\;’_32 + 20% deposit re-
SCIENCE DI- quired on C.0.D.
GEST, August, °rf‘e’f" We pey
1947, back inside shipping charges if
cover SCTENCE payment  utcom-

panjes eorder.

ILLUSTRATED,

October, 1947,

DISTRIBUTED BY

SOUND EMBOSSERS, INC.

P. O. Box 503, Times Square Station, New Yeork 18,
N. Y.
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ture carrier at present will cause
a sound resembling a 60 cycle
hum to interfere with the audio
reception. This trouble is not pres-
ent below about 100 mc. Since so
far all television transmitters op-
erate below or near 100 me, a re-
celver using this sound system
works satisfactorily.

Work is being carried on to sta-
bilize the carrier of the 200 mc
band television transmitters. When
this is successfully accomplished,
there is good reason to helieve
that all television sets will use
the Parker sound system.

Loudspeaker Design
(Continued from page 43)

attenuate the sound at a lower fre-
quency than the other type. It has
a transverse resonance at a wave-
length equal to about 1.1 times the
diameter of the diaphragm, result-
ing in inefficient coupling at this
frequency. If the diameter is kept
to 2 in., this frequency occurs at
approximately 6000 cycles, which
is outside the specification limits.
Hence, a diaphragm with a 2-in.
clamping diameter, and a single
opening sound chamber are suit-
able. This diameter can be seen to
be not too far off for the power re-
quirement, as 20 to 25 watt speak-
ers of a similar type use diameters
of about 234 in,

The suitability of this size for
the power required can now be
checked. We can make use of elec~
tro-mechanical analogy to get an
expression involving power, de-
flection, diameter, etc., as follows:

The electrical expression for re-
sistive power is

W =iR (19)

The average value of i can be

shown to be
1= wQ (20)

Then W = w’QR (21)

The mechanical counterpart of
@ is X, the deflection. The mechan-
ical power may be expressed as

W =wXR (22)

As R =R, the mechanical re-
sistance of the air load on the dia-
phragm and from equation (17)
R = T.2(pcA), the mechanical
power which the diaphragm trans-
fers to the air load is

W = *X*T. (pc) A 107 watts
(23)
From the values given above-—

throat diameter, ¥ in.; f., 250,
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Fasz!
Semple!
Eyecient!
Spectrum Analysis
with

PANALYZOR

or

PANADAPTOR

g

! o SRR

If your problem is observation of

oscillator behavior, under static
and dynamic conditions...

or performance analysis of FM emd
AM systems...

or determination of energy distri-
buticn of pulse signuals...

or band monitoring, one of these in-
struments will cut the job to the
bone ...

becande

® o whole band of discrete signals
can be observed at once ., , distrib-
uted in order of frequency.

direct comparisons of the fre-
quency and amplitude of many iso-
lated signals can be made in a
matter of moments.

o carriers and side bands, produced
even by relatively low frequencies,
are clearly resolved. Modulation
characteristics can be easily iden-
tified.

o all indications are graphic—enab-
ling positive interpretation.

-]

instrument operating procedures
are fundamentally simple.

WRITE NOW for recommenda-
tions regarding your particular
problems, detailed specifica-
tions, prices and delivery time,

Cam.r snnREnS
CAROEARIC hew vaEn

242-250 WEST 55™ 57
Exclusive Canadion Reprasentaliv.

‘C:/‘v(' 0w ¥ 77

Canadion Morconi, Lid.
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By
MEASUREMENTS
CORPORATION

U. H. F. RADIO NOISE and

FIELD STRENGTH METER

Model 58
FREQUENCY RANGE: 15 to 150 mc. Push-
button switching for rapid, accurate measure-
ment of noise levels or field strength,

SQUARE WAVE
GENERATOR Modei 71

FREQUENCY RANGE: 5 to 100,000 cycles.
WAVE SHAPE: Rise time less than 0.2 micro-
seconds.
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cycles, W, about 4 watts for the
efficiency given—the deflection can
be found if (¢c)’ is known. As in-
dicated previously, a value of gc
= 41 cannot be used at 250 cycles,
as it is theoretically zero at f,, but
in a finite horn such as this, the
cut-off is not sharp so that (zc)’
still has a small, real value. This
[ value is smaller in a finite ex-
ponential horn than in a conical
horn of the same dimensions, as the
latter has no definite cut-off fre-
quency. Thus, by modifying the
shape of the exponential
somewhat, to impart the influence
of a conical horn characteristic, a
value for (zc)’ of the order of
s¢/5 to gc/4 can be safely approxi-
mated for a horn of these overall
dimensions. The value of X can
then be determined from equation
(23); and for the other constants
given, is about .03 in. As this de-
flection is not excessive for such a
diaphragm (which is made of
molded phenolic material because
of its ruggedness), the value of 2
in. for the working diameter is
satisfactory.

Referring now to Fig. 6., (show-
ing the type of electrical band
pass filter network to which this
vibrating system is analagous) one
of the characteristics of this type
filter is that it attenuates very
gradually outside of the theoretical
cut-off frequencies. This is particu-
larly true when the terminating
impedances are of the nature
available in an electro-mechanical-
acoustical device like a
speaker. Hence, if we set 600
cycles as the design value for the
resonant frequency of the series
arm of the filter—Z2.,/2—fair trans-
mission can be expected to one
octave below, or 300 cycles, the
lower specification limit, with a
gradual tapering off below this fre-
quency.

The decreasing average value of
(2¢)” with decreasing frequency in
the short modified horn will still
afford sufficient radiation resist-
ance to permit some power to be
transmitted to the air below 300
cycles. The distortion content in-
creases in this range, however, and
it would appear advisable actually
to attenuate the input power at
these lower frequencies. It seems
though, that the average commer-
cial user prefers to have some

www americanradiohistorv com
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control

|1ower frequency output even with
‘ high distortion, in preference to
i having these lower {requencies en-
I'{irely cut off—at least to the point
{ where the distortion seriouslv in-
| terferes with intelligibility.

The computed throat diameter of
Y% in. is just about large enough
so that second harmonic acoustic
distortion due to overloading of the
air in the throat is not too serious.
High intensities of power per unit
area will introduce such distortion
because of the non-linearity of the
P-V characteristic of the gas. Sev-
eral investigators have studied this
effect, one group finding that the

following vrelation checks quite
well in practice:
1 (v+ 1)F*W x 107
| R= (24)

| 450" 12 A
Where
R = Maximum intensity of sec-
ond harmonic distortion
v+ =1.4 or ratio of specific heat
of gases
W = Power transmitted through
horn throat, in watts
f = Any frequency in the pass
band
f. = Cut-off frequency of expo-
nential horn,
A = Area of horn throat
s = Density of air
¢ = Velocity of sound in air
(The constants are in ¢.g.s. units.)
For the horn calculated above,
this equation gives a second har-
monic distortion about 20 db down
from the fundamental, when f =
800 cycles. The above relation in-
dicates it will increase as f in-
creases, unless W decreases, which
is often the case.
Having the size of the horn
throat, and of the diaphragm, the

terminating impedance of the
mechanical filter is now computed.
This can be taken, to a first ap-
proximation, as R.., which equals,
from equations (16) and (17):

Row=rc (AJ) /A (25)
This comes out close to 15,000
mechanical ohms for the dimen-
sions given.

To compute the half-section
band pass filter which the mechan-
ical elements represent, we may
proceed as follows:

Taking f, =600 cycles as the
resonant frequency of the series
iarm, Z,/2, from filter theory the

ElﬁRUSTAT MFE W., inc. - ZHHN Gth St., Brooklyn, N. W.\ total diaphragm mass and edge
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stiffness (Fig. 6) are related by
1 / Sd
fi=—v
2 M,

The spacing or the diaphragm to
the sound chamber provides the
shunt c¢ompliance, 1/S.,, of the
filter, and the theoretical upper
cut-off frequency £, is given by

1 J S+ 8,
vV—_

2 M,
and may be set at 4000 cycles, as
the upper cut-off will be quite
gradual in this filter. The value of
S. can be computed from equation
(5) or its equivalent form, inas-
much. as pc® = p,;

A7
Se=——— (28)
X

(26)

f.= (27)

Where
X = Spacing to sound cham-
ber, in cms.
p. = 10° dynes/sq. cm.
v = Ratio of specific heat of
gases, 14
from which S. is found to be
372x10° dynes/cm. With fi=fr=
600 cycles, and f:= 4000 cycles,
the total allowable mass of the
diaphragm is found from these
equations, which give a value for

M: of .6 gram. Now as the lightest
practicable molded phenolic dia-
phragm with a 2 in. working dia-
meter that can be made to-day,
will have a mass of between .25 and
.3 gram, and using this figure as the
basis of computations, the above
value of M. requires that the voice
coil be not much over .3 gram.
This is a fairly good ratio of voice
coil mass to total mass for main-
taining efficiency at the higher
frequencies. With this value of M.,
the value of S, required is found
from equation (26) to be 855 x
10* dynes/em.

It is somewhat difficult to de-
termine the size of tl.2 voice coil,
as it depends on many interrelated
factors. The method used below
for finding the required voice coil
radius, ry. to obtain a given stiff-
ness with a diaphragm of a speci-
fied size and material, has worked
out satisfactorily in practice. This
is based on a derivation made to
determine the relation between the
stiffness of a clamped disc driven
on a circle concentric with the
center, and its stiffness when
driven at the center, This indicates
thet the radius of the concentric

circle, e.g. the wvoice coil radius.
is expressed by
Te=ra (1 -Se/Se)  (29)
Where r-. = Volce coil radius.
ra = Diaph. Clamping
-radius.
S = Stiffness at center.
As the stiffness S. is
So = 47 " Ma (30)
Where
M: = Mass of disc only
fr = Fundamental fre-
quency of clamped
circular disc.
And using the relation
»= 475 he/(ra)’ (31)
Where
h = Thickness of disc
¢ = Velocity of sound in
the disc
there is found for M.=.3 gram,
h =.005 in., ¢ = 4.8 x 10° cms./sec,,
and ra=2.54 cms., that f, =450
cycles, and Se=2.41 x 10° dynes/
cm. Using eq. (29), rv is found to
be .718 in,

The wvalues of the elements in
Z./2 and 2Z. (Fig. 9) are now
established. Next, it is necessary
to find if the values of the ter-
minating impedances will be suf-
ficiently close to those of the re-
spective iterative impedances Z.
and Z,” so that the network will be-
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carrying handle. Brushed stainless steel pamnel with
etched calibrations. Planetary drive and flexible coup-

ling provide accurate adjustment.
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have as a half-section band pass
filter when properly terminated.

In this type filter, Z. at any fre-
quency in the pass band is

(£/fm - fm/0)°
—— (32)
(f2/fn — fu/f2)?

ZJ:RV 1-—

Where

fm =V fif, and R = 7 La(£f.— 1)
As L:=2M., and with *he other
values as given before, the maxi-
mum value of R at mid-band is
about 12,000 mechanical ohms.
The value of Z: decreases above
and below fu.

The magnitude of Z,” can be ob-
tained from

7 =2.72./2Z, (33)
giving an impedance of approxi-
mately 14,000 mechanical ochms.
This is very close to the value of
terminating mechanical resistance
computed for the horn previcusly
which was Rms = 15,000 mechanical
ohms. (Horn resistance is not con-
sidered herein.)

The input terminating impe-
dance is a function of the inter-
related factors mentioned above.
It is usually necessary to arrive at

the most satisfactory values of the
various factors by successive ap-
proximations until all the con-
stants are physically realizable
and fulfill the overall require-
ments.

This mechanical impedance due
to damping in the electrical cir-
cuit was given, Eqg. (18), as

Zimo = B* x 107°/2Z, (34)

If the speaker is operated from a
4 ohm amplifier output, and dis-
regarding reactances, with a gap
flux density of 18,000 gauses, a
value of almost 5000 mechanical
ohms can be obtained for Zw., pro-
viding the voice coil constants are
proper. Although this value of Zm-
does not match that of Z: at mid-
band, it is sufficiently close con-
sidering the variation of R over
the pass band. If there were no
practical limitations on what con-
stants could be obtained for mass,
stiffness ete., of the diaphragm,
maximum value of B, amplifier
impedance, and the like, deter-
mination of the gauge and amount
of wire for the voice coil could be
calculated directly. These limita-

tlons make a compromise necessary
however.

The volume and length of wire,
and radius of the voice coil affect
the value of B. The dc resistance,
hence Z., depends on these factors
and the amplifier impedance, so
all are interrelated. The cross-
section of the wire and its exposed
area are functions of the power
dissipated, if temperature rise is
to be kept within allowable limits.
These are familiar electrical en-
gineering problems and will not
be labored here.

In this loudspeaker, No. 37
enamel copper wire was finally
chosen as being the best compro-
mise. As the value of dc. resistance
for an efficiency of approximately
359 is 63 ohms, the correspond-
ing length of wire is 380 cms. The
mass is a little over .3 gram. With
a voice coil diameter of approxi-
mately 1% in., this results in a
two layer coil of 16 turns per layer,
with a coil height of % in. Making
the air gap height somewhat less—
about Ys in.; a theoretical flux
density of close to 18,000 gauss
can be obtained, using a standard
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Alnico magnets. Transform-
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s Caybern!

Jor HEADSETS

3 in. dia. x 1% in. high, Alnico V
ring magnet, providing that high
grade magnetic iron is used In

" the poles, and loss due to satura-

lion and leakage is kept low by the
design.

With 8 watts dissipation in the
coll, the current density in the
wire is quite high, but this is
peak value and the average power
with speech input is far lower, of
the order of 6 to 10 db less. The
inner and outer surfaces of the
coil afford sufficient radiating area
to keep the temperature rise with-
in acceptable limits. It is neces-
sary, however, to avoid the use of
thermo-plastic materials in the
construction, to prevent failure due
to heating under continued opera-
tion.

A functional diagram of a driver
unit built in accordance with thesc
results, is shown in Fig. 10. The
domed diaphragm center and cor-
rugated suspension edge are exam-
ples of some of the refinements
incorporated in actual design.
These features. for instance, give
better performance than the flat
disc for which the calculations
were made. as they impart
plunger-like action up to a higher
frequency than with a flat disc,
the cut-off frequency theoretically
being almost twice as high. Break-
up into nodal patterns is also
minimized, or at least controlled
more favorably.

In spite of the departures from
ideal values which practical limi-

tations make necessary, this
method permits sufficiently close
prediction of performance for

practical purposes. This is shown !

by the results. In Fig. 11,
plitude-frequency response curve
of the combined horn and driver
unit measured at 4 ft. on the axis
of the horn. is shown. Note that
300 cycles 1s down about 12 db,
but that there is still some re-
sponse (including harmonics) in
the 150 cycle region. The irregu-
larity from 400 to 800 cycles is

an am- -

due chiefly to the effect of the .

short finite horn with its relatively
small mouth. On the high fre-
quency end, the response extends

well to 5000 cycles and averages

only about 5 db down in the neigh-
borhood of 6000 cycles, then tapers
oft as expected,

The measured efficiency from
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That's A Buy
MICROSWITCHES two for 39¢ .. 0 TEN for $1.45

WSTHSE '“DB' mtr 3/%" B'C-10plus6DB.. 4.95
WSTHSE 0-200&100-0-100mitromamtr Galvo 3.95
WSTHSE&GE 0-150VAC 2%“B'GRD ...... 3.50

MeCLINTOCK O-lmamir 305" B°C RD . ...
WE RECTIFIER ACDC/200V/1000perV /315”8
\elESTON 476AC/15VOLTMTR 31,"SQBC. .
E

RF MTR either 1 or SAMP/2U4L7BC ., 3.95
GE Galvo 2.5&25MA 0 center 3157B'C.... 3.95
GE DW41 MTR 2000V/10000hmsV&RES 5.95
GE AD22 MTR 150VAC,3V,"B'C RD 4.95

DE JUR O-IMAMTR STD 2)%”B'C 2.95
GE instanianeous PJV Volt Control relay AC 5.95
GE Adj Thermo SW 70tel70°F/250V/25A 3.95
GAS Generator set 1400Watts/115VAC .. .100.00
W.E, DRIVER & TRUMPET 125t0250W. . 125.00
Antenna Parabolic motor drive & selsyns .. 16.95
KIT SILVER & MICA CONDSRS ....50for 2.00
KIT CONTROLS 50-Zmegohms pots ABJ 10for 2,

KIT RESISTORS BTL4L&1Watt 50-2iney 100for
KIT SOCKETS...25asst (8-7-5-4P) ......
KIT POWER RHEOSTATS 25&50Watt. . Gfor
KIT ROTARY SWITCHES ........... 6for
KIT FUSES ASSTD BUSS & L'F ..300for
KIT GROMMETS Radio rubber..100ASSTD
KIT G&P tube caps 14,34.9/16” ....50for

3.
1.00
2.95

PRECISION RESISTORS
TRC. SHALLCROSS. WE,
MEPCO, INST. RES. (€O,
OHMITE FOR METERS
BRIDGES, AMPLIFIERS

109 (REST 19,)
i3 o

5100%= 120004
150000%* 220000%*
245000%* 2500007 9500007 1155
ABOVE SIZES 30¢ each asst.......... 10 for §1.08
1.7%
5

30000% 37000 50000 75000 84000
" ABOVE SIZES EACH 45¢ ......... TEN for $3.00
95000 100000 120000 130000 147000
150000 186750 201000 229000 250000
254000 422000 2G8000 284000 400000
500000 570000 600000 700000 950000

ABOVE SIZES BACH 50e.. .....TEN for §5.00
ONE MEG. WW 17, accy ea 90¢ THREE for 2.00
1.8meg. 2.0, 4.5. 5, 10 ... ........ SIX for 3.00
SPRAGUE SEALED 10orl2meg........ ..o 149
IRC IMEG!2% S$1.69; Weston Z.OMEGL.’r 4,95
IRC Dual IMEG (2MEG) 0.2%accyHVins 4.95
WRITE FOR OTHER SIZES FROM STOCK

CRYSTAL OIODE 1N26, 1N23.. ...
CRYSTAL DIODE IN21 @ 45¢

CRYSTAL DIODE 1N34 @ $1.39 .2 for

CRYSTAL DIODE TESTSET 268U NEW .. 16.95
TEST SET SUPREME 542/24 ranges ACDC 15.95
Blower 100CFM/$5.95; Blower 125CFM/CSD 8.95
TEST SET same specs as WESTON 697... 20.95
TS TRIUMPH324 ACDC/VOM 1Oranges . 10.95
.1-222 SIGENERATOR FREQMTR. MON *LN 39.95
FOXBORO GRAPHIC STRIP RECORDER .. 38.50
GYROSERV( BENDIX TB COMPLETE .. 4.95
SONAR OBF echoranging eguipment . .... 1000.00
SC1 RADAR TEN CASES GE ..... ....2500.00
X BAND WAVEMETER 9290-9470 MC'S.. 16.95
X BAND WVMTR, THERMISTOR. XTAL

DIDDE MTG. OUAL ATTNTR & VER-

NIER. po annle hracket TS13 ........ 29.95
KLYSTRON MTG & DUAL COAXIAL ctn  4.95
WE DYNAMIC MICROPHONE & 20° cable 7.95
CW3 RCVR NEW COMPLETE & DATA 14.50
CW&F3 COILS 5.1-10 or 9.4-16.S5me’s 2,70
0SCILLOSCOPE 3”KIT Tubes. Transf etc .. 16.95
VIBRATOR PACK & STORAGE BAT TBY 9.95
ART13 SPEECH AMPLIFIER COLLINS . 4.95
BC1073 SIGENERATOR & VHF Wavemtr.. 24,95
SCRS22 RCVR & XMTTER *LN ........ 18.00
STORAGE BATTERY 2V WILLARD ...... 1.98
RCVR BC455A & TUBES ARCS set .... 4.50
HANDYTALKIE BC611 CHASSIS, Coils & X 7.95
AUTOSYN =5 TRANS. 115V/.60C ..2 for 18.00
AUTOSYN AM AY1&5/24-28V/60&400cy. . 3.95

HRO/RAS3, RACK&PWR190-KC/30me’s. .. 285.00
GR VARIAC 200B Variable 0-135V/60c/1A
V'R 198.242V:50-60c. outpt220v/500W. .
V'Regltr95-130V/60c.outputl15V/ .58A/.5%,

For Tech Manuals S.C. Tube & Daily Tabogram.
wrile »Tab™. Open Till 10PM Thursdays,

$2 Min, order FOB N.Y.C. Add Postage all orders
and 25% deposit. WOrth 2-7230. Send for catalog.
Specialists in International Export, School, College
& Industrial trade, Money Back Guarantee,

Dept. 10T, Six Church Street, New York &,
N.Y. U.S.A.
CORNER CHURCH & LIBERTY §TS., ROOM 200
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RADAR EQUIPMENT |
b " hectos |

Ground Reﬂe.ctor
LajEe Assemblies

Radar portable Shelter
Houses

Experimental Work

PRODUCTS for
COMMERCIAL INDUSTRIES

Stainless Steel Show-Cases
Sign Holders
Special Shipping Containers
Farm Conveyors
Experimental Work

_é Imﬂﬂes&

AIRCRAFT CORPORATION

Designed for long, economi-
ecal, trouble-free service in:
AMMETERS. VOLTME-
TERS, AIRCRAFT IN-
STRUMENTS, WEATHER
RECORDERS, DIAL
GAUGES, TIMING INSTRU-
MENTS, WATTMETERS,
COMFPASSES,
all testing and record- .
ing instruments. o <

OUTSTANDING FEATURES

o Unitorm fine qualit

® Low coefficlent of friction

@ High shock resistance

@ Special bevel-turned mountings for
top efficiency

® Manufactured to your
tions

® Held to preclse tolerances

specifica-

Furnlshed unset, or set In screws or
bushings.

Sapphire BearingsAvailabln in all jewel etyles
and mountings, Further Information On Request

RICHARD H. BIRD & CO., .

1 SPRUCE STREET, WALTHAM, MASS.

Serving Industry With Fine Jewels
Since 1913

104

the electrical side, in a warble
band from 750-1250 cycles, based
on the usual ratio of motional im-
pedance to free impedance, was
found to be:
Efficiency =
100, or 33%.

There are of course some ad-
ditional losses due to mechanical
resistance and so forth, between
the electrical circuit and the horn
acoustic output,

From these typical results of an
actual design, it can thus be seen
that the required specifications of
an electro-acoustic device are ap-
proached quite closely by follow-
ing the principles of electro-me-
chanical analogy.

[(10-6.7) /101 x
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_Ask For

"STABILIZED™

JK STABILIZED OVEN

Range 80 to 7500 kc. Standard five
prong base. Octal on special order. Ap-
proved by the FCC for BC stations. Can
be supplied in hermetically sealed, pres-
sure mounted, plated and wire mounted
crystals. Also with variable micrometer
air gap mounting to give exact frequency
adjustment. Plus or minus 1 degree C
maintained. 6.3 v. heater unit; others
on special order. Current is approx. 1
ampere at 6.3 v. Molded phenolic body.
Also available without thermometer or
without side terminal. ‘ ‘

Write For Illustrated Folder

The JAMES KNIGHTS CO.

SANDWICH, ILLINOIS

AR
Complete RMA Range
1/2 - 1 =2 Watt

5%, 10%, 20% Tolerances
IN STOCK AT ALL TIMES

LEGRI S COMPANY, Inc.

846-850 Amsterdam Avenue
New York 25, M. Y.

ce List:
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- HERE ARE SIMPSON'S
- PROFIT-MAKERS FOR :
- SERVICEMEN. .. :

The serviceman who tries to “get along”™ with cheaply-made, run-of-
the-mill test instruments is taking an oucside chance on success. The

business of radio servicing must be built from the bottom up on an

. endless succession of perfect jobs. Knowing whar the trouble is, in a

. receiver, and knowing when that trouble is eliminated cair be o

. better than the test instrument that reveal them.

. The "Basic 3" Simpson instruments shown here are an extremely OFERATGHS

MANTAL

profitable investment for any serviceman. He needs all three and, G
Ml g

2 in rheir price range, he cannort buy berrer anywhere else. In facr, =
, in their price range they are unequalled. They will do more than
- many insruments selling for substancially more. These are facts
easily demonstrable to any serviceman who will take the rime
to check up. And it is worth the time in the cold cash of profits

to discover how Simpson enginecring skill and uncompro-
mising qualiry construction produce the staying accuracy for

4 which Simpson instruments are famous.

MODEL 315 SIGNAL GENERATOR. Designed down to the most
minute detail for highest accuracy, greatest stability, minimum
leakage, and good wave foom . . . . . . . . $67.35
MODEL 305 RC TUBE TESTER. Tests all tubes. Provides for fila-
ment voltages from .5 volts 1o and including 120 volts. Spare
sockets for future tube developments . . . . . $59.50
MODEL 260 HIGH SENSITIVITY SET TESTER. 20,000 ohms per
volt, D.C. Voltage ranges to 5,000 volts A.C. and DC Re-
sistance ranges to 20 megohms. Current ranges to 500 mil-
liamperes, also 10 amperes D.C. . . . . . $38.95

In New Roll Top Safety Case . . . . . . $43.75

SIMPSON ELECTRIC COMPANY e 5200-5218 West Kinzie Street, Chicago 44
In Canada, Bach-Simpson, Ltd.. London, Ont,

ACCURATE

www americanradiohistorv com
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RCA TUBE APPLICATION ENGINEERING SERVICE —

Twelve field engineering specialists devote their time erclu-
1 sively to the design problems of equipment manufacturers.
| They're ready to pitch in and help you at any time.

. ilCA TUBE APPLICATION ENGINEERING LABORATORIES —

RCA maintains tube application laboratories at Harrison,
Lancaster and Chicago. The services of these laboratories are
at the disposal of all RCA tube customers.

RCA CIRCUIT INVESTIGATIONS —

RCA carries on independent research in circuit design for the
exclusive benefit of its customers. Engineering reports are
provided as a free service.

RCA TUBE DEVELOPMENT—

RCA works years ahead in tube design—anticipates future
requirements. That’s why you get the types of tubes you
want when you want them.

RCA ENGINEERING LITERATURE —

As the tountainhead of modern tube development, you can
look to RCA for the most authoritative and comprehensive
technical literature on tubes.

'RCA MANUFACTURING FACILITIES —

RCA tubes are manufactured in ultramodern plants equipped
with RCA-designed, high-speed precision machinery—your
assurance of uniform, dependable quality tubes of whatever
type, in any quantity.

RCA QUALITY CONTROL —

Quality controls begin with the raw material and are fol-
lowed through in every successive step of manufacture and
assembly to the final tube. That’s why RCA tubes are con-
sistently good.

[
|
i
|
I

RCA SALES SERVICE—

A staff of seasoned sales representatives are within conven-

) ient reach. They're available when you want them,
|

RCA DISTRICT OFFICES —

RCA’s Tube Department maintains four convenient dnsmct
offices in Harrison, Cleveland, Chicago and Los Angeles to
serve equipment manufacturers. You can get prompt service
from the office nearest you.

RCA DISTRIBUTION —

RCA’s Tube Department maintains bulk tube stocks in three
warehouses strategically located in Jersey City, Chicago and
Los Angeles for quick service.

RCA PRICING —

Mass-production techniques and the RCA “Preferred-Type
Tube Plan” have consistently operated to reduce manufac-
turing costs—which means lower prices to you.

)
RCA ENGINEERING LEADERSHIP—

The vast resources of experience and ability that account for
RCA’s engineering leadership, are of direct benefit to RCA
customers—a final reason why it pays to deal with RCA.

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA

TUBE DEPARTMENT

RADIO CORPORATION of AMERICA

NARRISON, N. J.
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