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NEW in Design. . ADVANCED in Principle

FAR MonRrE EFFICIENT in Ac¢tion

Arecturus
PHOTOLYTIC CELL

1 VERY engineer, every manu-
facturer of electrical ap-
paratus, every person

directly or indirectly interested in
any type of equipment using the
photo-electric principle, will be
vitally interested in this first
announcement of an extraordinary
photo-electric device—the
Photolytic Cell.

In developing this advanced cell,
Arcturus has done far more than im-
Arcturus has
pioneered with a fundamentally new
type of cell, based on revolutionary
principles never before applied suc-
cesstully to photo-electric equipment.

In uniformity, accuracy, and speed
of response, the Arcturus Photolytic Cell
establishes new operating standards. 1t

Arcturus

prove existing designs.

For the Improved Operation of
Sound  Picture Equipment ;
Sorting.Cheeking. and Match-
ing Iiquipment; Railway and
Highway Signal Systems;
Chemical and Medicinal An-
alysis; Burglar Alarms; and
dozens of other mechanical
and electrical devices. .

©1930 A. R. T. Co.
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PRODUCT OF ARCTURUS RADIO TUBE COMPANY

far outdistances the average life span
of the best present-day cells. Its effi-
ciency is unimpaired by any overload.
And because new principles make pos-
sible a basically new design, this cell
is so durable, so rugged, that it is un-
harmed by shocks that instantly de-
stroy the fragile glass-bulb cell.
Seldom in the swiftly changing his-
tory of electronic research has any
product been offered that represents
such a radical improvement over exist-
ing devices. Yet this remarkable low

This is a life-size full-color
portrait of the Arcturus
PHOTOLYTIC Cell —as dis-
tinetive in performance as it
28 (N appearance.

LV LY

Features of the PHOTOLYTIC Cell

1= More uniform frequency
response. 2— Low coupling
impedance. 3—No background
noises. 4— No excitation or ad-
Justment required. 5—Shock
proof and mon-microphonic.
6— [xeeptional resistance to
overloads. 7— Easily applied
to any photo-electric cireuit.
8—Long life unsurpassed by
ANY cell.

impedance cell, so far advanced, can
be used in every circuit now controlled
by standard cells with but a few minor
changesthatactuallysimpl/ifythesystem.

We are confident that the new per-
formance of the Arcturus Photolytic Cell
will open new possibilities in a field that
seems already limitless. But these
statements are best proved by an ac-
tual comparison of thisand other photo-
electric cells. Write the Photo-Electric
Division, Arcturus Radio Tube Co.,
Newark, N.J.,for complete information.

IR@TUIRUS‘

The Eleetric Eye for Every Indusiry

MAKERS OF ARCTURUS BLUE TUBES
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April 1930
When Electronics & electronics were young

It was the time a new word was coined . . . a new science born.
Ct ronics America was hailing a new industry, boasting more than 6,000
engineers and predicting a billion dollars in annual business
for the first time. ® In April 1930, McGraw-Hill, Inc. launched
a new enterprise, Electronics magazine. In the first issue, the
editors wrote, “‘For this vital electronic art a clearing house is
needed — an engineering journal that will gather these wide-
spread activities; chronicle scientific and industrial advances
abroad and here, and provide practical useable information
which can be put to work.” @ Some of the leading scientists and
engineers contributed to that issue — Thomas Edison, Dr. Lee
Deforest, J. Ambrose Fleming, David Sarnoff. 58 companies
purchased advertising. “® During the 10 years that followed, this fledgling publication
and the industry both moved ahead. The nation was deep in a mass depression but radio
was coming in loud and clear. Talking pictures were all the rage. ‘€ The decade of the
Forties was consumed by a world conflict and its wreckage. Radar and field radio
altered the face of war. The government emerged as electronics biggest customer, chang-
ing the industry’s economics. With the resumption of peacetime production, television
made its appearance in nearly every American livingroom. ‘¢ The electronics industry’s
major contribution to the Fifties was sophisticated military guidance gear that made
the missile a basic part of every army’s arsenal and launched man into the space age.
Giant detection and control systems linked our defense forces electronically. @ A por-
trait of the Sixties: This is the computer age. That electronic brain is becoming more a
part of our lives. Electronics is making rapid strides in industry,
medicine, and the home. And everywhere we seem to be fol- Elect ronlc
lowed by the sound of music from transistor radios. ‘€ What T v ot i8] oo
of tomorrow? Will predictions of a $17 billion industry seem as
quaint then as yesterday’s billion dollar mark? ‘@ Whatever
tomorrow brings, Electronics magazine will be there, pacing
the industry. Around the world, editors will be digging deep
into the electronics engineer’s complex world — getting to the -
significance of new developments, reporting them with clarity
and accuracy. ‘® Electronics will remain a dynamic force in
electronics — serving the engineers and the manufacturers
who make it grow.

A McCRAW-HILL PUBLICATION
e

Note: Many of the advertisements in this issue appeared originally in two or three colors. Without the
original plates, color reproduction was not practical in this souvenir issue. £528-3-65






The Allen-Bradley
plant, private sub-
station and electric
furnace buildingface B
upon four streets, ¢
assuring daylight i
in all aepartments.

There's a Biw—
and 25 Years of Resistor Experience

back of the huge production and uniform quality of Brrcdleyunits

S

Plant

HEN radio was popularized, a few years ago,

the Allen-Bradley arganization had already
achieved distinction as producers of electric con-
trolling apparatus and resistors. To meet the
demand, at that time, for a reliable filament rheo-
stat, millions of Bradleystats were sold to radio
manufacturers and amateur set builders.

Today, Allen-Bradley Fixed Resistors—Bradleyunits
—are used by the world’s largest set builders,

Floor after floor of automatic machinery and pre-
cision testing equipment, under the supervision of
skilled engineers, produce Bradleyunits in stupen-
dous volume. Such facilities are your best insurance
of a continuous supply of reliable resistors to meet
your specifications.

ALLEN-BRADLEY CO., 278 Greenfield Ave., Milwaukee, Wis.

[

Sales offices are located
inallleadingcities.Con-
sult your nearest Allen-
Bradley district office.

ALLEN-BRADLEY RESISTORS

‘Produced by the makers of Allen-Bradley Control Apparatus
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SUPPLY |

for

Molybdenum
(99.95% pure)

Tantalum
(99.9+4-% pure)

Also several standard
and special alloys for
use in vacuum tubes.

v

Fansteel metals and alloys
are available in bars, rods,
sheets and wire. For the
convenience and protection
of users, all Fansteel wire is
furnished on special Bake-
lite spools which fit all stand-
ard machines. Each spool,
packed in a separate car-
ton, is labeled plainly to
identify the metal, its length,
diameter and other char-
acteristics. The carton dis-
plays the same information.

No purer Molybdenum can
be obtained than Fansteel
Molybdenum, made from
American ore by American
methods. Fansteel “Moly”
is uniform and dependable
—chemically, physically,
electrically.

For many forms of tube
work, no metal has so many
advantages as Tantalum,
with its ease for forming and
welding, its gas absorbing
properties, ard its extremely
low vapor pressure. The use
of this metal in common
receiving tubes is justified
despite its slightly higher
original cost.

Write for full informa-

tion and prices.

live up to its requirements, failed to fulfill

the purpose for which it was bought.

Use of Fansteel Tantalum, Molybdenum, and
alloys makes for improved, more depend-
able tubes—rejections are held down, tubes
perform better, they’re easier to sell, and
they stay sold.

This is because Fansteel metals are refined
especially for use in tubes. Strict laboratory
conirol guards every step in the process.
Uniform purity, uniform dimension, uni-
form physical characteristics are assured.

Samples of Fansteel metals furnished to tube
manufacturers—better still, ask for a Fansteel
engineer to call.

~N

e get “mixed”
COMPANY, INcC.
Bakelite

o el WANSTEEL PRODUCTS
. in stock.
Carton and

oebere Nowrth Chicago, Illinois

labeled.
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When the Coil's IN CONFERENCE

When the coil’s up for consideration in a radio factory, it faces
a real inquisition. Here “quality” is only one factor out of half a
dozen with which it is confronted. The purchasing agent
demands uniformity . . . he visualizes ideal coil shipments in
which there are no rejects. The engineer demands accuracy,
adherence to specifications, and able engineering assistance.

The General Manager, with an eye toward economy, wants the
cost kept down without sacrificing quality. Altogether a tough
proposition, and one that only a good coil would want to tackle.
The fact that Dudlo coils have become standard in the country’s
Hnest receivers is conclusive evidence of their ability to pass the

F

DUDLO MANUFACTURING COMPANY, FORT WAYNE, INDIANA

Division of G e neral C able Corporation

demands of any conference.
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elcome
Electronics/

HE leaders of the tube industry congratulate the McGraw-
Hill Publishing Company on its foresight and leadership
in launching this new publication, Electronics.

But a few years ago the radio industry was an infant. Now
we are on the verge of opening the markets of another indus-
try, employing radio principles, but bidding to outshine the
radio broadcast field in importance and size. The magazine
Electronics should be the leader in this new field, because of
the McGraw-Hill Publishing Company policy of service. The
RCA Radiotron Company will continue its position of leader-
ship, a position merited through the maintenance of a high
quality product and service.

RCA Radiotron Company’s Research Laboratories
and Engineers to develop the field

NO order is too large for the RCA Radiotron Company to
fill—no problem too difficult to solve. With six factories
located at Newark, Harrison, Cleveland, and Indianapolis, the
RCA Radiotron Company is the largest producer of electron
tubes in the world.

At the present time these factories provide 1,050,000 square
feet of floor space, employ 6,100 people and have an installed
daily output of 270,000 tubes. And as industry increases its
demands, we are ready to expand to take care of them.

RCA RADIOTRON CO., INc. HARRISON, N. J.

April, 1930 — ELECTRONICS
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T. W, FRECH G. C. OSBORN
Fresident Vice-President
in Charge of Sales

F.H.CORREGAN
Secretary and
Treasurer

MEADE BRUNET
Sales Manager

W.H. THOMPSON
Sales Operation

W.T. L. COGGER
Vice-President in
Charge of Manufacturing

J.W.McIVER
Manager Sales Promotion
and Advertising

ND now the RCA Radiotron Company, with its staff of engineering
A and manufacturing experts stands ready to serve a new industry.
RCA Radiotron Research Laboratories welcome new problems. Many
of the developments of RAC Radiotron engineers are years ahead of
their application and the market. We are ready with the product—the
industry has but to make the application.

Backed by the broad research facilities of the General Electric
Company, and the Westinghouse Electric and Manufacturing Company
as well as the Radio Corporation of America, places the RCA Radiotron
Company in a superior position for the scientific and commercial

development of the field of electronics.

We cordially invite you to bring your problems to the RCA Radiotron

Company where a staff of trained and experienced engineers and scien-

tists are at all times waiting and eager to render service.

RCA Radiotron

THE HEART OF YOUR RADIO SET
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Mahy things to
many different
men. ..

IXTY below...an airplane, part of the equipment
of the Byrd Expedition, flying at 120milesan hour,
roaring over the frozen wastes of Antarctica. In the

cabin of this plane—radio—tubes, coils, condensérs—
forty pounds of “‘gadgets” . . . streams of electrons—
and the whole world hears the story.

Yy v v

“Reds”—a riot . . . the “talkie’” newsman and his port-
able equipment of two hundred pounds of “what-nots”
—tomorrow, in any one of a thousand theatres, we may

“see and hear.”

Yy v v

MacDonald—*“short radio waves”—a special radio
hook-up, and at noon we hear words spoken in England
at dusk. We actually beat the clock.

6

Man moves swiftly, communicates while in motion, yet
“travels light.”” Making these things possible—looking
ahead from a background of efficiency, speed and light
weight—are a few thousand “hopeful sceptics” . . .
workers in the field of Electronics, men who live for
science. Their language—graphs, curves, tests. Their
enemies—corrosion, electrical losses, excess weight.
Their gods—efficiency, low cost, light weight, ease of
fabrication of the materials chosen to bring reality to

their findings.

Working with equal precision, the research and develop-
ment engineers of Aluminum Company of America have
produced a series of light, strong Alloys of Alcoa Alumi-
num which possesses unique physical properties. All of
these alloys are light—weighing approximately 4 as
much as old-fashioned metals. When heat treated they
attain a tensile strength equal to many heavy commer-
cial steels— 55,000 Ibs. per sq. in. minimum. All of them
are resistant to corrosion. All conduct heat § times faster

than iron or steel.
i 4 1 4 i 4

Wherever mass is in motion, the Alloys of Alcoa Alumi-
num bring dead-weight reduction, cut power costs to the
minimum—retain structural safety. Trains, with cars
built partially of these Alloys, hum swiftly along the
tracks of several leading railroads. Equipped with alumi-
num alloy pistons, our millions of automobiles flash
over the highways. Made of these alloys, truck and bus
bodies have their dead-weight reduced to a fraction. In
all manufacturing, where light weightis afactor,strength
a necessity and corrosion resistance desirable, the strong

Alloys of Alcoa Aluminum are the ultimate answer.

Yy v v

A dependable source of supply and quick delivery is
assured. We solicit your inquiries for Ingot; Sheet; Ex-
truded Shapes; Rolled Shapes; Tubing; Forgings; Die
Castings; Permanent Mold Castings; Sand Castings;
Stampings; Screw Machine Products; Draw Press
Products; Wire; Bar; Rod. All of the light, strong Alloys
of Alcoa Aluminum—as well as commercially pure Alcoa
Aluminum—are available in large or small quantities.
ALUMINUM COMPANY of AMERICA; 2474 Oliver
Building, PITTSBURGH, PENNSYLVANIA,

ALCOA ALUMINUM

-|ALCOA| =

A
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A clearing -house for facts—

A camp-fire for

NEARLY fifty years ago Edison made a dis-
covery now recognized as the most epochal in all
his eventful career. Working on his incandescent
lamp, he found a faint stream of electricity from
the hot filament, flowing across the vacuum.

P There the basic phenomenon of electronics
stood revealed. But the great inventor was busy
with many problems. And so, for a generation,
the famous “Edison effect” remained a mere
scientific curiosity. Finally, Fleming in England
and DeForest in American harnessed this feeble
electron action and put it to work—Fleming in
his rectifying valve; DeForest in his revolution-
izing three-electrode tube whose “grid” control
opened up new worlds of possibilities in
communication.

» The way once pointed, inventors, physicists and
engineers rushed in, until today a far-flung army
numbering thousands of workers is engaged in all
the diverse fields of electronic applications, in lab-
oratories around the world.

ALREADY billion-dollar industries are built
upon the vacuum tube—in telephony, in radio, in
talking pictures, and in power applications, Elec-
tronics revolutionized the first three. And in the
power field it is now affording an entirely new
engineering approach to electrical problems of
every kind. For although the electrical engineer-
ing of the past was built almost wholly upon the
single principle of electro magnetic induction, the
electrical designer of today finds he now has a
second string to his bow—electronics—and that in
electronic apparatus he commands a medium par-
alleling magnetic-induction in importance, and
its equal in wide adaptability, whether for control
or for heavy-duty uses.

ELECTRONICS — Aprd, 1930
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> All of these diverse applications of the electron
tube will, of course, further expand and multiply.
And a thousand new uses are coming in increasing
volume. The engineering complexity of the sit-
uation grows. Specialists are working intensely
in their own fields. New developments are coming
from unexpected quarters. Chemistry and physics
continually uncover new electronic methods and
uses. One industry after another provides new
ingenuities which can be used elsewhere.

FOR this vital, pulsing electronic art a clearing-
house is needed—an engineering journal that will
gather together these widespread activities; chron-
icle scientific and industrial advances abroad and
here, and provide practical usable information
which can be put to work. Such a journal must
have scientific vision to look above and beyond the
present; it must be courageous and devoted in its
stand for progress and for expanding applications.

» And it must be independent in its editorial and
publishing administration, giving due regard to
the rights of established groups which have
pioneered along the electronic path and prospered,
and also to the rights and opportunities deserved
by those independent inventors and developers who
will help make the next decade even more brilliant
and productive than the past. In short, Electronics
must be a forum for discussion of all points of
view—it must serve as a camp-fire around which
all may gather for counsel and for exchange of the
best thought of the electronic industries.

» The art of the electron tubes goes forward to
great and greater achievements. To the engineers
and executives in all the ramified branches of elec-
tronics, the editors and publishers pledge a service
worthy of this field of unparalleled opportunity.

Contents on page 102 7




THE FUTURE SERVICE OF

The editors present timely messages from seven great

are shaping present developments in the tremendously

By THOMAS A. EDISON

Discoverer in 1883 of “the Edison Effect,”
the first-known evidence of electronic
action in a vacuum

HAVE been asked by the editor of

Electronics to answer the question
“What will be the greatest service to
humanity to he rendered by vacuum
tubes?” To this question my reply can
only be that such verdict belongs to the
future.

Other questions put to me concern
what future applications of electron tubes
I foresee, in power transmission, in talking pictures, in
chemistry, in medicine, in education? I am also asked
whether we may not expect tremendously increasing powers
and capacities in future vacuum-tube design and operation,
just as in the past the powers of early lighting generators
have been increased.

The applications are almost infinite with the three kinds
of tubes. They open a field for research in physics, chem-
istry, electricity, heat and light, beyond imagination.

Improvement in rectifying tubes will, I feel, reach a point
which will enormously simplify the transmission of power
over great distances.

By DR. LEE DEFOREST

Inventor of the three-electrode vacuum-tube

AvING watched the first slow growth
H of the audion as wireless detector,
amplifier of radio and telephone currents,
and oscillator for almost any frequency,
until at last it underlies the entire struc-
ture of radio, it is naturally a source of
deep pride to observe its entrance into
many other fields of man’s activity and
progress.

Now that 100 kw. power tubes are a reality of daily manu-
facture it requires no daring imagination to predict that in
the field of power conversion and transmission the free clec-
tron confined in glass and copper will soon replace tons of
electric generators, Direct-current high-tension transmission
over unprecedented distances may be one result. And by
contrast, oscillator tupes of minute dimensions will enable
physicists to generate undamped wave-trains having frequen-
cies approaching the infra-red; and supply new tools for auto-
graphing the electron and exploring inter-glectronic space.

In the realm of Medicine new sciences of therapeutics and
diagnosis, of gland and growth and life control, of bacteria
culture and elimination, will be founded on man’s new knowl-
edge of the electron and his ability to harness its myriad fre-
quencies in the cause of human health.

Similarly in Agriculture for accelerating plant growth, the
elimination of pests, both plant and insect, we shall become

8

largely independent of seasons and climatic accidents.

In Aviation the electron will become man’s faithful pilot
ever at the controls, a piercer, or annihilator, of fog, and
fending against blind accident. Likewise in Navigation at
sea. In Industrial processes of many sorts, where today the
electron is unknown, tomorrow it will serve as founder,
laborer, and guide, in processes of smelting, welding, sorting.
indicating, measuring—with an efficiency in time, results, and
accuracy of which today we little dream.

Whereas in the fields of Communication and Television by
radio and wire, for entertainment, education and culture, in
school, theatre, and the home—its present great accomplish-
ments are but vague hints, mere promises of the immeasur-
able benefits and transformations which the Electron and its
Tube have in store—all for the betterment and peace of
humanity, to make more easy the lot of labor, and to the
enlargement and enrichment of life.

By PROF. J. AMBROSE FLEMING

University College, London, England
Inventor of the thermionic rectfier

[ BY caBLE |

N 1904 1 invented the rectifying valve

for wireless reception. It formied the
starting point for great improvements,
giving us wireless telephony and broad-
casting. In large size it will he used in
the future to rectify a.c. current for rail-
way electrification and electrical transmis-
sion of power. In three- and four-elec-
trode form, it is the essential element in talking pictures and
television. Its employment in cable work will increase earn-
ing power by making possible multiple cable telegraphy.
Perhaps even trans-Atlantic television will hecome possible.

By DR. R. A. MILLIKAN

California Institute of Technology, Pasadena
The first experimenter to isolate
and measure the electron

HE Mergenthaler typesetting machine
Tinvolves little more than levers and
cams, physical devices invented thousands
upon thousands of years ago—so enor-
mous and so cumulative may be the influ-
ence upon the future of the introduction
of a single new physical principle. No
new physical appliance ever invented hLas
found such a multitude of enormously important practical
applications in so short a time as has the vacuum tube ampli-
fier. This gives some slight indication of the magnitude of
the influences upon the future of the race of the invention
of the electron tube.

April, 1930 — ELECTRONICS
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ELECTRONICS TO MANKIND

pioneers and leaders who laid the foundations and

expanding art and science of the vacuum tube

By H. P. DAVIS

Vice-President Westinghouse Electric
& Manufacturing Co.

FEEL strongly that the whole subject
I of electronics is going to be very far
reaching in its effects on the electrical
industry, and that the vacuum tube has a
great future not only in radio but in other -
fields than radio. In these applications
vacuum-tube devices will take many forms
other than the well-known and standard
types we now know.

Meanwhile power ratings of electronic tubes are heing
increased at a rapid pace. Whereas in the development of the
electric lighting art it was almost a generation before a 200-
kilowatt generator was produced, yet in a tew short years
the once-feeble phenomenon of electron emission has been
expanded to a scale of 200 kw. and larger, in a single tube.
And we have only begun. Tubes have almost unlimited pos-
sibilities, it would seem, as rectifiers, converters, transform-
ers, arresters, etc., on power lines and in industrial applica-
tions.

In the daily life of the world, during the next decade,
electron devices seem destined to create changes as sweeping
and revolutionary as those of the past 50 years.

By DR. W. R. WHITNEY

Vice-President General Electric Company
Director Research Laboratory

ostT scientists dislike predicting

futures of anything. But I rather
like to think that there is no end to the
service which the application of electron
tubes may bring about. In addition to
what this journal calls the radio, audio,
and visio, there is certainly also the multo,
but not the ultimo.

Electron tubes are already changing alternating into direct
current, and direct into alternating. They are changing
frequencies from one value to another. They are altering
wave shapes, and picking out for service any part of succes-
sive waves which 1s wanted. They are cutting off or heading
off currents in place of switches, circuit breakers and lightning
arresters, and are giving us such assets as electric fevers,
for high-frequency biological researches.

When we realize that small glass vacuum tubes do so many
things not done a few years ago, we naturally look anticipat-
ingly toward corresponding apparatus of metal, designed for
large scale operation.

Heretofore, when electric power was shoved about, rotated,
reversed, switched or modified, it was necessary to move large
masses of metal, but electronics seems to separate the mass
or weight of apparatus from its electrical properties, so that

ELECTRONICS — April, 1930

in a sense we may leave the masses fixed, and just move
or direct, put brakes on, or stop, the electricity itself.

Electron tubes were developments from incandescent
lamps. But we no longer make use of the light they give,
and many modern glass tubes are already metal coated. It
isn’t much of an extension to proceed without the glass or
the modified forms of bases or the limited sizes which were
evidently determined by lamp bulb conditions. We are prob-
ably still just slow and unappreciative.

And, in addition to the foregoing obvious applications, the
tubes will doubtless become necessary in future services where
we cannot now recognize any want, just as occurred in the
case of the X-ray tube, which is an electronic device, which
was neither wanted nor anticipated. Having seen our hones,
we ought now to see what more we can see.

By DR. FRANK B. JEWETT

President Bell Telephone Laboratories

HE future applications of vacuum-

tube devices, particularly the three-
electrode thermionic vacuum tube, are
perhaps best indicated by their past. De-
signed originally for use as detectors of
radio telegraph signals, they were in 1914
developed to the point of being regularly
utilized as amplifiers or repeaters in trans-
continental wire telephony. In 1915 they
were employed both at transmitting and
receiving stations in the first transoceanic radio telephony,
and in 1924 in high speed suboceanic cable telegraphy. Dur-
ing this same period two- and three-electrode vacuum tubes
found extensive use in the field of radio broadcast and in
numerous applications where the valuable rectifying and
amplifying properties of thermionic vacuum tube devices were
advantageous.

Today a great many thousand vacuum tubes of all sizes
and descriptions are in use in the communication networks
of the Bell System and other numerous thousands in similar
networks throughout the world. The number of tubes in-
volved in radio broadcast and in special services throughout
the world in extremely large.

During the past fifteen years, as a result of fundamental
research and development work, great improvements have
been made in the character and efficiency of electronic devices
as well as in the enlargement of the field of possible useful
application. Starting with the erratic and inefficient tubes
handling almost infinitesimally small amounts of energy, the
research and development work thus far done has resulted
in producing rugged relatively efficient devices which in some
cases are designed to handle in a single unit many kilowatts
of energy. The end of the progress of this research and
development work is not as yet in sight, either with regard

[Continued on page 22]
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» Amazing has been the penetration of the
vacuum tube throughout industry, the arts
and the sciences. The tabulation on these
pages bears eloquent testimony to the ingen-
uity, patience and courage of the workers
in the electronic arts so far.

» Yet the achievements of the tube to date
are but the beginnings of greater and more
widespread uses. Mere scrutiny of the list
here shown must offer a powerful stimulus
to any engineer or executive in suggesting
new uses and adaptations of thermionic or
photo electric cells in his own industry and
in the solution of his own special problems.

» Looked at broadly, the importance of the
invention of the electron tube can be com-
pared only with Archimedes’ classical dis-
covery of the power of the lever, and his

THE ELECTRON TUBE . ... A

proud boast that, given an adequate fulcrum,
he “could move the world!” For the vacuum
tube is, in effect, an electrical lever; its grid
input represents the short arm and its an-
ode output the long arm. And just as the
principle of the lever is used again and again
in every element of every machine built in
this mechanical age—so the introduction of
the vacuum tube and its associated circuits
presents almost inconceivable potentialities
in the electrical future.

» So rapidly are new electronic applications
coming that, within a few years, one may
safely predict that—

There will be nothing that the average man
sees, hears or buys but what will be con-
trolled, regulated or affected in some im-
portant respect by an electronic tube!

SOME PRESENT

Communication

Telephone repeaters
Radio receivers
Radio transmitters
Ship, shore, and point-to-point
Broadcast transmitters
Broadcast receivers
Telegraph multiplexing

Telephone carrier frequencies
for multiple channel operation

Carrier-current telephony over
transmission lines, for dispatching

“Wired radio” over
lighting distribution systems

Public-address systems,
in large halls and outdoor places

Facsimile transmitters, for sending
charts, maps, styles, documents, etc.

Facsimile receivers
Beam radio transmission

Apartment-house centralized antenna
systems (radio-frequency)

Program distribution “to every
room” for hotels, hospitals, etc.
(audio frequency)

Automatic recorder for
telephone conversations

Microphones for crime observation

Motor Control

Starting equipment

Circuit breakers

Frequency-control for
variable-speed motors

Synchronizing equipment for
two or more motors

Source of high-frequency supply for
high-speed motors
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APPLICATIONS:

Current regulators

Relays, switches

Elevator control for leveling at
floors

Field control of generators driven by
varying-speed motors (airplane,
locomotive headlight turbine, etc.)

Industrial Applications

Safety guards on hazardous machines
Counting

Grading by size, color, etc.

Sorting

Inspecting

Tabulating

Automatic calipering of products,
parts

Alarms—temperature, fire, smoke,
burglar

Process control
Smoke indicators in plant stacks

Smoke precipitators, supplied with
high-voltage d.c. through tubes

Measuring candlepower

Lighting control (automatic
switching, on approach of dark-
ness for factories, schools, signs

Relays, and elimination of contacts

Light-controlled locks (bank vaulits,
garage doors)

Detection of foreign objects (as
metal in logs entering veneer-mill
saws)

Color matching
Food preservation

Sensitive microphones for listening
to stresses and strains in materials,
products

Reversing-mill control in steel plants

Source of oscillations for induction
furnaces

X-ray analyses of material§ and
products

Industrial heat control
Alarms against trespassing
Control of secondary clocks
from master-clock
Recording pressure cycles in
gas-engines, big guns, etc.

Continuous control of product
thickness and moisture in
paper mills

Continuous weighing of sheet
products, such as rubber, textiles,
etc.

Induction heating of
inaccessible metal parts

Dielectric-hysteresis heating of
insulating materials

Accelerating chemical reactions
and processes

Analyzing sugar solutions
Inspecting high-speed operations
Pressure and level alarms

and controls

Electric Power Transmission

Direct-current high-tension
transmission

Inverters, d.c. to a.c.
Frequency converters
Rectifiers

Frequency dividers
High-tension switches
Lightning arresters
Generator-voltage regulation
Transformer regulation

Carrier-current dispatching
over transmission lines

Phase-control
Synchronizing equipment
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Tele-metering (distant metering
over power lines)

Remote switching

Relays and contacts
High-voltage voltmeters
High-voltage energy meters

Detecting flashovers on qommutating
machines and automatically
applying extinguishers

Remote control of two-rate meters

High-tension aviation marker lights,
operating directly from
transmission-line voltage

High-tension safety equipment and
interlocks

Entertainment and Cultural

Broadcast receivers, .
Home, portable, automobile

Recording sound pictures
Projectors for sound pictures

Binaural sound pictures (two sound
tracks, producing acoustic depth)

Electric recording of phonograph
records

Electric phonographs

Automatic phonograph devices

Musical instruments
Theremin-type, capacity control
Adjustable timbre, capable of
reproducing variety of instruments

Vacuum-tube organs

Home sound movies (16 mm.)

The “talking book”

Sound pictures as wills and
legal documents

Television transmitters
Television receivers

Train and Traffic Control

Railway signals
Automatic cab signals

Street traffic signals
Light-beam control
Magnetic-inductor control

Remote control of car, boat, etc.
Automatic flashing traffic signals
Voice control of car, etc., as stunt

Medicine and Therapeutics

Diathermy

Body-temperature control

Aids to the deaf

Treatment of specific diseases
Elimination of special disease germs
Effects on evolutionary changes
Counts of bacteria

ELECTRONICS — April, 1930

T

Analysis of muscle sounds

Diagnosis of heart murmurs by
comparison with phonograph
records

Surgeon’s cauterizirig knife

High-frequency electrostatic and
electromagnetic fields for
therapeutic use

Electro-cardiagraph, amplifying the
actual voltage generated by the
heart

Promoting cell growth

Destroying tissue and tissue
development

Experiments toward transmutation
of species

X-ray applications

Aiding blind to “read” ordinary
print by sound

Blood analysis, urine analysis

Navigation and Aviation

Radio communication, code and

phone, ship to shore, ship to ship

Radio compasses

Radio beacons
Directional beams
Landing systems, for fog
Ship channel locaters
Altimeters

Photo-electric communication with
planes over ’phone modulated
light beams

Depth sounders
Supersonic sounding
Supersonic signalling

Automatic switching on of
field landing lights

Automatic control of marker lights

Measurements

High temperatures
Low temperatures
Minute changes in temperature

Minute electrical currents
(down to 10-17 amp.)

High-voltage voltmeters

Frequency indicators

Electrical resistance and impedance
Tachometers

Stroboscopes

OL IN INDUSTRY

Integrating ultra-violet meters

High-vacuum measurements, by
ionization gauge

Oscillographs for analyzing wave
motion -

Foot-candle meters

Color analysis

Energy analysis of spectrum,
infra-red to ultra-violet

Traction dynamometer

Pressures, explosion

Mechanical measurement, to tl!e
one-hundred-millionth of an inch

Moisture determination

Astronomical—heat and light of
distant stars

Time—transit of stars

Chemical quantities

Metering gas in large quantities

Gas analysis

. 5

Lighting

Control of illumination in factories,
schools, public places, etc., by
automatic switching

Automatic turning on of signs at
dusk

Remote switching of signs, street
lights, etc., over power-supply lines

Gaseous conductor signs
(neon, helium, argon, etc.)

Current source for gaseous signs in
d.c. districts

Theater dimmers

Sign flashers

Mining and Metallurgy

Detector methods of locating
minerals

Geophysical location of oil deposits

Source of oscillations for
induction furnaces

Automatic temperature control
of furnaces

Detecting flaws in steel rails

Analysis of metal structure produced
by heat treatment, rolling, etc.

Billets in steel mill automatically
reversed by own shadow

Controlling oil-well drilling,
to make shaft vertical

Miscellaneous

Determining genuineness of gems
Detecting fruit-fly larve in fruit
Police short-wave alarm systems

Bank hold-up alarms, vault alarms

Emotion recorders and “lie
detectors”

Heat regulators

Safety device for oil-burners, shut-
ting off oil if pilot flame goes out
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The power pentode 7

lts characteristics

and applications

By BENEDICT V. K. FRENCH

Engineering Division
American Bosch Magneto Corporation

during the past several months in the possible in-

troduction of the power pentede as an output tube
for broadcast receivers. Very little data concerning this
type of tube have appeared in American technical jour-
nals and for this reason many misconceptions have arisen
concerning the capabilities of the tube and its adapta-
tion to power amplification problems. It should be un-
derstood that although the particular configuration of
electrodes used in the power pentode is new to American
tube structure, the possibility of its use and the actual
application had been realized in Europe several years
ago. The reason for its hastened development in Europe
lies ini the fact that the complication of power supply
systems caused a concentration of effort in the design of
battery operated receivers and the power pentode is

CONSIDERABLE interest has been evidenced

v

There has been a great deal of talk
about the power pentode but few
engineers have actually done much
about it, from the standpoint of re-
ceiver design. For several years
Mr. French’s Company has designed,
manufactured, and sold receivers for
the European market. These receiv-
ers use pentode power tubes, and be-
cause Mr. French has been engaged
in the actual production of pentode
tube receivers, he is one of the few
men in America who has a practical

knowledge of the new tube.
—The Editors.

A
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Fig. 1—Internal construction of
power pentode

ideally adapted to the problem of battery operation. The
adaptation of the pentode to alternating current operated
receivers raises several important considerations and the
recent statements that it possesses no outstanding advan-
tage over present power tubes should be carefully con-
sidered. The present article will describe the structure
and characteristics of this type of pentode and will com-
pare a particular tube with the familiar UX 245,

Description of the pentode

In Fig. 1 is shown a sectional view of the tube ele-
ments. Starting from the center can be seen a cathode
of the filament type, usually constructed in the form of
a W. Next in order is the control grid which serves the
same function as the grid of the present triode or tetrode.
Beyond the control grid is the high voltage grid. This
grid serves practically the same purpose as the screen
grid of the familiar tetrode. It functions to accelerate
electrons through the mesh of the control grid and thus
to annul to some extent the deleterious effect of the space
charge which exists near the cathode of a triode. It is
the presence of this high voltage grid which allows the
construction of a high mutual conductance tube of high
amplification factor. This grid has been called, some-
what loosely, a space charge grid because of the fact
that it tends to annul the space charge and it has also
been called a screen because of its similarity in action to
the screen of the tetrode. Both of these terms are mis-
leading, the first because of confusion with the type of
tetrode or pentode in which a grid is positioned between
the cathode and the control grid for the purpose of dis-
pelling the space charge and the second because the
primary purpose of this grid is to accelerate electrons
and not to screen the input from the output circuit.

The fourth electrode or cathode grid

The fourth electrode called the cathode grid is the dis-
tinguishing structural element in the powér pentode. In
this regard it differs from the screen grid tetrode. It is
usually connected internally to the center of the filament
and serves as a barrier which prevents electrons emitted
by the plate due to collision from reaching the High volt-
age grid when this latter element is higher in potential
than the plate. This secondary emission by the plate is
a familiar characteristic of the radio frequency tetrode
but fortunately the operating range of the tube is such
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that the reglon of the characteristic exhibiting secondary
emission is not utilized during operation. In the pentode,
however, the use of higher voltages and a different mag-
nitude of output voltage swing make it necessary to
prevent the ill effects of secondary emission. The fifth
electrode is the conventional plate which serves the same
purpose as in the more familiar types of tubes.

Characteristic curves of the pentode

In Figs. 2 and 3 are shown the static curves of some
representative pentodes. Fig. 2 shows the grid voltage
versus plate current and grid voltage versus high voltage
grid current curves of an experimental American pentode.
These curves are of interest in comparison with the
familiar three element tube curves because of the con-
vergence of the plate current curves as the plate voltages
increase. It will be seen that at low plate voltage the
high voltage grid current is high in value and con-
versely at high plate voltage the high voltage grid cur-
rent is low in value. The reason for this fact is that the
total emission current from the filament is shared by
these two electrodes and the electrode of highest poten-
tial at any instant will collect the greater number of
electrons and thus exhibit relatively greater current.

In Fig. 3 is shown the plate voltage versus plate cur-
rent curves of the same pentode and it will be noted
that these curves exhibit a rising characteristic as the
plate voltage is increased. This is due to the fact that
although the cathode grid prevents the effect of secondary
emission from the plate it cannot prevent secondary
emission from the high voltage grid from contributing
to the plate current, since in this region of the charac-
teristic the plate is higher in potential than the high
voltage grid. This grid emission can be minimized by
proper design of the grid mesh and spacing. In Fig. 4
is shown the plate voltage versus plate current curve of
the Mullard type PM 24, a very popular battery oper-
ated tube sold in Great Britain. This tube develops
about five hundred milliwatts output power with a plate
and high voltage screen potential of one hundred and
fifty volts, a grid bias of twelve and a half volts with an
RMS input signal of about 88 volts.

Importance of mesh and spacing

The mesh and spacing of the three grids have a pro-
nounced effect upon the characteristics of the tube and
present a fruitful field for experimentation. A group of
tubes of over one hundred different types has been con-
structed in the laboratories of a well known tube manu-
facturer to determine the optimum grid mesh and spacing
for a given output power. The pentode described in this
article unfortunately is not the best of these tubes as
the data presented was taken some time ago on an early
model. Some effects of alteration of the various mesh s
might be of interest. The cathode grid spacing and mesh
have a profound effect upon the operation of the tube
and this grid should be so arranged that it does not di-
rectly obstruct the flow of electrons through the mesh
of the high voltage grid. In tubes which were con-
structed with this grid intentionally blocking direct elec-
tron flow the high voltage grid was seen to become red
hot in the areas shaded by the cathode grid. When the
high voltage grid becomes overheated copious secondary
emission and curvature of the plate characteristic occurs.
The length of the cathode grid is also another important
design consideration since this grid must interpose a low
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potential barrier between the plate and the high voltage
grid.

The mesh and spacing of the control grid are effective
in altering the amplification factor and plate resistance
of the tube. The size of this grid must be carefully
chosen to realize maximum output.

The current drawn by the high voltage grid repre-
sents wasted power and fortunately the characteristics
of tubes in which this current is held at a low value by
proper design are better than those in which this grid is
allowed to draw high current.

The usual fundamental tube constamts; amplification
factor, plate resistance and mutual conductance must be
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used advisedly in applying them to the more complicated
tetrode and pentode. These values have arisen as signifi-
cant and useful means of rating tube performance as a
consequence of the fact that in the three element tube
throughout its operating range these parameters have
nearly constant value. As has been pointed out many
times the term mutual conductance is in reality a mis-
nomer because it is not the expression of an actual con-
ductance and since grid and plate action are not usually
reversable is not a mutual expression. In the pentode
particularly the amplification factor and alternating cur-
rent plate resistance are variable through wide limits and
although these factors can be evaluated for any given
point in the operating range the same value does not hold
for all points. The particular pentode described in this
article when measured at the supply potentials of 250
volts on the high voltage grid, 250 volts on the plate and
20 volts negative grid bias has value of 95 for the ampli-
fication factor, 27,000 ohms for the plate resistance and
3,500 micromhos for the mutual conductance.

A far more significant rating for the power pentode
would be an expression of the power sensitivity. This
is the ratio of the watts output to the square of the
RMS input voltage for a given limiting percentage
distortion.

This method of power tube rating has been proposed
by Hanna, Sutherlin and Upp and the comparison of
various types of three element power tubes as well as
pentodes has been given by Rhodes and Henney in an
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Fig. 6—Use of load lines to calculate power output
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article entitled ‘“‘Characteristics of Pentodes,” Radio
Broadcast, March, 1930.

Another “power sensitivity” rating has been proposed
by Stuart Ballantine and H. L. Cobb (Proceedings of
the L.LR.E., March, 1930) as follows: “The power sen-
sitivity is defined as the square root of the power output
divided by the effective value of the applied sinusoidal
grid voltage.” One of the reasons advanced for this
type of rating is that sound pressure from the loud
speaker is proportional to the square root of the power
rather than directly proportional to the power and also by
means of this rating we can compare directly the equiva-
lent gains of two different types of output tubes of the
same power capacity.

Calculation of power output

In calculating the output power and load conditions
necessary to develop maximum output from a vacuum
tube, it is convenient to make use of the plate voltage
versus plate current characteristics of the tube and to
plot upon these characteristics power output triangles.
The method of doing this can be understood by reference
to Figs. 5 and 6. Fig. 6 shows the plate characteristics
of a UX 245 (an average tube of this type).

A B

Triode Pentode

Fig. 5—Circuits for measuring power output
of UX 245 and pentode power tubes

The line AODB represents a load resistance of 3,900
ohms which is the value of resistance for maximum un-
distorted output from this tube. From the area of triangle
ACB the power output is seen to be 1,690 milliwatts. In
Fig. 3 is shown a similar set of curves for the experi-
mental pentode No. 15. In this case the line AA rep-
resents the optimum load of 6,000 ohms and the output
power is 3,350 milliwatts. This power is obtained with
a grid swing of only twenty volts peak or fourteen and
one-tenth volts RMS. The UX 245 required an RMS
voltage of 35.1 to develop a power output approximately
half as great. These figures serve to convey a compari-
son of the two tubes as regards power sensitivity since
the operating plate voltage and plate current are about
equal.

An interesting fact in connection with Fig. 3 is dis-
closed by an examination of the effect of altering the
value of the plate load. Line BB, which represents twice
the optimum value of load resistance causes an instan-
taneous -plate potential of 580 volts and line CC which
represents a load resistance equal to the plate resistance
of the tube at the operating point is seen to intersect the
curve for twice the operating bias at a value of 780 volts.
These high voltages which are encountered by impropet
load conditions can cause breakdown of insulation of the
output transformer or supply filter and failure of the
press in the tube. Such swings of voltage would be

[Continued on page 58]
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Industrial uses of

vacuum devices

By S. M. KINTNER

Manager of Research Laboratory
Westinghouse Electric & Manufacturing Co.
East Pittsburgh, Pennsylvania

vented the incandescent lamp. This simple struc-

ture of a heated filament mounted in a vacuum,
marks the real beginning of what we now look upon
as the vacuum-tube art.

Frequent failures of his lamps by burnouts of the fila-
ments at the ends caused Edison to investigate and he
found that nearly all of the failures took place at the
positive end of the filament. In a special lamp in which
he placed a plate terminal he found an actual passage of
current between the plate terminal and the positive end
of the filament, but when the plate with galvanometer in
circuit was similarly connected to the negative end of
the filament no current passed. This was the- first ob-

!- LITTLE more than fifty years ago, Edison in-
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served electron current,—discovered as the result of a
trouble, and not made use of for twenty-two years!

In 1905 Fleming in England discovered that this effect
could be used as a rectifier of radio currents, or as a
detector, as it was then called. In the meantime J. J.
Thompson had proposed a theory that is now generally
accepted as the correct explanation of the phenomenon.
O. W. Richardson had also done some very valuable
work in further studies of the phenomena.

Shortly after Fleming’s announcement of/his “wireless
detector,” DeForest, in America, brought out his three-
electrode tube. Using the third electrode, called a “grid,”
made it possible to exercise control, by a very small
amount of energy, of a considerably larger amount.
While the old coherers of Marconi had released by
trigger action a local supply of energy to operate the
indicator, and thus controlled a large amount of energy
by a very small amount, they differed from this new
device of DeForest’s in that they did not reproduce ac-
curately the characteristics of the controlling signal
energy. The DeForest device, called the Audion, was
immediately used by him in “wireless” receivers. How-
ever, it did not attain any high order of popularity during
the following six or seven years with either the United
States Government radio service or the other operating
radio companies. In fact, crystal rectifiers and elec-
trolytic detectors continued to be the favored types until
E. H. Armstrong discovered the feed-back circuits and
proved that the audions could be made to generate oscil-
lating currents of nearly any desired frequencies.

The Armstrong discovery stimulated a new interest
in the audion which was at once recognized as offering
the best opportunity for getting continuous-wave gen-
erators to displace the old damped-wave types for radio

An exhibit showing a complete line of various

modern forms and adaptations of the elec-

tronic tube. The exhibit includes receiving

tubes, rectifiers, power tubes and large trans-
mitting tubes.
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An electron-tube organ de-
veloped at East Pittsburgh.
The keys close circuits set-
ting up oscillations each of
the proper frequency.

sending stations. It did another thing
also; it caused the Bell Telephone
Company to recognize the possibility
of securing its long desired and much
sought two-way telephone repeater.
They soon purchased rights to the
DeForest invention and actively started
the development of the audion struc-
ture. Shortly after this, other electri-
cal companies initiated active research
programs in the development of this
highly important vacuum device. The
greater part of this investigational
work was done for the purpose of util-
izing these principles in other than
radio service. However, the opening
of the World War changed all of these
p}ans and started these manufacturers into the produc-
tion, for radio purposes, of great quantities of these
tubes. The close of the war found them equipped with
facilities for continued production but no market to
take them. It was at this time that Station KDKA at
Pitt‘sburgh initiated the radio broadcast service, and
again quantity production of radio tubes was resumed,
but this time in numbers that dwarfed all previous fig-
ures. Then followed ten years of intensive developments
of tubes for radio service and productions of them that
ran into millions of tubes per year.

Capacities up to 200 kw.

Meanwhile in this decade of radio development much
progress has been made in the vacuum devices. In size
alone, tubes have grown in that time from those limited
to less than one watt to those of approximately 200,000
watts, and corresponding ad-
vances have been made in
certainty of operation, reli-
ability in service and fidelity
of reproduction.

A1l development effort
has not been expended on
the three electrode vacuum
tube alone. On the con-
trary, much effort has been
devoted to various gaseous-
discharge tubes of two,
three, or more electrodes and
on “light-sensitive” tubes.
The gaseous-discharge tubes
have been used principally as
rectifiers or as relays. The
number of applications of

Photo-cell used as smoke
recorder. Note the trans-
verse mounting for the light
source which sends a beam
across the stack.
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them in such service that have already been proposed,
and in part made, is quite astounding. No doubt as
larger tubes are available and newer types are devel-

oped, these fields of application will be increased manv
fold.

The field of measurements

Among the earliest applications were those to meters.
Thus very small a.c. voltages were determined to an
order of accuracy equal to that of the d.c instrument
indicating the balancing voltage applied to the grid.

High voltages can be measured by applying them to
the plate circuit of a suitable high-voltage three-elec-
trode tube of known amplification factor and then in-
creasing the d.c. grid voltage until the plate current
hecomes zero.

Many other uses are made of three-electrode tubes
to build up feeble currents from scientific instruments
to values that are readily measured. The exceedingly
minute current, produced by the heat of a distant star
as its energy is concentrated by a telescope on a suitable
thermocouple or a bolometer, can be amplified and
measured just as can the temperature of a nearby elec-
tric furnace or even that of the massive open-hearth fur-
nace. In the case of the furnace, however, additional
tubes ‘can be employed to regulate the temperature.

The three-electrode tubes can be employed to secure
veltage or current regulation. In some of the airplane
radio equipments the electrical supply for the sets was
sccured from wind-driven generators. As the planes
were subject to wide variations in speed and yet con-
stant voltage was needed from the wind-driven genera-
tors, this created a very difficult problem. This was
finally solved by control of the generator field strength
by means of a tube with its plate circuit in serics with
the generator shunt field, and its grid so connected to a
resistance across that field as to cause it to hold down
the field current as the generator voltage increased with
speed and raise it as the voltage dropped. Similar meth-
ods have operated successfully as current regulators.

Amplifying means created new interest in photoelec-
tric cells and made it possible to build up their feeble
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currents until rugged relays can now be operated by
them. This interest also resulted in intensive studies
of photoelectric cells, which has greatly increased their
sensitivity as well as their reliability. The mystery
attached to their operation has made them exceedingly
popular and many inventors have turned their attention
to this field.

The results of these efforts are evidenced by picture
transmission systems, by talking movies and by tele-
vision. All of these are absolutely dependent upon pho-
toelectric cells and tube amplifiers. Photo cells also
assist in counting objects; in controlling ventilation to
meet the requirements of vehicular tunnels; in detecting
fires, or flashovers on commutating machines and start-
ing into action the necessary correcting means; they
give warning of a burglar; they give an indication of
the density of smoke from a stack; they see the finish of
a close race and accurately record the time without bias
of partisanship or unreliability from excitement; they
turn on the lights when the illumination falls too low ;
they measure and regulate the ultra-violet ray bath; they
never tire, in an inspection of sheet material, in search-
ing for holes or imperfections of surface; they regulate
street traffic and eliminate unnecessary delays at cross-
ings; they measure the intensity of illumination, and
even assist in matching colors. These are but classes of
service to which the photo cell is applicable.

The vacuum tube amplifiers carried on trains are
strengthening the feeble signals picked up from the
tracks of our railroads and giving the locomotive engi-
neers constant information regarding track conditions
ahead.

Similar tube amplifiers make possible transcontinental
telephone conversations and, in combinations with wire
lines and other types of vacuum devices in radio sending
stations, are rapidly extending this service to all points
of the earth.

Combinations of vacuum tubes are being employed
in efforts to increase the safety of aviation; first, in
keeping the flier on his course; second, in reporting
weather and landing conditions, and third, in giving
indications of height of plane above ground when within
a few hundred feet.

Vacuum tubes, as oscillators, provide alternating cur-
rents of any frequency or wave form. They can be
made to operate electric furnaces and melt metals or
to assist the surgeon in his operations with a knife

v

The three left-

Four new tube developments.

hand tubes are relay or grid controlled recti-

fiers, with capacities respectively of 6 amp.,

0.5 amp. and 0.1 amp. The right-hand tube

is a supersensitive relay with a capacity of
20 milliamperes.

which simultaneously cuts and cauterizes. They may
create high frequency electrostatic or electromagnetic
fields of possible use in the treatment of diseases of
animals or in the creation of transmutations in plant
life.

The value of x-rays is being appreciated more and
more as their fields of application are being extended.
They are no longer limited in their uses to the pro-
duction of shadowgraphs depicting the imperfection
of structural parts or to examinations of the human
body in searches for damaged bones, foreign substances,
or pus sacs, although these are of great importance.
The study by x-rays of the structure of the elements and
of compounds is producing results of inestimable value
to science. It is assisting the metallurgist to a better un-
derstanding of why metals behave in certain ways as
the result of special heat treatments or rolling operation;.
Also x-rays are proving of great value in therapeutic
and biological applications. Scientists have found that
certain kinds of treatments stimulate cell growth while
others inhibit or actually destroy plant or animal life.
Again still others cause transmutation of species which
under some conditions are permanent and under other

[Continued on page 56}
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INDUSTRY CONFIDENCE:
MANUFACTURER INDIVIDUALITY

Our first problem seems to be one of getting the component suppliers to
announce their new devices and improvements as soon as they are ready,

but first to the set manufacturer, then to the consumer.

Our second

problem is to get the set manufacturer to feel that it is not necessary for
the whole industry to stay in line in lock-step fashion, but that each manu-
facturer can have his product individualistic, incorporating those advances
in the art which he feels are desirable and sufficiently reliable to pass on to

the public.
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H. B. RICHMOND

President Radio Manufacturers Association
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Electron tubes
in scientific
measurements

By J. W. HORTON

Chief Engineer
General Radio Company
Cambridge, Mass.

its engineering applications, as in all scientific work,

progress has been dependent upon measurement. It
is entirely logical that those familiar with the possibilities
of the vacuum tube should be the first to employ it in
their measurements. This is simply a manifestation of a
characteristic shared by all artisans; each uses those fa-
cilities with which he is most familiar. A plumber, for
example, will build almost any structure which he might
desire from pipes and fittings; a seaman, on the other
hand, satisfies his requirements by the skillful manipula-
tion of ropes and hitches. The utility of the vacuum
tube in measurements, however, has been so great that
it is no longer limited to the field of electrical communi-
cation. In fact, it is doubtful if there is any branch of
scientific measurement to which the vacuum tube has
not been applied.

A comprehensive survey of the use of vacuum tubes
in measurement work is quite beyond the scope of this
article. In fact, it is probable that the entire issue of this
magazine for one year would be required merely to out-
line the uses to which the vacuum tube has been put. In
order to prepare an adequate bibliography of these appli-
cations, it would be necessary to scan every technical
journal in the world. There are, however, certain
features underlying the application of the tube in
scientific measurements to which mention may justly be
called.

Perhaps the most striking thing about the use of
vacuum tubes in measurement is its entire lack of that
stability and constancy of performance so generally con-
sidered essential to successful measuring equipment. In
a very small number of measurements does the vacuum
tube appear as a calibrated instrument. As in its com-
mercial application, the importance of the vacuum tube
arises largely through its extension of the scope of ex-
isting methods and through widening the limits inherent
in other equipment.

Let us consider first the purely electrical measure-
ments. These may, of course, be grouped into current

IN the fundamental study of the vacuum tube and in
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and voltage measurements and impedance measurements.
It is, perhaps, too obvious to liken the vacuum tube to
the microscope and to the telescope. Yet, since it per-
mits us to deal with magnitudes hitherto beyond the
scope of our measuring instruments, such a comparison
is strictly valid. Due to its variability and the consequent
impossibility of relying upon a single calibration, it 1s
necessary to employ methods in which the vacuum tube

Variable attenvotor

‘< Switch
J Amp.
séy et

~Es

Eg = Standard voHage
Ex =;Unkrown s
A method of comparing a portion of
a large known voltage with an un-
known small voltage.

may be calibrated as it is used. In other words, sub-
stitution methods must be employed. To measure a
potential of the order of a fraction of a microvolt, for
example, it is usual to start with a potential of sufficient
magnitude to be measured by a conventional calibrated
instrument. This potential is then attenuated by net-
works of known constants to a point where it may be
compared with the unknown voltage. This comparison
may be readily effected by using the vacuum tube as an
amplifier to supply sufficient power to operate any con-
venient indicating instrument. By adjusting for equality
of response on this indicator with both the unknown and
the known voltage, the magnitude of the former is
determined. See above. A similar situation exists in
connection with the measurement of small currents.

In impedance measurements, the vacuum tube has
proved to be a most useful adjunct of the impedance
bridge. On one hand, in the vacuum-tube oscillator, it
furnishes a source of measuring current, permitting as it
does the adjustment of frequency over a practically un-
limited range. Again, the use of a vacuum-tube amplifier
for detecting the null point not only serves to increase
the sensitivity obtainable, but also permits hridge meas-
urements to be made with much lower voltages on the
sample. This is of extreme importance in such cases as
the study of iron-cored inductances, and the measure-
ment of the conductance of electrolytes.

The heterodyne detector

In the heterodyne detector, the vacuum tube exhibits
a property of considerable utility., Here, the application
of the current of one frequency may result in a current
of an entirely different frequency, but of proportional
amplitude. The device, therefore, permits quantitative
observations to be made on currents having frequencies
beyond the range of the human ear or of other indicating
devices.

An interesting example of some of the points already
mentioned is to be found in the study of the character-
istics of power transmission networks. The use of a
full-scale model is obviously out of the question because
of the enormous cost and because of the danger of the
voltages which would be used. In a small-scale model,
on the other hand, many of the effects to be observed
would be so minute that they could not be easily observed.
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By the aid of vacuum-tube amplifiers, however, these
minute quantities may be accurately measured. Thus,
through the proper use of the vacuum tube in problems
of this type, observations on scale models become thor-
oughly practical.

It is difficult to think of a single electrical measuring
instrument, the utility of which may not be increased by
the help of the vacuum tube. The features noted in
connection with ammeters and voltmeters apply equally
in connection with the oscillograph. In all cases, the out-
standing advantages are: first, an increased sensitivity;
second, a reduction in the disturbance of the quantity
being measured ; and third, an extension of the frequency
range over which observations may be made. This last,
as has already been noted, is due to the ability of modu-
lators to effect what may be considered a translation- of
the frequency scale.

Possibilities of increased precision

In the electrical measurements thus far considered,
the most important contribution of the vacuum tube ap-
pears to be an extension of the range of values which
may be measured, rather than an increase in the pre-
cision obtainable. In the case of the bridge, it is true, an
increased sensitivity is generally accompanied by an
increased precision. In the measurement of frequency,
however, the advent of the vacuum tube has been marked
by an enormous increase in the precision with which the
quantity could be measured. In order to measure fre-
quency, it is desirable to have at some time a periodic
occurrence of fixed rate to which to refer.

In the measurement of time, for example, all measure-
nents are referred to the period of the earth’s rotation.

Inasmuch as frequency is the reciprocal of time, the rate
at which the earth rotates must be taken as the basis
for the measurement of frequency. For the frequencies
encountered in electrical measurements, however, this
rate is too far removed from the rate with which we are
concerned. It is necessary, therefore, to provide some
other phenomena of fixed rate which are more nearly of
the order of magnitude of the quantities with which we
must deal. Such phenomena are found in the mechani-
cal resonance of certain bodies. The mechanical prop-
erties of crystalline quartz, for example, permit us to
produce vibrating plates admirably suited to our purpose.
To maintain such mechanically resonant systems in con-
tinuous vibration, it is necessary that energy be supplied
regeneratively. If the coupling between the frequency-
determining system and the energy-supply system is too
close, the desirable properties of the former are impaired.
Here again the vacuum tube comes to our assistance;
through its inherently high impedance and through its
ability to amplify energy, it permits us to maintain oscil-
lations with a minimum disturbance due to coupling. The
piezo-electric property of crystalline quartz affords a
most convenient method of coupling the electrical and
the mechanical systems where plates or rods of this ma-
terial are used. The advantages of quartz as a frequency
standard are due, however, to its mechanical properties
rather than to its piezo-electric effect; its decrement and
temperature coefficient of frequency being superior to
those of any other substance. Quantitatively, the motions
and forces accompanying the vibration of quartz plates
are such that it is doubtful if vibration could be main-
tained regeneratively without resource to the tube.
Today, the measurement of any frequency occurring

The standard-frequency assembly in use. A heretodyne wavemeter at the left is being cali-

brated by means of harmonics generated by the apparatus on the panel.

The operator

is listening in another circuit in which the beats between the two oscillators are reproduced.
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in the range used for electrical communication may be
made with an accuracy approaching one part in one
million. It is safe to say that without the vacuum tube
this precision would have been quite out of the question.
In addition to the measurement of frequency itself, it is
probable that the increased precision obtainable in this
quantity will have a pronounced effect upon the meas-
urement of other electrical quantities. Heretofore, fre-
quency has been determined in many cases, in terms of
known inductances, capacities and resistances. The ac-
curacy with which such quantities were known has been
one of the factors limiting the accuracy with which
frequency could be measured. With the precision now
available in the measurement of frequency, it is entirely
probable that the procedure will be reversed, and that
inductances, capacities and resistances will be measured
in terms of known frequencies. In fact, it appears at
the moment that the only possibility of measuring im-
pedances at the higher radio frequencies must be based
upon this method.

We find that improvements in electrical measurements,
many of them due as we have seen to the vacuum tube,
have resulted in their application to some of the more
fundamental measurements of physical quantities. Time,
as we have already seen, is directly related to frequency.
The advances made in the measurement of frequency by
the use of mechanical systems having suitable properties
have already reached the point where they are capable
of precision equal to that of the best clocks previously
known. The requirements imposed upon timekeepers
and upon frequency standards are practically identical;
in timekeepers, therefore, we also have a mechanical
system executing periodic variations and regeneratively
maintained. The pendula employed in the earliest clocks
are based upon this principle. During the centuries
through which they have undergone development great
ingenuity has been displayed in arranging for the supply
of energy to the pendulum from its driving system. As
we have seen, the vacuum tube has certain characteristics
which make its use in this connection of considerable
advantage. In spite of the fact that no work of major
importance has yet been done, it is to be expected that
shortly the technique of the vacuum-tube oscillator will
be applied to the maintenance of the pendulum with a
consequent improvement in its performance. Although
the application of the vacuum tube to the maintenance
of pendula has not yet been carried to jts logical con-
clusion, the performance of other constant-frequency
systems, such as the electrically maintained piezo-electric
oscillator, has already reached the point where they may
be considered as active competitors. Considered as clocks,
frequency standards now in commercial use are accurate
to better than one-tenth of one second a day. In special
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Making a calibration run on a het-

erodyne wavemeter. The coil of the

wavemeter is coupled to the output

coil of a multi-vibrator which gen-
erates the harmonics.

cases, a constancy of at least ten times this amount has
been obtained. Partly because of the very high fre-
quencies naturally present in such systems, thpy are
admirably suited to the measurement of short time in-
tervals. In this connection, through the use of small
synchronous motors driven directly by vacuum tubes,
these frequency standards have been used in many ap-
plications associated with chronographs, stroboscopes and
similar instruments.

In measurements of length, we find the vacuun tube
actually competing with the microscopfz and with the
telescope. Devices known as ultra-micrometers have
been known for some time. These are based upon t}}e
principle of the heterodyne detector—or modulator—m
which a change of any given amount in a high-frequency
current appears as a change of the same absolute amount
in a low-frequency current; the percentage change in

{Continued on page 577

EVERY HOME A FUTURE ELECTRONIC THEATER

I have not been wortied, by the fact that two or three organizations have
control of the theatres of this country, because there are only 20,000

theatres in the United States.

Potentially there are 26,000,0000 theatres

in this country awaiting development. Every home can ultimately become

a theatre itself.

DAVID SARNOFF,

President Radio Corporation of America.
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Tuned

radio—frequency
amplifiers

By LOUIS COHEN, Ph. D.

Consulting Engineer, Washington, D. C.

the vacuum-tube art, it has not, as far as I know,

been brought out clearly that the problem of the tuned
radio-frequency amplifier is essentially a coupled-circuit
problem, and that all the considerations and conclusions
relating to coupled circuits are applicable to this problem.
In many publications dealing with the subject of tuned
radio-frequency amplification the problem is treated from
the standpoint of conductance, and the impression is cre-
ated thereby that some new phenomena are associated
with the operation of a vacuum tube amplifier which are
not present in ordinary coupled circuits, It is my opinion
that analyzing the problem from the standpoint of
coupled circuits makes more evident and simpler to un-
derstand the factors that govern the efficiency of an
amplifier either from the standpoint of sensitivity or
selectivity, and the method should be, therefore, more
useful to the student of the subject or to one who seeks
improvements in design. Besides, the entire body of
knowledge of coupled-circuit theory is immediately avail-
able for the solution of any problem which may arise
in connection with any modifications in the design of a
vacuum tube amplifier.

Expressing the results in terms of conductances, as
has been done by some writers, would seem rather to
obscure than clarify the problem. If it is stated that
for the efficient operation of a tuned radio-frequency
amplifier it is necessary that a certain relation between
input conductance and plate conductance should obtain,
it does not make it at all clear in which way these con-
ductances depend upon the circuit constants of the am-
plifier, and it is not always easy to appreciate the depend-
ence of the conductances upon the circuit constants.
On the other hand, interpreting the amplifier problem in
terms of resistances and mutual inductance an expression
is obtained, the significance of which is at once evident.

It will be shown that the formule for tube amplifiers
in terms of coupled-circuit theory are convertible into
conductance formule, which establishes the fact, of
course, that the formule are identical and that nothing
new is added to the subject by expressing the formule in
terms of conductances.

A tuned radio-frequency vacuum-tube amplifier may

IN THE literature dealing with problems relating to
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be represented as a coupled circuit, the primary of which
is untuned, and the secondary tuned. The voltage ap-
plied to the primary circuit is the voltage applied to the

o

Flg.2

grid of the tube multiplied by the amplification factor,
and the resistance of the primary circuit is to include
the plate-filament resistance. Fig. 1 shows the circuit
of a tuned amplifier, and Fig. 2 is the equivalent
coupled circuit.

The notations used here are as follows:

R: = internal resistance of tube

R = resistance of the tuned circuit

L, = the plate inductance

L, and C: = the inductance and capacity of the secondary
tuned circuit

M = the mutual inductance between the circuits

# = amplification factor

w = 2r X frequency.
By the usual theory of coupled circuits it can be readily
shown that for this condition the expression for the cur-
rent in the secondary circuit is as follows:

I, = —# Eg Mjw -
L,
- (L1L2— ]Mz)w2 + a + Rst +

. R, 1 )
(L + B Lo — 7
For resonance,
R. 1
L phd .
( 2+R1 Ll)w Czw_o’
(2)

_ 1
w =

Vo (b+ 21)

Since Eg is very small, (R: is of the order of 10 ohms,
1

while R, the plate filament resistance, is of the order 10*
ohms), 1]—%2 Ly is negligible in comparison with L; and
1
(2) reduces to,
1

V L.C,

For the resonance condition, the expression for the cur-
rent in the secondary circuit reduces to,
—uEgMjw
12 - M® + RlRQ

w =

(3

“)

The current is of maximum value when the mutual in-

ductance is adjusted to satisfy the condition,
M = R.R, (5
For this value of mutual inductance, a tuned amplifier
operates at the highest degree of sensitivity. Since the
resistances of the circuits are more or less fixed, the con-
trolling factor in the sensitivity of a tuned amplifier is
the mutual inductance. It is not at all a question of
ratio of turns or low primary inductance, as has been
insisted on by some writers, but altogether a matter of
the proper adjustment of the mutual inductance between
the circuits.
For frequencies appreciably different from the
resonance frequency, the current in the secondary circuit
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is to a fair degree of approximation given by the follow-
ing expression :
—uEgMw

A measure of selectivity is the ratio of the current at
resonance, and the current off resonance. By (4) and
(6) we have

[2’ =

1
I, R (ng— Czw) (7)
= I/ T MW + Rk
In the expression (4) for the current at resonance, which
determines the sensitivity, the mutual inductance factor
occurs in the numerator and denominator, while in the
selectivity expression, formula (7), the mutual induc-
tance factor occurs only in the denominator. Decreasing
the mutual inductance below the critical value given by
(5) decreases the sensitivity, but not in the same degree
as the increase in selectivity, that is, at the expense of
a small loss in sensitivity, by reducing the mutual in-
ductance, a considerable gain in selectivity is obtained.
The amplification of a tuned amplifier may be ex-
pressed in this way: The voltage developed across the
condenser of the secondary circuit is given by

—wEgM (8)

E, = -7
Co(M*® 4+ RiR.)
and
. g E. —uM
Amplification = Eg = Ci(R:Rs + Mw) €))

Hazeltine* derived an expression for amplification in
terms of plate conductance and input conductance which
may give the impression that some factors are involved
peculiar to the tube and that therefore the usual coupled

circuit theory is not appllcable to the problem. The
formula given by Hazeltine is as follows:

E. T

L2 Kgp (10)

Eq = g0 + 79,

As a matter of fact it can be readily shown that

formula (9) transforms into formula (10); one is the
equivalent of the other.

Replace Ry, the series resistance by an equivalent
parallel resistance, by the well-known relation,

1
R,

= Rsczw”’
and (9) transforms to
E. _ _
Eo = 5
v ( Focar + Mw)
— wM_
LAl
R, C. T L.C,
1
* R
T L, W ‘
MR tTLER
1
R, = 9s input conductance
1
R =9 plate conductance
hence
E. Kdp
E =5 M o)
M s + . Ip
39;Prozceedmgs of the Institute of Radio Engineers, Vol. 14, pp.
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For unity coupling, the condition assumed hy Hazeltine
in the derivation of his formula,

L. N. _
M =N =7
M N, 1

L= N =~

where N; = number of turns on primary
N; = number of turns on secondary
and E: K790 (13)

Eg T gp 4+ T9s
which is the Hazeltine formula (10).

It is clear, therefore, that expressing the amplification
in terms of conductances amounts to nothing more than
transforming the well known coupled circuit formula to
express the same results in different terms, and nothing
is added to the knowledge of the subject by so doing. It is
rather an advantage to retain the coupled circuit formula;
it makes more evident the dependence of amplification on
the resistances of the circuits and the mutual inductance,
and shows that the amplification is controlled principally
by the mutual inductance.

The analysis of the problem from the standpoint of
coupled circuit theory offers the additional advantage that
the method is readily applicable to types of coupling other
than the magnetic coupling discussed above. The prob-
lem of condenser coupling, for instance, is readily solved
and it can be shown that by the proper choice of coupling
condenser equally good amplification and selectivity is
obtained as by magnetic coupling. I shall present an
analysis of the condenser coupled amplifier another time.

The future of electronics

[Continued from page nine]

to the devices themselves or to their fields of application.

In the field of communication alone they have assisted
materially not only in great extensions in the range of
communication but have brought about economies, par-
ticularly by allowing smaller gauge conductors to be
used and by making possible the so-called carrier current
systems of multiplex telegraphy and multiplex telephony,
in which several messages are simultaneously transmitted
over the same circuit.

Within certain limitations any very feeble current of
electricity or any small difference of electrical potential
may be amplified through vacuum tube circuits into an
appreciable current or voltage without loss of its dis-
tinguishing characteristics. When it is remembered that
many of our chemical processes, and particularly many
of those of physiological chemistry, involve minute elec-
trical currents or changes in potential, it becomes ap-
parent that the vacuum tube is a powerful tool for in-
vestigation in a multitude of different situations, only
a few of which are so far being attacked by physiologist
or chemist. Although we cannot today predict the pro-
cedure or results, we can, I believe, confidently expect
that the near future will profit amazingly by the appli-
cation of electronic devices to the investigation of living
processes.

Likewise, in many fields not involved with matters of
life organisms, there seem to be great potential possibili-
ties involved in the further development and application
of thermionic devices.

April, 1930 — ELECTRONICS



Some unsolved
problems of
sound-picture

technique

By DR. ALFRED N. GOLDSMITH

Vice-President and General Engineer
Radio Corporation of America

RCA Photophone, Inc.

ONE of the most striking modern applications of

electronic phenomena is the sound motion picture.

Built around the vacuum tube amplifier, both in
studio recording and theatre reproduction, it necessarily
depends for the accompanying speech or music upon the
flying (but suitably controlled) electron in the vacuum
tube. The development of the sound motion picture art
has been an unusually rapid one, after a long period
during which it lay dormant. While sound motion pic-
tures were one of Edison’s earliest dreams in the pioneer
days of his development of the phonograph and motion
picture projector, yet the large-scale commercial ex-
ploitation of this field necessarily awaited the modern
vacuum tube amplifier and the acoustic knowledge which
enabled its proper utilization.

It is quite clear to the workers in the sound motion
picture field that development, while rapid, has by no
means come to an end and that the apex of performance
has not been attained. A number of normal lines of
development are becoming increasingly clear to the stu-
dents of the field. While it is, of course, possible that
sound motion pictures may suddenly take an entirely new
turn, involving a radical change in the methods employed,
vet this appears unlikely. Development will more
probably proceed along fairly conventional and well-
defined lines.

The heir of the pantomime

The sound motion picture is, in a sense, the heir of the
legitimate theatre. The silent motion picture was really
a lineal descendant of the pantomime performances—a
rather limited type of theatrical entertainment which had
practically disappeared from the legitimate stage at the
time of the advent of the silent motion picture. It is a
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tribute to the ingenuity and artistic taste of the producers
of the silent motion pictures that they were able to turn
so apparently unpromising a method as pantomime per-
formances into a highly interesting form of theatrical
entertainment. The wide pictorial possibilities. of the
camera, as compared to the restricted scenic capabilities
of the legitimate stage, were a substantial factor in the
ultimate success of the silent motion picture.

The sound motion picture, however, is the heir rather
of the legitimate spoken drama or comedy. This is at
once an advantage and a handicap. The spoken theatrical
performance has been highly developed through cen-
turies of experience, and there has been built up an
acting group capable of presenting adequately the subtle
shades of meaning of a modern theatrical performance.
Accordingly, sound motion pictures found themselves
in the difficult position of direct comparison with a highly
developed art.

Difficulties with auditoriums

In the theatre, too, the sound motion pictures ran into
physical difficulties. Theatres for many centuries have
been designed either by chance or, at best, to meet the
requirements of the spoken performance. The acoustic
output of the average actor—that is, the amount of
power radiated by him in the form of sound—is very
limited. Hence, theatres were designed in such fashion
as to make the most of this limited sound output. And
audiences adjusted themselves to a charitable attitude
toward the actor when they failed to hear a portion of
the dialogue. After all, he was “human.”

When, however, a close-up face of an actor is pro-
jected on a screen, about ten feet high, and apparently
speaks to the audience, all kindly tolerance of acoustic
defects vanishes. Everybody in the theatre expects to
hear every word and intonation clearly. Otherwise
stated, the audience desires nothing more than “sound
reproduction which is more human than a human being.”
The obvious conclusion is that theatre acoustics must be
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Oscillograph and optical system by

means of which the electrical
energy from the amplifier system is
recorded on the sound track.

the subject of close study and that changes in the con-
struction and acoustic treatment of theatres may properly
be anticipated as a part of the development of the sound
motion picture field.

Theatres are vendors of glamour. All they have to
sell, after all, is illusion, and the better the illusion the
more satisfied the audience. Showmanship is presumably
the art of creating acceptable illusions and inducing the
public to witness them (at a price).

Appealing to all the senses

If we coldly examine the elements of an illusion—
which is exactly what the audience should never be per-
mitted to do—we find that it is merely the synthesis of
a number of sense impressions. If we could, by physical
means, duplicate the sound, appearance, solidity, and
odor of a scene in a flower garden, for example, with
so high a degree of perfection that all our sense organs
were deceived, the audience would believe itself to be
looking upon an actual flower garden.. We are far from
having attained this ideal, but nevertheless, it should _be
kept in mind as the most important aim of showmanship.

Some may object, at this point, that many desirable
theatrical performances are purely fantastic and repre-
sent, quite properly, scenes, peoples, and acts which
never existed and perhaps never could exist. While this
is true, the fact remains that the theatrical performance
in this case is merely the  accurate reproduction of a
vision or dream in the mind of the author of the drama
and the more accurately it is reproduced, the better the
performance from the viewpoint of the audience. In
other words, even a fantasy should be accurately
reproduced.

As soon as we examine sound reproduction by elec-
trical means in a theatre we find that it differs rather
markedly from sound reproduction in actual life. For one
thing, an actor is a sound source of curious shape and
small dimensions, he is highly mobile, and his range
of sound intensities from a shout to a whisper is enor-
mous. An orchestra, on the other hand, is a highly
distributed source of sound, each component of which
has its own directional characteristic. The sound volume
range of the orchestra is even more extreme, as is clear
when one contrasts the faint notes of a softly played
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violin solo with the thunderous crash of the full or-
chestra. He would be a bold man who would claim
that our present methods of sound reproduction in the
theatre, generally satisfactory as they are to present-day
audiences, represent more than a first approximation to
a perfect imitation of the original performance.

Some limitations put on tone fidelity

The range of frequencies adequately reproduced in
the sound motion picture theatre is at present limited
by the house acoustics, the reproducing system, and the
limitations of the recording process. Obviously, if the
recording process is one in which a large amount of
“ground noise” is inherent (perhaps in the form of a
hiss during supposedly silent portions of the per-
formance) the reproduction of soft speech or faint music
is difficult, if not impossible. All musical and speech
reproduction is affected because, in an attempt to get
rid of the annoying ground noise, it is rather usual
practice to insert cut-off filters which reduce the high
frequencies above 3500 cycles which give so much crisp-
ness to music, and characteristic quality and naturalness
to speech. It is unfortunate that the sound spectrum
of ground noise should lie predominantly in a region
which is of real importance in the reproduction of speech
and music.

It is desirable to pass over the control of the color
and intensity of theatre lighting, the dissemination of
perfumes, and the production of other sensational ef-
fects through electrical control in the theatre at this
time, since these refinements may well await further
progress along lines of major and more important de-
velopment. The production of color in motion pictures,
and of the impression of solidity, are not primarily
electronic problems in their present state. Colored
motion pictures are developing apace and probably will
be found in widespread use on a large scale within the
next few years. Pictures giving the impression of
actual solidity (that is, true stereoscopic vision) are in a
much more rudimentary condition, and it cannot be said
that any generally satisfactorily and practicable method
for the production of such pictures has as yet been
demonstrated or particularly plausibly suggested.

Better portable recorders needed

In the recording end of sound motion pictures, there
are a-number of divisions which require careful con-
sideration. The subject of studio acoustics is certainly
in dispute at present and articles by authorities of
supposedly equal rank will differ sharply on the nature
of desirable acoustic treatment for studios and on the
proper placement of microphones.

The extremely light and portable recorder is only
partially developed, and lack of these devices is felt in
news-reel work and in certain types of location record-
ing. There are types of outdoor scenes where a highly
portable recording outfit would be of great value, but
presumably such an outfit depends, in part, on the pro-
duction of vacuum tubes of suitable characteristics.

In general, it may be said that the vacuum tube,
through its important application in the amplification
of sounds, has revolutionized the sound motion picture
field and is likely to bring about fundamental changes
in the construction and utilization of theatres and the
equipment used in the theatre, all with the aim of the
production of a more perfect illusion of the actual event,
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ABOVE—In steel mills, the red-hot billets
& are reversed as they come from the rolls, by
photo-cell controls.

BELOW—This big electric sign at Newark,
N. ]., is lighted at dusk each evening by the
photo-cell at right of window.

ABOVE—Little eyes are safeguarded by this
photo-cell switch, which turns on the school
room lights when darkness falls outside.

BELOW-—A power-line carrier-current dis-
patching system, by which operators can talk
over high-tension lines.

BELOW—The electron-tube control of the