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The hotter...the better

Carbon has a peculiar quality—it’s at its best when “the heat is on”

IN THE ROARING HEAT of steelmakers’ furnaces, molten
metals boil and bubble like water in a teakettle.

STANDING FIRM in the intense heat of many of these
furnaces are inner walls made of blocks of carbon.

Because pure carbon laughs at heat—actually grows
stronger as it gets hotter—it has become vitally im-
portant in making iron, steel, and many of the other
things all of us use every day.

IN CHEMISTRY, carbon and its refined cousin, graphite,
handle hot and violent chemicals that would quickly
destroy metal or other materials. Today there are
pumps, pipes, tank linings, even entire chemical-process-
ing structures—all made of carbon or graphite.

UCC... AND CARBON—T'or over 60 years the people
of Union Carbide have pioneered in the discovery, de-
velopment, and production of many carbon and graph-
ite products for both industry and the home. This is
one more way in which UCC transforms the elements
of nature for the benefit of all.

FREE: Learn how ALLOYS, CARBONS, GASES, CHEMICALS, and

PLASTICS improve many things that you use. Ask for “Products
and Processes” booklet H.

UntonNn CARBIDE

AND CARBON CORPORATION
30 EAST 42ND STREET  [I[d4 NEW YORK 17, N. Y.
In Canada: UN1ON CARBIDE CANADA LIMITED

- — ————— UCC’s Trade-marked Products include — — —— S——

NATIONAL Carbons

ACHESON Electrodes
KARBATE Corrosion-Resistant Equipment

ELECTROMET Alloys and Metals
EVEREADY Flashlights and Batteries

HAYNES STELLITE Alloys PRESTONE Anti-Freeze
PREST-O-LITE Acetylene
BAKELITE, VINYLITE, and KRENE Plastics

LINDE Oxygen
PYROFAX Gas Dynel Textile Fibers
SYNTHETIC ORGANIC CHEMICALS
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One Phase of the search for answers to high-temperature ques-
tions is the continuing development and testing of new alloys. Here
Inco metallurgists pour a carefully controlled composition of

What causes

Strange reactions can take place when
metals and alloys are exposed to high
heat.

Even common soot and the air itself
become destructive corrosives that can
disintegrate a metal and waste away
its strength. The more these reactions
are studied the more evident it becomes
that the damage caused by high tem-
perature corrosion is one of the most
serious reasons for metal failures.

Unless a metal or alloy can resist
destruction by its corrosive environ-
ment under operating conditions, it
makes little difference how high or low
its mechanical properties may be.

No single metal or alloy can resist
all these corrosive conditions. For 20
years Inco metallurgists have been ex-
perimenting with carefully controlled

compositions of metals . . . searching

metals from their laboratory radio-frequency induction furnace.
The resulting alloy may help to solve some of the unanswered
high-temperature problems facing engineers today.

high-temperature failure?

for the answers to the problems posed
by expanding temperature frontiers.
From this work have come such strong,
heat-resisting alloys as Inconel and
Inconel “X”, Incoloy and the Nimonic
Alloys.

Yet with the gas turbine seemingly
held in check by the temperature limits
of metals, with the chemical and petro-
leum industries moving from “red-hot”
to “white-hot” process temperatures,
and with the development of the rocket
engine and nuclear power pushing
ahead, you may be asking yourself,

“Have metals reached their limit of
practical service at today’s operating
temperatures?”

Inco Nickel Alloys

Inco metallurgists think not. Who
knows what future research programs
may reveal?

If you have a problem involving
high temperatures, the solution may
already be in the files of Inco’s High
Temperature Engineering Service. If
not, our engineers will be glad to work
with you to find it. The first step is to
write for a High Temperature Work
Sheet, our form that helps you outline
your problem for study. After that it
is up to us. There is no obligation on
your part.

The International Nickel Company, Inc.
67 Wall Street New York 5, N. Y.

MONEL® ¢ "“R"® MONEL * “K"® MONEL
“KR"® MONEL * "’§""® MONEL * INCONEL®
INCONEL “X"® * INCONEL “W"®
INCOLOY® ¢ NIMONIC® ALLOYS * NICKEL
LOW CARBON NICKEL * DURANICKEL®
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Tomorrow’s Design Today...

Airplane design involves a staggering
amount of data processing—a seemingly
endless number of computations and
tests between the drawing board and
the production line. Every hour...every
day...every week gained here brings
the time when the finished plane takes
off on its first flight just that much closer.

In the aircraft industry, as in many
other engineering applications, the
Remington Rand ERA 1103 Electronic

Computing System has proven how
easily it can handle the most difficult
research problems. Here are some rea-
sons why leading aircraft builders and
other prominent users are counting on
the ERA 1103 these days:

Because of its ability to reduce large
volumes of data at extremely high
speeds, the ERA 1103 is the ideal com-
puting system for scientific applications.
Its speed is matched by many other out-

The E.R.A. 1103 Computing System

standing characteristics: superb oper-
ating efficiency, obtained through large
storage capacity . ..great programming
versatility... the ability to operate simul-
taneously with a wide variety of input-
output devices...and far greater reli-
ability than any computer in its class.

For more information about the ERA
1103, or for information about how you
might apply the system to your particu-
lar problems, write to ...

[ J
ELECTRONIC COMPUTER DEPARTMENT, nenunytau. Rand ROOM 1915, 315 FOURTH AVE., NEW YORK 10

2
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are keyed to fit
your needs!
80

the all-purpose sequestering agent

specific for iron

specific for iron in caustic

INDUSTRIAL

purposes

other specialized products
for textile wet-processing
and other industrial uses,

ANTISTATIC AGENT
BACTERICIDES
CURING ASSISTANT

we also

manufacture DETERGENTS
EDTA DYEING ASSISTANTS
—in the name of DYE FIXATIVE
PERMA-

EMULSIFIERS
KLEER-50 .

as specialists
in the
development
of sequestering - .
agents, we suggest you send for
our latest revised booklet
explaining testing methods

and comparisons, pages 30-31-32

FUNGICIDES
GAS FADING INHIBITORS
METAL CLEANING COMPOUND
RESINS

SCOURING AGENTS
FOR SYNTHETIC FIBERS

SEQUESTRANTS
SOFTENERS
WATER REPELLENTS
WETTING AGENTS

A
ﬂ ////{ ~ PRODUCTS

CORPORATION

Manufacturing- Chemists

636 SCHUYLER AVENUE ¢ LYNDHURST ¢« NEW JERSEY

TEXTILE DIVISION REPRESENI’AI‘!VES INDUSTRIAL DIVISION REPRESENTATIVES
Southern: CARBIC - MOSS CORP., 2511 Lucena street cnarloms N.C. New Engand: AMERICAN CHEMICAL & SOLVENT C0.,15 inster St., 3,R.1.
New Engand: AMERICAN GHEMICAL & SOLVENT Co., St., Provi 3,R.i.  Midwestern: UEBEL CHEMICAL CO., 410 N. Mlchllan Ave., Chicago 11, lI|Inois
California: SIDNEY SPRINGER, 311 S. San Pedro St., l.os Angeles 13, camorma Midwestern (Detroit Area): R. A. WILLIHNGANZ 205 East Ann St., Ann Arbor, Michigan
New York: CARBIC - MOSS cnap 451-453 Washmlton St,N.Y. 13, N. Y. Southwestern: RELIANCE CHEMICALS CORP., 2437Y2 University Dlvu.. Houston 5, Texas
Canadian: RELIABLE CHEMICAL PRODUCTS CO., 85 Cannon st W., Hamilton, Ontario Salt Lake City: HYLON-KOBURN CHEMICALS INC., 228 W. 3rd South St., Sait Lake City 1, Utah
European: CHEMITALIA COLORI, Corso Venelua N. 56, Malano, ltaly Paper Division: STECKER CHEMICAL INC., 162 E. Ridgewood Ave., Ridgewood, New Jersey
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The Convair XFY-1’s power plant
is an Allison T40 turbo-prop en-
gine, using some 80 New Depar-
~. ture ball bearings in 30 sizes.

—— :
Here, New Departures mean pre-
cise location of moving parts . . .

preserve shaft alignment and ac-
curate pitch-line contact of gears.

|
BEARINGS

for a "Pogo” Pilot  ~u,, ,, w* ™. S

&

Vertical take-off! Tailfirst landing! Fighter action! It’s the
Navy’s newest—the Convair XFY-1 “pogo stick.”

In its Allison T40 turbo-prop engine, some 80 New
Departure ball bearings assure positive positioning of mov-
ing parts. And in the hub mechanisms of the Curtiss-Wright
Turbolectric propellers, New Departures carry heavy loads.

NEW DEPARTURE

BALL BEARINGS

Throughout defense and industry, you’ll find New
Departure ball bearings ideal for countless applications.

BEW DEPARTURE

So whatever your bearing problem, talk with your New Plants
Departure engineer now’ in Canada: McMinnon industries. Ltd St Catharnes. Ontario

4
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Lockheed Missile Systems Division

Lockheed Aircraft Corporation : Van Nuys, California

An Invitation to
Physicists and Engineers:

High temperature plays an important part in the missile
systems field. Temperature information derived from
the studies of the upper atmosphere and of meteors is
being related to our missile work

Missile systems research and development is not con-
fined to any one field of science or engineering. Broad
interests and exceptional abilities are required by the
participants. Typical areas include systems analysis,
electronics, aerodynamics, thermodynamics, computers,
servomechanisms, propulsion, materials research,
design and fabrication.

Because of the increasing emphasis on the missile
systems field, there is opportunity to share in technical
advances which have broad application to science and
industry.

Those who can make a significant contribution to a group

effort of utmost importance --as well as those who desire
to associate themselves with a new creative undertaking -~
are invited to contact our Research and Engineering Staff.

N GPiciesaota

E. R. Quesada
Vice President and
General Manager
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marion’s
approach

TO
INSTRUMENT MECHANISM
DESIGN . ..

In any aircraft instrument system, reliable performance
depends on an indicating mechanism which presents the
information accurately, rapidly, simply and intelligenily to
the pilot. To Marion, who makes both moving coil -
mechanisms as components of indicating systems and
complete integrated systems, this means specifically
designing mechanisms to accomplish system objectives in
an environment of vibration, rapid attitude changes and
other influences, with full realization of the human
elements involved.

This approach is represented by Marion’s MEP-1 and
Coaxial Mechanisms, which were designed to meet
specific performance requirements in an indicating
assembly for radio navigational use. The MEP-1
exhibits exceptional, gyro-like stability even under
the influence of severe vibration and rapid attitude
changes. The Marion Coaxial Mechanism is an
extremely small, lightweight and rugged movement;
its performance and durability exceed that of
much larger and heavier moving coil mechanisms.

These are typical Mechanisms by Marion — examples
of advancement in instrument design to better meet
the critical needs of specific applications. Marion invites
your inquiry concerning the application of
Marion Mechanisms to your problems.

Marion Electrical Instrument Company. 416 Canal Street,
Manchester, New Hampshire, U.S. A.

THaro

Pal. O,

marion meters

MANUFACTURERS OF RUGGEDIZED AND “REGULAR" METERS AND RELATED FRODUCTS

advancement
in instrument
design

Copyright 1954 Marioa
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HOW NMANY DECIBELS IN A DIN?

The development by Altec Lansing engineers of the M14 High

Intensity Microphone System marks a great step forward in the accurate
measurement of industrial-sound. It provides reliable indication of the
approach to dangerous noise levels and permits precise control.

It is particularly applicable for measurement and analysis of pulsed or
continuous sound levels of high intensity.

The M14 High Intensity Microphone System is another milestone

in the story of accomplishment by Altec Lansing engineers—

men and women who have contributed outstandingly to progress in
the field of sound. No aspect of sound development, no matter
how specialized, no phase in the manufacture of audio equipment
is outside the scope of the Altec Companies.

Priceless experience and the highest standards of craftsmanship
coupled with a select staff of outstanding engineers drawn from
throughout the world have earned for the Altec Companies an
unquestioned position of leadership in the field of sound.

If you have any problems relating to sound, call on the

Altec Companies for help...in research, development,
manufacture and maintenance. Altec quality is top quality in
the field of sound.

THE ALTEC COMPANIES

DEALERS EVERYWHERE

ALTEC
S| @PEERLESS oo o oo o

ELECTRICAL PRODUCTS ' 161 Sixth Avenue, New York 13, N.Y.
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BUSINESS IN MOTION

{M (%7«14 e %mtm owm&w .

There is an interesting story behind the brass forging
shown here. It is part of a high-pressure lubricator.
Originally a casting was used, but this proved to be
more expensive than expected, due to blow holes, sand
inclusions and the like; there were too many leakers,
too many rejects. It then was decided to assemble the
part out of four different brass items. The bottom was
a forging, the top was machined out of round brass
rod, and the two side supports were rectangular brass
rod. To assemble, the four parts had to be accurately
aligned, and silver soldered
together. The result was an
improvement, but costs were
still too high, due to the
time-consuming assembly
process, and the expensive
silver solder.

It was then suggested that
the entire part perhaps could
be made as a one-piece forg-
ing. Could Revere do it? We
thought we could, and our
forging people sat down with
the lubricator manufacturer,
studying blueprints and spec-
ifications. When both parties thoroughly understood
both the possibilities and the limitations a bid was
made, and accepted. Introduction of the forging on a
production basis showed sizable economies. Machin-
ing is done more quickly, output is increased, rejects
have decreased to practically zero. In addition, the
part is better in every way.

The forging processis an excellentone,and has wider
applications than many people realize. As in the case

reported here, rather intricate shapes can be forged,
shapes that many people would consider would have
to be built up of several parts. The Revere files con-
tain many similar examples of parts formerly expen-
sively put together but now delivered to the customer
in a one-piece forging, with resultant economies.

Revere produces forgings in copper, brass and other
copper-base alloys, and in aluminum alloys. Many
forgings begin as extruded shapes which have the
correct form to fit the forging dies with a minimum of
“flash.” When the dies close
on the hot metal, design de-
tails, including names and
numbers, are accurately re-
produced. The metalis dense,
being twice wrought, and has
a typical smooth forged finish.
Customers find that a Revere
forging usually is ready for
assembly after a minimum of
simple machining operations,
such as drilling and tapping
a hole or two.

The point about this story
is that Revere, as a supplier,
was able to collaborate with a customer, and show
how to use a special process to make an intri-
cate part better and at less cost. Perhaps your
business, no matter what it is, could benefit by
the knowledge and skill of your suppliers. They know
what can be done with their materials. Why not
take them into your confidence, and ask them how
you can save money? It might very well pay
you handsomely.

REVERE COPPER AND BRASS INCORPORATED
Founded by Paul Revere in 1801
Executive Offices: 230 Park Avenue, New York 17, N. Y.
SEE ‘MEET THE PRESS’ ON NBC TELEVISION, SUNDAYS
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Im in MeMakinq.’

The ARALDITE® Epoxy Resins developed by Ciba are
simplifying manufacturing methods, improving product
efficiency and opening new fields of product develop-
ment. The formulator and the end product producer
will want to know more about them. We at Ciba want

LARGEST
TRANSFORMER

CASTING

2200 Ibs. of Ciba
Araldite Epoxy
Resin were cast to
enclose the elec-
trical components
by the Pacific-
Oerlikon Com-
pany.The Araldite
resin, with the elec-
trical properties
recommended for
this field of use, is
described below.

to help you further your development.

CIBA ARALDITE SPORTS CAR BODY

The complete body unit illustrated here was constructed
by using CIBA contact pressure laminating Epoxy Resin. The
physical properties of the Araldite resin recommended for

this type of application are described below.

ELECTRICAL PROPERTIES OF CASTINGS PHYSICAL PROPERTIES OF CONTACT PRESSURE LAMINATES
MANUFACTURED WITH ARALDITE 6060 MANUFACTURED WITH ARALDITE 502
Property Test Method Values (using 181 cloth with various finishes)
Dielectric St th,
Sl;eo:cT::e? ‘r/:""gSec'ion Property 112 Finish Volan A Finish | Garan Finish
(volts/mil) ASTM D 149-44 400-410
Surface . Resistivity
(ohms) ASTM D 257-49T >5.7 x 10"
Volume Resistivity Flexural 41,000 65,000 47,000
(ohm-cm) ASTM D 257.49T >8.0x 10" Strength, PSI
Dielectric Constant: ASTM D 150-47T
26.7°C.
60 cycles 3.89 Modulus of
10° cycles 350 Elasticity in 2,01 x 10° 2.23 x 10° 1.88 x 10°
Power Factor ASTM D 150-47T Flexure, PSI
26.7°C. Resin Content Wt. % 40 42 40
60 cycles 0.0012
10° cycles 0.026 Lominate Thickness 0.085" 0.085" 0.085"

CIBA

‘ﬂv

r—-———>—=———""""">"""1

PLASTICS

| CIBA COMPANY INC. omson
l 627 Greenwich St., New York 14, N.Y.

Please send me full information on The CIBA ARALDITE Epoxies.

Name

S.A.-l

®
s EpOYeA

Title

Company.
Address

|

|

I

| Type of Business
L
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EASING TONS DOWN LIKE A FEATHER

has taught us how to solve

your impact-cushioning problems

“I dozed off over Altoona and never even
woke up when we landed. ..”

The same hydraulic and pneumatic
principles that let you sleep right
through the landing of a 70-passenger
transport are being used in industry
and transportation to sop-up costly
jolts and bolt-cracking shake.

We can engineer absorbers only inches
long...to control mere inch-pounds
of vibration...or yards long to handle
many foot-tons of impact. As the
world’s largest producers and designers
of aircraft landing gears, we have

learned how to serve all industries —
In many ways.

The machines you build, the precision
equipment you ship, could probably
work better, travel safer, if they were
cushioned by Cleveland Pneumatic
absorbers using air-and-oil or oil alone.

You are invited to write for infor-
mation about our
facilities and some
typical shock-absorb-
ing problems we
have solved. Write
for Booklet D-9.

TO MOVE WITH LESS EFFORT

Combining the screw with balls enablcs Cleveland Pneumatic’s

patented ball-screw actuator to drive with as little as 10% fncnon
. compared to as much as 50% for ordinary screw drives. Y,

can cut the weight of a drive system, reduce its space, lessen us

cumbersomeness, increase its control accuracy, and provide

pin-point positioning. Let our engineers work out your ideas for

using our ball-screw actuators.

DEPARTMENT D-9 ¢ BALL-SCREW MECHANISMS ¢ AIR-OIL IMPACT ABSORBERS * World’s Largest Manufacturer of Aircraft Landing Gears

© 1954 SCIENTIFIC AMERICAN, INC
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High Vacuum Furnaces...
Buit-by Pgpre Who & lhem

I here are a lot of things about vacuum furnaces that are hard to predict.
You can’t always work them out ahead of time on & slide rule. But time and
again you can pull sound answers out of a backlog of experience.

The best training in designing and building vacuum furnaces is to run
them — lots of them — all types — year after year.

That's just the kind of experience we have herc at National. We’ve not only
built more vacuum furnaces — but we have gperated more than anyone else
and over a longer period of time.

We think that’s an important reason National’s vacuum furnaces are
engineered so closely to our customers’ production requirements and why
they have such a “trouble-free” reputation. NRC Vacuum Furnace bulletin
now in preparation. Send your name for a copy.

National Research Corporation

Equipment Sales Subsidiary: NARESCO EQUIPMENT CORPORATION

l 160 Charlemont St., Newton Highlands 61, Mass.
OFFICES: PALO ALTO, CALIF. « CHICAGO « CLEVELAND « NEW YORK CITY
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FROM ARCTIC CHILL
TO VOLCANIC HEAT

IN 3 FEET AND 10,000 RPM.

You can almost hear the metal parts of the rotor trying
to protest...superfrozen at the intake by Arctic cold...
superheated by highly compressed air at the outlet only
3 feet away. And the whole mechanism is built to rotate

smoothly at over 10,000 rpm.

From making the parts and complete assemblies for jet air-

craft engines, the Jet Division has gathered a vast amount

of information on how metals behave at high temperatures.

And how different metals work together under extremes

of heat and cold, and of stress and rotation.

Our research and development facilities are equipped to
take on your high-temperature problems and projects.
We give you answers and designs based on a half-century
of experience in making metal parts tougher and stronger
to combat ever-greater operating temperatures in engines

and machines.

Tell us when to call, to work on your high-temperature

problem.

© 1954 SCIENTIFIC AMERICAN, INC

Thompson
Products, Inc.

DEPT. JS-9 « CLEVELAND 17, OHIO
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Now...the answer to high-resolution recording of test data

... the Extended Range SlectraniK Recorder

BROWN ELectROoMK

Closeup of indicating scale. Upper pointer shows
millivolts withinthe span;lowerpointerindicates
millivolts to be added. Tota!l reading: 4.58 mv.

Desienep especially for recording wvariables
which change over a wide range, this new Elec-
troniK instrument records on a chart effectively
55 inches in width. It has five equal measuring
spans. Whenever the variable being measured
reaches either the upper or lower limit of one of
these ranges, the instrument automatically steps
to the adjoining range and continues recording.

Two indicating pointers show the range in use
and the value within the range. Connected to
each pointer is a pen; one draws a purple record
showing the range, the other draws a red record
of the variable itself. To get the complete read-
ing, you simply add both pen or pointer indica-
tions.

The complete range is 10.2 millivolts, in five

2-millivolt steps with an extra 0.2 millivolts on'
the high end of each span to provide an overlap
that facilitates measurements near the change-
over point. Pen speed of 414 seconds full scale
affords rapid response to quickly changing vari-
ables.

You’ll find this new instrument particularly valu-
able in strain gage measurements and in dozens
of other uses where high resolution aids interpre-
tation of data. Your nearby Honeywell sales engi-
neer will be glad to discuss your specific applica-
tion . . . and he’s as near as your phone.

MINNEAPOLIS-HONEYWELL REGULATOR Co.,
Industrial Division, Wayne and Windrim
Avenues, Philadelphia 44, Pa.

® REFERENCE DATA: Write for Data Sheet No. 10.0-18, “‘Extended Range Recorder.”

H Honeywell

BROWN

INSTRUMENTS

Fosts i Coitnly
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Walking through searing flames—such was the test of
innocence or guilt in the cruel “trial by fire.” Practiced in
Western Europe during the early Middle Ages, the trials
were decided by a judge, based upon the theory that only
the innocent would survive without severe injuries.

When it comes to surviving industry’s “trial by fire,”
there’s nothing quite like ALCOA Aluminas—they can
take it! In process after process—where the fire is
the hottest—you’ll find refractories made with ArLcoa
Aluminas are the strongest . . . withstand the heat and
last the longest!

These commercially pure, highly inert aluminum oxides
offer unmatched characteristics to makers of high-
temperature ceramics. Super-duty refractories for fur-
naces and glass tanks, spark-plug porcelains, special
cements, heat-exchanger pebbles, laboratory ware, cat-
alyst-bed supports, and other products still in the experi-

14

m g m... ALCOA Aluminas can take it!

mental stage—all perform better, longer, when they
contain ALCOA Aluminas. And performance improves
as the alumina content increases!

Let us tell you about the exceptional high-temperature
performance record of ALcoA Aluminas. Their out-
standing thermal, physical, chemical and electrical prop-
erties may have profitable applications in your business.

Write to ALUMINUM COMPANY OF AMERICA, CHEMICALS
Division, 706-3 Alcoa Building, Pittsburgh 19, Pa.

CHEMICALS

ALUMINUM COMPANY OF AMERICA
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fits your
oscillographic
recording need??

Sanborn ““150” Recording Systems that put to use the original
design concept of amplifier interchangeability (illustrated at the
left) start with either a four-channel or two-channel standard
Basic Assembly, to which the user adds
whatever selection or combination of pre-
amplifiers (A) are needed for his recording
problem. The standard Basic Assemblies
comprise a metal Cabinet, Recorder, and
a built-in Driver Amplifier and Power
Supply (B) for EACH channel. Presently
available Preamplifiers are: AC-DC, Car-
rier, DC Coupling, Servo Monitor, Log-
Audio, and Low Level Chopper.

As a graphic ple of the design idea

that has brought new versatility to industrial
recording, a Carrier Preamplifier (A) is
shown above in position to plug into a
Driver Amplifier in framework with Power
Supply (B) which are normally already in
place in the Basic Cabinet Assembly.

The identical design principles of the
four-channel system ore provided in the
two-channel, the only difference being the
number of channels.

Advantages common to ALL Sanborn
Recorders are: inkless recording (by
heated stylus) on plastic coated strip
chart paper, and in true rectangular
coordinates . . . high torque galvanometer
movement . . . time and code markers . . .
numerous paper travel speeds.

2-CHANNEL

‘“150”"

COMPLETE FOUR-CHANNEL SYSTEM
FOR USE WITH ANALOG COMPUTERS

This ‘150" system consists of a Cabinet
Assembly, a four-channel Recorder, and two
dual channel DC Amplifiers. Each amplifier
is complete with a common power supply.
Each measures and records two separate
single-ended signals, at sensitivities between
one and one hundred volts per centimeter.
The two-channel
version of this
system will
comprise Cabinet,
two-channel
Recorder,and
one dual channel
amplifier,

‘150"
SINGLE-CHANNEL RECORDER

A compact, lightweight unit for use when only
one channel is required — provides permanent,
inklessrecording in ¢rue rectangular co-ordinates;
five paper speeds (5, 10, 25, 50, 100 mm/sec.);
extra stylus for either manual or remote timing
and coding marks. Designed for simple, patch
cord connection to any of the several ‘150
preamplifiers (plus driver amplifier and power
supply), avail-
able soon in
portable metal
Cascs.

Catalog and technical
data on all "150" equip-

Ask, also, for a copy of the ment available on

Right Angle = a Sanborn pub-
lication devoted to oscillo-
graphic recording in industry.

re-
quest.

SANBORN COMPANY
ﬂ ﬁ 'é. {z. 7y
CAMBRIDGE 39, MASS.
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Why the
*10,000 a year

man of the

1940’'s

must be the

*20,000 a year

man of today

1940's TAXES
and
COST of LIVING

1954's TAXES
and
COST of LVING

If you’re in your late twenties, your
thirties or middle forties, you grew up
in an era when $10,000 was considered
to be an excellent salary. Over and over
again, you heard the “$10,000 a year
man” referred to as a symbol of success
in business.

Early impressions of this kind somehow have a way of staying with us; and
even today there’s an aura of “magic” about that $10,000 figure. Actually, in terms
of buying power, the $10,000 a year man of a decade or so ago must now earn
more than $20,000 to maintain his previous standard of living—to say nothing
about the improvement he should expect of himself in ten years.

The goal one sets for himself often determines the degree of his success. The
time may have come in your life when you must decide whether you are going to
make a substantial success or just a living.

Send For Your Free Copy of “Forging Ahead in Business”

The coupon below invites you to make that decision today . . . invites you to
send for a free copy of “Forging Ahead in Business,” which outlines a plan for
executive training so complete and so scientific that each day carries subscribers
closer to their chosen goal.

This booklet was written exclusively for men who are genuinely concerned
about where they are going to be in business a few years from now—and how
they are going to get there. It is sent to you without cost. But there are no copies
for the merely curious. Only men who are truly ambitious are asked to return
this coupon.

ALEXANDER HAMILTON INSTITUTE
Dept. 260, 71 W. 23rd Street, New York 10, N. Y.
In Canada: 57 Bloor St., W., Toronto, Ontario, Canada

Please Mail Me, Without Cost, a Copy of Your 48-Page Book—
“FORGING AHEAD IN BUSINESS”

Name _ . T

h Firm Name

| Business Address

Home Address
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LETTERS

In his review of the new translation
of Pierre Duhem’s The Aim and Struc-
ture of Physical Theory [ScCIENTIFIC
AMERICAN, August], Max Black has both
ignored the chief point at issue between
Duhem and his critics and implicitly en-
dorsed Duhem’s erroneous view on this
issue. For at least 2,500 years philos-
ophers have been arguing that there is
a metaphysical reality behind appear-
ances (a noumena behind phenomena)
which scientists cannot observe but
which metaphysicians can reason about.
Priests and theologians also believe in an
unobservable reality which scientists
cannot observe and study. The key facts
about Duhem are that he agrees with
both philosophers and theologians on
this point, that he wrote his book to
make this point, and that he is therefore
obviously not a positivist.

The essential and distinguishing fea-
ture of positivism is complete rejection
of the ancient dogma that there is some
kind of reality behind appearances. Posi-
tivists affirm that men can study and
know only what they can observe, and
that the only correct method of study is
the scientific method.

Early positivists treated the question
of whether there is an unobservable
reality behind appearance as meaning-
ful. Modern or logical positivists con-
sider it meaningless because it is im-
possible to conceive of any method of

Scientific American. September, 1954; Vol. 191,
No. 3. Published monthly by Scientific American,
Inc., 2 West 45th Street, New York 36, N. Y.;
Gerard Piel, president; Dennis Flanagan, vice
president; Donald H. Miller, Jr., vice president
and treasurer. Entered at the New York, N. Y., Post
Office as second-class matter June 28, 1879, under
act of March 3, 1879. Additional entry at Green-
wich, Conn.

Editorial correspondence should be addressed to
The Editors, ScieEntiFic AMERICAN, 2 West 45th
Street, New York 36, N. Y. Manuscripts are sub-
mitted at the author’s risk and will not be returned
unless accompanied by postage.

Advertising correspondence should be addressed
to Martin M. Davidson, Advertising Manager,
ScienTIFIC AMERICAN, 2 West 45th Street, New
York 36, N. Y.

Subscription correspondence should be ad-
dressed to Circulation Manager, SCIENTIFIC AMERI-
CAN, 2 West 45th Street, New York 36, N. Y.

Change of address: Please notify us four weeks
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zone numbers, if any.
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$14. All other countries: 1 year, $8; 2 years, $12;
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SILICA AEROGELS

500 billion particles per cubic inch produce remarkable

physical structure which enables aerogels to kill weevils,

flat varnishes, or thicken liquids with equal ease

HE STORY of aerogels begins in the
Tearly thirties with a brilliant experi-
ment by Dr. S. S. Kistler. Working in the
laboratory, he produced gels unlike any
ever made. Gels in which air replaced
water. With them, he clearly proved that
water is not an integral part of gel structure.
And he named the new materials aerogels.

There the story should end. Aerogels
were only part of the experiment. They
were difficult to make. They were expen-
sive. They would soon be forgotten.

But it didn’t turn out that way, for
one important reason — physical struc-
ture. As the first commercial producers
of a silica aerogel —we call it Santocel —
we found its structure worth a lot of
trouble to obtain.

And we did have trouble. We had to
find a production method which would
(a) wring the water out of the silica
hydrogel, (b) replace the water with air,
and (c) still allow no shrinkage in volume.
(We finally did it, but how is another
story for another time.)

The structure itself, when first studied,
reminded one of our workers of Church-
ill’s phrase about ‘“‘a riddle wrapped in a
mystery inside an enigma.” We finally
picture Santocel (see photograph) as a
tenuous webbing of microscopic filaments
which envelop thousands of minute air
cells. This means Santocel has a remark-
ably large surface area, is chemically inert,
highly porous and incredibly light.

We’ve found this structure ideal for
some unusual jobs. In thickening, for
example, Santocel is extremely effective
for altering the viscosity of nonpolar
liquids. This has made it worthwhile as a
thickener in printing inks, resins and
various pastes.

Santocel is also versatile in other ways.
Laboratory tests show that it has the
lowest thermal conductivity of any known
substance. This makes it ideal for ex-
tremely low temperature insulation in
liquid oxygen plants and similar applica-
tions, where it saves up to 50% on insu-
lation space.

Santocel does other things, too. It is a
flatting agent for varnishes and lacquers;
a grinding aid for powdery materials; an
anticaking agent for insecticide dusts;

STRUCTURE OF SILICA AEROGEL shown in electron photomicrograph consists of
primaryeParticles of B-Crystobalite, about 8 Angstroms in diameter. These chain together
to form “a tangled brush pile” of interlocked fibers and give the gel its unusual properties.

and a mold lubricant. It can even act as
an insecticide in nonfood grains and kill
weevils and other insects by abrading the
coating of their cuticle.

Moral of our story: in all of these
applications the unusual properties of San-

Monsanto CHEMICAL COMPANY
Department S-2

Inorganic Chemicals Division
1700 South Second Street

St. Louis 4, Missouri

Gentlemen:

I am interested in Santocel for...

Name..

MONSANTO

CHEMICALS ~ PLASTICS

Please send booklet, “Industrial Applications for SANTOCEL.”

tocel perform unusual jobs. Perhaps these
same properties can now help solve the
processing or product problem facing you.
For more information why not send in
the coupon? Santocel may be what you’ve
been looking for.

Santocel: Reg. U.S. Pat. Off.

Serving Industry . .. Which Serves Mankind

City .

Zone State
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You may have one or more additional
requirements such as high fuel efficiency,
elimination of peak loads or quick re-
sponse. All these features can best be
satisfied by utilizing liquids as heat
carriers.

For more than a quarter century the
engineers of our company have devoted
all their time, talent and energy to the
development of this type of heating and
cooling technique.

The high speed calendering and hot
plate pressing for the plastics .industry,
and the metal forming of magnesium,
aluminum and titanium for the aircraft
industry were greatly enhanced by our
development work in thermal liquid
systems. Numerous chemical processes,
such as heating reactors and autoclaves,
are applying our method to great ad-
vantage.

Heat carriers are selected in accord-
ance with the application. From the
numerous carriers available, we have
selected a few covering the range from
~40° F to 1200° F (~40° C to 650° C),
always remaining in the liquid phase.

If your process must comply with
these conditions, it can pay you to get in
touch with our engineers.

AMERICAN HYDROTHERM CORPORATION

THERMAL ENGINEERS

INDUSTRIAL DIVISION

LONG ISLAND CITY 6, N. Y.
33-70 12th STREET
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verifying any answer to it. On this vital
point Black sides with Duhem. He re-
peatedly uses the word reality as if it
were a meaningful term and therefore
implies that Duhem is talking sense
when he is in fact making statements
which modern positivists consider to be
senseless. Black is of course entitled to
side with Duhem against the logical
positivists, but he ought to have ex-
plained the nature and importance of
this issue and why he thinks Duhem is
correct.

It is especially unfortunate that Black
referred to the metaphysical reality and
discussed the “objective reference” of
scientific theories. This seriously ob-
scures the fact that, like Duhem, he is
talking about an unobservable meta-
physical reality or noumena and whether
scientific terms can denote parts of this
reality.

Black also overlooked the logical pos-
itivist answer to Duhem’s claim that
physical theories must be expressed in
mathematical terms. If a theory is so
expressed, it does not contain any nouns
which denote observed things or events,
and therefore it cannot be verified by
observation and is meaningless. Mathe-
matics is invaluable in stating scientific
theories, but mathematical terms must
be used only as adjectives modifying
words which refer to observable refer-
ents. Hence, no purely mathematical
theory is useful or factually meaningful.

BURNHAM P. BECKWITH

Laguna Beach, Calif.

Sirs:

We should like to correct an error in
the article by Lawrence P. Lessing en-
titled “Pure Metals” [SCIENTIFIC AMER-
1CAN, July].

The Oak Ridge National Laboratory
has produced pound quantities of sev-
eral of the rare earth elements but not
by the mass spectrograph (calutron)
method as stated in the foregoing article.

The naturally occurring isotopes of
lanthanum, cerium, neodymium, sama-
rium and gadolinium have been enriched
| in the Oak Ridge mass spectrographs.
| The isotopes of dysprosium will be
separated in the near future.

The separation of the isotopes of the
rare earth elements is made possible by
the combined efforts of Dr. C. E. Nor-
mand and L. O. Love, who direct the
mass spectograph isofope separations,
and Boyd Weaver, who directs the prep-
aration of the rare earth elements to be




a new twist
in mass flow
measurement

In the NORWOOD CONTROLS Gyro Meter fluids

flowing through a pretzel of pipe correspond to the action
of a rotating gyro wheel. The first instrument to measure
true mass flow directly, it sets a new standard of accuracy
for the precision metering of bulk fluids.

When the gyro is precessed by rotating the pretzel about
the axis of flow, it produces a torque. The torque produced
by this precession is directly proportional to the mass

flow of the material flowing through the pipe.

The ability to achieve greater simplicity, accuracy and
dependability through the application of new

engineering techniques has established NORWOOD CONTROLS
as a leader in the fields of flow, pressure,

temperature and weight measurement.

Controls Division

b CONTROL ENGINEERING CORPORATION

CONTROLS 930 Washington St. » Norwood, Mass.

Compiete technical information will be supplied upon request.
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Burroughs
PULSE equipment

lets you assemble

your own system—

IN MINUTES

Just by connecting standard cables
between Burroughs Pulse Control
units, you can assemble virtually
any pulse system you want.
Suppose you need a complex
pulse sequence for testing. The
basic units required to make up the
system can be ordered from
Burroughs—and delivered from
stock. Connect them together, and
there’s your system. You’ve saved
time-consuming ‘“breadboard”
engineering, equipment cost, and
delay on your primary project.
What’s more, your Burroughs Pulse
Equipmentcanbeused overand over
again on different, future projects.
To meet the growing need for

FIRST IN PULSE HANDLING EQUIPMENT

20

versatile pulse control systems,
Burroughs offers a whole family of
matched pulse handling units: pulse
generators, coincidence detectors,
flip-flops, gating circuits, etc. Dur-
ing the past four years, this equip-
ment has been in use by such
prominent organizations as MIT,
Consolidated Engineering Corp.,
Wayne University, Stanford
Research Institute,and manyothers.

Letushelp you getstarted quicker
on pending engineering work. Write
us a letter outlining briefly your
pulse system requirements. Dept.
8-], Electronic Instruments
Division, Burroughs Corp., 1209
Vine St., Philadelphia 7, Pa.

ELECTRONIC INSTRUMENTS DIVISION

L
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| used as charge material in the mass

spectrographs. Mr. Weaver and asso-
ciates have developed a tributyl phos-
phate—nitric acid extraction process for
the successful separation of most of the
rare earth elements. It is only a matter
of time before all the rare earth elements
become available in our laboratory for
isotope separation and other uses. Mona-
zite and gadolinite ores are the raw ma-
terials employed.

We believe you will agree that a liq-
uid-liquid continuous extraction tech-
nique is not “laborious.”

We also believe the word “laborious”
is not entirely appropriate even when
referring to isotope separation by the
mass spectrographs. After all, the Oak
Ridge mass spectrographs separate iso-
topic atoms to a high degree of purity at
a rate in excess of one billion atoms in
one billionth of a second! Hence in a
few hours our mass spectrographs can
supply the researcher with highly en-
riched, separated isotopes in adequate
amounts for his objectives of advancing

' basic and applied science.

C. P. KEIM

Director

Stable Isotope Research and
Production Division

Oak Ridge National Laboratory

Oak Ridge, Tenn.

Sirs:

May I offer a word of appreciation to
Lawrence P. Lessing [ SCIENTIFIC AMER-
1caN, April] for his fine tribute to Edwin
H. Armstrong—one of the very few really
creative pioneers in the field of radio.
May I also thank Mr. Lessing for com-
ing to Armstrong’s defense again [Sci-
ENTIFIC AMERICAN, ]uly] against an
adversary who could not refrain from
attacking him once more when he is no
longer here to defend himself.

Armstrong was my friend. I valued
him as a clean, honest man. I admired
him as a brilliant, creative genius. I re-
spected him as a doughty fighter for his
rights against strongly entrenched and
powerful adversaries, with that fine
spirit of independence that made our
country great. He has fought a good
fight.

I have carefully refrained from get-
ting into that controversy, and I prefer
to stay out of it now. Since Armstrong
has gone across the Great Divide and
the dust of battle has settled so that men
can see more clearly, may I venture to
suggest that Armstrong’s adversary was



CUPS — Through these clear Tenite Butyrate pipes, paper
cups are blown hundreds of feet from forming machines
to the packing area. Traveling overhead and out of the
way of plant operations, the cups come through unmarked
and unscratched. Could a pneumatic conveying operation
via Tenite pipe save time and space in your plant?

TN LG

pipe carries many things

Pipe made of Tenite Butyrate is finding new jobs every day.
And no wonder . . . it offers so many advantages.
Extruded Tenite pipe has extra-smooth walls that mean

less drag, greater flow, less chance for deposits. It can

withstand the corrosive attack of many chemicals. Buried
in the ground, it is unaffected by the electrolytic and cor-
rosive action of soils. It's much lighter than metal pipe.

Tenite pipe can be readily lifted, carried, sawed and
joined. Tenite pipe is usually joined with slip-sleeve coup-
lings of the same material. A solvent cement applied to
the pipe ends and the coupling forms a joint stronger than
the original pipe.

Pipe is but one use of Tenite Butyrate. For more infor-
mation on properties and adaptability to your product
demands, write for the illustrated booklet, “TENITE.”
EASTMAN CHEMICAL PRODUCTS, INC., Kingsport, Tenn.,
subsidiary of Eastman Kodak Company.

OIL —Millions of feet of Tenite Butyrate pipe are in use in
the oil industry. Tenite resists sour crude oil, salt water
and electrolytic soils . . . gives oil men the durable,
corrosion-resistant pipe they need. Does Tenite pipe sug-
gest a better way to carry something in your plant?

ELECTRIC CABLE —Used here as underground cable
conduit, Tenite Butyrate pipe saved 80% in installation
time and successfully resisted the attack of the strong
alkali soil. Would a similar use of Tenite pipe effect
economies for you?

Information regarding Tenite also can be obtained from local representatives listed under “Plastics—
Tenite” in the classified telephone directories of the following cities: Chicago, Cleveland, Dayton, Detroit,
Houston, Leominster (Mass.), Los Angeles, New York City, Portland (Ore.), Rochester (N. Y.), St. Louis,
B UTY R AT E San Francisco, Seattle and Toronto — elsewhere throughout the world, from Eastman Kodak Company

affiliates and distributors.

an Eastman plastic
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The Perkin-Elmer Corporation

875 Main Avenue, Norwalk, Conn.

PLEASE SEND ME more information on the
application of the Perkin-Elmer Rapid Scan
Monochromator to the studies of:

22

what are the kinetics of a catalytic re-
action?

what combustion reactions take place
in a jet or rocket engine?

what cracking and re-forming occur in
a reaction? what transitional products
or intermediates appear?

what emission bands come and go as lu-
minescent or fluorescent materials are
excited?

the new Perkin-Elmer
Monochromator

Wherever chemical reactions are studied as
a function of time, the new Perkin-Elmer
Rapid Scan Monochromator contributes fun-
damental information.

Its applications to industrial research are
broad. To kinetic chemistry it now brings
the techniques of spectrophotometric analysis
which have become indispensable to the re-
search chemist and physicist.

In the field or in the laboratory, this basic
unit can be incorporated in a variety of sys-
tems for special studies. Perkin-Elmer is pre-
pared to provide specific instrumentation to
fit your problem.

Features of the Monochromator

continuously variable scan rate from 4-250 scans
per second.

continvously variable scan width from 0.36 to
15 microns.

wavelength marking system directly coupled to
scanning system.

name

title

company.

address
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"PERKIN ELMER

not the first inventor of a regenerative
feedback circuit, nor of a regenerative
electrical oscillator.

May I cite two patents issued to me
on August 28, 1906, on applications filed
February 28, 1905, and November 14,
1905? They are numbered 829,447 and
829,934, One is for a method and the
other for an apparatus. The titles are
respectively: Method of and Apparatus
for Producing and Utilizing Undamped
or Sustained Electrical Oscillations. The
first method claim is as follows:

“1. The method of producing electri-
cal oscillations, consisting in exciting or
controlling a field by the oscillations of
an electrical oscillating circuit, electri-
cally commutating energy by means of
such field, and adding by such commu-
tation increments of energy to such os-
cillating circuit.”

If that is not regenerative electrical
oscillation operating by a regenerative
feedback circuit, what is it?

The specification explains clearly the
principle and practice of regeneration.
It states further: “This may be done . . .
by the effect of an electrostatic field
upon the discharge of cathode particles
in a vacuum tube.” That is aptly de-
scriptive of the mode of operation em-
ployed in the thermionic vacuum tube.

Those patent claims are fundamental
and they have never been attacked.
They were acknowledged by substan-
tially the entire radio and telephone in-
dustries and by the United States gov-
ernment by taking licenses thereunder.

Armstrong and I were both students
at Columbia University under the emi-
nent authority on electromagnetic theo-
ry—Professor Michael Idvorsky Pupin.

I can never forget the day when a
large and distinguished company of en-
gineers gathered together in New York
to do homage to the man who laid the
foundation of long-distance telephony
by creating the loaded telephone line.
When the great thinker rose to respond
he brushed aside his own outstanding
achievements in the fewest possible
words and then told about two young
men who had been his students. He
leaned heavily on his cane and said af-
fectionately: “They were two of my
chickens.”

Such is the simplicity of greathearted
genius.

Such was the inspiration of Ed Arm-
strong and his friend.

FREDERICK K. VREELAND
Vreeland Laboratory

Vreeland Corporation
Mill Valley, Calif.
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3800 hours at 2150 deg. F.

The HasteLrLoy alloy X rollers in this gas-fired shells and shafts. Spiders on the shafts were used to
heating furnace have been in use for 3800 hours. keep the shells concentric.
They operate in a neutral atmosphere at 2150 deg. F. HasteLLoY alloy X has excellent forming character-
They are also subjected to mechanical and thermal istics, and good creep and stress-rupture properties.
shock as they come in contact with the cold sheet At 1200 deg. F. this nickel-base alloy has an ultimate
metal being heated. A recent inspection showed that strength of 82,000 1b. per sq. in., and even at 1500
the HasteLLoy alloy X parts are still in excellent deg. F. the ultimate tensile strength is 48,000 1b. per
operating condition. sq. inch. Its outstanding resistance to oxidizing, reduc-

The rollers were fabricated from HasteLLoY alloy X ing, or neutral atmospheres makes it especially useful
sheet, 3{; in. thick. The sheets were formed into shells in furnace applications.
7% in. in diameter and six feet long. The shells were For information on prices, sizes, and properties of
then slipped over 2-in. water-cooled pipe, and refrac- HasteLLoy alloy X write to any of the district sales
tory material was packed into the space between the offices listed below.

““Hastelloy” and ““Haynes’ are registered trade-marks of Union Carbide and Carbon Corporation.

HAYNES

HAYNES STELLITE COMPANY

A Division of Union Carbide and Carbon Corporation

UCC]
TRADE-MARK
General Offices and Works, Kokomo, Indiana
AL V¥vS Sales Offices

Chicago « Cleveland - Detroit - Houston - Los Angeles - New York « San Francisco « Tulsa

R R A A A R Y
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Look what’s new in metals

Modern Living Demands

SERVICE CABLE

Overhead: SILVALINE® provides
3-wire service in a moisture- and
fire-resistant cable. Attractive
silvery finish can be painted
to match house. Other types
available.

TV LEAD-IN WIRE

Want to get all the new UHF
stations clearly? FOAMLINE—
Anaconda’s latest TV lead-in
wire —gives clear images on
regular channels and on new

Underground: When electricity is
brought into house underground,
there is no chance of storm dam-
age. DURASHEATH® may be used
for this purpose. Special neoprene
jacket resists soil moisture, acids,
abrasion, ground electricity and
chemicals. Means reliable service
at all seasons of the year.

RANGE WIRING

Should be a heavier wire as well
as a speciol circuit, Ideal coble
is SILVALINE. Moisture-, heot-,
and flame-resistant,

PORTABLE CORDS

Cords for waxers, polishers, vac-
vum cleaners, washing ma-
chines, power tools, ironers last
longer when they are SECURI-
TYFLEX. Rubber-insulation, oil-re-
sistant neoprene jacket. Other
cords available.

HOW SHALL | WIRE MY HOME? Though Americans live in an electrical
wonderland of exciting new appliances, few realize how many
types of wire are needed to make a house a home. Here are shown
some of the wires that Anaconda has developed to help your
electric company and your electrical contractor do a better job of

OUTDOOR WIRING

Want to light an outdoor lamp?
Provide terrace lighting outlets
for outdoor use? Use DURA-
SHEATH or thermoplastic Type
UF. Bury it. Soil moisture, ab-
rasive particles, etc., normally
can't hurt it,

UHF channels. For better recep-
tion — ask your serviceman to
use FOAML INE.

GENERAL WIRING

Use either new SILVER DUTRAX® or
DENSHEATH®, Both have thermo-
plastic insulation. General circuits
(15-ampere fuse) carry up to 1750
watts, Special small appliance cir-
cuits (heavier wire, and a 20-
ampere fuse) allow up to 2300 watts,

eusTaarion coumtesy LIVING For youNs woOMIMAKERS

home wiring—from pole to meter to appliance. For 15¢ in coin
we’ll be glad to send you a helpful 24-page booklet, “Getting the
Most out of Your Electrical System.” It has been prepared by
The National Adequate Wiring Bureau. Write for your copy to
Anaconda Wire & Cable Company, 25 Broadway, New York 4, N.Y.
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Modern Wiring

THE PROBLEM OF OUTMODED, INADEQUATE WIRING

HAS PLAGUED THE ELECTRICAL INDUSTRY

FOR YEARS. NOW THE BOOM IN ELECTRICAL APPLIANCES

MAKES THE SITUATION CRITICAL.

Millions of Americans had no elec-
trical problems to speak of—until
they began to plug in millions of the
new electrical appliances. Then this
became a nation of popped fuses.
And now everyone is learning that
the wiring in most American homes
simply cannot carry the current re-
quired by today’s electrical living.

Anaconda Wire and Cable Co.
has consistently campaigned for
greater adequacy in industrial wiring
since 1937. Electric companies,
wholesalers, contractors and indus-
try all worked together. They so im-
proved the power arteries through
which flowed the lifeblood of mil-
lions of electrically operated tools
and machines—large and small—
that American industry was far bet-
ter prepared for its now famous
“miracle of production” in World
War II.

What's the answer?

Now the problem has shifted to the
home front. American homes, new
and old alike, need millions more
circuits and greatly increased con-
ductor capacity.

Through research in conductors
and insulations, Anaconda is help-

ing to meet the wiring needs of the
nation—in common with other lead-
ing manufacturers. Adequate wiring
campaigns are now spreading over
the land. Builders and electrical
contractors are responding with bet-
ter wiring in new homes—and by
encouraging adequate rewiring of
existing buildings.

To help implement these efforts,
Anaconda offers not only a com-
plete line of efficient, modern and
economical building wires and
cables (described on the opposite
page)—but also a complete package
of promotional material available
to electric companies, contractors
and electrical wholesalers.

Everyone lives better—
electrically

An adequately wired America
not only enjoys itself more—but
spends more money for more elec-
trical appliances.

Good wiring benefits everyone—
local businessman, manufacturer,
parts-supplier, builder, and con-
tractor.

Good wiring means good living—

more fun, less work, more comfort.
64277

ANACONDA

"*ANACONDA™ IS A REGISTERED TRADEMARK

PRODUCERS OF: Copper, zinc, lead, silver, gold, platinum, cadmium, vana-
dium, selenium, uranium oxide, manganese ore, ferromanganese, and

superphosphate.

MANUFACTURERS OF: Electrical wires and cables, copper, brass, bronze and
other copper alloys in such forms as sheet, plate, tube, pipe, rod, wire,
forgings, stampings, extrusions, flexible metal hose and tubing.
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SEVEN-TON BITE OF COPPER ORE! Since
November, 1953, these big shovels
have been working at Anaconda’s
new open-pit mine near Yerington,
Nevada. The ore is trucked to the
adjoining treatment plant. After this
the ensuing copper-rich precipitate is
shipped to Anaconda’s Montana
plants for smelting and refining. Since
World War II, “Yerington” was the
first of the nation’s new copper mines.

HOW MUCH DOES RUST €OST? Rust

costs Americans 5 times as much as
fire each year. Hot and cold water
lines, drainage systems, conventional
or radiant heat piping, gutters, down-
spouts and flashings in Anaconda Copper
can’t rust...save homeowners
money and trouble.
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SPECIALISTS IN CHELATION
For more than a quarter-century we have devoted all of our time,
talent and energies to the study of chelate chemistry. From this has
resulted the origin, development and production of the Versene
Chelating Agents. We manufacture no other products and have no
other interests. Chelation and chelation alone is our business.
It is the only world we know.

CHELATION UNLIMITED

Our specialization in this particular kind of chemistry now makes it
possible for you to use chelation to solve problems created by the

presence of metal ions in solution. Proof of its effectiveness may be"

found in all fields of science. In Agriculture, for instance, it cures iron
- 3T chlor051s (deficiency) to the point where growth is stimulated, yield
""" increased and maturation speeded. In Medicine, it stabilizes whole

blood, decontaminates both internally and externally by removal of .

- radioactive deposits, cures acute lead and other heavy metal poisoning,
. purifies and stabilizes drugs and pharmaceuticals, solubilizes
“insolubles’ in animal, human and mechanical circulatory systems.
In Industry, it separates rare metals, controls polymerization of cold
rubber and plastics, prevents or removes metallic stains and
contamination in processing of textiles, papers, dyestuffs, foods,
heverages, etc., increases detergency of soaps and synthetics, softens
water completely and permanently without formation of precipitates.

INVITATION TO CHELATION
From these achievements you can see that the Versene Chelating
Agents are powerful new ‘tools” for research and production. We invite
you to use them to solve your own problem in chelation. We will
' gladly share our accumulated experience in this field. Send
for samples and Technical Bulletin No. 2. Chemical Counsel on request.

CB.COONn
gN
~
CH:COONa

Metal lons

CPJ,COON;':

VERSENES INCORPORATED FRAMINGHAM MASS.

(FORMERLY BEERSWORTH CHEMICAL CO
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20 AND 100
YEARS AGO

SEPTEMBER, 1904: “The world’s
petroleum production for 1903 stands at
20,000,000 tons, and of this more than
one half is furnished by Russia, the rest
coming from the United States and
Canada, Roumania and Borneo. The
demand for petroleum greatly exceeds
the present production. The substitution
of oil for coal, in order to be advanta-
geous, needs a better regulation of the
methods of producing it and also of the
price.”

“Again the United States has sur-
passed all competitors in its yearly out-
put of iron ores. This is the most impor-
tant fact contained in the report made
by Mr. John Birkinbine to the United
States Geological Survey on the produc-
tion of iron ores in 1903. The quantity
mined in 1908 is the second largest re-
corded and is greater than the combined
totals for the year 1902 of Germany,
Luxembourg and the British Empire,
which are the nearest competitors of the
United States.”

“The principal item of astronomical
news for the past month comes from the
Harvard Observatory. It may be remem-
bered that in 1899 the announcement
was made that a faint satellite of Saturn
had been discovered in photographs
taken at the Harvard station at Arequi-
pa, Peru. So long a time has passed since
then that astronomers were beginning
to fear that the satellite had been ‘lost,
because it had not been possible to ob-
tain enough observations to determine
its orbit. But a short note from Harvard,
which appeared a few weeks ago, sets
these doubts at rest. The satellite has
been photographed on many occasions
in the last five years, and a long series
of observations obtained this spring has
made it possible to calculate the orbit,
and predict the satellite’s motion accu-
rately. The details of this are to be pub-
lished in the Harvard Annals, but have
not yet reached us.”

“The average life of the uranium atom
is calculated by J. Joly to be 1010 years



be

climbed

Since telephony began, there has been just
one way to install telephone wires on poles:
have a trained man climb up and fasten
them there. Now Bell Laboratories engi-
neers have developed a special pole line for
rural areas. The entire line can be erected
without climbing a pole.

The whole job is done from the ground.
Light-weight poles are quickly and easily

Bell Telephone Laboratories

erected. Newly created tools enable men
to fasten wires to crossarms 10 to 25 feet
over their heads.

This inexpensive line promises more serv-
ice in sparsely populated places. From
original design to testing, it exemplifies a
Bell Telephone Laboratories team operation
in widening telephone service and keeping
costs down.

IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES CAREERS FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS
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Key to the new *“climbless”
pole is this insulator. Ground
crews use long-handled tools
to place the wire in position
and then lock it fast.
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Rivers of air 10,000 to 40,000 feet
up, and moving as fast as 300
miles per hour, are being probed
for secrets that may mean much
to the future of aviation and
to accurate long range weather
forecasting.

One device used to probe these
high-altitude wind streams is the
radiosonde. Thisinexpensivelittle
weather observer performs a
service that is short of magic—
from 10,000 feet up it radios a
continuous report of temperature,
pressure and humidity of the
upper air.

A vital part of the radiosonde is
the pressureresponsive diaphragm
that supplies the all important
pressure reference.

United States Gauge has a
special skill for making radio-
sonde diaphragms to =+ two-milli-

UNITED STATES GAUGE

VITAL STATISTICS

’“‘\ " from the Jet Stream

bar accuracy. Made of Ni-Span C
to cancel temperature effects, and
designed to compensate for ther-
mal influence of instrument com-
ponents within the diaphragm,

USG diaphragms are extremely
sensitive, accurate and depend-
able.

If your need is for highly sensi-
tive diaphragms. . . or for temper-
ature or pressure sensing and
actuating devices of any kind,
USG’s creative instrumentation
can help you.

FOR OVER 50 YEARS

United States Gauge, Division American Machine and Metals, Inc., Sellersville, Pa.
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—a period one hundred times greater
than the period allowed for the develop-
ment of the geological strata.”

“Many new thrills and novel sensa-
tions are being experienced by the
guests at the St. Louis Exposition, and a
company has undertaken to put up the
great American refreshment, ice cream,
in the most novel and convenient form
which has ever been devised. This com-
pany utilizes the collapsible tube in
which paint has been so long sold for the
use of artists. This tube was used first
for this purpose and later came into
favor for tooth paste, some forms of
soap and similar commodities. The in-
ventor is of the opinion that this inven-
tion will appeal to the great majority of
visitors to the fair, for the reason that it
will be a timesaver.”

“Robert E. Peary has announced that
he will again attempt to reach the North
Pole in a specially constructed vessel,
in which he will embark next summer.
‘My plan of campaign, in a very few
words,” Peary said, is to force this ship
to the north shores of Grant Land, tak--
ing on board at Whale Sound the pick
and flower of the Esquimau tribe with
whom I have worked and lived so long,
to go into winter quarters on that shore,
and to start with the earliest returning
light on the sledge journey across the
central polar pack. Never before has it
been in the power of a white man to
command the utmost efforts and fullest
resources of this little tribe of people,
as I can do.””

“A. ]J. Balfour, Chancellor of the Uni-
versity of Edinburgh, recently addressed
the British Association for the Advance-
ment of Science on the new electrical
theory of the atom. Speaking of atomic
forces he said, ‘In common with all other
living things, we seem to be practically
concerned chiefly with the feebler forces
of Nature, and with energy in its least
powerful manifestations. Chemical affin-
ity and cohesion are on this theory no
more than the slight residual effects of
the internal electrical forces which keep
the atom in being. Gravitation, though
it be the shaping force which concen-
trates nebulae into organized systems
of suns and satellites, is trifling com-
pared with the attractions and repul-
sions with which we are familiar be-
tween electrically charged bodies; while
these again sink into insignificance be-
side the attractions and repulsions be-
tween the electric monads themselves.
This prodigious mechanism seems out-
side the range of our immediate inter-



X-RAY.-.invisible guide

to industrial progress

General Electric apparatus gives you
fast, accurate, low-cost inspection,
analysis, quality control, gaging

FOUNDRIES, welding shops, metal-
lurgical and research laboratories,
mines, fabrication and assembly plants
— even dairies, breweries, confection
and milling plants — consider x-ray a
working partner in producing better
products at lower costs.

There are four main groups of x-ray
apparatus: Radiographic, Fluoroscopic,
Diffraction and Gaging. In each, G. E.
offers you a broad range of quality
equipment backed by application, sales
and service engineers whose job is to
make this equipment best serve you
and your needs.

e s

X-ray radiography is a proven quality
control device, help- .
ing to produce better \
products of known
quality in less time,
at lower cost. It is
presently used in
hundreds of foundry
and welding shops,
as well as in various
assembly and other
manufacturing oper-
ations.

The proper appli-
cation of a specific
piece of x-ray radio-
graphic apparatus is governed by several
factors:

1. Thickness of part to be inspected.

2. Latitude (relationship of thick and thin
parts of same object being radiographed).

. Number of parts, feet of welds, etc., to
be inspected in any given period.

4. The size of the defect which must be seen.

There is a G-E radiographic unit which
will best fit the above factors, and which in
turn can be translated in terms of your qual-
ity control and inspection requirements. Avail-
able in over 25 different models, the units
which comprise this full range of equipment
are presently offered at these voltages:
140 kvp, 250 kvp, 400 kvp, 1000 kvp,
2000 kvp, and 15 mev.

W

—_— e

New radiographic method produces
great savings — “'inside-out radiography.”
New equipment of small, lightweight design
and 360-degree radiation fields has revolu-
tionized the method of radiographing cylin-
drical vessels. With this equipment, an entire

circumferential weld
can be radiographed
in one exposure.
Even radiography of
lateral welds is speed-
ed up and simplified.
Protection problems
are greatly reduced
with inside-out radi-
ography since the
vessel itself acts as a
protective barrier
against stray radia- -

tion. As a result, radiography normally can
be conducted in the middle of the shop.

—_————

X-ray fluoroscopy is a rapid, inexpen-
sive method of inspection used to scan a
product for gross internal defects or abnor-
mal conditions. Industrial users are generally
grouped into three categories: light alloy
castings, miscellaneous assemblies and food
products. Among the specific items now be-
ing inspected are aircraft castings, shoes,
rubber heels, electrical and ordnance compo-
nents, confectionery products, citrus fruits
and other manufactured items. This inspec-
tion assures a uniform product and prevents
defective material from reaching the customer.

Quality control, as exemplified by x-ray
fluoroscopy, assists in the reduction of
product cost, elimination of the cause of
rejects and improvement of the product.

In the light alloy field, the major users
of fluoroscopy are in the aircraft industry.
They use fluoroscopy to screen certain alumi-
num castings before submitting the lot to the
radiographic test prescribed by the aircraft
inspection code. This screening eliminates
castings with gross defects and assures the
casting supplier of meet-
ing the acceptance test.
Light alloy foundries
and die casters also use
fluoroscopy for quality
control on casting tech-
nics.

Size of the defect
which can be seen flu-
oroscopically is about 6
to 8 percent of the total
thickness ... with stand-
ard commercial equipment. With special
screens now available and small focal spot

Progress is our most

tubes (less than 1 mm) sensitivities of 3
percent have been reported.

General Electric has fluoroscopic equip-
ment available in both conveyor and cabinet
type housings. Completely self-protected,
these units can be used anywhere in the
shop or plant.

[ ——

X-ray diffraction methods are time-
saving, accurate and
non-destructive. In
conjunction with
fluorescence instru-
ments, they are cap-
able of solving a
multitude of analy-
tical problems. Or-
ganic and inorganic
compounds can be
studied qualitatively
and quantitatively.
Arrangement of
atoms and molecules
in a crystal can be determined. The behavior
of compounds under various temperatures
can be examined. Orientation of particles in
drawn wires and rolled metal sheet is ex-
amined by diffraction, as are phases in alloys.

The use of x-ray diffraction is becoming
increasingly widespread. The chemical, steel,
mining, oil, glass and automobile industries
— to name just a few — are presently using
x-ray diffraction.

Avutomatic gaging — To speed up in-
spection and keep pace with ever-increasing
production rates, automatic gaging — using
x-rays or similar radiation — is providing
the answer to many production problems. It
eliminates the need for visual inspection and
the coincident possibility of operator error.

Successful application of this method has
been made in a wide variety of fields, in-
cluding: Thickness or density monitoring;
checking the fill of liquids or free-flowing
solids in opaque containers; indicating the
concentricity of coated wires or rods, the
presence or absence of a component in an
assembly.

X-ray is doing so many things for
so many industries. To find out how it
can help you, call the G-E x-ray representa-
tive near you, or write X-Ray Department,
General Electric Company, Milwaukee 1,
Wisconsin, Room TT94.

important product

GENERAL @B ELECTRIC
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NEVER

*

«++50 you'll
COME HOME TO DARKNESS

We can’t resist the opportunity to plug one of our old
stand-bys (perhaps too long forgotten), and at the same time
give a boost to a product of our affiliate, The Fisher-Pierce Co.

Fisher-Pierce, now well-established and in its eighth year in the
photoelectric street lighting control business, recently decided
they should have a consumer product as well. The result was
just what you might expect: an inexpensive ($15.95 retail)

little light control for home use.

F-P calls it the NITELIGHTER,* since it turns on a light at
dark, when daylight ceases to energize its phototube. Its special
plug goes in the AC wall outlet and takes the plug from your
favorite lamp. For you who don’t like to come home to
darkness, want to make burglars think you’re home when you’re
not, or have some other use for a daylight-sensitive light switch
— the NITELIGHTER could be the answer. (In case you don’t
really need a NITELIGHTER, they’re fun to just fool around with.)

The “old stand-by” is one of our Series 41
relays, originally designed as a
“streamlined” version of our “4", for
people who didn’t need all the fancy
features of the “4” and who were spending
their own money. This particular 41 does
very well in its intended applications,
however, and switches up to 300 watt lamp loads on 0.15 watt
coil signals in the NITELIGHTER. Relay mechanical life equals
at least twice the lifespan of a NITELIGHTER owner. The 41
should be considered when high sensitivity, high speed,

5 ampere contact ratings and nominal cost are what you need.

IF YOU WANT TO BUY

(OR SELL) THESE, WRITE
THE FISHER-PIERCE CO.

CARE OF USs.

SIGMA INSTRUMENTS, INC.
40 PEARL STREET, SO. BRAINTREE, BOSTON 85, MASS.
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ests. We live, so to speak, merely on its
fringe. It has for us no promise of utili-
tarian value. It will not drive our mills;
we cannot harness it to our trains. Yet
not less on that account does it stir the
intellectual imagination.””

“In a recent number of Harper's
Magazine Sir Oliver Lodge presents a
popular account of the electronic theory,
which is well worth quoting: ‘Our pres-
ent view of an atom of matter,” says Sir
Oliver, ‘is something like the following:
Picture to oneself an individualized
mass of positive electricity, diffused uni-
formly over a space as big as an atom—
say a sphere of which 200,000,000 could
lie edge to edge in an inch. Then
imagine disseminated throughout this
small spherical region a number of min-
ute specks of negative electricity, all ex-
actly alike, and all flying about vigorous-
ly, each of them repelling every other,
but all attracted and kept in their orbits
by the mass of positive electricity in
which they are embedded and flying
about. Insofar as an atom is impenetra-
ble to other atoms, its parts act on the
sentinel principle, not on the crowd
principle!” ”

SEPTEMBER, 1854: “We hope the
four new government steam frigates
which are to be built, according to the
bill passed at the last session of Con-
gress, will not make us ashamed of our
country with respect to the way things
have hitherto been managed in the Navy
Department. Our readers will remem-
ber our famous steam frigate San
Jacinto, for its desperate performances
have been described more than once in
our columns. If we are not much mis-
taken, this steam frigate has already had
two new sets of machinery, and she is
but yet in her trial trips, having done
no service worth naming. Is not this a
shame? It is. Engineers of the Navy, take
care of the new steam frigates! Your
reputation is at stake in their construc-
tion. You have much to lose if they
prove unsuccessful.”

“It is said there are now in Pittsburg
thirty-eight iron foundries; of which nine
are almost exclusively employed in the
manufacture of steam engines, and
twenty-nine in the manufacture of vari-
ous kinds of hollow ware, machinery, &c.
The foundries which are employed in



Your business is in the Age of Electronics

Cummins Engine Company, Inc. employs -hp- electronic counters in numerous
ways. One is precision measurement of R.P.M. in new diesel engine turbo super.
charger. The -hp- counter will measure accurately to 6,000,000 R.P.M.

Electronic Counters—new, easy way industry
makes precision measurements better, faster

Pressure, flow, velocity, r.p.m., quantity,
viscosity, time interval—these are but a
few production and research measure-
ments new electronic counters make with
hitherto unattainable speed and accuracy.

You do not need highly trained tech-
nicians to operate -/4p- electronic count-
ers. Nor is an elaborate and expensive
instrument setup required. Reading an
-Ap- counter is like reading numbers on
a license plate. Results appear in direct
numerical form’, complete even to auto-
matic illuminated decimal.

-hp- 522B Electronic Counter shown

here is but one of 10 -/4p- counters, scalers
or converters for research and industrial
use, and one of over 250 different electronic
test instruments Hewlett-Packard builds.

Throughout industry and science, men

are finding these instruments a better,
faster way of obtaining engineering and
manufacturing information.

Correct application is of course of first
importance; and this is where your -/p-
field engineer can help most. If there are
measurements you would like made more
swiftly, simply or accurately, please write
us about them.

Time interval. Time measurement of ex-
treme accuracy is required in design and
manufacture of automotive electrical systems,
calculation equipment, automatic devices,
etc. -hp-electronic counters measure intervals
as microscopic as 1/1,000,000 second, as long
as 100 days.

Pressure. In hydraulicand pneumaticequip-
ment, pressures must be known exactly. To-
gether with a simple transducer converting
pressure to electric signals, -hp- counters
read even most minute pressures directly,
instantly; determine pressures at remote
or hazardous points.

Viscosity. -hp- electronic counters and -hp-
photo tubes work as a team to give instant
viscosity data. Measurements are made by
reading time of fall of free object through
liquid under test. Counter reads time directly
in seconds or milliseconds. Velocity measure-
ments are also made this easy, accurate way.

WORLD LEADER IN
ELECTRONIC MEASURING
INSTRUMENTS

FIELD ENGINEERS SERVING ALL PRINCIPAL CITIES

HEWLETT-PACKARD COMPANY

275 PAGE MILL ROAD -
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PALO ALTO, CALIFORNIA 3101



Your eyes will open, too,
at this new concept of

VIBRATION and SHOCK CONTROL

for industrial applications

First to recognize the advantages of
all metal mounting systems,Robinson
launched an entirely new concept of
vibration and shock control. This new
concept offers the answer to many of
today’s unusual and exacting engi-
neering problems.

Outstanding feature of Robinson
systems is the employment of resili-
ent load-carrying cushions of metal
wire (Met-L-Flex). These metal
cushions are actually knitted so as to
form a multiplicity of interlocking
springs continuous from top to
bottom. The result is that mounted
equipment literally floats on a cushion
of thousands of tiny springs.

=
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RUBINSMVIA"(I}WINC

Performance is unaffected by ex-
treme temperatures, grease, oil, water
or dust. Inherent high damping
assures complete control of shock
and vibration at all times.

Highest standards of performance
proven by years of severe testing in
military installations, the Robinson
concept is now available in industrial
fields.

Send for free booklet

For full information about this
new concept of vibration control,
whether your problem involves deli-
cate instruments or heavy machinery,
send for booklet 850. Write or wire
today. Industrial Division Dept. SA.
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the manufacture of steam engines con-
sume yearly 3,200 tuns of wrought iron,
9,200 tuns of pig, employ 640 men and
produce 120 steam engines every year.
Their net capital is $549,000.”

“M. Regnault, director of the Rouen
telegraph in France, has produced light
by electricity for four consecutive
months for the Napoleon Docks, ac-
commodating 300 workmen. His report
of the experiment is interesting. Two
large-sized batteries were used, and the
expense of each per evening was: wages
of workmen 4.50 francs; mercury 5
francs; zinc 4.50 francs; charcoal points
1.40 francs; nitric acid 1.80 francs; sul-
phuric acid 1.84 francs. This adds up
to 19.04 francs per battery, or $7.62 per
evening for both batteries, or about one
mill per man. The work can be done
without danger. The report remarks that
electro-lighting can be cheaply estab-
lished on ship board and is not like
other light liable to be extinguished in a

storm.”

“No country in the world is so much
affected by extensive conflagrations as
ours. We presume that no less than $20,-
000,000 of property has been consumed
by fire in the past year. This is all a dead
loss to the country, and tends greatly to
retard its prosperity. In France and
England not one house is destroyed by
fire for a hundred in the United States.
Indeed, we are assured that in the city
of Paris not more than one building is
burned in three years, while in New
York it is rather a wonderful thing if one
is not burned down every day.”

“The Albany Knickerbocker re-echoes
the sentiments of the Hartford Times,
and abuses the managers of the Smith-
sonian Institution because they dis-
countenance a large and extensive li-
brary in Washington, they believing that
it would be in opposition to the ex-
pressed sentiments in the will of James
Smithson. It calls them ‘a lazy set of
professors; too deficient in talent and
industry to obtain situations in colleges.’
This is not true; no well-informed
American would make such charges
against the Secretary, Professor Henry,
whose discoveries in science have con-
ferred honors on his country, and whose
reputation is world-wide and above re-
proach. While Professor of Natural
Philosophy, &c., in Princeton College,
he was solicited to take the secretaryship
of the Smithsonian Institution, and con-
ferred honor upon those who solicited
him by accepting their offer, not they

| upon him.”



Locked within the Earth is ample provision for
man’s need of an abundance of useful energy.
The Earth is stocked with coal, oil, natural gas
and uranium from which energy can be har-
nessed through scientific use of heat.

Man has the task of finding the key to unlock the
door to Nature’s treasurehouse. Over the cen-
turies he has learned that he needs not one key,
but many, if the Earth’s bounty is to serve him
well. He must release heat energy, contain it,
absorb it, convert it and transport it. Americans
enjoy the highest standard of living in the world
because they have found the keys and are apply-

0 are ene:gyé‘\lodemifhs 4

ing their knowledge to the production of energy
on a vast scale.

For three-quarters of a century B&W has as-
sumed the responsibility and enjoyed the privi-
lege of being in the forefront of man’s struggle to
release heatenergy and convertit to useable form.

The Babcock & Wilcox Company, 161 East
42nd Street, New York 17, N. Y.
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Properties and uses of
Du Pont ““Zytel” nylon resin

“Zytel” nylon resin is the name for a family
of polyamide resins developed by the Du Pont
Company, all of which are related in composi-
tion. This group of compounds features extreme
toughness, abrasion resistance, form stability at
high temperatures, strength in thin sections,
lightness in weight, chemical resistance and easy
moldability.

On the opposite page are detailed the out-
standing properties of one of the Du Pont
“Zytel” nylon molding powders, a general-pur-
pose nylon. By using the unique combination
of properties which “Zytel” offers, engineers
and designers have been able to develop many
new design and product improvements. Six
of many thousands of applications, serving
practically every industry, are shown here.

Have you and your company considered
general-purpose Du Pont “Zytel”” nylon resin
in terms of your own product-design problems?
For additional information on the properties,
applications and processing of this unique en-
gineering material, mail in the coupon today.

Blood-donor and receiver needles

as they come from the mold illus-
trate how Du Pont “Zytel" is read-
ily molded around metal inserts.

Coil forms of ‘‘Zytel”
offer an excellent ex-
ample of the molding
of thin and intricate yet
tough sections. Du Pont
“Zytel” nylon resin has
good dielectric proper-
ties for electrical appli-
catione

Gears molded from Du Pont
“Zytel" have excellent resistance
to abrasion, provide quiet opera-
tion, and may be produced eco-
cally by injecti 4

Counter dials with in-
tegral gear, and other
parts of this calculating
machine are molded of
Du Pont ‘“Zytel". The
parts of “Zytel” nylon
resin cost much less than
parts replaced . . . give
quiet, smooth operation.

This complex molding is the tension
pulley on a yarn-tension brake for
textile machinery. Du Pont “Zytel”
nylonresin provides resiliency and
strength in thin sections.

Du Pont “Zytel" is an ideal mate-
rial for translucent lenses, such as
thisone."Zytel" nylonresinisheat-
resistant, won't discolor, eliminates
breakageduringassemblyanduse.

ZYTEL ALATHON*

Nylon Resin Polyethylene Resin

Tough, Abrasion-Resistant

Strong in Thin Sections
Form Stability

Excellent Dielectric Properties
Flexibility and Toughness
Tasteless, Odorless, Non-Toxic
Excellent Water Resistance

ILCITE
Acrylic Resin
Clear, Transparent
Outdoor Durability

Unlimited Range of Colors
Ability to Pipe Light

1“Zytel” is the new trade-mark for Du Pont nylon resin
*Registered trade-mark of E. I. du Pont de Nemours & Co. (Inc.)

Tetrafluoroethylene Resin

Heat Resistance
Chemical Inertness
Dielectric Properties

Non-Sticky Characteristics

BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY
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TYPICAL PROPERTIES* OF DU PONT *“ZYTEL”

MECHANICAL METHOD ELECTRICAL METHOD
Tensile strength ~70°F. 15,700 p.s.i. D-638-46T Dielectric strength, short-time 385 V/MIL  D-149-44
1;3? 1356’83 ps.. ggggig step by step 340 V/MIL  D-149-44
SF. ,600 p.s.i. D-638- LS 13 - g7,
Eldngatioh —70°F. 6% D-638-46T V<.)Iume.re3|st|V|ty 4.5x108 OHM-CM.  D-257-46
73°F. 90% D-638-46T Dielectric constant, 60 cycles 4.1 D-150-47T
170°F. 320% D-638-46T 10% eycles 4.0 D-150-47T
Modulus of elasticity 73°F. 400,000 p.s.i. D-638-46T 108 cycles 3.4 D-150-47T
Shear strength 9,600 p.s.i. D-732-46 Power factor, 60 cycles 0.014 D-150-47T
Impact strength, Izod ~ —40°F. 0.4 ft.-b./in. D-256-47T
103 cycles 0.02 D-150-47T
73°F. 1.0 ft.-lb./in. D-256-47T 4 ks
Stiffness 73°F. 250,000 p.si. D-747-48T SR 04 Sl
Flexural strength 73°F. 13,800 p.s.i. D-790-45T
Compressive stress
at 1% deformation 4,900 p.s.i. D-695-44T
Creep in flexure 90 by MISCELLANEOUS
Hardness, Rockwell R 118 D-785-48T
Water absorption 1.5% D-570-42
Flammability self-extinguishing ~ D-635-44
THERMAL ». .
" Specific gravity 1.14 D-792-48T
ow temperature 480°F. D-569-48 - —
B el Average n.wld s!Tnnkage 0.015in./in.
expansion per °F. 5.5x10-5 D-696-44 Corﬁpressmn e ; z1 D-392-38
Thermal conductivity 1.7 B.T.U./hr./sq.ft./ Resistance to weathering ~ good =
°F./in. - Basic color light cream, translucent —
Specific heat 0.4 - esters, ketones,
Deformation under load at 122°F. .
Resistant to: common solvents,
and 2000 Ib./sq.in. 14%  D-621-48T i . :
" alkalies, weak acids
Heat-distortion temperature R
264 Ib./sq.in. 150°F.  D-648-45T Nef vesistadt ol { phenol, formic acid,
66 Ib./sq.in. 360°F. D-648-45T concentrated mineral acids

*Some of the physical properties are dependent un the moisture content of the nylon which may be as

.

high as 2-2.5"¢ under normal exposure.

**xTerm ‘‘creep in flexure”’ is a measure of the deformation under a prolonged standard load. Results here
represent mils deflection in 24 hrs. of a !4” x 14” bar, 4” span, center-loaded flatwise to 1,000 lb./sq. in.,
minus the initial deflection.

Note: This table shows the typical property data for Du Pont ‘“Zytel”” nylon resin FM-10001.

E. I. du Pont de Nemours & Co. (Inc.), Polychemicals Department,
Room 369, Du-Pont Bldg., Wilmington 98, Delaware.

Name.

Please send me more informa-
tion on Du Pont “Zytel” nylon Title
resins: Uses []; Processing Tech-
niques [J; Properties []. I am
also interested in receiving more Street Address
information on: DuPont‘“Teflon” City
tetrafluoroethylene resin [1;
‘““Alathon’’ polyethylene resin [;

Firm Name

State.

“Lucite’ acrylic resin [].

Type of Business
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COLORIMETER-

SPECTROPHOTOMETER

“=$240

with 41 calibrations!

Save money on faster, more accurate readings . . .
dial sets wavelength instantly, no filters. Save on
low purchase price . . . on long, trouble-free use.

ACCURATE READINGS IN
SECONDS . .. TROUBLE-FREE
SERVICE FOR YEARS! S

BAUSCH & LOMB

* Dependable accuracy::
Certified-Precision
diffraction grating; narrow
band pass (only 20mpuf)

NOW, for the first time, you can get highest

° accuracy readings in just seconds...anywhere
lnswq' wavelength in the 375mu-950mu range* . . . with a low-
selection, 375mu-950mu* cost colorimeter! CERTIFIED-PRECISION dif-

. . fraction grating saves time and bother: no
Only 3 controls! need for color filters. A twirl of a knob in-

e All trouble-f stantly selects desired wavelength. Narrow
-new frouble-tree band pass (only 20mgu/) assures high spectral
electronic design purity for dependable analysis. You get
double use, double value—routine colori-
® Functional beauty—space- nﬁatry %lus interlpretive spectropbl’llot?metry——
. UV wiela. all at the same low price. Trouble-free serv-
saving, only 14%; wide ice for years! Revolutionary new electronic
-design provides stability, resists shock and
temperature variation.
*With Infra-Red Accessories (Only $5 More)

WRITE NOW

for Catalog D-266. Exclusive perform-
ance and price advantages will quickly
make the Spectronic 20 the most
wanted colorimeter in the field. Write

SINCE 1853
to Bausch & Lomb Optical Co., 78133
St. Paul St., Rochester 2, N. Y,
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BAUSCH & LOMB
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THE AUTHORY

LOREN C. EISELEY (“Man the
Fire-Maker”), professor of anthropology
at the University of Pennsylvania, is
well known to readers of ScienTtiFic
AMERICAN; his most recent article was
“Fossil Man” in the December, 1953,
issue. He has recently been commis-
sioned by the American Philosophical
Society to compile a bibliography of
Charles Darwin.

FREEMAN J. DYSON (“What Is
Heat?”), professor of physics at Cornell
University, was born in England, where
his father is president of the Royal Col-
lege of Organists. After studies at Cam-
bridge University that were mainly de-
voted to mathematics, he was assigned
to operations research with the Royal
Air Force bomber command during the
last years of World War II. In 1947 he
came to the U. S. on a Commonwealth
Fund fellowship and turned his atten-
tion to physics. He has made valuable
contributions in field theory—see his ar-
ticle on the subject in the April, 1953,
issue. Before his present appointment at
Cornell he spent some time at the Insti-
tute for Advanced Study at Princeton
and married one of the mathematicians
there. He was elected a fellow of the
Royal Society in 1952.

I. BERNARD COHEN (“Pioneers in
the Theory of Heat”) is associate profes-
sor of the history of science and of gen-
eral education at Harvard University and
editor of Isis, the history of science
journal. Cohen graduated from Harvard
College in 1937 and has taught there
ever since. His conscientious labors in
the history of science have brought forth
a number of books and articles, includ-
ing several for SCIENTIFIC AMERICAN,
among them a biographical sketch of
Benjamin Franklin in the issue of Au-
gust, 1948, and one of Galileo in August,
1949. His particular specialties are the
history of physics and the development
of scientific ideas in the 18th century.
He is an authority on Benjamin Franklin.
The best known of his books is Science,
Servant of Man.

FRANK H. JOHNSON (“Heat and
Life”) is a biologist whose main interest
has been the study of biological reac-
tion rates. He says that he has been
“trying to be a biologist” since early high
school days. He graduated from high
school at 15, did his undergraduate work
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at Princeton University, obtained a
Ph.D. in 1936 and has been there, on
and off, ever since. In 1942 he, Dugald
Brown and Douglas Marsland of New
York University won the $1,000 prize
of the American Association for the Ad-
vancement of Science for their joint
study of the action of various environ-
mental pressures on the luminescence of
bacteria. In much of his work on lumi-
nescence Johnson has collaborated with
Henry Eyring, the eminent authority on
chemical reaction rates. Johnson has
worked in several fields of biochemistry,
including respiration, proteins, bacte-
riophage and enzymes. A painter in his
spare time, Johnson spends Saturdays at
the Art Students League in New York
whenever he can get away from the
[ laboratory.

| BERNARD LEWIS (“High Tem-
peratures: Flame™) is a leading physical
chemist who for many years was chief
of the explosives branch of the U. S.
Bureau of Mines. Born in London, he
took his B.S. at Massachusetts Institute
of Technology and his M.A. at Harvard
University. He returned to England for
his Ph.D. at Cambridge University,
where he was demonstrator in physical
chemistry for a year. After an interval
of research in Minnesota and Berlin, he
embarked on a long career in the Bureau
of Mines. He has studied flames and ex-
plosions for 25 years and has written a
great deal on these subjects. Recently
he left the Bureau along with three col-
leagues to form a consulting organiza-
tion in Pittsburgh called Combustion
and Explosives Research, Inc. Last De-
cember he was awarded an honorary
D.Sc. degree by Cambridge University
in recognition of his outstanding work
in his field. With his wife, the concert
pianist Eunice Norton, Lewis takes an
active part in the musical life of Pitts-
burgh; he is a founder and president of
| the Pittsburgh New Friends of Music.

POL DUWEZ (“High Temperatures:
Materials”) is a metallurgist whose ca-
reer has oscillated between Belgium and
the U. S. Born in the town of Mons, in
the coal-mining area not far from the
French border, he took his D.Sc. at the
University of Brussels in 1933, then
went to California Institute of Tech-
nology for two years on a fellowship
from the Belgian-American Educational
Foundation. His fellowship studies were
physics and aeronautics. He then re-
turned to teach physics in the school of
mines of his home town, until the Ger-
man invasion of 1940 bounced him back
to Cal Tech, where he is now associate




THIS UNIQUE refractory test furnace, one of many, was designed by Kaiser Chemicals as part of its continuing program to develop superior
basic refractories for industry.

Heat is our business

EACH PERMANENTE REFRACTORY is designed especially
for a specific application.

As a result, each Permanente Refractory gives unusually
high resistance to furnace-destroying heat, chemical attack
and internal atmospheric conditions.

These specialized Permanente Refractories have helped
various industries set production records at far lower cost.
Among our most outstanding developments are the nation’s
highest quality bottom material for steel furnaces, a superior
checker brick for continuous glass furnaces, a top-perform-
ance brick for hot zone linings in rotary cement kilns.

In addition, our advanced research is specialized. We have
developed special refractories for nitrogen fixation at tem-
peratures up to 4172°F, coal de-gasifying at temperatures
up to 3200°F, induction furnace linings and high tempera-
ture castable refractories.

Also, many phases of our product development are con-
ducted in customer plants, under actual operating conditions.

This means we often “tailor” Permanente Refractories to
exacting customer requirements.

This combination of specialized products and specialized
service is an important reason why Kaiser Chemicals is a
major supplier of refractories to industry.

If there is a high temperature problem in your plant which
might be solved by the undivided attention of Kaiser Chemi-
cals refractory specialists, we will be glad to work with you.

Kaiser Chemicals

Pioneers in Modern Basic Refractories

Kaiser Chemicals Division, Kaiser Aluminum & Chemical Sales, Inc.,
Oakland 12, California
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Statisticians...
relax!

Exclusive Monroe Features

o Fully automatic squaring

e Series 3 dials for individual and
accumulated percentages

e Safety counting meter

e Automatic transfer short-cuts
raising numbers to any power

e Added capacity increases
usefulness and flexibility

Statisticians who know prefer

MONROE

STATISTICAL CALCULATOR

Monroe Calculating Machine Company, Inc.

Publications Department, Orange, N. J.

Please send me [J Quality Control [J Statistical Methods. | understand these manuals
are free and will be mailed without obligation.

COMPANY

ADDRESS..veevvnennnn.

........................................................

FREE MONROE MANUALS
SHOW YOU THE SHORT-CUTS
IN STATISTICAL METHODS!

What better way to get every statistics job
done than with the world’s only statistical
calculator—the Monroe!

And, what better short-cut help can you
get than the Monroe handbooks compiled
from suggestions made by the men who
know the business best—the statisticians
themselves!

Yes, here are two fact-filled, profes-
sional manuals (Monroe offers them, free
of course) that thousands of statisticians
have found invaluable aids. You will, too.
Each page is packed with information—
tips and methods to shorten the most
common statistical problems...to get
jobs done faster...easier...with less
chance of error.

For your personal free copies just ask
any Monroe Branch Office (the nearest is
listed in your classified telephone direc-
tory). Or mail the coupon below. Monroe
Calculating Machine Company, Inc., Gen-
eral Offices, Orange, N. J.
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| professor of mechanical engineering.
| His research has been in the physics of
metals, in ceramic materials and in the
plasticity of crystals. He has been a con-
sultant to the U. S. armed forces on
several technical committees and is now
a U. S. citizen. Duwez’ interest in ma-
terials to withstand high temperatures
was originally awakened by researches
in Belgium on alloys for steam turbines,
and it was sharpened after his return to
Cal Tech by the fact that the Institute is
a center of research on jet propulsion.

FARRINGTON DANIELS (“High
Temperatures: Chemistry”) has served
the chemical profession and the U. S.
Government with distinction for many
years. After taking his Ph.D. in physical
chemistry at Harvard University in
1914, he taught for a while, then served
in turn the Chemical Warfare Service
and the Fixed Nitrogen Research Labo-
ratory of the Department of Agriculture.
He joined the University of Wisconsin
in 1920 and in 1928 was appointed pro-
fessor of chemistry, a title he has held
ever since. He is the author of five books
in physical chemistry and for some years
was associate editor of The Journal of
the American Chemical Society, as well
as of two other journals. In 1941 he be-
came consultant to the National De-
fense Research Committee and, in 1943,
to the War Production Board. He is best
known as the wartime director of the
famous Metallurgical Laboratory at the
University of Chicago, where the first
uranium chain reaction was achieved.
Daniels was president of the American
Chemical Society in 1953.

MARTIN SUMMERFIELD (“High
Temperatures: Propulsion”) is a physi-
cist who has been interested in rockets
since his days as a graduate student at
California Institute of Technology. He
had begun to study infrared spectros-
copy, but a roommate attracted his at-
tention to the cooling problem in rocket
motors, which reoriented his career.
After taking his Ph.D. at Cal Tech, he
worked on the Institute’s jet-propulsion
project as assistant chief engineer. In
1943 he joined the newly formed Aero-
jet Engineering Corporation. Later he
returned to Cal Tech as chief of rockets
and materials in the jet propulsion labo-
ratory. Since 1949 he has been at Prince-
ton University, now with the title of pro-
fessor of jet propulsion. He has served
on two subcommittees of the National
Advisory Committee for Aeronautics

| and holds several patents on rocket mo-
tors and related devices. He is currently
editing a 12-volume series on High



PRECISION
CONTROLLED
HEAT

... within fractions of a degree

at temperatures up to 750°F. ..

can be maintained with

DOWTHERM

you can depend on DOW CHEMICALS

Precision control of process heat has become routine
in the many process industries now using Dowtherm®.
This modern heat transfer medium maintains temper-
atures within a fraction of a degree by simple pressure
regulation—does it uniformly over the entire heating
surface, too. This points the way to increasing your pro-
duction without the danger of hot spots or overheating.

A liquid material used as a vapor heating medium in
an entirely closed system, Dowtherm operates at high
temperature, low pressure, and extends the advantages
of steam-type heating to a much higher range of tem-
peratures. Many process industries have taken advan-
tage of these properties to develop new products—or im-
prove old products through better production control.

Since Dowtherm does not contain any minerals, there
are no costly scaling problems in your vaporizer or
processing equipment . . . only a minimum of main-
tenance is required.

A comprehensive handbook on the subject of heat
transfer and the use of Dowtherm has just been pub-
lished by Dow. You may obtain your free copy of
this informative work by writing to Dept. DO 876E
of THE DOW CHEMICAL COMPANY, Midland, Michigan.
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PROBE

NUCLEAR ENVIRONMENTS

. .. with variable frequency n-m-r spectroscopy

THE MARK OF
LEADERSHIP IS

This versatile probe is the basic sensing element of a
different kind of Varian n-m-r Spectrometer ... Model
V-4200. Operating on variable frequency nuclear
magnetic resonance principles, it offers widespread ap-
plications in fundamental research. Already, this impor-
tant instrument is in use in various laboratories throughout
the United States for:

® |dentification and measurement of isotopes

® |nvestigation of magnetic and electric field effects
on nuclei

® Materials studies by means of nuclear relaxation time
measurements

® Precise determinations of gyromagnetic ratios

EXCEPTIONAL SENSITIVITY

The V-4200 Spectrometer is so sensitive that you can
measure the natural isotopic abundance of many nuclei
of non-zero spin. For example, n-m-r signals from natu-
rally occurring H* and O'7 in a 3 cc sample of ordinary
water can be clearly observed. These are results from
Varian's V-4200 optimum combination of adjustable r-f
power, high stability and freedom from microphonics.

How would you use the V-42007?

Many new applications of variable frequency n-m-r spec-
troscopy are continually unfolding. If your research pro-
grams involve the potential use of these advanced tech-
niques, your detailed inquiries are welcomed.

Latest n-m.r literature . . . yours without charge

® Second edition (July, 1954) of n.m.r Table, listing abundance and
gyromagnetic data for approximately 130 isotopes

® Technical information bulletins on n.m.r techniques

® Literature on V-4200 Variable Frequency n.m.r Spectrometer and
associated magnet system

® Literature on V-4300 High Resolution n.m.r Spectrometer and asso-
ciated magnet system.

WRITE TO SPECIAL PRODUCTS DIVISION

VARIAN associates
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Speed and Jet Propulsion. This huge
compilation, gathering the knowledge of
some 100 specialists, will be published
by the Princeton University Press over
the next six years. The first two volumes
are now in press.

ARTHUR KANTROWITZ (“Very
High Temperatures”) is associate pro-
fessor of aeronautical engineering at
Cornell University, where he specializes
in gas dynamics and neighboring fields.
After doing graduate work at Columbia
University he became a physicist with
the National Advisory Committee on
Aeronautics at Langley Field, where he
worked from 1935 to 1946. He was head
of the gas-dynamics section, in charge
of developing the supersonic axial-flow
compressor. Kantrowitz was a lecturer
at the Eighth International Congress of
Theoretical and Applied Mechanics at
Istanbul two years ago and is at pres-
ent a Fulbright scholar at Cambridge
and Manchester universities. He also
holds a Guggenheim fellowship this
year.

FRED HOYLE (“Ultrahigh Tem-
peratures”), university lecturer in
mathematics in St. John’s College of
Cambridge University, is widely known
as the author of The Nature of the Uni-
verse. In this slim little book, which ap-
peared in 1950, he outlined a new cos-
mology, founded mainly on his own re-
searches and those of his friend R. A.
Lyttleton. Their work had previously
been described in a more technical book,
Some Recent Researches in Solar Phys-
ics. Much of Hoyle’s success in working
out cosmological puzzles is due to his
agility in mathematics, in which he won
several prizes in his student days at
Cambridge. Hoyle is 39, is married and
has a son and a daughter. For relaxation
he likes music, mountaineering and
cricket,

JESSE L. GREENSTEIN, author of
the lead book review on The Sun in this
issue, is professor of astrophysics at Cali-
fornia Institute of Technology and a
staff member of Mount Wilson and Palo-
mar Observatories. He took his master’s
degree at Harvard in 1930, then for four

| years tried the real estate and invest-

ment business in New York City. Al-
though he became a director of several
corporations, he decided to return to his
boyhood passion—astronomy. He went
back to Harvard for a Ph.D. and in
1937 joined the Yerkes Observatory,
where he remained 11 years. After the
war he joined the migration to the clear
skies, and huge telescopes, of California.



C optoured ™

Bond metal to metal
without heat or pressure

A new adhesive—Armstrong’s J-1151—now makes it possible to bond
metal to metal without heat or mechanical pressure. The resulting
joints develop tensile strengths as high as 2,000 psi.

J-1151 is particularly practical when bonding contoured shapes—
even those with compound curves—because only enough pressure to
insure contact is needed. Materials that might be damaged by heat
or pressure—light gauge metals, glass, or foamed plastics, can be
safely joined with J-1151.

Other unique advantages of this new adhesive are apparent when
assembling materials with different thermal coefficients . . . and when
joining non-porous materials like glass and highly finished metals.
It forms a rigid bond that is highly resistant to chemicals, solvents,
hydraulic fluids, and oils. And because there’s virtually no shrinkage
with J-1151, it’s ideal for precision work such as bonding dial faces
to gauges where distortion cannot be tolerated.

For information on J-1151 and other adhesives, coatings, and
sealers, write for a copy of Armstrong’s 1954 manual, free to industrial
users. Armstrong Cork Co., Industrial Division, 8009 Inland Rd.,
Lancaster, Pa. In Canada, 6911 Decarie Blvd., Montreal.

ARMSTRONG’S

ADHESIVES « COATINGS - SEALERS

by the makers of Armstrong’s Linoleum

etal shapes
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Nearly everybody likes economy. In today’s car market
it is a major attraction.

Bendix has a product . . . Stromberg* Carburetor
. . . that put on quite a performance in this year’s
Mobilgas Economy Run in which only cars with stand-
ard factory equipment are entered.

Three of the four cars using Stromberg Carburet-
ors in this economy test finished first in their respec-
tive price classes and the other finished second. In
what the automobile industry considers the feature
event . . . the Sweepstakes . . . Stromberg-equipped
cars won first and second places.

If you want to be able to stress economy and
performance as a car manufacturer . . . or realize it
immediately as a car owner, install Stromberg. It’s a
name and a product you can depend on . . . for over
40 years synonymous with quality carburetion.

ANOTHER zeﬂdl' STAR PERFORMER...

* k k k k k k k k k k k k k k k k kX k k k k *k k k k %

STR“MBERG . . . standard

CARBURETOR

In addition, Bendix manufactures the Zenith*
Carburetor, the outstanding performer in the truck,
bus and marine fields for over forty years.

One of Hundreds of Products

Stromberg is one of hundreds of products which Bendix
has developed and manufactured for the automotive,
aviation and electronic industries, yet Bendix must be
classified also under a score or more of other type
business categories. A glance at the partial list of divi-
sions and products at the right will indicate the extent
of our diversity.

Its Importance to You

The real importance of this diversity is that it proba-
bly can contribute to some phase of your operation.
Our Engineering Staff of 6,000 works with nearly every
industrial field and branch of industrial science. A 25-

© 1954 SCIENTIFIC AMERICAN, INC



PRINCIPAL DIVISIONS AND BASIC PRODUCTS

EcLIPSE MACHINE, ELMIRA, N. Y.
Stromberg carburetors, electric fuel pumps,
starter drives, bicycle coaster brakes.
SCINTILLA, SIDNEY, N. Y.
aviation ignition systems; industrial engine
magnetos; diesel fuel injection; electrical
connectors; ignition analyzers.

ZENITH CARBURETOR, DETROIT, MICH.
automotive, marine and small engine carburetors.
BENDIX-SKINNER, DETROIT, MICH.
micronic filters.

PAciric, NORTH HoLLYwWOOD, CALIF.
telemetering equipment; hydraulic and electric
actuators; dept¥ recorders; boat steerers.
BENDIX FRrIEZ, TOWSON, MbD.
meteorological instruments, precision instruments
and recorders.

BENDIX PRODUCTS, SOUTH BEND, IND.

automotive brakes, carburetors, power steering;
aviation brakes, landing gear, fuel metering.

ECLIPSE-PIONEER, TETERBORO, N. J.
aviation instruments and components; foundry.

equipment on Sweepstakes winner BENDIX Rapio, TowsoN, Mo.

radar; auto, railroad, mobile
and aviation radio; television.

[ MARSHALL-ECLIPSE, TROY, N. Y.
e o o 1954 Economy Run’ brake blocks, brake lining, synthetic resins.
RED BANK, EATONTOWN, N. ]J.
electronic tubes; dynamotors, inverters.

CINCINNATI, CINCINNATI, OHIO
automatic viscosity regulators, nuclear products.

division manufacturing organization, experienced in both BENDIX COMPUTER, LOS ANGELES, CALIF,
large-volume, low-cost production and small-quantity digital computers.
items of great complexity, is at your service today—per- HAMILTON, HAMILTON, OHIO
haps with the answer to a chronic problem which may jet engine controls and aircraft pumps.
now be bottlenecking your production. LAKE SH_ORE, ST. JOSEPI:I, MICI:I.

* * * power steering and automotive devices.

UrTica, UTica, N. Y.
The complete story of Bendix is best = . . . aviation components.

told and illustrated in an interesting
new digest called “Bendix and Your
Business.” You are almost certain to
find in its pages at least one idea of
how Bendix can help improve some
part of your own business. Please
make requests for this 40-page booklet
on your company letterhead to:

BENDIX INTERNATIONAL

BENDIX AVIATION CORPORATION 2 New York City
Fisher Building + Detroit 2, Michigan i *REG. . S: PAT. OFF;

MONTROSE, SOUTH MONTROSE, PA.
aviation components.
PIONEER-CENTRAL, DAVENPORT, IOWA
aviation instruments and components.
YORK, YORK, PA.
electronic devices; test equipment.
BENDIX-ECLIPSE OF CANADA, LTD.
Windsor, Ont.

© 1954 SCIENTIFIC AMERICAN, INC



PERATURE

ESSURE
TRESS

STRAIN
TORQUE
FORCE
VOLTAGE
CURRENT

(A) Typical signal recorded at chart speed of
0 mm. per second.

(B) Same signal recorded at chart speed of 250 mm.
per second for optimum resolution.

Brush Recording Systems

give you the facts—in wrlhng—lmmedmiely

® Brush’s newest line of recording systems
offers you greater flexibility in measurements.
These Direct Writing Oscillographs, for ex-
ample, have the widest range of recording chart
speeds available: from 10 inches a day to 10
inches a second. This permits a single instru-
ment to record a wide variety of signals with
optimum resolution. Brush amplifiers can be
adapted to different types of measurements
with simple interchangeable input units, each
designed for a wide range of transducers.

Brush’s new ideas in recording systems can
save you engineering time, provide accurate
data in writing. Chart records, which eliminate
laborious plotting, are produced instantly, For
help on your measurement problems call your
nearest Brush representative—or write Brush
Electronics Company, Dept. B-9, 3405 Perkins
Avenue, Cleveland 14, Ohio. In Canada:

e A. C. Wickman, Ltd., Toronto.

Brush Recording Systems for rack or
console mounting. Brush also fur-
nishes rugged portable instruments
for field use.

BRUSH ELECTRONICS

INDUSTRIAL AND RESEARCH INSTRUMENTS
PIEZO-ELECTRIC MATERIALS ¢ ACOUSTIC DEVICES
MAGNETIC RECORDING EQUIPMENT

ULTRASONIC EQUIPMENT

COMPANY

Sormerly
The Brush Development Co.
Brush Electronics Company
is an operating unit of
Clevite Corporation.
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THE COVER

The photograph on the cover shows the
inner cone of a flame burning on a nozzle
in the National Bureau of Standards. To
the naked eye the whole flame would be
the same shade of blue seen around the
edges of the cone. The red image was
produced by the schlieren technique,
which makes visible variations in the
temperature and density of the gas. The
distance between the red and blue im-
ages is related to the thickness of the
zone in which the actual burning occurs.

THE ILLUSTRATIONS
Cover photograph by Paul Weller

Page Source

50 Antonio Frasconi
53-54 University of Nebraska State
Museum

55-57 John Langley Howard
58-59 Irving Geis
60-61 Bernarda Bryson

62 Paul Weller

63 Sara Love

64 Paul Weller

65 Sara Love

66 Irving Geis

67 Bunji Tagawa

68 Sara Love

84 Irving Geis

85 Paul Weller

86-88 Bunji Tagawa

90 George H. Markstein

91 0. D. de C. Ellis

92-95 Combustion and Explosives Re-
search, Inc.

98-99 Convair
100 Irving Geis

102 General Electric Research
Laboratory

104 Battelle Memorial Institute

106 General Electric Research
Laboratory

109-110 Irving Geis

111 Food Machinery and Chemical
Corporation

116 National Carbon Company

120-121 Bunji Tagawa

122 S. Hight and R. W. Mascolo
124-125 Irving Geis

126-127 Reaction Motors, Inc.

127 Bunji Tagawa

133 Paul Weller

134-136 Irving Gelis

138 Cornell University

140 High Altitude Observatory of
Harvard University

142 Mount Wilson and Palomar
Observatories

144 Lick Observatory

146 Irving Geis

147 Mount Wilson and Palomar
Observatories

148-152 Sara Love

158 Mount Wilson and Palomar
Observatories

172-180 Douglass Crockwell

182 Roger Hayward




DOW CORNING

CORPORATION

Silicone News

series o FOR DESIGN ENGINEERS

HYBRID HOPS HEAT HURDLE

The heart of the Westinghouse “"Electronic Eye’’
heat control system for electric range surface units
is a thermistor embedded in Silastic* paste. Flex-
ible Silastic insulated cable connects the thermis-
tor to exterior wiring, and the Electronic Eye
itself is isolated in the center of a flexible Silastic
diaphragm. The Silastic components have stood
ubd under boiling water, o0il, grease, coffee, and
syrup, as well as accelerated life testing equivalent
to 15 years of actual service. No. 77

JURTESY PRATT A WHITNEY AIRC
Silastic- :uated glass cloth gaskets have been the
standard seal for rocker boxes on the giant P&EW
Wasp Major aircraft engines for over 8 years.
No other material has ever been found with an
equal ability to make and hold a tight, resilient
seal in comtact with bot oil at operating tempera-
tures in the order of 450 F. No. 78

COURTESY HOUDAILLE-
HERSHEY CORP.

High viscosity Dow Corning
200 Fluids are used in this
torsional vibration damper
designed for crankshafts of
diesel and automobile en-
gines. The relatively con-
stant wviscosity of silicone
fluids over a wide tempera-
ture range and their ability
to withstand constant shear-
ing without breaking down
make the principle of wvis-
cons damping practical in
this device. No. 79

* T. M. REG. U. S. PAT. OFF.

SILICONES RAISE TEMPERATURE LIMITS;
OFFER PRODUCT DESIGNERS NEW FREEDOM

After 11 years of commercial production,
Dow Corning silicones continue to make
news in heat-resistant uses. This new class
of semi-inorganic materials, with its basic
structure of silicon and oxygen atoms, has
proven useful in every industrial field where
greater heat resistance is required of non-
volatile fluids, flexible insulating varnishes,
lubricants, laminates and rubbers.

Because of the greater stability of their
silicon-to-oxygen linkages, silicones behave
about the same in the 400 to 700 F tem-

perature range as organic materials do at
250 to 350 F. Translated into actual
practice, this means that silicone insulated
motors deliver up to 50% more power per
pound and last at least 10 times longer.
Silastic, the Dow Corning silicone rubber,
stays elastic after long exposure to the kind
of heat that either melts or hardens organic
rubbers. Silicone resin based paints hold a
film for years on surfaces hot enough to
blister conventional coatings in days.

As a result, troublesome maintenance and
production problems have been solved with
Dow Corning silicones. And by freeing
designers from the temperature limitations
of organic materials, Dow Corning sili-
cones have given rise to hundreds of new
and improved products. A few examples
are shown and described on these pages.
Many of them would have been impractical
or even impossible without silicones.

Dow Corning silicones have, in fact, pene-
trated industry to a degree which is hard

LRSI S0 Ui SN, oMM IS OIS to believe. Housing, transportation, cloth-
nereg m HNEbiwergHr sirmcfarad f‘.l’-’ for ol .

Dow Corning 2106 is used to hond glass ing, the very food we eat — all have
form lamimared tubes, ducts, plates and boney- (comtimned px.2)

comb itructares. Light
theie parts itand 3500 F consmuously

ai bigh asx JOO F

and arc-ren

and 1

No. 80

Ifrong

Hme exposures

imeriness  and  iscom aupied

tabality

uztb a bng degree of resistance to breakdown at
molding temperatures have made silicone mold
release agents standard equipment in the rubber

COURTESY THE REDMOND CO.

Spraying dies with Dow Corning Mold Release
Fluid provides easy release of aluminum or zinc
die castings. Molten aluminum does not cause
the silicone film on the die 1o smoke, fume or

and  plastics industries. Unlike organic mold
lubricants, silicones cannot decompose at operat-
ing temperatures to form a carbonaceous residue

on mold surfaces. No. 81 leave a hard, carbonaceous deposit. No. 82
FOR OATA RELATING TO THESE ARTICLES, CIRCLE REFERENCE NUMBER IN COUPON ON NEXT PAGE
MORE
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DOW CORNING

CORPORATION

icone News

DOW CORNING
PUBLICATIONS
ON NEW
DEVELOPMENTS
AND TECHNICAL
DATA . ...

Now—SILASTIC RTV—the Dow Corning silicone
rubber that's room temperature vulcanizable!
Excellent for durable, weather-proof, resilient in-
sulations, encapsulations and seals for electronic
components. No. 88

v

Magnet wire made with Dow Corning 1360 Wire
Enamel extends operating temperature and life
of electrical coils where winding space is at a
premium. Flexibility, toughness, and dielectric
strength compare favorably with those of the
best organic wire enamels. Life expectancy at
180 C is in the range of 50,000 hours compared
with 200 hours for wire insulated with con-
ventional enamels. No. 89

v

Silicone pressure sensitive adhesives that stick to
almost any material, retain useful bond strengths
at temperatures from —67 to 480 F. Uses include
bonding silicone treated electrical insulating
materials, sealing and wrapping tapes and
assembly of small electronic parts prior to
mechanical installation. No. 90

v

Heat-stable, nonflammable, foamed structures
can be produced from two new Dow Corning
expansible resins. Such structures resist direct
flame and thermal shock; undergo practically
no structural or dimensional change at 700 F;
show less than 0.05 percent moisture absorp-
tion after 7 days at 96 percent relative
humidity. Both resins can be expanded to

densities of 6 to 24 pounds per cubic foot. No. 91
\'4

The Reference Guide to Dow Corning Silicone
Products briefly describes the properties and
applications of all the most commonly used
silicone products. Many manufacturing plants
have requested copies for distribution to each of
their design and material engineers.  No.92

v

“What's a Silicone?”” is the title of a 32 page
booklet which answers that often asked question
in semi-technical terms. Indexed and illustrated,
this booklet has earned an international reputa-
tion as the most interesting and informative
description of silicones ever published.  No. 93

HYBRID HOPS HEAT HURDLE (continued) [

been either improved or processed faster X ‘
and at less cost with silicones. [ 4

As their applications multiply, Dow I

Corning silicones are being produced in
increasing variety and utility. First in
commercial production, and backed by
expert research and able product develop-
ment, Dow Corning is producing more and
better silicone products than ever before —

and at less cost. In contrast to the trend of
steadily rising prices these last few years,
Dow Corning silicones steadily dropped in | -
price as production mounted.

The generator and motor drive of the ‘'Dyna-
motive’ lift trucks built by Automatic Transpor-
tation Co. of Chicago are wound with silicone
(Class H) insulation for protection against heavy
‘ overloads and excessive moisture. Automatic

[
These are some of the reasons why more |
and more designers, engineers and main- |
tenance men look first to Dow Corning
silicones for the solution to their high tem-
perature problems.

Transportation engineers report that ‘silicone
insulation is used because it contributes to longer
life and can take harder abuse than other insulat-
ing materials. Since we adopted it 7 years ago,
we have never, to our knowledge, lost a motor
| due to insulation failure.” No. 85

The platinum grey,
modified silicone finish
on this space heater
showed no discoloration,
checking or powdering
after 500 howurs at 450F.
The finish is bard (bet-
ter than SH) vyet flex-
ible (takes 180° bend
on 20 gauge steel over
18 inch mandrel).
No. 86

These stationary diesel exhaust mufflers were both
| finished with aluminum pigmented paint the
same day. The coating on the stack at left was
formulated with a silicone resin vehbicle; that on
the right with a bhigh temperature organic resin.
After a year of service at surface temperatures in
the range of 500 F, the silicone-based finish is
relatively unchanged. The organic coating has
corroded almost completely away. No. 83

COURTESY DUOTHERM DIVISION, MOTOR WHEEL CORP.

PHOTO COURTESY FORD

MOTOR co.
Over 7200 trolley bearings are used in the core
oven conveyor system of the Ford foundry. Each
bearing is exposed to oven temperatures ranging
from 550 to 700 F several times daily. Dow
Corning 41 Silicone Grease, refreshed occasion-
ally with Dow Corning 710 Silicone Fluid, bas
been giving satisfactory service here for years.
No. 87

Providing 10 or more times the life of organic
grease in high temperature motor bearings of the
plain or shielded type, Dow Corning 44 Grease
makes permanent lubrication a practical reality |
in sealed bearings operating at temperatures from

—30 to 350 F. No. 84

Dow Corning Corporation, Dept. WI- 21, Midland, Michigan
Please send me: 71 18 79 80 81 82 83 84 85 86
87 88 89 90 91 92 93

NAME
TITLE
COMPANY
STREET
CITY

ZONE_ STATE__________
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HEAT

his issue of ScienTIFIC AMERICAN is solely concerned with the subject of heat.
Why heat? The answer is that we are in a period of quickening advance in our

knowledge of higher temperatures and how to use them. It is a good time to reflect on the
science and technology of heat.

The argument of the issue is as follows.

Heat has provided the energy by which man has shaped his own evolution. When man
first made fire and cooked meat, he found a source of energy which liberated him from the
mere struggle for survival. When he invented agriculture, fire softened his grain and baked
the pots which enabled him to store it. With the storage of food he could found cities
and specialize in technology, science and art. Fire further enabled him to smelt metals. The
beginning of his industrial civilization came when he learned how to use metals and high-
energy fuels to make engines converting heat into mechanical energy. This energy now
frees a substantial fraction of mankind from its dependence on the muscular energy of
men and animals.

With the development of the heat engine came an understanding of heat itself. Heat is a
major feature of environment. In the immense range of temperature between absolute zero
and the temperatures in the interiors of stars there lies a remarkably narrow zone where
life has evolved. Flame, the same phenomenon that lighted the faces of primitive men
around their campfires, is now seen as a subtle process wherein molecules are rearranged
and give up radiant energy.

Today the pace of application accelerates. We seek unusual new materials to contain
high temperatures so that they can do useful work. Chemical reactions that occur only at
high temperatures are explored for their technological possibilities. Pure reaction motors
such as the ramjet and rocket convert high temperatures directly into kinetic energy with-
out the ingenious mechanical linkages of the past 150 years.

But for the moment man’s knowledge of high temperatures outdistances his ability to
turn them to his own benefit. In the atmospheres of stars we observe very high-temperature
phenomena which are only beginning to be recreated in the laboratory. In the interiors of
stars we deduce the highest temperatures and the thermonuclear reactions.

This issue contains no discussion of the hydrogen bomb. Its basic principles are found
in the stars. The hydrogen bomb nonetheless represents the most significant advance in the
release of heat. It has been said that thermonuclear reactions are only a source of destruc-
tive energy. The important thing is that they are a source of energy. Judging by man’s past
ingenuity, he will find a way to use them for nondestructive purposes. When he does, the
energy at his command may so powerfully shape his development that its destructive po-
tentialities will be forgotten.
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MAN THE FIRE-MAKER

His unique evolution 1s largely due to his a])ility to turn heat

to his own ends. Even before he learned to bake clay and smelt

metals he used fire to change himself and the face of the earth

an, it is well to remember, is the
\/ I discoverer butnot the inventor of
fire. Long before this meddling
little Prometheus took to experimenting
with flints, then matches and finally (we
hope not too finally) hydrogen bombs,
fires had burned on this planet. Vol-
canoes had belched molten lava, light-
ning had struck in dry grass, winds had
rubbed dead branches against each oth-
er until they burst into flame. There are
evidences of fire in ancient fossil beds
that lie deep below the time of man.

Man did not invent fire but he did
make it one of the giant powers on the
earth. He began this experiment long
ago in the red morning of the human
mind. Today he continues it in the midst
of coruscating heat that is capable of
rending the very fabric of his universe.
Man’s long adventure with knowledge
has, to a very marked degree, been a
climb up the heat ladder, for heat alone
enables man to mold metals and glass-
ware, to create his great chemical in-
dustries, to drive his swift machines. It
is our intention in this article to trace
man’s manipulation of this force far back
into its ice-age beginnings and to ob-
serve the part that fire has played in the
human journey across the planet. The
torch has been carried smoking through
the ages of glacial advance. As we fol-
low man on this journey, we shall learn
another aspect of his nature: that he is
himself a consuming fire.

At just what level in his intellectual
development man mastered the art of
making fire is still unknown. Neander-
thal man of 50,000 years ago certainly
knew the art. Traces of the use of fire
have turned up in a cave of Peking man,
the primitive human being of at least
250,000 years ago who had a brain only
about two thirds the size of modern
man’s. And seven years ago Raymond
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by Loren C. Eiseley

Dart of Witwatersrand University an-
nounced the discovery in South Africa
of Australopithecus prometheus, a man-
ape cranium recovered from deposits
which he believed showed traces of
burned bone.

This startling announcement of the
possible use of fire by a subhuman crea-
ture raised a considerable storm in
anthropological circles. The chemical
identifications purporting to indicate
evidence of fire are now considered
highly questionable. It has also been in-
timated that the evidence may represent
only traces of a natural brush fire. Cer-
tainly, so long as the South African man-
apes have not been clearly shown to
be tool users, wide doubts about their
use of fire will remain. There are later
sites of tool-using human beings which
do not show traces of fire.

Until there is proof to the contrary,
it would seem wise to date the earliest
use of fire to Peking man—Sinanthropus.
Other human sites of the same antiquity
have not yielded evidence of ash, but
this is not surprising, for as a new dis-
covery the use of fire would have taken
time to diffuse from one group to an-
other. Whether it was discovered once
or several times we have no way of
knowing. The fact that fire was in world-
wide use at the beginning of man’s civi-
lized history enables us to infer that it
is an old human culture trait—doubtless
one of the earliest. Furthermore, it is
likely that man used fire long before he
became sophisticated enough to produce
it himself.

'[n 1865 Sir John Lubbock, a British

banker who made a hobby of popular
writing on science, observed: “There
can be no doubt that man originally
crept over the earth’s surface, little by
little, year by year, just, for instance, as
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the weeds of Europe are now gradually
but surely creeping over the surface of
Australia.” This remark was, in its time,
a very shrewd and sensible observation.
We know today, however, that there
have been times when man suddenly
made great strides across the face of the
earth. I want to review here one of those
startling expansions—a lost episode in
which fire played a tremendous part. To
make its outlines clear we shall have to
review the human drama in three acts.

The earliest human-like animals we
can discern are the man-apes of South
Africa. Perhaps walking upright on two
feet, this creature seems to have been
roaming the East African grasslands
about one million years ago. Our ances-
tor, “proto-man,” probably emerged
from the tropics and diffused over the
region of warm climate in Eurasia and
North Africa. He must have been de-
pendent upon small game, insects, wild
seeds and fruits. His life was hard, his
search for food incessant, his numbers
were small.

The second stage in human history is
represented by the first true men.
Paleoanthropic man is clearly a tool
user, a worker in stone and bone, but
there is still something of the isolated
tinkerer and fumbler about him. His
numbers are still sparse, judging from
the paucity of skeletal remains. Short,
stocky and powerful, he spread over the
most temperate portions of the Afro-
Eurasiatic land mass but never attempt-
ed the passage through the high Arctic
to America. Through scores of millennia
he drifted with the seasons, seemingly
content with his troglodyte existence,
making little serious change in his array
of flint tools. It is quite clear that some
of these men knew the use of fire, but
many may not have.

The third act begins some 15,000 or



EVIDENCE OF FIRE made by man goes back to the Second Gla- Creek Reservoir area of Nebraska, where E. Mott Davis and his
cial Period. Shown here is the Red Smoke site in the Medicine colleagues have found such evidence for the later Fourth Glacial.

5

FIRE PIT (lower left) at the Red Smoke site contained charcoal, a slightly later fireplace above the blackboard in the rear was found
charred bone fragments and fired earth, A sample of charcoal from by the radiocarbon method to have an age of 8,862 = 230 years.
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20,000 years ago. The last great ice
sheet still lies across northern Europe
and North America. Roving on the
open tundra and grasslands below those
ice sheets is the best-fed and most varied
assemblage of grass-eating animals the
world has ever seen. Giant long-horned

bison, the huge wild cattle of the Pleisto-
cene, graze on both continents. Mam-
moth and mastodon wander about in
such numbers that their bones are later
to astonish the first American colonists.
Suddenly, into this late paradise of
game, there erupts our own species of

man—Homo sapiens. Just where he came
from we do not know. Tall, lithe, long-
limbed, he is destined to overrun the
continents in the blink of a geological
eye. He has an excellent projectile
weapon in the shape of the spear throw-
er. His flint work is meticulous and

BURNED BISON BONES were found at the Red Smoke site 10
feet below the fire pit shown at the bottom of the preceding page.
Near the bones lay a stone knife. Here two workers from the
University of Nebraska State Museum measure the bones and map
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their location. The bones, which are shiny because they were pro-
tected with shellac, included ribs, vertebrae, a pelvis and most of
a lower hind leg. They represent the earliest of eight levels of
habitation at the site; the dated fireplace represents the latest.




sharp. And the most aggressive carni-
vore the world has ever seen comes at a
time made for his success: the grasslands
are alive with seemingly inexhaustible
herds of game.

Y et fire as much as flesh was the magic

that opened the way for the suprem-
acy of Homo sapiens. We know that he
was already the master of fire, for the
track of it runs from camp to buried
camp: the blackened bones of the ani-
mals he killed, mute testimony to the
relentless step of man across the con-
tinents, lie in hundreds of sites in the
Old and the New Worlds. Meat, more
precious than the gold for which men
later struggled, supplied the energy that
carried man across the world. Had it
not been for fire, however, all that enor-
mous source of life would have been
denied to him: he would have gone on
drinking the blood from small kills,
chewing wearily at uncooked bone ends
or masticating the crackling bodies of
grasshoppers.

Fire shortens the digestive process.
It breaks down tough masses of flesh into
food that the human stomach can easily
assimilate. Fire made the difference that
enabled man to expand his numbers
rapidly and to press on from hunting to
more advanced cultures. Yet we take
fire so much for granted that this first
great upswing in human numbers, this
first real gain in the seizure of vast quan-
tities of free energy, has to a remarkable
degree eluded our attention.

With fire primitive man did more than
cook his meat. He extended the pasture
for grazing herds. A considerable school
of thought, represented by such men as
the geographer Carl Sauer and the
anthropologist Omer Stewart, believes
that the early use of fire by the aborig-
ines of the New World greatly expand-
ed the grassland areas. Stewart says:
“The number of tribes reported using
fire leads one to the conclusion that
burning of vegetation was a universal
culture pattern among the Indians of
the U. S. Furthermore, the amount of
burning leads to the deduction that
nearly all vegetation in America at the
time of discovery and exploration was
what ecologists would call fire vegeta-
tion. That is to say, fire was a major fac-
tor, along with soil, moisture, tempera-
ture, wind, animals, etc., in determining
the types of plants occurring in any
region. It follows then, that the vegeta-
tion of the Great Plains was a fire vege-
tation.” In short, the so-called primeval
wilderness which awed our forefathers
had already felt the fire of the Indian
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FOSSIL FIRE-MAKERS are located in time. At the left is an approximate scale of years.
The colored band beside it indicates the advance and retreat of the ice in the glacial and
interglacial periods. The early modern man of Fontéchevade made fire, as did Neander-
thal man. Sinanthropus probably made fire, and it is possible that Australopithecus did.
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PRE-FIRE VEGETATION in Pennsylvania is reconstructed from

an early description. The four closest trees are a tulip (left),

hunter. Here, as in many other regions,
man’s fire altered the ecology of the
earth.

It had its effect not only on the flora
but also on the fauna. Of the great herds
of grazing animals that flourished in
America in the last Ice Age, not a single
trace remains—the American elephants,
camels, long-horned bison are all gone.
Not all of them were struck down by the
hunters’ weapons. Sauer argues that a
major explanation of the extinction of
the great American mammals may be
fire. He says that the aborigines used
fire drives to stampede game, and he
contends that this weapon would have
worked with peculiar effectiveness to ex-
terminate such lumbering creatures as
the mammoth. I have stood in a gully in
western Kansas and seen outlined in the
earth the fragmented black bones of
scores of bison who had perished in
what was probably a man-made con-
flagration. If, at the end of Pleistocene
times, vast ecological changes occurred,
if climates shifted, if lakes dried and
in other places forests sprang up, and
if, in this uncertain and unsteady time,
man came with flint and fire upon the
animal world about him, he may well
have triggered a catastrophic decline
and extinction. Five thousand years of
man and his smoking weapon rolling
down the wind may have finished the
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story for many a slow-witted animal spe-
cies. In the great scale of geological time
this act of destruction amounts to but
one brief hunt.

l\/I an, as I have said, is himself a flame.
He has burned through the animal
world and appropriated its vast stores of
protein for his own. When the great
herds failed over many areas, he had to
devise new ways to feed his increase or
drop back himself into a precarious bal-
ance with nature. Here and there on the
world’s margins there have survived into
modern times men who were forced into
just such local adjustments. Simple
hunters and collectors of small game in
impoverished areas, they maintain them-
selves with difficulty. Their numbers re-
main the same through generations.
Their economy permits no bursts of
energy beyond what is necessary for the
simple age-old struggle with nature.
Perhaps, as we view the looming shadow
of atomic disaster, this way of life takes
on a certain dignity today.
Nevertheless there is no road back;
the primitive way is no longer our way.
We are the inheritors of an aggressive
culture which, when the great herds
disappeared, turned to agriculture.
Here again the magic of fire fed the
great human wave and built up man’s
numbers and civilization.
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a shagbark hickory (second from left), a sugar maple (third)
and a white oak (fourth). In the foreground are white oak leaves.

Man’s first chemical experiment in-
volving the use of heat was to make
foods digestible. He had cooked his
meat; now he used fire to crack his grain.
In the process of adopting the agricul-
tural way of life he made his second
chemical experiment with heat: baking
pottery. Ceramics may have sprung in
part from the need for storage vessels to
protect harvested grain from the incur-
sions of rats and mice and moisture. At
any rate the potter’s art spread with the
revolutionary shift in food production
in early Neolithic times.

People who have only played with
mud pies or made little sun-dried vessels
of clay are apt to think of ceramics as a
simple art. Actually it is not. The sun-
dried vessels of our childhood experi-
ments would melt in the first rain that
struck them. To produce true pottery
one must destroy the elasticity of clay
through a chemical process which can
only be induced by subjecting the clay
to an intense baking at a temperature of
at least 400 or 500 degrees centigrade.
The baking drives out the so-called wa-
ter of constitution from the aluminum
silicate in the clay. Thereafter the clay
will no longer dissolve in water; a truly
fired vessel will survive in the ground
for centuries. This is why pottery is so
important to the archaeologist. It is im-
pervious to the decay that overtakes



FIRE VEGETATION in an area deliberately burned over by the

Indians is similarly reconstructed from an early account. The

many other substances, and, since it was
manufactured in quantity, it may tell
tales of the past when other clues fail us.
Pottery can be hardened in an open
campfire, but the results can never be
so excellent as in a kiln. At some point
the early potter must have learned that
he could concentrate and conserve heat
by covering his fire—perhaps making it
in a hole or trench. From this it was a
step to the true closed kiln, in which
there was a lower chamber for the fire
and an upper one for the pottery. Most
of the earthenware of simple cultures
was fired at temperatures around 500
degrees centigrade, but really thorough
firing demands temperatures in the
neighborhood of 900 degrees.

Nter man had learned to change the
chemical nature of clay, he began
to use fire to transform other raw mate-
rials—ores into metals, for instance. One
measure of civilization is the number
of materials manipulated. The savage
contents himself with a few raw mate-
rials which can be shaped without the
application of high temperatures. Civi-
lized man uses fire to extract, alter or
synthesize a multitude of substances.
By the time metals came into ex-
tended use, the precious flame no longer
burned in the open campfire, radiating
its heat away into the dark or flickering
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on the bronzed faces of the hunters. In-
stead it roared in confined furnaces and
was fed oxygen through crude bellows.
One of the by-products of more intensi-
fied experiments with heat was glass—
the strange, impassive substance which,
in the form of the chemist’s flask, the
astronomer’s telescope, the biologist’s
microscope and the mirror, has con-
tributed so vastly to our knowledge of
ourselves and the universe.

We hear a good deal about the “Iron
Age,” or age of metals, as a great jump
forward in man’s history; actually the
metals themselves played a compara-
tively small part in the rise of the first
great civilizations. While men learned
to use bronze, which demands little
more heat than is necessary to produce
good ceramics, and later iron for tools
and ornaments, the use of metal did not
make a really massive change in civ-
ilization for well over 1,500 years. It
was what Leslie White of the University
of Michigan calls the “Fuel Revolution”
that brought the metals into their own.
Coal, oil and gas, new sources of energy,
combined with the invention of the
steam and combustion engines, ushered
in the new age. It was not metals as
tools, but metals combined with heat
in new furnaces and power machinery
that took human society off its thousand-
year plateau and made possible another
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forest has been replaced by grassland. The three trees are young
oaks. In the foreground are grassland plants such as strawberry.

enormous upswing in human numbers,
with all the social repercussions.

Today the flames grow hotter in the
furnaces. Man has come far up the heat
ladder. The creature that crept furred
through the glitter of blue glacial nights
lives surrounded by the hiss of steam,
the roar of engines and the bubbling of
vats. Like a long-armed crab, he ma-
nipulates the tongs in dangerous atomic
furnaces. In asbestos suits he plunges
into the flaming debris of hideous acci-
dents. With intricate heat-measuring in-
struments he investigates the secrets of
the stars, and he is already searching for
heat-resistant alloys that will enable him
to hurl himself into space.

How far will he go? Three hundred
years of the scientific method have built
the great sky-touching buildings and
nourished the incalculable fertility of
the human species. But man is also
Homo duplex, as they knew in the dark-
er ages. He partakes of evil and of good,
of God and of man. Both struggle in him
perpetually. And he is himself a flame—
a great, roaring, wasteful furnace de-
vouring irreplaceable substances of the
earth. Before this century is out either
Homo duplex will have learned that
knowledge without greatness of spirit is
not enough for man, or there will re-
main only his calcined cities and the
little charcoal of his bones.
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What Is Heat?

We deal with it by means of mathematical abstractions which rest

on the notions of disorder and energy. Presenting an explanation

of these concepts together with a brief account of their origins

eat is disordered energy. So with

H two words the nature of heat is

explained. The rest of this arti-

cle will be an attempt to explain the ex-
planation.

Energy can exist without disorder.
For example, a flying rifle bullet or an
atom of uranium 235 carries ordered
energy. The motion of the bullet is the
kind of energy we call kinetic. When
the bullet hits a steel plate and is
stopped, the energy of its motion is
transferred to random motions of the
atoms in the bullet and the plate. This
disordered energy makes itself felt in
the form of heat; parts of the bullet and
plate may get so hot that they momen-
tarily melt. The energy dwelling in the
uranium atom is the kind we call poten-
tial; it consists of the electric forces
which tend to push the constituent pro-
tons apart. When the atom fissions, the
energy of motion of the flying fragments
is converted by collisions into random
motions of the electrons and other

— HELIUM FREEZES (UNDER PRESSURE)

— HELIUM BOILS
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RANGE OF TEMPERATURES runs from absolute zero to those
that are encountered in the interiors of the hottest stars. This

58

by Freeman J. Dyson

atoms nearby in the surrounding mat-
ter—that is to say, into heat. This con-
version of potential energy into heat is
the working principle of nuclear reactors.

These two examples illustrate the gen-
eral principle that energy becomes heat
as soon as it is disordered. It is con-
versely true that disorder can exist with-
out energy, and that disorder becomes
heat as soon as it is energized. The atoms
of uranium 235 and 238 in a piece of
ordinary uranium are mixed in a random
way, but this disorder carries no energy.
To see how heat is produced by adding
energy to disorder, consider the air in a
bicycle pump. Before compression the
air atoms are already moving at random
in all directions; in other words this is
a disordered system, and its energy is
in the form of heat, though we do not
feel it because the air is only at room
temperature. Now if you pump vigor-
ously, compressing the air rapidly, it
heats up; the pump becomes hot to the
touch. The air has the same disorder it

WATER FREEZES
EARTH CLIMATIC MEAN

— SURFACE OF PLANET PLUTO
— AIR-REDUCTION PROCESS
OCEANIC MEAN

/

— HUMAN BODY
— WATER BOILS
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had before, but more energy. By doing
work you have pushed more energy into
the air, and the observed production of
heat is just the effect of this addition of
energy to the pre-existing disorder.

The same operation in reverse pro-
vides a practical method of reaching
low temperatures. After compressing the
air in a pump, we may allow the com-
pressed air to stand until it cools to room
temperature. (For this experiment we
need a pump with a tighter seal around
the piston than that in a bicycle pump.)
When the compressed air has cooled to
room temperature, we let it expand and
push the piston out of the cylinder. By
applying work to the piston, the air
loses energy and hence becomes colder.
With this principle of refrigeration,
using repeated expansions and self-
cooling during the compression phase,
it is possible to reach temperatures low
enough to liquefy helium.

The foregoing illustrations give a
qualitative picture of the nature of heat.
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logarithmic scale is in degrees absolute or Kelvin, the units of
which are the same as degrees centigrade but start from absolute

— SHOCK WAVE IN AIR AT MACH 20



In order to go further it is necessary to
talk quantitatively. We must measure
heat precisely in terms of numbers. Only
when we have an exact language for de-
scribing quantities of heat can we for-
mulate the physical laws that heat
obeys.

First, it is clear that to specify heat we
must use at least two numbers: one to
measure the quantity of energy, the other
to measure the quantity of disorder. The
quantity of energy is measured in terms
of a practical unit called the calorie,
which is the amount of heat required to
heat a gram of water through one degree
centigrade under standard conditions.
The ultimate unit to which we relate all
forms of energy is the unit of kinetic
energy, called the erg. This is defined as
the energy of a mass of two grams mov-
ing with a velocity of one centimeter per
second. By conversion of kinetic energy
to heat energy we determine that one
calorie equals 42 million ergs.

The quantity of disorder is measured
in terms of the mathematical concept
called entropy. This concept goes to the
heart of all theoretical ideas about heat
(and about certain other phenomena as
well, notably information). Entropy,
usually represented by the letter S, is
defined as a number which indicates
how many states are possible in a system
in a given situation. The system has an
equal probability of being in any one of
these states. The disorder consists in the
fact that we do not know which state
the system is in. In other words, dis-
order is essentially the same thing as
ignorance (this is where the connection
with information theory comes in).
Roughly speaking, entropy measures the
number of independent degrees of free-
dom possessed by a system. A high-
entropy system is free to be in many
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zero. On this scale the freezing point of water is 273.16 degrees
and the boiling point 373.16 degrees. In each of the next seven

different states. An example of such a
system is a liquid: its atoms may arrange
themselves in a huge variety of ways.
At the other extreme, an example of a
low-entropy system is a crystal lattice:
its atoms are arranged in a highly
ordered way and we usually know pre-
cisely which atom goes where.

The mathematical definition of en-
tropy is simply a precise statement of
what we mean by the intuitive idea of
disorder. We define S by the equation
M =25, with M representing the number
of equally probable states a system may
be in. The main reason for using this
definition is that it makes entropy addi-
tive. If object 1 has entropy S; and object
2 has entropy S,, then the two objects
placed side by side and considered as a
single system have entropy S;+S,. The
notion of entropy, as a quantity which
measures the “amount of disorder” in a
system, is useful only because it has the
additive property.

When we speak of the entropy of a
volume of air, we have to consider how
many possible states of motion are avail-
able to the molecules in the volume. To
a good approximation the molecules
may be considered as particles moving
freely and without disturbing each
other. In the classical mechanics of
Newton, the state of each molecule
would be described by specifying its
position and velocity, and there would
be a continuously infinite number of
possible states. For this reason it was
not possible in Newtonian mechanics to
define entropy in absolute terms; one
could only define the change in entropy
produced by changing the air from one
set of conditions to another. However,
in quantum mechanics, which we now
know to be the correct mechanics for
describing the movement of atoms, the

= SOLAR INTERIOR
- HYDROGEN BOMB
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air has only a finite number of possible
states inside a given volume and with
a given total energy. With the help of
quantum mechanics the definition of
entropy can be given a meaning for any
type of heat motion whatever.

I_Iaving defined what we mean by

the quantity of energy and the
quantity of disorder, let us see how these
two numbers describe the observable
properties of heat.

Thermodynamics is based on two
simple laws. The First Law is just the
Law of Conservation of Energy: the
total energy, including heat, of any
closed system remains constant. The
Second Law is a kind of law of “con-
servation of disorder”: the total entropy
of any closed system must either remain
constant or increase as time goes on—
it can never decrease. It is clear that dis-
order cannot strictly remain constant.
When a rifle bullet stops and converts
its energy of motion into heat, dis-
order is created and the total entropy
is increased. Whenever any process
of mixing-up or dissipation of energy
occurs, entropy is created. The point of
the Second Law is that such mixing
processes are in their nature irreversible.
A spent rifle bullet will not convert its
heat energy into energy of motion and
travel back to the gun the way it came. A
mixture of atoms of uranium 238 and
235 will not unmix itself spontaneously.
We can unmix a mixture (reduce its
entropy) only by producing an equal
or greater quantity of entropy in some
other part of our apparatus.

The effect of the Second Law is that,
if two bodies are in contact, heat will
always flow from one to the other in
such a direction as to increase the total
entropy. In which direction will this

= INTERGALACTIC COLLISIONS
= INTERIOR OF HOTTEST STARS

10°

articles this Kelvin scale is repeated together with an enlarged sec-
tion in the appropriate degrees: Kelvin, centigrade, or Fahrenheit.
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PIONEERS
IN THE THEORY OF HEAT

I/ I Yhe nature of heat was a major
subject of investigation from
the very beginning of modern

science. Bacon, Galileo, Boyle, Leib-

nitz, Hooke, Newton—all these men
sought to explain heat in terms of mo-
tions of the tiny corpuscles of which
bodies are made. It was difficult to see
how this idea could be applied to ac-
count for fire, and it failed to explain
how heat could move through a vac-
uum. Newton suggested that radiant

heat might be due to vibrations in a

subtle medium, the aether, which fills

all of space, but this theory raised more

(uestions than it answered.

In the 18th century Benjamin Frank-
lin and the Dutch chemist Hermann
Boerhaave helped to advance under-
standing by concentrating on the flow
of heat. They thought of it as a fluid,

Carnot (1796-1832)

and Franklin experimented on the heat
conductivity of various metals, just as
he studied electrical conductivity. He
was unable to measure heat conduc-
tivity, but toward the end of the cen-
tury the Scottish physicist and chemist
Joseph Black made it possible to do so
by discovering the specific or latent
heats of different substances. Black
used the amount of ice melted as his
measure of the heat liberated by a ma-
terial in connection with a given
change in temperature.

The way was now open to develop
a (uantitative theory of heat, and this
was begun by Antoine Lavoisier, the
father of modern chemistry. Together
with the mathematician Pierre Si-
mon de Laplace he determined the
specific heats of a large number of
materials and also showed that the
heat evolved in chemical reactions
could be studied quantitatively. From
the concept of the heat fluid, which he
named “caloric,” Lavoisier developed
an exact chemical thermodynamics. If
we smile today at this notion of heat
as a substance, we overlook the fact
that in everyday usages we still regard
heat as a fluid—something carried, ac-
quired or released by bodies. This is
evident in the language we use: e.g.,
heat flow, thermal conduction, thermal
capacity, latent heat.

It was Benjamin Thompson, Count
Rumford, who at the beginning of the
19th century revived the kinetic
theory of heat and laid the basis for
modern thermodynamics. Rumford, a
self-taught scientist [see book review
on page 163], came to his studies of
this subject by observing the vast
quantities of heat produced by fric-
tion during the boring of cannon, an
activity which he was supervising for
the Elector of Bavaria in Munich.
Rumford decided that the “inexhausti-
ble” heat issuing from the metal “can-
not possibly be a material substance;”
he could conceive of nothing “capable
of being excited and communicated in
the manner heat was excited and com-

Rumford (1753-1814)

municated in these experiments, except
it be motion.” He proceeded to experi-
ments designed to show that there
could be no such substance as caloric.
He wrote brilliantly on the kinetic
theory and suggested the principle of
the conservation of energy, but his
work gained few converts. The demoli-
tion of the caloric theory and the proof
that heat was only a form of energy
came some four decades later, chiefly
through the labors of a British physi-
cist, James Prescott Joule, and a Ger-
man physician, Julius Robert von
Mayer.

Joule, like Rumford, was a scientific
amateur. He had been rejected for a
professorship at St. Andrew’s because
of a slight physical deformity and made
his living as the proprietor of a large
brewery, but he spent much of his life
on physical experiments, which he per-
formed with meticulous care. His meas-
urements of heat and energy showed
that the heat produced was always pro-
portional to the mechanical energy ex-
pended and vice versa. This great dis-
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covery of the equivalence of mechani-
cal energy and heat became known as
the First Law of Thermodynamics.

The so-called Second Law of Ther-
modynamics had been discovered be-
fore the First Law. It was indicated in
a small book published in 1824 by Sadi
Carnot, a brilliant young French physi-
cist who had been a captain in the en-
gineering corps of the army but had
resigned his commission to devote his
time to scientific research. His central
idea was that the efliciency of a heat
engine is greatest when the cycle of the
engine is reversible, and that the trans-
formation of heat into work requires a
source of heat and a sink of heat at
different temperatures. The import of
Carnot’s work was not at first clear,
but by the middle of the century two
men had developed its implications.
They were Rudolf Clausius of Ger-
many, who enunciated the Second Law
and invented the concept of entropy,
and Lord Kelvin of Great Britain, who
showed how Carnot’s concepts led to
an absolute thermodynamic tempera-
ture scale.

It remained only for two giants of
the end of the 19th century, Willard
Gibbs and Ludwig Boltzmann, to ap-
ply the principles of statistical me-
chanics and establish thermodynamics
as an exact science.

I. BERNARD COHEN

Joule (1818-1889)

be? That will depend on the amount of
energy and entropy the two bodies
already contain. The Second Law im-
plies that heat must flow toward the
region of lower temperature, for the fol-
lowing reasons. As we lower the tem-
perature of anything, the amount of
energy and disorder in it both get
smaller. But the energy always decreases
more rapidly than the disorder, so that
the amount of disorder per unit of en-
ergy grows larger as the temperature
falls. A given amount of energy carries
more disorder when it is at a lower tem-
perature. This is why heat always likes
to move from a higher temperature to
a lower; as it moves, each unit of heat
energy acquires greater disorder.

Note that we have here implied a
definition of temperature: the tempera-
ture of any object is the amount of heat
energy that must be added to it to in-
crease its entropy by one unit. This
definition gives us a precise notion of
the meaning of temperature, not de-
pending on the particular properties of
the thermometers that are used to meas-
ure it in practice. A mercury thermome-
ter of course measures temperature in
terms of the specific thermodynamic
properties of mercury, on a scale which
arbitrarily divides the range between
the freezing and boiling points of water
into a certain number of units—100 units
in the case of the centigrade scale.

To complete the science of thermo-
dynamics we need to know not only
the two general laws but also the be-
havior of particular substances so far as
heat-carrying capacity is concerned. The
information concerning a particular sub-
stance is contained in the so-called
“equation of state” of the substance.
The equation of state of air, for exam-
ple, tells us how much disorder is pres-
ent when one gram of air is carrying a
given amount of heat energy. From this
we can deduce by simple mathematics
the amount of energy and entropy that
air will contain at a given temperature.
The equation of state of air is not a con-
sequence of the general laws of thermo-
dynamics. It depends on the detailed
properties of air molecules—their size
and shape and rigidity and so on. It is
possible in simple cases to calculate the
equation of state from the theoretical
behavior of the molecules, but in gen-
eral it is easier and more accurate to
measure it experimentally.

One situation of great practical im-
portance, where equations of state can-
not be measured but must be calculated
from theory, is in studying the behavior
of matter at really high temperatures,
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say from a million degrees up. Such tem-
peratures are found in stars and in ex-
ploding atcmic bombs. Theoretical cal-
culations are simplified by the fact that
at these temperatures chemical mole-
cules no longer exist, the matter consist-
ing entirely of single atoms, ions and
electrons. The thermodynamical be-
havior of stars, as observed by astrono-
mers, can be very well understood on
this basis, and from the observed be-
havior we can also deduce facts about
the chemical composition of the stars’
deep interior.

lectromagnetic waves, which in-

clude light, infrared and radio
waves, are a form of energy. They are
like other forms of energy, except that
they can exist in empty space in the
absence of matter. They may be dis-
ordered, like the irregular waves on the
water in mid-ocean. Like other forms of
energy, when electromagnetic waves are
disordered they become heat. So dis-
ordered electromagnetic energy is a
form of heat which belongs to empty
space, just as disordered motion of
atoms is a form of heat which belongs
to matter. All the laws of thermo-
dynamics apply as well to the one kind
of heat as to the other. Heat in empty
space we call heat radiation.

The existence of heat radiation im-
plies that no material body is ever com-
pletely isolated. The space around every
object will contain radiation; if there is
a temperature difference between the
object and the radiation, energy will
move from the radiation into the object,
or from the object into the radiation, so
as to equalize the temperatures. So the
radiation transfers energy from hotter
objects to colder.

From a practical point of view we
want not only to understand the fact
that heat transfer by radiation can
occur, but we want to know how fast
and how efficient the process will be.
Especially we want to understand why
heat transfer by radiation is so enor-
mously more effective at high tempera-
tures than at low temperatures. To get
a rough idea of how much difference
temperature makes, consider this com-
parison: A 25-cent piece, at a distance
of 10 feet from you, has about the same
angular size as the sun. But compare the
sensation of sitting in direct sunlight
with that of sitting 10 feet from a red-
hot quarter. The temperature of the coin
(600 degrees C.) is only one tenth that
of the sun’s surface.

The main factor determining the rate
of transfer of heat is the amount of radi-
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ation energy which a volume of space
at a given temperature contains. To cal-
culate this, we need to know the equa-
tion of state for empty space. The
equation of state for empty space is a
fundamental law of nature: it gives the
relation between the quantities of en-
ergy and entropy for disordered radia-
tion. The law is that the entropy varies
with the three-quarters power of the
energy, and this implies that the tem-
perature varies only as the one-quarter
power, or the fourth root, of the energy.

To understand the origin of the three-
quarters power, one has to go deeply
into the quantum nature of radiation,
which we will not discuss here. But one
can say in a general way that empty
space has an exceptionally large number
of degrees of freedom, in fact a con-
tinuously infinite number, since electro-
magnetic waves can exist with every
possible wavelength. By contrast, a ma-
terial object has a finite number of de-
grees of freedom, fixed by the number
of atoms it contains. This means that a

NEGATIVE TEMPERATURES were produced by Edward M. Purcell and Robert V. Pound in this
apparatus at Harvard University. The arm at the upper right holds a small crystal of lithium fluo-
ride on the end of a stick. The crystal is first magnetized between the poles of the large magnet at
the bottom, which is part of a nuclear induction apparatus. It is then placed in a small coil mounted
on the board at top center. When the magnetic field around the crystal is reversed by passing a strong
current through the coil, a negative temperature results (see diagram at the top of the opposite page) .
The effect is detected by placing the crystal in the magnet of the nuclear induction apparatus again.
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given quantity of energy can be spread
out over more degrees of freedom, and
therefore produce more disorder, in
empty space than in matter. And the
increase of temperature with energy is
consequently much slower for empty
space than for matter. While tempera-
ture varies as the fourth root of the
energy for heat radiation, for ordinary
gases the temperature is simply propor-
tional to energy.

The practical effect of the fourth root
is tremendous. Suppose that a piece of
matter at 600 degrees C. can radiate
away half its heat energy in an hour.
The same piece of matter at 6,000 de-
grees C. would have only about 10 times
as much energy, but it would radiate it
away 10,000 times as fast—it would
radiate away half its energy in about
four seconds.

If we increase the temperature of mat-
ter further still, we finally reach a point,
in the neighborhood of 10 million de-
grees, where the heat radiation which
exists instantaneously in the spaces be-
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tween the atoms carries as much energy
as the atoms themselves. Matter at this
temperature would radiate away its en-
ergy in a time as short as the time taken
by light to travel from its center to the
surface. It is practically impossible to
heat matter to a temperature higher than
this for any appreciable time except in
regions of high density, such as the cen-
ters of stars. Above 10 million degrees
empty space behaves like a wet sponge,
having an inexhaustible capacity for ab-
sorbing energy without greatly increas-
ing in temperature. Any matter at a tem-
perature much above 10 million degrees
will have its energy soaked up by the
space between its atoms in a minute
fraction of a second.

n recent years physicists have exploited

a flexible new tool for studying the
properties of heat and temperature. This
is a certain type of salt crystal, some of
whose atoms are magnets. Blue copper
sulfate is one of these substances, but
for good reasons the experimenters pre-
fer to work with more eso-
teric compounds, such as
dysprosium ethyl sulfate.

When a magnetic field is
applied to such a crystal,
the individual magnetic
atoms acquire energy. Each
little magnet is under pres-
sure to line itself up along
the applied field, and this
tendency gives it a potential
energy. Those atoms that are
farthest out of line with the
field, of course, will have the
greatest energy.

Now the atomic magnets
point in all directions and
share the total energy in a
random way. Thus the crys-
tal as a whole possesses dis-
ordered energy—which we
have seen is the definition of
heat. The magnetic energy
therefore can be considered
a form of heat energy. It is
not heat that we can feel,
because the energy is poten-
tial, not kinetic (it causes
no motion of molecules).
But it should obey the laws
of thermodynamics.

The beauty of this tool is
that the energy of the system
is directly under the control
of the experimenter and can
be varied just by varying the
applied magnetic field. If the
field is varied quickly, the
entropy of the magnetic sys-



tem will not be affected. An increase in
field produces an immediate rise in the
temperature, and a decrease in field pro-
duces a fall in temperature. In this way
one can reach temperatures of a few
thousandths of a degree, the lowest so
far achieved. With a single demagneti-
zation the temperature may fall from 1
degree to .003 degrees absolute (Kel-
vin). Temperatures in this range can be
measured surprisingly accurately, by
observing directly the amount of energy
required to produce a given increase in
entropy. The accuracy is good because
the magnetic field gives the observer
a precise control of the quantities of en-
ergy involved.

There is a general rule that it is im-
possible by any method actually to
reach zero temperature. To reach zero
we would have to extract energy from
a disordered system until there was ab-
solutely no energy left, and this is a prac-
tical impossibility.

Paradoxically, although zero tempera-
ture cannot be reached it is rather easy,
with a system of atomic magnets, to
make an infinite temperature. What does
this mean? It means simply that there
is a state of maximum possible disorder
of the magnets. When they are pointing
at random in all directions with equal
probability, they have more entropy
than in any other state. Now suppose
that the system in this state of maximum
disorder is put into a magnetic field. It
will then have a certain energy. At this
energy any small decrease or increase
of energy will produce practically no
change in entropy. In other words, a
small change in entropy would require
a change of energy which is enormous
compared to the change in entropy.
This is all we mean by saying that the
temperature is infinite. Since at maxi-
mum entropy the magnets can lose a
small amount of energy without signifi-
cant loss of disorder, heat will flow from
the magnets into the surroundings, with
a net increase of entropy in the total sys-
tem, if the surroundings are at any finite
temperature. In this sense the magnet
system is hotter than any finite tem-
perature.

The solid in which a nuclear magnet
system lies will look and feel quite cool,
even when the magnet temperature
is infinite. The temperature we feel
when we touch it is just the tempera-
ture of the mechanical motions of the
atoms into which the magnetic heat
is slowly translated. Just because the
mechanical and magnetic energy are
not rapidly interchanged, it is pos-
sible to control and measure the tem-
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ENERGY AND ENTROPY RELATIONSHIP for a system of atomic magnets is depicted
in this diagram. At the point X, where the entropy is maximum and the energy is E, the
temperature is infinite. At A and B the temperature is zero. From A to X the temperature
increases from zero to infinity. From X to B the temperature is negative. By suddenly re-
versing magnetic field we can jump from plus temperature (P) to minus temperature (Q).

perature of the magnet system by itself.

The equation of state for a system of
magnets is shown in the diagram above.
In this semicircular curve, the top of
the curve represents the point where
the temperature is infinite. To the left
of this point, X, a small increase in
energy produces an increase in entropy,
and the magnets have an ordinary finite
temperature. What happens to the right
of X, where the magnets on the average
are pointing against the magnetic field?
Here a small increase in energy produces
a decrease in entropy: according to the
definitions the temperature is minus.
There is nothing wrong with the defini-
tions; the temperature is in fact minus.

The only unexpected thing about
minus temperatures is that every minus
temperature is hotter, in the ordinary
sense, than every plus temperature. That
is to say, if a magnet system at minus
temperature is put in contact with any-
thing at a plus temperature, heat energy
will flow from the minus to the plus tem-
perature, both systems increasing their
disorder in the process. Thus minus tem-
peratures are not “below zero” but
“above infinity.”

wo Harvard University physicists,

Edward M. Purcell and Robert V.
Pound, first produced and detected a
minus temperature in 1950. They used
a crystal of lithium fluoride. It takes
about five minutes for the lithium atom-
ic magnets to share their energy with
the atomic motions, and during this five
minutes the magnet temperature can be
measured many times. It turned out that
the creation of a negative temperature
is rather simple. All that is necessary is
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to reverse the direction of the magnetic
field so quickly (in about one fifth of a
microsecond) that the magnets do not
have time to move during the reversal.
The result is a jump from a plus-
temperature point to one in the minus-
temperature range. The difficult part of
the experiment is to detect the minus
temperature after it is created. This was
done by observing the magnet system
with the technique of nuclear induc-
tion. There is no space here to say any-
thing about nuclear induction, except
that it is a delicate electronic technique,
and Purcell with Felix Bloch of Stan-
ford University received a Nobel prize
in 1952 for inventing it.

Why do we never experience minus
temperatures (and I do not mean be-
low zero Fahrenheit) in ordinary life?
The reason is that a system can have
a minus temperature only if it has a
state of maximum entropy. For the
movements of atoms in a piece of mat-
ter, or for heat radiation in empty
space, there is no state of maximum
entropy. As we supply more and more
energy, the entropy goes on increasing
forever. So for these familiar kinds of
heat, the equation of state does not
bend over like the curve in the diagram;
it is an open curve climbing steadily
from left to right all the way to in-
finity. As a result, we shall never know
what a minus temperature feels or looks
like. So far as I know, minus tempera-
tures have no practical or economic im-
portance. They are just a philosophi-
cal curiosity, but one which has added
considerably to our understanding of
the general notions of heat and tem-
perature.
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LUMINESCENT BACTERIA Photobacterium phosphoreum, sus-
pended in saline solution, are photographed by their own light.
The flask at upper left, at 5 degrees centigrade, is one fifth as lu-
minous as the flask at upper right, which is at 22 degrees C. This
is roughly the optimum temperature for luminosity in this species
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(see graph on the opposite page). The flask at lower left, at 32
degrees C., has gone past the optimum point and has returned to
about the same intensity as the first flask. The flask at lower right
has been heated to 32 degrees C. and then cooled to 22 degrees C.,
its equal intensity indicating the reversibility of the reaction.
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HEAT AND LIFE

Between the lowest temperatures and the highest 1S a narrow zone

in which living organisms have evolved. This 1s the range where

enzymes can exist and speed the chemical reactions of metabolism

ithout heat, all life processes
cease. With a little too much
heat, they cease just as surely.

And the difference between too little and
too much is only a hair’s-breadth in the
broad scale of temperature known to
modern science. Life is pretty much
confined to the range between about 0
and 50 degrees centigrade, or 32 to 122
degrees Fahrenheit. Very few organisms
can live long at temperatures above or
below those limits. It has been estimated
that, if the average daily temperature on
the face of the earth as a whole were
suddenly raised or lowered by only 20
degrees, all life would perish. As a mat-
ter of fact, life could not adjust to any
great change in temperature even with
unlimited time for evolutionary adapta-
tion, for the chemistry of organisms is
subject to unchangeable limitations.
We might consider first some of the
exceptional situations. At the cold end
of the biological scale, there is, for ex-
ample, the Alaskan stonefly, which ap-
parently lives a normal life at freezing
temperatures; it has been observed to
mate on the frozen ceiling of ice caverns.
Some species of bacteria and molds are
able to grow slowly at temperatures sev-
eral degrees below freezing. The polar
codfish remains active at below-zero
temperatures. Yet these few extremes
only emphasize the central principle. As
a general rule, at freezing or near-freez-
ing temperatures living organisms can
exist, if they survive at all, only because
their normal living activities, including
metabolism, come to a virtual standstill.
Some species of bacteria can survive be-
ing kept for months at a time at tem-
peratures around 300 degrees below
zero F., and a remarkable array of living
forms, including luminous bacteria,
moss spores, pollen grains, seeds of
higher plants and some lower animals,

by Frank H. Johnson

have recovered their normal activity
after exposure to the temperature of
liquid helium, within a couple of degrees
of absolute zero. Among the more com-
plex animals, a number can keep alive
at low temperatures by hibernation,
which is a state of suspended activity.
Even among the higher mammals some
can survive a drastic lowering of the
body temperature; for example, young
white rats have recovered after being
chilled to 37 degrees F., when all per-
ceptible signs of life, including the heart-
beat and circulation of the blood, disap-
peared. The rats in effect underwent a
general anesthesia. The anesthetic ef-
fects of refrigeration of course are well
known; it has been used by surgeons for
hundreds of years, and Napoleon’s sur-
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geon-in-chief, Larrey, is said to have
performed 200 amputations in a single
day with the assistance of freezing tem-
peratures on the battlefield.

At the hot end of the biological scale,
where the chemistry of life is speeded
up rather than stalled, organisms are far
more vulnerable to temperatures exceed-
ing the limit. Here too, however, there
are freaks. Perhaps the hottest of all
animals is the “cold-blooded” fish Bar-
bus thermalis, which lives in hot
springs of Ceylon at a temperature of
122 degrees F. The albino mouse lives
at a body temperature of 102.2 degrees,
and the songbirds have a normal tem-
perature of nearly 113 degrees. To find
really warm organisms, however, we
must turn to the world of primitive

20 25 30 35 40

TEMPERATURE (DEGREES C.)

LUMINESCENCE VARIATION occurs in two species of bacteria as the temperature of
their environment changes. The solid line shows the increase and decrease of intensity of
luminescence for Photobacterium phosphoreum as the temperature is increased. The dots
show the reversibility of this reaction by readings taken after heating these bacteria to 40
degrees, then cooling. The dashed line shows the response of Achromobacter fischeri.
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POLLEN GRAINS AND SEEDS OF HIGHER PLANTS SURVIVE

—— SPORES OF HIGHER FUNGI SURVIVE

NORMAL BODY TEMPERATURE OF HIGHER MAMMALS

—— BODY TEMPERATURE OF HIBERNATING GROUND SQUIRREL
NORMAL BODY TEMPERATURE OF LOWER ANIMALS
NORMAL BODY TEMPERATURE OF BIRDS

—— PRIMITIVE MOLDS GROW

—— EARTH CLIMATIC MEAN
—“ROOM TEMPERATURE"

—— HOT SPRING ALGAE SURVIVE
—— BACTERIA IN OIL WELLS SURVIVE

>
>

——— THERMOPHILIC BACTERIA

—— OCEANIC MEAN

lllll||l|!1[ll||l|l!lllllllll]llll]lll|!l|lIlllll!lllllllllillllIHllllllllIlI]!lﬂlHIH!IIIH)IIl!lllllllll]lllJIJJllI!IIIII!III!IIII
v T

&

~450 —400 -350

\ DEGREES FAHRENHEIT

=300

—250

—200 -150

-100 -50

50 100 150 200

[T T N 1 111771 T T T T T T
1 10 102 10* 104 10°

DEGREES KELVIN

LIFE TEMPERATURES of organisms are largely confined to a
narrow band on the thermometer. Such organisms as luminous
bacteria and pollen grains can survive to about 450 degrees below

plants. Some species of bacteria thrive
at 158 degrees or above. In some of the
hot pools of the Yellowstone a blue-
green alga carries on a simmering ex-
istence at 185 degrees. Certain bacteria
indigenous to deep oil-well brines are
believed to exist at a temperature of
212 degrees F. or higher.

We are concerned here with what
temperatures are most favorable to
life. The optimal temperature varies, of
course, not only with the organism but
also with the state of the organism. In a
human being a rise in temperature, for
instance, may help to fight an infection;
fever therapy of syphilitic paresis de-
pends on the fact that spirochetes can-
not withstand as high a temperature as
human cells can.
Growth and size have their optimal
temperature, but here the relationship
is not at all simple. Although cold retards

Eprtor’s NoTE

The subject of this article is
more fully discussed in The Kinet-
ic Basis of Molecular Biology, by
Frank H. Johnson, Henry Eyring
and Milton J. Polissar. This book
has just been published by John
Wiley & Sons, Inc.
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biological processes, among lower ani-
mals it is not unusual to find larger body
sizes associated with cold habitats. Many
arctic species grow to a larger size than
their near relatives in warm climates,
and flies are larger in winter than in
summer. On the other hand, relatively
high temperatures may greatly increase
the growth of cells. When cultures of
the vinegar-forming bacterium Aceto-
bacter are incubated at 104 degrees F.,
which exceeds the normal optimum for
the rate of reproduction, cell division
almost ceases but the cells themselves
continue to grow—sometimes to as much
as 150 times the normal size.

Even longevity has an optimum tem-
perature. A study of the water flea
Moina shows that it lives longest at a
temperature of about 60 degrees F. No
doubt there is a similar optimum for
longevity among the warm-blooded ani-
mals, including man, but obviously it
would be more difficult to determine.

Biologists would like to develop a pre-
cise theory of optimal temperatures for
man and other animals, but the tem-
perature relationships are many and
complex. In living organisms so many
distinct reactions take part in an end
result—growth, cell division, respiration,
reproduction, longevity and so on—that
it is difficult, indeed, to identify which
one or which ones may be most impor-
tant in determining the observed re-
sponse to temperature.
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zero by virtually suspending metabolic activity. Primitive plants,
such as bacteria in oil wells, mark the upper end of the scale at
212 degrees. Most life processes occur between 32 and 122 degrees.

The crux of the whole problem of
temperature and life lies in the effects
of heat upon enzymes, the body’s cata-
lysts. Enzymes lower the temperature
required for reactions to proceed at a
given rate. Their activity increases with
rise in temperature, just as the rates of
chemical reactions in general do. But
because they are large, complex pro-
teins, they are unstable to any excess of
heat. This dual effect of heat on enzymes
accounts primarily for the narrow limits
of temperature within which life is pos-
sible, and also for the varieties of tem-
peratures at which different life proc-
esses and different organisms do best.
In each organism there is a multiplicity
of enzymes, each catalyzing a specific
step or type of reaction, and heat affects
both the activity and the stability of
some enzymes more than of others. The
net effect of temperature on the total
process is conditioned by the specific
enzymes involved and the characteris-
tics of their response to heat; these char-
acteristics in turn depend on the bio-
logical source of the enzymes and on
the nature of the chemical environment
in which they act.

ife is sensitive to many other environ-
mental variables besides heat—salt
concentration, acidity, alkalinity and so
on. Ultimately, however, heat is still the
fundamental factor; the optimal concen-
trations of salt, acid and other agents



depend in part upon the temperature.
Both the activity and the stability of
enzymes and other essential constituents
of living cells are influenced by the con-
centration of such agents, but tempera-
ture is still basically involved. An inter-
esting illustration lies in the fact that
when an egg is placed in alcohol or acid,
it will coagulate at room temperature.
Heat makes the reaction go, just as when
the egg is boiled in water, but the
catalytic action of the alcohol or acid
lowers the required temperature. (In
living organisms alcohol produces fun-
damentally similar effects, though its
concentration is not usually high enough
to cause coagulation; the alcohol re-
duces, by less drastic and usually rever-
sible reactions, the activity of the sensi-
tive enzymes.)

ln view of the large number of different

reactions that are responsible for the
end result of a complex biological proc-
ess, and in view of the equally large num-
ber of enzymes involved in these re-
actions, it would appear to be a well-nigh
hopeless undertaking to attempt to
analyze the total rate according to laws
governing simple reactions. Surprising-
ly, however, some of the most compli-
cated living processes respond to tem-
perature as a whole in precisely the man-
ner of a simple chemical reaction. Thus
at temperatures below the normal
optimum of the system the rate of a sin-
gle enzyme reaction, or of the heartbeat,
or of mental processes, may increase
with temperature in the manner that
the Swedish chemist Svante Arrhenius
discovered is true of many simple re-
actions; i.c., the logarithm of the rate is
a linear function of the reciprocal of the
absolute temperature. The reason is that
the total rate is limited primarily by the
slowest step in the group of reactions,
and this slowest reaction, as well as all
the others, obeys the same physico-
chemical laws that hold for all reactions.

At a given temperature above the nor-
mal optimum, the rate of the process
often decreases in a manner also in ac-
cord with the Arrhenius relation. The
decrease suggests irreversible destruc-
tion of one or more of the essential
enzyvmes. However, if the exposure to
the above-optimum temperature is short,
the rate in some cases recovers at once
on cooling. This effect, which was first
quantitatively demonstrated in living
cells with bacterial luminescence, indi-
cates an equilibrium change between
catalytically active and inactive states of
an essential enzyme. We are probably
touching here on a general mechanism
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EXTREME DWELLERS in the realm of life temperatures are illustrated here. The fish
Barbus thermalis (top) lives in the hot springs of Ceylon at 122 degrees F. The brine fly
Ephydra can be found in hot salt pools at 115 degrees. The blue-green algae Oscillatoria
are quite adaptable and live up to 190 degrees. The polar codfish Boreogadus is one of the
coldest creatures at 29 degrees. The Alaskan stonefly Nemoura columbiana mates at 32
degrees. The ground squirrel Citellus tridecemlineatus hibernates in winter at 32 degrees.
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GROWTH (MILLIMETERS)

WEIGHT (GRAMS)

FISH EMBRYOS indicate a varying response of growth to temperature. One hundred trout
larvae were raised at three temperatures: 16 degrees C. (short-dashed line), 10 degrees
(solid line) and 5 degrees (long-dashed line) . Weight increase was greatest for the coldest.

DENSITY

BACTERIA indicate a differential response of growth to temperature. Two cultures of
Escherichia coli were kept at 37 degrees C. (solid line) and 23 degrees. The higher tem-
perature caused an increase of rate in growth at the expense of total bacterial population.
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PLANTS respond to temperatures differently according to species variations. Increments
of growth for 48 hours are shown for a temperate climate plant, Lupinus (long-dashed
line) and two plants of warmer climes, Zea (short-dashed line) and Cucumis melo (solid).
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in control of physiological rates, for this
equilibrium is sensitive not only to tem-
perature but also to many drugs, includ-
ing alcohol, which lower the tempera-
ture at which the change in equilibrium
occurs,

We suppose that the intensity of light
emitted by luminescent bacteria de-
pends on an oxidative enzyme, whose
catalytic activity is reversibly increased
with rise in temperature, but whose
stability is reversibly decreased, to a
different extent. On this assumption it is
possible to account with considerable
accuracy for the relation between tem-
perature and light intensity over a broad
range in temperature. Although many
reactions are involved, the net result, as
measured by luminescence, responds to
temperature as if the whole process de-
pended upon the reactivity of a single
species of molecules, namely, the
enzyme that limits the process of light
emission. There are many other instances
wherein a complex biological process
as a whole responds to heat in the
manner of a relatively simple chemical
reaction.

No one knows, and no one is ever

likely to know for certain, the tem-
perature of the earth when life first ap-
peared. There is reason to believe that
the temperature was quite a bit hotter
than it is today. Life probably arose from
a single molecule or at most from a very
few molecules having the same type of
optical activity. It arose when this mole-
cule, or these few molecules, reproduced
themselves, possibly by acting as tem-
plates for the formation of their suc-
cessors. The fact that left-handed (levo)
optical forms predominate over right-
handed (dextro) forms in the living
world today, though the two forms have
exactly the same chemical reactivity, is
difficult to account for on any other
hypothesis. The original molecules, with
which life began, may have set the left-
handed pattern, and the few dextro
isomers can be explained as inversions
without survival value.

The first self-duplicating molecules
must have been relatively small and sim-
ple. Because of their simplicity they
were more stable to heat. With the cool-
ing of the earth it became possible for
more complex molecules to survive, and
evolution proceeded in every feasible
direction. Out of it has emerged pres-
ent-day life in all its magnificent array.
Heat makes it go and heat makes it
stop going. Whatever the future holds in
store for us rests ultimately on heat—
and on the compromise between too lit-
tle and too much.



Kodak reports to laboratories on:

high speed film for high speed movies...where to look for organic chemicals...
toughening up our fastest photorecording paper

High speed boon

In Paris this month at an interna-
tional symposium on high speed
photography, we are announcing
16mm Cine-Kodak Tri-X Negative
Film. We are making a scholarly
and dispassionate exposition of the
factors governing choice of emul-
sion characteristics for high speed
motion pictures and in due course
of the argument we bring out that
the new film has at least twice the
speed of the valiant old “Super-
XX,” with about the same graini-
ness. The happy implication to, say
the man who is pointing a Kodak
High Speed Camera at a malfunc-
tioning centrifugal clutch, is that he
can close down his lens to get more
depth of field, or he needn’t pour
so much light on his subject, or he
can combine the two boons.

Cine-Kodak Tri-X Negative Film
is now obtainable from your Kodak
dealer, not only spooled for the
rigors of high speed cameras (and
so labeled) but also for more ortho-
dox 16mm movie cameras used in
newsreel, industrial, and sports
photography. ASA Exposure In-
dices for conventional work are 250
for daylight and 200 for tungsten.
Actually, this film outstrips the
vision of some exposure meter de-
signers by often making possible a
quite adequate picture under illumi-
nation so low that the photographer
can’t get any response out of his
meter.

Cine-Kodak Tri-X Negative Film is
priced at $3.80 for a 100-foot roll on
camera spool. The same emulsion is also
available in 35mm form as 100-, 200-,
400-, and 1000-foot rolls of Eastman
Tri-X Negative Film through our dis-
tributors, W. J. German, Inc., Fort Lee,
N. J. For a technical data sheet on Tri-X
motion picture film, write Eastman
Kodak Company, 343 State Street,

Rochester 4, N. Y. We do not process
this film.

List No. 39

This and every year, myriads of
companies spawn numberless cata-
logs, each a jewel in the crown of
some sales manager, each a brick

in the edifices of the printing indus-
try and the filing cabinet industry.
Here we come with yet another and
with the presumption to proclaim
its advent an event. In support we

cite the reception accorded the 38
predecessors of the vivid turquoise
Eastman Organic Chemicals List
No. 39, which has just been mailed
out to those who have told us in
past years that they would want it.

We speculate sometimes on why
the Eastman Organic catalog is in
such high demand by working prac-
titioners of science. Among the
more tenable hypotheses, may be
listed:

1. It’s handy to have around a
book weighing less than a pound
that gives the Chem Abstracts names,
laboratory-quantity prices, struc-
tural formulas, molecular weights,
and melting or boiling ranges (ob-
served, not just quoted) of a repre-
sentative group of some 3500 or-
ganic compounds.

2. It provides a means of distin-
guishing between the hundreds of
thousands of organic compounds
known to exist and those actually
obtainable by mail or phone order
from a single, eminently responsible
source (148 items have been added
to the latter class in the new edition).

3. It provides routine but useful
compilations on matters like pH
indicator ranges; transparency re-
gions of spectrophotometric sol-
vents; reagents for a great host of
analytical tests; liquids for refrac-
tive index determination; listings of
sugars, vitamins, amino acids, alka-
loids.

4 and most far-fetched. Its con-
spicuous possession lends tone to
those who would know science bet-
ter and, conversely,a pragmatic note
to those whose scientific feats are
of the intellect rather than of lab
or field.

Now is the time for anyone who needs
to know about the availability of organic
compounds for the laboratory and who
has not yet received List No. 39 to de-
mand it of Distillation Products Indus-
tries, Eastman Organic Chemicals De-
partment, Rochester 3, N. Y. (Division
of Eastman Kodak Company). Though
the catalog is free for the asking and the
rate of its distribution has been accel-
erating at a mad pace for the past 35
years, we are always running into de-
serving people who want it but don’t have
it. Can’t figure that.

n27

Kodak Linagraph 1127 Paper is the
fastest photorecording paper we
know of for tungsten light. For
technological reasons far too com-
plex to trouble you with, it is very
difficult to make a photographic
paper that fast and still have a dura-
ble emulsion. We speak frankly of
this because the difficulty, formida-
ble as it may have appeared, has
now been surmounted.

All shipments of Linagraph 1127
for some months now have been
going out with a physically hard-
ened emulsion. Hereby withdrawn
is the warning that this paper should
be dried face out to avoid sticking.
It can now be handled just the same
as the slower Linagraph papers, but
it still has the speed to record cath-
ode-ray traces directly from green-
emitting tube faces; and for moving
mirror galvanometers this speed
still permits wider trace amplitude,
higher frequencies, and/or lower
source intensity for less frequent
electrical servicing.

If the fact that such paper exists is a
revelation to you, we are glad. It is sold
by Kodak Industrial Dealers in a variety
of widths and winding specifications.

Price is subject to change
without notice.

This is one of a series of reports on the many products

and services with which the Eastman Kodak Company and
its divisions are . . . serving luboratories everywhere
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Another special problem
solved with a special resin

Incorporated in rubber in this molded
connector box, a Durez phenolic resin
“rides blind”— that is, in the open air
between each pair of cars in railroad
passenger trains. Dependability is the

- '.-.q-_---n_s"q

controlling factor in this service, be- |

cause inter-car electrical systems must
function in emergencies.

The material previously used required
an intricate fabrication job. Investigation
showed rubber would meet many re-
quirements but was impractical under
the service conditions. The problem was
solved when the Molded Rubber &
Plastic Co. added a Durez resin to rub-
ber. This produced a compound that
passes every test — strength, weather re-
sistance, and water resistance.

New ways to lower manufacturing costs
in your business . .. or a product that
serves better and sells faster ... may
simply be awaiting investigation of
phenol-formaldehyde plastics and resins.
Our 33 years of specialized experience
are at your service. Write Durez Plastics
& Chemicals, Inc., 809 Walck Road,
North Tonawanda, New York.

Properties it pays

to investigate
HEAT RESISTANCE
CHEMICAL RESISTANCE
ELECTRICAL RESISTANCE
WATER RESISTANCE
MECHANICAL STRENGTH

CONSULT SPECIALISTS FOR
RESINS WITH SPECIAL PROPERTIES

Phenolic resins that fit the job

70

1

Science and the Military

j n unsatisfactory relationship be-
tween civilian scientists and the
Defense Department is jeopardiz-
ing the U. S. military research and de-
velopment program. This is the conclu-
sion of the House Committee on Govern-
ment Operations after a month of closed
hearings on the subject. The Committee
found that senior scientists are leaving
military projects in disturbing numbers;
military leaders impose “irritations and
frustrations” which hamper scientists’
work; the high turnover of personnel has
“disrupted continuity in the technical
program.”

Among the aspects of the problem
which the Committee cited as needing
further “extensive Congressional inves-
tigation” was the matter of security and
clearance. Several leading scientists and
administrators had testified on the point.
James R. Killian, Jr., president of the
Massachusetts Institute of Technology,
told the Committee that “there has been,
unhappily, a deterioration in recent
months between government and sci-
ence,” and that scientists are “clearly
discouraged and apprehensive” about
the Government’s “lack of understand-
ing of scientific methods” and its “pre-
occupation with security procedures
and policies at the expense of scientific
progress.”

Alice in Wonderland

The House Special Committee to In-

vestigate Tax-Exempt Foundations,
better known as the Reece Committee,
was seeking last month “the least em-
barrassing way to gracefully bow off the
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stage,” in the words of one of its own
unsympathetic members. But it was not
permitted to go quietly. The Commit-
tee’s abortive investigation called forth
the sharpest denunciation that has at-
tended any recent Congressional inves-
tigation.

The Committee chairman, B. Carroll
Reece, had put on a series of witnesses,
mainly members of his staff, who testi-
fied that the rich foundations of the
nation had been engaged for many years
in a “conspiracy” to subvert U. S. edu-
cation. Reece’s witnesses accused the
foundations of undermining “the princi-
ples underlying the American way of
life” through the schools, and of financ-
ing many subversive researches, includ-
ing such monumental projects as Gun-
nar Myrdal’s study of the U. S. Negro
problem.

The witnesses were cross-examined
caustically by a Committee member,
Democratic Representative Wayne L.
Hays, who called the inquiry “an Alice
in Wonderland investigation” and a
“fantastic, nonfactual, nonsensical and
slanderous attack on the great foun-
dations.” After hearing 11 witnesses
against the foundations and one who
defended them, Reece abruptly ended
the public hearings.

The foundations, dumfounded, pro-
tested the denial of their day in court
and made public detailed replies to the
“charges.” Charles Dollard, president of
the Carnegie Corporation, called them
a “shocking combination of innuendo
and implication”; he observed that
Myrdal’s study An American Dilemma
“stands and will stand as one of the
great social documents of the century”;
he noted incredulously that Reece had
tried to attach sinister significance to all
“empirical” research. Dollard conclud-
ed: “The doctrine that tax exemption
justifies a political judgment as to sound-
ness of ideas can be . . . the most dev-
astating weapon ever invented for in-
vading the private life of this nation.”

H. Rowan Gaither, Jr., president of
the Ford Foundation, observed that the
Reece thesis that the social and eco-
nomic changes of the past half-century
were the product of “a giant conspiracy”
engineered by the foundations was “the
sheerest nonsense” and “an affront to the
common sense of the American people.”

Cornelis W, de Kiewiet, chairman of
the American Council of Learned Socie-
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ties, expressed its opinion of the Reece |
Committee in these terms: “To lay broad
and loose charges against education can
itself become a form of subversion
against which it is the duty of intellec-
tual leaders to speak emphatically.”
Dean Rusk, president of the Rocke-
feller Foundation and the General Edu-
cation Board, replied for the trustees of
those organizations:
free society grows in strength and in
moral and intellectual capacity on the
basis of free and responsible research
and scholarship. We shall continue to
support vigorously this concept . . . and
we will oppose any effort by Government
to use the tax-exempt status to accom-
plish indirectly what could not be done
directly under the Constitution.”

Atomic Energy Bill

l/_\fter a 13-day filibuster against some

of the proposed major changes in
the Atomic Energy Act, the Senate last
month passed the bill by a vote of 57 to
28. Despite the extended debate, the
measure as passed differed little from
the draft originally reported by the Joint
Congressional Committee on Atomic
Energy. As this issue of SCIENTIFIC
AMERICAN went to press, House and
Senate conferees were working on a final
version.

The bill departs from the 1946 act
chiefly in the fields of international co-
operation and private industrial activity.
It provides that the U. S. may conclude
bilateral agreements with other coun-
tries to provide them with “special nu-
clear material” and source material for
nonmilitary uses. These countries are
also entitled to get restricted data on
refining of source material, reactor de-
velopment, production of special mate-
rial, health and safety, industrial and
other peacetime uses of atomic energy.

In the field of militarv cooperation
individual nations or regional defense
organizations may receive restricted in-
formation on the uses of atomic weapons
and defenses against them. No details
may be given about nuclear weapons
themselves except their size, weight and
shape, and how they are used and deliv-
ered to the targets.

President Eisenhower’s pool proposal
is treated in a separate section. The
President is empowered to cooperate
with a group of nations in a pool plan

“We believe that a |

An engineer tells—
‘How | retired in 19 years
with 300 a month”

“Today I’m putting a hi-fi set in our
rumpus room. It’s one of the things I
never had time to do till I retired. I was
always too busy down at the plant. But
now I’'m my own boss—retired with a
guaranteed monthly income. A check for
$300 comes as regularly now as my pay
check asanengineerused to—and I have
no job to worry about.

“Yet till 15 yearsago, in 1939, I hardly
even pictured myself being able to re-
tire. I"d been working twenty years then.
I'd seen the cycle swing through pros-
perity and the depression. I had a good
job, but salaries weren’t high then.

“My luck began when I went into a
small business venture with a friend. It
failed, and I lost the little I had. But it
taught me my lesson. There was no easy
way for me to make a lot of money.

“It was then I did some serious think-
ing. I wanted to retire some day. But
how? To make money, you had to risk
it. And even if I could save again, there
was always the risk of outliving my capi-
tal.

“Then suddenly, I discovered the one
sure way to get a retirementincome guar-
anteed for life. The only kind of income
you couldn’t lose, couldn’t outlive. An

(A

PHOENIX MUTUAL

Retirement come Flan
GUARANTEES YOUR FUTURE

Copyright 1954, By Phoenix Mutual Life Insurance Company
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income that didn’t require you to invest
any great amount of savings. With it,
you made part of your salary for the next
fifteen years buy you a retirement in-
come later. The plan was called the
Phoenix Mutual Retirement Income
Plan. There was only one secret—start-
ing young enough.

“So, only fifteen years ago, I applied
and qualified for my Phoenix Mutual
Plan. The years went quickly —alot hap-
pier, I think, because my future was so
well planned. This year, when my first
check for $300 came, I retired and left
my business worries to somebody else.
They say people with retirement plans
live longer—and I figure I’ll make a
record.’’

Send for free booklet

This story is typical. Assuming you start
at a young enough age, you can plan to
have an income of $10 a month to $3,600
a year or more—beginning at age 55, 60,
65 or older. Send the coupon and receive,
by mail and without charge, a booklet
which tells about Phoenix Mutual Plans.
Similar plans are available for women —
and for employee pension programs.
Don’t putit off. Send for yourcopy now.

e —————y

Phoenix Mutual Life Insurance Co.
978 Elm Street, Hartford 15, Conn.

Pleasesend me. without costor obligation, the book-
let checked below. describing retirement income plans.

Plan for Men (J Plan for Women J
Name
Date of Birth
Business Address

Home Addres

__________ ko e e )
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HIGH TEMPERATURES
MAKE OUR BUSINESS

Modern high-temperature technology demands special high-
temperature lubrication. Conventional lubrication cannot solve the
severe problems encountered today and likely to be met tomorrow.
‘dag’ Colloidal Graphite, a unique “solid lubricant,” fills the most
exacting requirements of high-temperature lubrication.

‘dag’ Colloidal Graphite is electric-furnace graphite, reduced to
colloidal dimensions and dispersed in various vehicles by Acheson
Colloids Company. Its characteristic affinity for metal surfaces
insures a strong, tenacious, ‘“molecular” surface layer which greatly
reduces friction. Such “solid-film” lubrication permits design of
more efficient mechanisms, as well as faster and more economical
fabrication methods.

For forging, extrusion or other hot forming of metals, high-
temperature lubrication is provided most satisfactorily by solid lub-
ricants such as colloidal graphite or molybdenum disulfide. In the
fabrication of light-metal parts, ‘dag’ Colloidal Graphite plays an
essential role. Smooth, shiny extrusions are assured, and deep-drawn
articles are produced from magnesium or aluminum stock without
tearing or galling.

Processing of today’s tough ferrous and non-ferrous specialty
alloys, as well as of new metals now available as structural materials,
imposes severe conditions for lubricants. Current experience shows
that colloidal graphite or molybdenum disulfide may well supply the
answers to these novel lubricating problems. Acheson’s technical
service can help you find a superior solid lubricant.

In the glass and ceramics industries, bottle molds, kiln cars, and
conveyors in firing and annealing ovens must operate continuously
with a minimum of down-time. ‘dag’ Colloidal Graphite, added to
regular oils, provides the security of safe and efficient lubrication
where petroleum lubricants or synthetic compounds do not stand up.
Let Acheson’s service engineers show you what ‘dag’ dispersions
will do under these conditions.

And if you require lubrication and electrical conductivity together
—or if you have trouble with radiation phenomena, either thermal,
electrical, or electronic —the unique properties of ‘dag’ Colloidal
Graphite can serve you.

The answers to many problems like these are persistently sought
by industry today. Acheson Colloids’ half-century of eminence in
the manufacture of fine dispersions can help you. Wherever general
lubrication (liquid-film or dry-film) for metal fabrication or other
industrial operations can be better accomplished through the use
of dispersed solids in liquid or resinous media, call upon Acheson
Colloids’ engineers. Special dispersions of any solid can be prepared
to order. Let Acheson’s experience go to work for you!

(m_lagg

ACHESON COLLOIDS COMPANY

Port Huron, Michigan

oo,

e

. . also Acheson Colloids Limited, London, England A\ mf

Offices in: Boston, Chicago, Cleveland, Dallas, Detroit, Los Angeles, Milwaukee,
New York, Philadelphia, Pittsburgh, Rochester, St. Louis, Toronto.
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provided the agreement is approved by
Congress.

In the matter of domestic develop-
ment of atomic energy, the bill essential-
ly ends the Government monopoly ex-
cept in the ownership of special mate-
rial. Private persons or companies may
be licensed by the AEC to own and
operate nuclear reactors or other facili-
ties for producing power and special
material. They may patent inventions,
except those dealing with atomic
weapons. For a period of 10 years the
AEC is empowered (but not required)
to classify important patents as “affected

| with the public interest” and to require

the holders to license these patents to
others.

Most of the Congressional debate cen-
tered on President Eisenhower’s recent
directive ordering the AEC to buy pow-
er from a private utility group. Under
the directive the private companies are
to build the generating plant, but the
AEC and Tennessee Valley Authority
are committed to buy the output and to
pay all local, state and federal taxes on
the project for 25 years.

Democrats said the plan would cost
the Government much more than if TVA
built and operated the additional facility
itself. They called the presidential order
a “giveaway.” An attempt was made in
the Senate to attach an amendment to
the Atomic Energy Bill forbidding the
transaction. This measure was defeated,
but an amendment prohibiting the pay-
ment of taxes by the Government was
passed.

Criticisms of the bill by two Demo-
cratic members of the Joint Committee,
Representatives Chet Holifield and Mel-
vin Price, provided the basis of the op-
position arguments. Among the issues
they raised were:

The bill, completely rewriting a tech-
nical and complex law, was presented
to Congress as a single package in the
closing days of the session when the
legislators lacked time to consider the
measure in detail.

There was no comprehensive report
from the AEC on peacetime atomic
power, such as the McMahon Act re-
quired before new legislation.

The transfer of atomic power to pri-
vate development lacks the safeguards
embodied in all other Federal power
legislation, such as control over rates.
The bill enables the AEC to “turn this
energy resource over to private power
monopoly under licenses unconditioned

| except for the requirements of national

security and public health and safety.”
Private operators will receive a “built-
in subsidy,” because the Government



High-temperature Alloys

now Melted and Cast in
Stokes High-Vacuum Furnaces

o

Vacuum furnace melting and
casting is the economical
method for producing many new
metals, with greatly improved
properties. Alloys that can stand
up in rocket engine combustion
chambers and advanced jet
engine turbines, metals essential
for the construction of nuclear
reactors, still other high-purity
metals with properties not pre-
viously attainable . . . these are
just a few of the more than
thirty new elements vacuum
processing has added to the
industrial spectrum.

Vacuum-melted high alloy
steels have greater tensile, yield,
and impact strengths than con-
ventionally-processed metal,
plus greater stress-rupture
strength at elevated tempera-
tures, less creep, less brittleness.
High-purity iron, processed in
vacuum, has 60 to 759, greater
stress-rupture strength and
4009, more elongation than con-
ventional metal. In anti-friction
bearings, vacuum-processed
steel has shown an increase of
3009, or more in fatigue strength, and given a whole new

A Stokes high-vacuum melting furnace of 1000-
pound capacity at Utica Drop Forge & Tool
perspective to the subject of wear-resistance. Corporation, Utica, N.Y. The furnace is to be
used for the melting and casting of high-tempera-
ture alloys for jet engine rotor blades.

Moreover, vacuum processing of alloys conserves
critical hardening elements, since there is minimum loss
of these metals during melting. More usable metal
is obtained from each melt, and virtually all of the
scrap can be salvaged by vacuum melting.

STOKES is building vacuum furnaces to process these
high-purity metals in quantities up to 2000 pounds, and
planning 5000-pound units. STOKES vacuum furnaces reflect
the practical experience accumulated in fifty years of
building vacuum equipment. An interesting NEW
brochure is ready for mailing on request!

F. J. STokEs MACHINE COMPANY
PuiLApeELPHIA 20, PA.

STOKES MAKES: High Vacuum Equipment, Vacuum Pumps and Gages / Industrial Tabletting, Powder Metal and Plastics Molding Presses / Pharmaceutical Equipment
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With the development of these
two revolutionary new instru-
ments, an advanced field of
research lies before you...
new worlds to conquer!

e Consistently higher magnifi-
cations than ever before possible.

e High resolving power — 20
Angstrom units. (EMU-3A)

e Choice of 50,000 volt and
100,000 volt accelerating po-
tential. (EMU-3A)

e Vertical column construction
for stability and accessibility.

e Single set of pole pieces for
all magnifications.

Installation and service facilities of the RCA Service Company available.

Two New RCA
ELECTRON
MICROSCOPES

The EMU-3A and EML-1A

e Insensitive to vibration and

magnetic fields.

¢ Roll film and plate cameras
—choice of four different pic-

ture sizes.

e External control and adjust-

ment of objective aperture.

e Binocular viewer.

e Large 5" x 5" direct view,

high-brightness screen.

e Push-button controls—un-

usual ease of operation.

e Selected area and reflection

diffraction.

Send for information on these great new RCA Electron
Microscopes. Write to Dept. 1-104, Building 15-1,
Radio Corporation of America, Camden, N.J. In Canada:

RCA VICTOR Company Ltd., Montreal

RADIO CORPORATION

® of AMERICA

VISIT RCA AT THE INSTRUMENTS EXPOSITION, PHILA., SEPT.15-21, BOOTHS 213-217
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will be obliged to buy all the fissionable

material they make.

Liquid Metal Fuel

Brookhaven National Laboratory has

announced plans for a new type of
nuclear power reactor using liquid metal
as the fuel. The fissionable metal, ura-
nium 233, will be dissolved in liquid
bismuth or in a mixture of bismuth with
other metals. It will breed new fuel in a
thorium blanket. Its liquid fuel can be
cycled continuously through the reactor
core and through chemical processing
chambers.

The chief advantages of the design
are:

The reactor will operate at high tem-
perature (therefore high efficiency)
without building up high pressures.

Fission products may be removed
cheaply and easily, partly by bubbling
inert gas through the fuel to drive off
gaseous products and partly by using
molten salts to absorb rare earths.

Liquid metal is not damaged physi-
cally by radiation.

The fuel will be burned completely.

Experiments on the various process
steps are now in progress at Brookhaven.
The engineers gave a detailed descrip-
tion of their work in a series of articles in
Nucleonics.

European Nuclear Laboratory

Felix Bloch, professor of physics at

Stanford University, has been named
director of the European Nuclear Re-
search Center now being built by 12
nations in Geneva, Switzerland. He will
head a three-man council whose other
members are Eduardo Amaldi of the
University of Rome and C. J. Bakker of
the University of Amsterdam.

Bloch, who shared the 1952 Nobel
prize in physics for his work on nuclear
magnetism, was born in Switzerland. He
returns to his native country this Sep-
tember to take up his new duties.

Friendly Machine

he National Bureau of Standards ap-

pears to have produced the most
versatile, gregarious and good-natured
collection of vacuum tubes ever as-
sembled. The paragon is a high-speed
digital computer called DYSEAC,
meaning SEAC the second. It started
out to be merely a second model of the
Bureau’s earlier machine, SEAC (Stand-
ards Eastern Automatic Computer) but
its designers have endowed it much
more richly than its ancestor. DYSEAC’s



What’s

Onlyinformare today’srocketengines
“new.’! The idea existed as early as the
13th Century, when Chinese archers
lashed arrows to tubes of gunpowder.

This modern form of an old idea
has been made possible by alloy,
stainless, and heat-resistant steels,
and other special metals made with
Vancoram ferro alloys. For these are

new in rocket engines?

the only metals that can withstand the
inferno of a rocket engine’s insides.

So it has been throughout industry.
In the chemical, petrochemical and
allied industries, for example, Van-
coram ferro alloys of chromium,
titanium and vanadium have helped
make possible many modern processes
where high temperatures and high

Ovuter space becomes a new
frontier, thanks to modern rock-
ets with engine parts of special
stainless, heat-resistant steels.
Many of these steels are made
with' Vancoram Exlo* Low-Car-
bon Ferrochromium produced
l\)]y a unique special process at

CA’s Graham, W, Va. dp]am.

e

#*Trade-mark

New research center at Cam-
bridge, Ohio, is the latest step in
Vanadium Corporation’s long-
range program of planned expan-
sion. Activities cover all phases
of metallurgical research on
ferro alloys and master alumi-
num alloys.

Heat- and corrosion-resistant
alloy steel processing equipment
helps the expanding petroleum
industry increase the world’s

supply of gasoline, fuel oil, lubri-
cants and scores of other petro-
leum products.
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pressures are key factors.

For the finest of alloy steels today
—and for finer ones tomorrow —
Vanadium Corporation produces ferro
alloys of vanadium, chromium, man-
ganese, titanium, silicon and boron.
Other Vancoram products include
master alloys for the aluminum in-
dustry and uranium for atomic energy.

Vanapium CORPORATION
OF AMERICA

420 Lexington Avenue, New York 17, N. Y.
Pittsburgh Detroit o
PLANTS—Niagara Falls, N.Y.; Graham, W. Va.;
Cambridge, Ohio; Durango and Naturita, Colo.
MINES - South America, Southern Rhodesia, Canada, U.S.A.

Chicago Cleveland

Producers of alloys, metals and chemicals
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screws and steel plates,

New Type “T” UNISORB®
Mounting Pads Used for
Precision Machines...

For precision machines which must remain extremely level
during operation, Type “T”’ UNISORB is now available. Like
other types of UNISORB, this type reduces transmitted vi-
bration and is used without bolting machines to the floor.

Precision lathe mounted on new
Tiv1pe “T'* UNISORB. Bottom photo
shows close-up of machine base
and use of UNISORB with leveling

Condensed information about new Type “T”
UNISORB Mounting Pads

Loading: carries loads of 75 to 125 Ibs. per sq. in.

Thickness: %" thick material with a greater density and firmness than
other types of UNISORB.

Uses: include mounting of precision lathes, grinders, planers, jig
borers, etc.

Resistant to petroleum products, mild acids and plant water condi-
tions, Type “‘T”” UNISORB provides a firm and durable mounting.

For the complete story about this new productand other types of UNISORB Mounting
Pads, return the coupon today.

The FELTERSCO

250 SOUTH STREET, BOSTON 11, MASS.
“"FELT FOR EVERY USE”

RETURN COUPON NOW! Please send information about Type “T"
UNISORB and the booklet ““Facts About Anchoring Your Machines with UNISORB"’.

Name Title.

(Please Print)

Company

Address

City. L [ — ] 1 S— -
4 Return to: The Felters Co., 250 South St., Boston 11, Mass.
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major distinction is its ability to com-
municate with its surroundings. Need-
ing no human operator, it can work har-
moniously with a large variety of other
devices, taking information or instruc-
tions from them or giving commands. It
can operate with machines that store,
tabulate, file, display and sense informa-
tion; with servomechanisms and even
with other big computers if they speak
the binary digit language. It gets along
nicely with people, too.

DYSEAC can keep several jobs going
at once and it does not mind being in-
terrupted. In a recent trial run it was
hooked up with SEAC to process the
results of a series of calculations by
SEAC. While waiting for the data to
come in, DYSEAC did not stand around
doing nothing: it busied itself with a
totally different job, which it put aside
each time a new figure came in from its
partner.

The machine’s versatility and its abil-
ity to communicate with outside devices
make it a good controller for automatic
machinery. It can follow the progress of
a group of machine as they work on a
product, compare .he actual results at
any stage with the ideal program stored
in its memory, decide how to correct for
any discrepancy and issue appropriate
orders to the machines.

DYSEAC contains more than 500
vacuum tubes and more than 20,000
germanium diodes together with asso-
ciated circuitry. But it is built up from
just two kinds of packaged plug-in units,
which are manufactured by mass pro-
duction. The whole device is set up in
two 40-foot, air-conditioned trailer vans
and can travel wherever it is needed.

Oldest American

Although there is not the slightest doubt
that human beings have lived on
the American continent for at least 10,-
000 years, there have been no bones to
prove it. Now archaeologists appear to
have found their first Ice Age American.
A collection of human bones, dug up last
year in Texas, has been identified as dat-
ing from the Pleistocene epoch. The
bones are at least as old as Folsom man,
who has been known heretofore only
from his flints.

The first fragments of bone were dis-
covered by Keith Glasscock, an ama-
teur archaeologist, on a ranch near
Midland, Tex. He found them together
with some Folsom points in a “blowout”
—a shallow hole made by wind erosion.
Suspecting he had something very im-
portant, Glasscock took his find to Fred
Wendorf, an anthropologist at the Mu-
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In making computers, such information as mathematical functions can
be stored in a precision-cut cam, thus allowing its follower to be displaced
in accurate reply to the input position of the cam. Ford Instrument Com-
pany designs and makes cams of all sizes and shapes to achieve these
results. To manufacture such cams with the precision demanded, the
engineers of Ford Instrument have devised remarkable automatic ma-
chines which, by following a carefully plotted ink line on a roll of paper,
cut the exact shape into the metal. Then, careful point-by-point checks,
sometimes as many as 2000 measurements, insure finest accuracy.

If you have a cam problem—call on Ford Instrument Company.

28
You can see why a job with Ford Instrument offers young FORD IN STRUMENT COM PANY
engineers a challenge. If you can qualify, there may be
a spot for you in automatic control development at Ford.

Write for brochure about products or job opportunities. DIVISION OF THE SPERRY CORPORATION
State your preference. 31-10 Thomson Avenue, Long Island City 1, N. Y.
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Hydrazine,

from

greater protection
for boiler systems

In power stations and industrial steam plants, the use of

hydrazine to control oxygen corrosion is now well
established. Published reports of experience in this
country as well as abroad indicate the efficiency of

hydrazine treatment to: (1) remove trace oxygen from
feed water, (2) safeguard superheater tubes in steam
generating plants before they go into operation, (3)
protect idle boilers. In boiler water, hydrazine reacts
rapidly with residual oxygen to eliminate all traces of
this dissolved corrosive gas.

from Hydrazine,

o

2551-A
MATHIESON

78

new fields for
chemical research

Through greatly diversified research, more and
more new applications of hydrazine are being
discovered. In addition to its use as an oxygen
scavenger in boiler feed water, hydrazine is an
important component of plant growth regulators,
and the basis of a new series of non-corrosive
soldering fluxes. As a chemical capable of reacting
with a wide variety of both organic and inorganic
materials, hydrazine is the starting point for
countless hydronitrogen compounds. Perhaps you
could use the latest information on hydrazine and
its many derivatives and how they might apply

to your field of interest . . . if so, why not write today ?

OLIN MATHIESON CHEMICAL CORPORATION

Baltimore 3, Maryland
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seum of New Mexico. Wendorf then
made a full-scale excavation of the site.

Digging deeper into the hole, the ex-
cavators found skull fragments and
pieces of leg, rib, teeth and fingers.
There were also the skeletons of a num-
ber of prehistoric beasts, chiefly horses.
All these samples were sent to T. Dale
Stewart, physical anthropologist at the
U. S. National Museum in Washington,
D. C. Stewart was able to put together
a fair section of skull and upper jaw,
enough to tell that the owner had a long,
narrow head and probably looked much
like a modern American Indian. Both
the human and animal bones were tested
for fluorine content. The results of this
comparative dating method established
that the man was a Pleistocene fossil.

It appears that the man predates Fol-
som. Wendorf and his party believe that
the Folsom flints originally were in a
higher stratum than the one in which
the bones were located and sank as wind
removed sand from the blowout. Geolo-
gists estimate that the deposit is between
12,000 and 20,000 years old.

Old Arctic Village

The remains of a large human settle-

ment more than 1,000 years old,
identified as belonging to the Arctic
Dorset culture, have been uncovered on
the Melville Peninsula in northern
Canada (see “Early Man in the Arctic,”
by J. L. Giddings, Jr.; SCIENTIFIC
AMERICAN, June).

By far the largest Dorset settlement
ever found, it consists of more than 100
houses. Many graves and implements
have been unearthed, and the site is ex-
pected to yield much new information
about these little-known people and
their relation to other Arctic cultures. A
joint expedition of the University Mu-
seum of the University of Pennsylvania

| and the National Museum of Denmark

‘

made the discovery.

New Celestial Gauge

Among the many unanswered questions
about radio stars is the elementary
one: Where are they? The big new radio
telescopes are determining their direc-
tion more and more accurately, but there
has been no way to measure their dis-
tance. Now workers at the Jodrell Bank
Experimental Station in England have
announced an ingenious method that
will give a rough measure of distance.
The method depends on the recent
discovery that interstellar hydrogen gas
emits 21-centimeter radio waves. A
hydrogen gas cloud absorbs radio energy



NEW HORIZONS IN ENGINEERING

” 0 f f e’ “Hot end” components

Jet engine performance is measured in terms of “‘specifics™. ““Specific thrust”
is pounds of thrust per pound of air per second. ‘“Specific weight’’ is pounds
of engine weight per pound of thrust. The goal is always more and more thrust
for less and less weight.

In this quest, the ability to produce higher ‘‘specific thrusts’” at lower
“specific weights” depends on the ability to handle ever-increasing tempera-
tures, and is therefore a direct measure of the success of new designs. To this
end, the ingenuity of engineers and metallurgists is constantly taxed to achieve
durability at higher temperatures through better design and better materials.

Jet engine ““hot end” components and other complex fabricating problems
are not new to I-T-E’s Special Products Division. Its engineers and production
men have specialized in solving the problems involved in tooling for and
producing ‘“‘hot end”” components of hard-to-work alloys in complex designs.

Perhaps these men can help you with your problems.

Why not send for Publication SP-100,S-9 today.
It shows what has been done to help others.

601 East Erie Avenue o
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RADAR ANTENNA SYSTEMS

design, development and fabrication

JET ENGINES

manufacture of major hot-end components

THERMODYNAMICS

design, development and fabrication of
equipment to operate on advanced theories
GUIDED MISSILES

advanced fabricating techniques

TITANIUM
proven welding, forging, forming, spinning
techniques with this hard-to-work metal

SPINNING

combining spinning and drawing to an almost
limitless variety of designs in a wide range
of metals

SPECIAL PRODUCTS DIVISION

ITIES I-T-E CIRCUIT BREAKER COMPANY
Philadelphia 34, Pa.

Progress through Problem Solutions

SP10.5



8,000,000 gallons from 1 cubic foot

One cubic foot of long-lasting AMBERLITE® IR-120 cation
exchange resin has treated 8,000,000 gallons of water—
enough for a family of four for 77 years—in one of the
nation’s largest municipal water-softening plants.

This resin is typical of those produced by Rohm & Haas
Company, where the search for new ion exchange resins
and techniques is as unceasing as man’s quest for good
water. In laboratory columns like the one above, industrial
processes were developed for the preparation of high quality

boiler-feed water, for the de-ashing and decolorizing of
sugar syrups, for the recovery of precious or toxic metals
from wastes.

If your process involves water treatment or the removal or
replacement of ions in solution, details on the AMBERLITE
ion exchange resins may help you.

Ask for “If You Use Water...”,
a 28-page booklet of basic information
on the ion exchange treatment of water.

THE RESINOUS PRODUCTS DIVISION, PHILADELPHIA 5, PENNSYLVANIA
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at the same wavelength. Thus if the
radio beam from a radio star in the di-
rection of a hydrogen cloud arrives at
the earth with a weakened 21-centi-
meter component, that must mean the
source lies beyond the cloud.

D. R. W. Williams and R. D. Davis,
who report their work in Nature, have
studied two of the best-known radio
sources—the ones in Cygnus and Cas-
siopeia. The hydrogen map shows a pair
of clouds lying along the directions to
both of these radio stars. Williams and
Davis have computed theoretically how
much absorption there should be if a
beam passes through one or both of the
clouds. The radiation from the Cygnus
source shows just about the maximum
theoretical absorption. Hence it presum-
ably lies beyond the farther cloud, which
means that it is at least 30,000 light-
years away. The result is consistent with
the visual estimate, since the Cygnus
source is thought to arise from two col-
liding nebulae outside the Milky Way.
The Cassiopeia radio source shows com-
paratively little 21-centimeter absorp-
tion, so Williams and Davis place it
somewhere between 1,600 and 8,000
light-years from the earth.

TB Progress

Writh the aid of the new drug isoni-

azid, cases of pulmonary tubercu-
losis that were considered inoperable a
few years ago can now be cured by sur-
gery. So report physicians of the Na-
tional Jewish Hospital at Denver, fa-
mous medical center for tuberculosis and
chest diseases.

Although tubercle bacilli become re-
sistant to isoniazid, the resistant germs
apparently lose their ability to invade
uninfected tissue. Thus diseased lung
areas may be cut out without fear of
stirring up and spreading the infection.
The hospital also uses new techniques
which measure heart and lung capacity
and tell a surgeon how much lung he can
cut away.

Anatomy of Chromosomes

\V,’hat is a gene? Geneticists are much
less confident of the answer than
they used to be. Most of them believe
that there are heredity-determining
un:ts of some sort in the chromosomes,
but they are not clear as to just what the
units are.

Daniel Mazia, University of Califor-
nia zoologist, has found a way to dissect
chromosomes chemically and has suc-
ceeded in showing that they are made
of chemical subunits. First the chromo-

TESTED

ATIR INSTRUMENTATION
BY BENDIX-FRIEZ

HYGRO - THERMOGRAPH The leader in its
field.Noted for precise accuracy and long-
time dependability. Portable, easy to
operate. Widely used in laboratories,
factories and offices.

FOR RECORDING TEMPERATURE, HUMIDITY

PORTABLE TEMPERATURE, HUMIDITY
RECORDER Rugged, compact design.
Ideally suited for use in small space and
difficult locations. Provides convenient
3 x 5 charts for 10 or 30 hour records.

‘ FOR CHECKING BAROMETRIC PRESSURE

|

MICROBAROGRAPH A key meteorological
instrument. Records atmospheric pressure
to within 0.01 inch mercury. Record chart
expanded 2}4 times for greater visibility.

ANEROID BAROMETER Inexpensive, de-
pendable, easy-to-read. Shows pressureand
barometric tendency. Housed in handsome
brass case. Favored by professionals and
amateurs alike.

FOR MEASURING WIND SPEED, DIRECTION

SINGLE CHART AEROVANE RECORDER New
flush mounted recorder for wind speed and
direction. Each gust or lull, from breeze to
hurricane, accurately ink plotted and re-
corded on a single continuous strip chart.

FRIEZ INSTRUMENT DIVISION OF

1422 Taylor Avenue ® Baltimore 4, Md.

AEROVANE Indicates and records wind
speed and direction. Recognized as “best
all-purpose wind measuring instrument
yet devised.” Readily installed and easily

Export Sales

Bendix International Div., 205 E. 42nd St., New Yerk 17, N.Y.
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SPECTROPHOTOMETRIC CURVES
Xy 60 per second
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SPECTROPHOTOMETER

Imagine it! Here is a way of following rapid color changes
and transient phenomena. Here is a way of monitoring
flowing processes. Here is a useful tool for rapid comparisons
of transparent or opaque materials; gaseous, liquid or solid.

The AO SPECTROPHOTOMETER traces 60 separate
curves per second on the face of a cathode ray tube fusing
them into a “moving picture” of color changes over the entire,
visible spectrum from 400 to 700 millimicron wavelength.

A roomy sample chamber accommodates transparent
samples up to 100mm thick. A reflection attachment will
produce data from opaque surfaces as small as 1 inch square.

Permanent records can be made with any of the standard

5" oscilloscope cameras.

Be sure to see the new AO Rapid Scanning
Spectrophotometer demonstrated at your earliest
convenience. For illustrated literature

write Dept. I 178.

American Opti(-al

\K)/ INSTRUMENT DIVISION
N

BUFFALD 15 NEW YORK
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somes are treated with a chelating agent
that binds calcium and magnesium.
Chelating agents are chemicals that
surround, or “sequester,” metal atoms,
thus inhibiting their chemical activity.)
Then the treated material is bathed in a
weak ijonic solution. By this means
Mazia has divided chromosomes into a
number of short segments, each of which
is chemically similar to an intact
chromosome.

He interprets this result to mean that
there are units in the chromosomes, held
together electrically by bridges of cal-

cium or magnesium ions.

—~

Good Guys and Bad Guys

On the current U.S.S.R. scene, the

heroes and villains of science ap-
pear to be trading places. Albert Ein-
stein, who used to be a wrecker, has
been promoted to a builder, while Tro-
fim D. Lysenko is losing his medals.

Einstein has been under official Soviet
attack for 15 years. His theories were
considered “pernicious bourgeois mys-
ticism,” in the words of Pravda. Recent-
ly Pravda made a turnabout and sharp-
ly attacked Einstein’s critics, according
to dispatches in the New York Times.
An article signed by Academician S. L.
Sobolev, a prominent physicist, criti-
cized scholars who confuse Einstein’s
philosophy with his scientific work. The
writer accused Moscow University physi-
cists of having “unsuccessfully attempted
to deny the physical contents of Ein-
stein’s theory of relativity,” and recalled
that Lenin had thought highly of Ein-
stein’s work. Sobolev named names. He
singled out two Moscow University fac-
ulty members, Professors Akulov and
Nozdrev, as foes of Einstein’s friends.
While on the subject of scientists who
seek to “get rid” not only of criticism
but of the critics as well, Sobolev also
mentioned two other prominent mem-
bers of the Soviet Academy of Sciences:
biologist K. M. Bykov and Lysenko
himself.

An even stronger attack on Lysenko
appeared in The Journal of General
Biology, an organ of the Soviet Acad-
emy. N. V. Turbin, a geneticist, dis-
cussed in particular Lysenko’s claim to
have changed one plant species into
another. Evidence offered for a change
from pine trees to spruce, said Turbin,
was “clearly falsified,” and “evidence of
the transformation of wheat into barley
and rye into oats lacked verification.”
The whole theory of the formation of
species through environmental change,
Turbin concluded, is “unsubstantial and
essentially mistaken.”



FOR PHYSICAL

RESEARCH
magnifying lime

This is an instrument designed to permit leisurely
examination of things that happen in those midget
building-blocks of the fourth dimension—microsec-
onds. A 35-millimeter camera, its resemblance to
your Leica stops there. It takes 1/100,000 of any
second you pick out and gives you a sequence of
25 crisp pictures, each showing its part of whatever
you may have arranged to be going.on at the time.

We have two models of this Beckman & Whitley
Framing Camera: the 189 which runs to 1,200,000
exposures per second, the Model 222, which can
double this figure, and special models for even
higher speeds. Incidentally, it is done with mirrors.

Here at the right we find another time-stretching in-
strument. This device takes only one picture at a time,
but the picture has unusual characteristics which endear
it to the hearts of many research people. The Model
168 Synchronized Streak Camera wipes the image
of an external event across a piece of 4 by 10-inch
film at the somewhat impressive rate of 5.46 milli-
meters per microsecond —the complete exposure thus
taking 44 millionths of a second.

Since the completed picture is a plot of space versus
time, latent facts can be derived concerning speed
and direction relationships.

We have literature which goes into the more technical
and detailed aspects of both of these cameras and
copies are yours for the asking.

also:

Pt ™

. e

thermal radiometers temperature indicators hear flow-transducers pressure recorders

Bockmar ¢ ”A@ INC., SN CARLOS 2

mentation CALIFORNIA

| .

instruments for 4-dimensional docu
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High Temperatures:

FLAME

Our principal source of intense heat 1s the luminous combustion

of cases. The phenomenon 1s intensively studied to 1necrease both

the temperature of flames and our knowledge of matter and energy

ire has always been one of the most
Ffascinating of nature’s phenomena.

It is a subject of inexhaustible mys-
tery: the more intimately man studies it,
the more it leads him on to new discov-
eries and to new questions. From the
ancients” concept of fire as one of the
four fundamental elements grew the al-
chemy of the Middle Ages. Later it was
the investigations of combustion by An-
toine Lavoisier and others that gave rise
to modern chemistry. Today the study
of flames is leading deep into questions
of quantum mechanics and the funda-
mental nature of our physical world.

by Bernard Lewis

The province of this article is the
range of temperature from a few hun-
dred to a few thousand degrees—the fa-
miliar flames that cook our food, drive
our engines, smelt our ores, do our work.
To approach an understanding of fire
we must first define combustion. Com-
bustion is a heat-producing chemical
process that may take place at almost
any rate or temperature: it may be as
slow and mild as the rusting of iron or
as violent as the explosion of hydrogen
with oxygen, which gives a temperature
of 3,000 degrees centigrade. It does not
necessarily involve oxygen, for some

metals may burn in nitrogen, and certain
substances such as hydrazine (N,H,),
hydrogen peroxide (H,O,) and ozone
(O3) can burn in the absence of any
medium except themselves; that is, at a
sufficiently high temperature they de-
compose and give off heat without com-
bining with another substance. Hydra-
zine and hydrogen peroxide are well-
known rocket fuels. Ozone is particular-
ly interesting because its burning gives
only a single product: two molecules of
ozone yield three molecules of oxygen
plus heat.

The simplest definition of fire is that
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HIGH TEMPERATURES in chemical terms range up to the hottest
flames, the dissociation of molecules and the evaporation of ele-
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mental liquids. Above the high temperatures are very high temper-
atures (see page 132) and ultrahigh temperatures (see page 144).



it is any combustion intense enough to
emit light. It may be a quietly burn-
ing flame or a climactic explosion. It
grows and sustains itself in the reacting
medium by the heat it produces, for the
heat raises the temperature and the
temperature in turn raises the reaction
rate until heat is produced as fast or
faster than it is lost to the surroundings.
But heat is not always the sole nor even
the principal agent that initiates flames
and explosions. Another agent is a
chemical process known as branching of
reaction chains.

The phenomenon of reaction chains,
particularly the difference between
branched and unbranched chains, is il-
lustrated in the two diagrams on the
next page. The first shows the reaction
of hydrogen and chlorine. These ele-
ments have such an affinity for each
other that a hydrogen atom will detach
a chlorine atom from the chlorine mole-
cule and vice versa. Therefore an atom
of hydrogen seizes one atom of chlorine
and releases the other, which in turn
frees an atom of hydrogen from a hydro-
gen molecule and so on. The chain of re-
actions is straight, i.e., “unbranched.” On
the other hand, in a mixture of hydrogen
and oxygen an atom of hydrogen takes
an atom of oxygen from an oxygen mole-
cule to form a free radical OH and re-
lease an oxygen atom, which in turn
takes a hydrogen atom to form another
OH radical and free a hydrogen atom.
The two OH radicals produce two free
hydrogen atoms. The net effect is that
from the action of one hydrogen atom
two new hydrogen atoms emerge, each
capable of propagating its own reaction
chain, The chain, in other words, is
“branched.” The branches may multiply
without limit and proceed rapidly to an
explosion. This type of chain reaction is
comparatively rare in chemistry, but it
has been made familiar by the atomic
bomb, where each fission of a uranium
atom releases neutrons which may start
branches.

A typical combustion process is the
burning of gasoline in an engine. Here
the octane fuel, mixed with air, is com-
pressed and ignited by a spark. Two
molecules of octane (CgH,g) react with
25 molecules of oxygen in the air to
form 16 molecules of carbon dioxide and
18 molecules of water, with a heat yield
of 2,632,000 calories. The hot carbon
dioxide and water vapor form the work-
ing fluid that exerts pressure in the cylin-
der and drives the engine.

The spark starts the chemical reaction

in a small zone of the fuel mixture; as MATERIALS BURNED by the oxy-aluminum torch are, from left to right: graphite, con-
this flames up, heat flows into the ad- crete, red brick and refractory brick. Melted material cooled on the surface of the last two.
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CHAIN REACTION of chlorine and hydrogen begins when a molecule of chlorine splits.
One chlorine atom then hits a hydrogen molecule, combining with one hydrogen atom and
freeing the other. The reaction continues until an atom is adsorbed on the vessel wall.
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BRANCHED-CHAIN REACTION of hydrogen and oxygen frees three hydrogen atoms to
replace the original one. The reaction stops when a majority of the hydrogen atoms form the
radical HO2. This unreactive radical migrates to the vessel wall and is adsorbed there.
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jacent layer of unburned gas, and so on.
In this way a propagating zone of in-
tense burning called a combustion wave
is established. If an explosive mixture
flows continuously from an orifice, a
combustion wave can, under suitable
conditions, propagate against the stream
at a rate that matches the flow velocity
of the stream. This is exemplified in the
familiar stationary flame of a kitchen-
range burner.

Within the combustion wave itself the
temperature rises sharply from the un-
burned side to the burned side. The
wave thickness and temperature gra-
dient vary greatly, depending on the
fuel: in a mixture of hydrogen and flu-
orine the temperature rises about 4,500
degrees C. in the short space of about
one thousandth of an inch. Let us fol-
low the progress of a combustion wave
through a small zone of gas. The zone
at first merely absorbs heat from the low-
temperature front of the wave. When a
hot enough part of the wave reaches it,
the gas in the zone breaks into rapid
chemical reaction, or flame. Now the
burning gas itself generates heat, first at
a rising rate, then at a declining rate as
the fuel is used up. While it is generating
heat, it passes forward to the advancing
wave front as much heat as it absorbed
before it began to liberate heat. In this
way a wave continuously “borrows” and
“repays” heat out of a revolving fund
which travels with the wave and is re-
ferred to as the “excess enthalpy” (ex-
cess heat content) of the wave. The
velocity of propagation of the wave is
called the burning velocity. It ranges
from a few inches per second for weak
hydrocarbon-air mixtures to several hun-
dred times this value for mixtures such
as hydrogen and fluorine.

Across the combustion wave the chemi-
cal population of the reacting zone
of gas changes radically: it becomes a
mélange of pristine fuel molecules, final
products and intermediate dissociated
atoms and fragments of molecules known
as free radicals [see “Free Radicals,” by
Paul D. Bartlett; SCrENTIFIC AMERICAN,
December, 1953]. There exist “cool”
flames which are sustained by a chain-
branching process rather than by the
production of heat. These waves leave
in their wake a residue of intermediate
combustion products such as aldehydes
and peroxides. By chilling a flame
through contact with a cold solid sur-
face, or better still, by diluting the mix-
ture so that intense burning is avoided,
it is possible to recover substantial quan-
tities of such intermediate products.
A combustion wave adjusts itself auto-



The designer of guided missiles
measures it in seconds . . .

The designer of industrial equipment
measures it in weeks . .. months. ..
even years.

But whether design life is 30 seconds
or 30 months, the problem is the
same: a careful screening of the many
super refractories now available to
find exactly the right one.

h‘?,gh, For example, CARBORUNDUM’s line
includes silicon carbide, fused
aluminum oxide, electric furnace
mullite and stabilized zirconia.

To these add:

* boron nitride

¢ silicon nitride

» boron carbide

e zirconium boride

¢ titanium boride

¢ chromium boride

» molybdenum boride
- ¢ nickel aluminide

temperatures

Continuing research is expected to
add other new nitrides, carbides,
borides and silicides to meet
practically the whole gamut of
destructive effects that accompany
high heat.

It sounds like a big inventory to
choose from, and it is. That’s why it
pays to have CARBORUNDUM’s
refractory engineers help you pick
the right materials . . . whether you
need linings for rockets or industrial
furnaces.

The coupon below offers you an easy
way to detailed information, Why
not mail it right now?

CARBORUNDUM
Registered Trade Mark

-

Dept. Y-94, Refractories Division
The Carborundum Co., Perth Amboy, N. J.

[ Please send complimentary descriptive booklet.

[ ¥d like to talk with one of your engineers,

Name Position.

Company

Courtesy U, S. Army
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ENVIRONMENTAL

[EIING

for TEMPERATURE

e« ALTITUDE... HUMIDITY
e+« SAND and DUST

e+« FUNGUS...EXPLOSION

Men who know will urge you to “take
your problem to Tenney.” For Tenney
has more specialists in test chamber engi-
neering . . . more important installations
in successful operation . .. more experi-
ence than any other manufacturer in this
increasingly important field.

Year by year Tenney has pioneered in
wider ranges of temperature and pressure
. .. new refrigerants . . . precise humidifi-
cation . . . and standardizing precision
units like these:

ALTITUDE
CHAMBERS

Accurately simulates

altitudes from sea level to

85,000 ft. Temperatures 200F to —100F.
Relative humidity 20 to 95%.

TEMPERATURE
AND HUMIDITY
CHAMBERS

Precision recorder
controllers, Tem-
perature and humidity
ranges as above. Meets all Mil and JAN
specs. Variety of standard sizes.

SUB-ARCTIC
INDUSTRIAL
CABINETS

For testing metals,
radios, instruments, plas-
tics, liquids, chemicals and
pharmaceuticals. Temperature ranges of
—40F, —80F, —100F, —120F, —150F,
—170F are standard for each size.

For literature on these and
other units, write Dept. W94,
7 1090 Springfield Road, Union, N. J.

ENGINEERING, INC.

Plants: Union, N. J. and Baltimore, Md.

West Coast Representative: The Thorson Company,
1644 No. Orange Grove Ave., Llos Angeles, 46, Calif.

Engineers and Manufacturers of Refrigeration
and Environmental Equipment 1199
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PREHEAT REACTION COMPLETED REACTION
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COMBUSTION WAVE is divided into three zones. In the preheat zone the temperature
of the fuel and air is raised by the “excess enthalpy” of combustion. In the reaction zone the
mixture is further heated by the combustion of the fuel. In the completed reaction zone
the fuel is completely burned. The small rectangles suggest change in volume with burning.

matically to a steady state in which the
reacting zone passes on to the next zone
exactly the amount of excess enthalpy it
has received. Such a wave possesses the
ability to restore itself when disturbed.
But if the burning mixture is progres-
sively diluted so that the temperatures
and reaction rates in the wave are re-
duced, the resistance of the steady state
to perturbations decreases and finally
vanishes. The combustion wave then
disintegrates. Any fuel mixture has up-
per and lower limits of inflammability
which are governed by the relative pro-
portions of fuel and oxygen. Methane,
for instance, will burn in air at room
temperature only if the percentage of
methane is between about 5 and 15 per
cent. An increase in temperature or
pressure will widen the range of inflam-
mability. Information on the limits of in-
flammability is important to industries
that produce, store, handle and trans-
port potentially explosive materials.
Combustion waves lose heat to solid
bodies with which they come in con-
tact. A solid therefore quenches burning
in a gas for some distance from it. If the
diameter of a duct is made small enough,
an explosive mixture cannot burn in it.
The critical quenching diameter de-
pends upon the composition of the fuel
mixture, the pressure, the temperature
and the shape of the duct. A mixture of
hvdrocarbons and air at very low pres-
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sure will not burn in a duct as much as
several inches in diameter, but a mix-
ture of oxygen with hydrogen or acety-
lene can propagate a flame in a fine tube
with a bore of only a little more than
one thousandth of an inch. Bundles of
narrow ducts are often used as flame
“traps” to arrest flashbacks, just as, con-
versely, a wide duct is employed to pro-
mote flashover in a kitchen range or a
jet engine. For high-altitude flight the
diameters of engine ducts and chambers
are especially critical, because the flame-
quenching distance increases markedly
with decreasing pressure.

From an ignition source such as an

electric spark a combustion wave
propagates in all directions. At any in-
stant the combustion wave thus forms a
thin shell around a core of burned gas.
As the shell grows, it must obtain addi-
tional heat or “excess enthalpy” to satisfy
the demand created by the enlargement
of its area. This heat is furnished by the
core of burned gas. Whereas in later
stages of the process, when the shell has.
grown large, the heat thus taken from
the burned gas is negligible, it is rela-~
tively large in the early stages and leads.
to a significant decrease of temperature
in the wave crest. In fact, unless the
wave is given a sufficient initial boost of
heat by the ignition source, the tem-
perature drops so much that the wave
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'I'OCCO Hi-Frequency Induction Heating
Harnesses High Temperatures for Industry

... quick as a/»ZAﬁy///

Whether your products involve heat treating,  Our application engineers, with 20 years of in-
brazing, annealing or heating for forging of  duction heating know-how, are glad to discuss
ferrous or non-ferrous metals TOCCO can do  how TOCCO can help you speed production,
the job in seconds, with automatic accuracy—  improve products and lower unit costs—at no
every part the same—ten or ten million. obligation, of course.

Write for free 60 page booklet — “TOCCO Induction Heating”
THE OHIO CRANKSHAFT COMPANY

4620 East 71st Street ¢ Cleveland 1, Ohio
World’s Leading Manufacturer of Induction Heating Equipment
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Both oxides have definite advantages
for specific uses due to their particular
physical and chemical properties. Study
the comparative information given here
and see which will answer your re-
quirements best.

Make note of the fact that our pure
(monoclinic) oxide can be furnished in
the finest grain size obtainable. We be-
lieve the purity of our oxides is unexcelled.

Typleal Analysis

Pure Oxide (Monoclinic 99.29%, Zr0;)

CELLULAR FLAMES in a six-inch glass
tube were photographed from below by
George H. Markstein of the Cornell Aero-
nautical Laboratory. This flame aberration
is believed due to the preferential diffusion
of oxygen in a mixture of butane and air.

5i0z Ti0; Fe 03 | Al:0y Ba0
04 05 02 02 003
Cal Mg0 K0 Na;0 B:0y
54 04 005 004 om
tabilized Oxide (99.7%, Cubic)
Si0, Ti0; Fe;0; A0y Ba0
A6 10 BRI 05 003
Cal MgO K20 Na0 B;04
5.20 1.01 .001 .003 .00

Use Charaecteristics

Different crystal structures account
for the different successful uses of these
two oxides. Pure oxide, having mono-
clinic crystals, undergoes an inversion
of crystal structure and a 7 per cent
volume change at about 1000° C. The
introduction of calcium oxide, during
the process of creating stabilized oxide,
locks each crystal in a cubic form which
remains constant to its melting point of
4700° F. The other important difference
between these two oxides is the neces-
sarily larger percentage of calcium present
in the stabilized oxide.

FREE SAMPLES of either oxide are avail-
able on request. Perhaps we can help
you with your particular application.

Write Zirconium Corporation of America,
31501 Solon Blvd., Solon, Ohio.

A-9579

S
/IRCONIUM

COHP?RATION

MANUFACTURERS OF ZIRCONIUM COMPOUNDS
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energy spark may pass through an ex-
plosive mixture without igniting it, even
when the temperature in the path of the
spark is of the order of several thousand
degrees. The minimum spark energy re-
quired for ignition depends upon the
composition of the explosive mixture, the
pressure and the temperature. Certain
weak mixtures may require as much as a
calorie, while hydrogen and oxygen in
proper ratios can be touched off by less
than one millionth of a calorie—a spark
far less energetic than the static elec-
tricity a human being generates by walk-
ing on a carpet on a dry day.

The spherical way in which a combus-
tion wave develops can be demonstrated
by igniting a gas mixture with a spark
in the center of a glass sphere; the upper
photograph on the opposite page shows
such a wave at successive moments. In a
cylindrical vessel the wave follows the

pattern illustrated in the lower photo-
|

graph.

A combustion wave, in expanding the
gas within it, produces a thrust which
raises the pressure in the unburned gas
ahead of it. Although this force is gen-
erally small, it may produce important
effects. It accentuates any turbulence in

| a gas stream. In a fast-burning mixture
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peters out. This explains why a low- |
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Precision Instrument

Much of our work over the past 20 years has been the
production of experimental gears in lots of one or more,

We are especially organized and equipped with the
necessary machines, inspection instruments and tooling
to produce precision, fine pitch instrument gears to
A.G.M.A. Classes 1, 2 and 3 (A.G.M.A. No. 236.03 and/or
A.S.A. B6.11-1951).

Types of work include external spur and helical
gears; internal spur gears; external and internal in-
volute spur splines; worms and worm gears.

We have hobs, shaper cutters, shaving cutters, master
gears and master worm sections to produce gears up to
7.5" PD in the following pitches and pressure angles.

24 N. D P., I4'/; and 20 degree N.P.A., Up to 42 Rc
32 TR i " W
72 ', 20 degree N.P.A., up to 42 Rc
9% | n " " TR

[ TR TR

Let us quote on your forthcoming requirements.
6562

Dcxter MACHINE PRODUCTS, INC.
CHELSEA, MICHIGAN, Bax 328
Phanes: Detroit WE 3-1594 —Chelses 2-1791

Get Thls Informatlve
Free Booklet on New
Uses for Straits Tin

New, 20-page booklet tells impor-
tant story of Straits Tin and its
many new uses today. Fully illus-
trated. Includes sections on new tin
alloys, new tin solders, new tin
chemicals. Covers tin resources and
supply, Malayan mining. Booklet is
factual, informative — could well
prove profitable to you. Mail cou-
__pon below today.

THE MALAYAN TIN BUREAU

Dept. J, 1028 Connecticut Ave.
Washington 6, D.C.

Please send me a copy of your free
booklet on new uses for Straits Tin.

Name,

Firm Name.

Street
City.

Zone State




confined within a duct the thrust and
burning velocity, reinforcing each other,
may produce a shock front. The conse-
quent sharp rise in pressure and tem- |
perature in turn causes a detonation m
wave. Such waves travel with high velo-
cities, of the order of several miles per
second. They are maintained by the en-
ergy released in the chemical reaction
and attain a constant velocity which is
the sum of the velocities of sound and
of the flow in the burned medium. In
high explosives such as TNT or nitro-
glycerin the pressure in the shock front

Insulation

%‘L‘W;um X3

&

“REFRASIL )| High Temperatures!

In the needle-nosed Douglus X-3, Refrasil Blankets safely insulate the pilot and
structure from the blistering heat of this superspeed aircraft’s twin turbojets.
HITCO is a pioneer of high temperature lightweight removable insulation blankets
for aircraft. Now, this design and manufacturing skill is at work solving high
temperature problems of science and indusiry. HITCO engineering counsel is
yours without obligation, Let's get together on finding new uses for Refrasil in
your business.

0 Bulk Fiber [ Balt {J Cordage [ Cloth [ Sleeving [ Tape {1 Yarn

For free Reftasil sample and
complete data, check above,
clip to your letterhead and

m] mail today!

MARSHALL MORRIS .
3513 South Drive Name )
Fort Worth, Texas

FLAME PROPAGATION from a spark was i ”. ,o THUMPS”” FIBER Glﬂss ca.

photographed at regular short intervals. At 1733 Cordova St., Los Angeles 7, Calif,

the top the flame is shown in a spherical .
glass vessel ; at bottom, in a cylindrical one. Te|eph°ne' REPHNIO 39181

HITCO FIELD ENGINEERS :

* BURNIE L. WEDDLE
3219 Wes! 29th 5t
Indianapolis 22, Ind.
Hickory 8685
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INRERWV
OHMITE"
RITEOHM®

Rigid Completely
steatite enclosed
core bobbin

Speciol Welded
molded terminal
resin connaction

Encapsulated
PRECISION
RESISTORS

EXCEEDS MIL R-93-A,
AMENDMENT 2 AT
125°C AMBIENT

Now...anewOhmite encapsulated,
wire-wound, precision resistor, de-
signed to provide absolute stability.

Winding is protected against mois- |

ture or mechanical damageby arigid
steatite bobbin, completely encap-
sulated in an Ohmite-compounded,
special resin. Resistance wire is
welded to terminals to insure a per-
manently stable connection. Axial-
lead and lug types, in sizes from 14
to 1 watt (125°C ambient) in a
wide range of resistance values.
Tolerances to +0.1%.

P .I-’,m.
OHMITE MFG. CO. ‘9o
3609 Howard St., Skokie, IIl. g .
(Suburb of Chicago) e" ﬁ
T s
Write For Now RITEOHM | - =, 4@

Bulletin No. 145

OHMITE"

RHEOQSTATS « RESISTORS = TAP SWITCHES

| is of the order of 100,000 to 200,000 at-
mospheres.

The most familiar flame in our civili-
zation is, of course, the gas burner,
known to us variously as the burner on
the kitchen stove or the oil furnace, the
welder’s torch, the airplane’s jet engine.
In the kitchen burner a jet of fuel gas,
after entraining air, flows at a given
pressure from numerous orifices in the
burner head. The flame is stabilized by
means of the flow distribution and
quenching effects. The combustion wave
anchors itself at an equilibrium position
whose distance from the burner rim de-
pends on the rate of gas flow. When
the velocity of this flow is reduced to
less than the burning velocity, the flame
flashes back into the tube. When it is
increased so that it exceeds the burning

UPRIGHT FLAME CONE is stabilized on
aring placed in a stream of inflammable gas
flowing from the glass tube at the bottom.
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NEW FILTER CLEANS ITSELF! You don’t have
to clean an Automaze air filter. It cleans
itself— automatically! Automaze’s continuous
belt of filter panels rotates through a cleaning
tank where “pulse-type” action agitates each
panel, removes all dirt. Goes 3 to 6 months
without attention.

DUST COLUMN TALL
AS 3 MT. EVERESTS!
Dust, stone and
ash from the vol-
canic eruption of
Krakatoa in 1883
shot up in a column
three times higher
than Mount Everest!
This dust caused
vivid red sunsets in
many parts of the
world formorethan
two years.

COUNTER ATTACK! Dust falling on counter
displays can cost stores thousands of dollars
inshopworn merchandise. Leadingstores stop
dust, dirt, and even smoke with Electromaze
electrostatic air filters. File-drawer construc-
tion makes installation and servicing easy.

IF YOU BUILD OR USE engines, compres-
sors, air-conditioning and ventilating
equipment, or any device using air or liquids
— the chances are there is an Air-Maze filter
engineered to serve you better. Representa-
tives in all princi pal cities. For condensed
product catalog, write Air-Maze Corporation,
Dept.D,25000 Miles Rd.,Cleveland 28,0hio.

IR=GAA?

The Filter Engineers

AIR FILTERS LIQUID FILTERS
SILENCERS OIL SEPARATORS
ISPARK ARRESTERS GREASE FILTERS

| isaaa




velocity everywhere in the stream, the
flame blows off.
When one fuel gas is substituted for

NEVER BEFOR,

such Magnificence . . . suclil Power

another, the critical flow velocity for
stabilizing the flame changes. This situ-
ation constitutes an important problem
in the gas industry, where it is frequently
desired to bring in other available fuel
gases to meet peak demands. The burner
design and flow conditions must be ar-
ranged to provide a stable position for

each fuel.

A ring or some other obstacle in the
gas stream may stabilize a flame

under conditions in which it might

otherwise blow off [see photograph on

such Performance!
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The Ball and Disc Integrator
is a precision (.01%) inte
grating mechanism with
super-finished balls and tung-
sten carbide disc. A special
oiling device provides per-
manent lubrication. Small
size, light weight and design
simplicity maﬁe it suitable
for use in: totalizing, rate
determination, differential
analyzers, or as a closed loop
servo-element. Also effective
as a precision variable speed
drive. Write for detailed catalog
information on this or other
computing, controlling devices.

BALL ano DISC
INTEGRATOR

PRECISION
LONG SERVICE

SPECIFICATIONS

Width: 178", Length 234",
Height 314", Weight 21 oz.

Computers and Controls

INVERTED FLAME CONE is stabilized
on a rod. Without the ring or the rod the
flame would simply blow away from tube.
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convert

SELF-BALANCING
POTENTIOMETERS TO

digital
read-ouf

PRINTED TAPE ¢ PUNCHED CARD
PUNCHED TAPE

Complete ...Easy to Install...Recads
from 0-1000; Accuracy =0.1%. A com-
plete system kit for obtaining digital
information from standard self-balanc-
ing potentiometers. Easy to install,
complete with all necessary hardware,
this conversion does not affect the ac-
curacy of the recording instrument, and
no modification of the potentiometer is
required. Readings can be taken while
the recording pen is moving.
Non-linear calibrations available for
use with thermocouple applications.

GIANNINI
ENCODER
KIT

CODED
COMMUTATOR:

Digitizes shaft posi-
tion. Binary or
Decimal
Codes.

Giannini

SALES ENGINEERING OFFICES:
NEW YORK. N.Y.—S580 FIFTH AVE.— JUDSON 6-7500
LOS ANGELES, CALIFORNIA— RYAN 1.7152

Laboratory Apparatus Division

G. M. GIANNINI & CO., INC.
PASADENA 1, CALIF.
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LAMINAR FLAME is photographed by its

own light (top) and by the schlieren
method. The latter shows sharp combustion
wave and its rounded envelope of hot gas.

cone. A rod placed upright in the stream
makes the flame take the form of an in-
verted cone [photograph on preceding
page]. The obstacle method of stabil-
izing flames is finding application in
combustors for jet engines, which de-
mand very high flow velocities.

In the foregoing illustrations the gas
flow is laminar; that is, the streamlines
form a regular pattern and the combus-
tion wave is smooth and steady. When
turbulence is introduced into the stream,
the combustion wave becomes wrinkled.
The wrinkles and irregularities are not
noticeable to the naked eye, but they
show up in photographs made by the
schlieren technique, which registers
density differences and thus makes visi-
ble the unburned gas with its envelope
of burned gas [see the bottom photo-
graph above].

The flame that man has known ever
since he discovered fire—the burning of
wood, a candle flame—is known as diffu-
sion flame. Scientific research on such
flames has been confined essentially to
studies of the factors that affect the
shape and length of the flame. When
wood or coal burn, their hydrocarbons

© 1954 SCIENTIFIC AMERICAN, INC

LEFAX x x x

POCKET SIZE TECHNICAL
® DATA BOOKS *1% EACH

Printed on loose leaf, six hole, 6%4” x
3%” bond paper, each book contains
about 140 pages of technical data, pre-
senting condensed, accurate and essential
data for the student, engineer, technical
worker and business man,

[ X X ]
Architecture Transformers,
Home Heating Relays, Meters
Illumination Hydraulics
Electrician’s Data Surveying

Mech. Drawing
Machine Design
Machinists’ Data
Piping Data
Surveying Tables

Builder’s Data
Lumber Data
Air Conditioning
General Math.
Math. Tables

Physics Trig-Log Tables
Chemical Tables Metallurgy

etals Analytic
Gen’l Chemistry Chemistry
Reinforced Highway

Concrete Engineering
Building Mechanics of Materials

Construction Power Trans. Mach’y.
Radio Thermodynamic Tables

& Charts
Phys. & Thermo-

dynamic Data
Phys. & Org.

Chemistry

Television & FMe
Electricity, AC
Electricity, DC
AC Motors and
Generators

Werite for FREE catalogs (over 2000 listings).
See for yourself how helpful LEFAX can be to
you. Send $1.26 for each book, or $6 for any
five books listed above, to:

LEFAX, Dept. SA-7, Philadelphia 7, Pa.

INTERNATIONAL RECTIFIER

€ o Ho R pirom

i
M

TYPE DP-2

ACTIVE CELL SIZE:.089
SQ IN. (IMOUNTED) GEN-
ERATES UP TO 2 MA IN
AYERAGE SUNLIGHT

TYPE DP-3

ACTIVE CELL SIZE:.258
5Q. IN. IMOUNTED) GEN-
ERATES UP TO 6MA IN
AVERAGE SUNLIGHT

FOR FREE PHOT

MAIL THIS

INTERNATIONAL RECTIFIER CORP,
PHOTO CELL DIVISION
1521 E. GRAND AVE. EL SEGUNDO, CALIF.

PLEASE SEND PHOTO CELL LITERATURE AND
INFORMATION ON FOLLOWING PHOTO CELLS:

ADDRESS

CiTY & STATE
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TURBULENT FLAME is similarly photo-
graphed by its own light (top) and by the

schlieren method (bottom). The broad
flame reflects turbulent combustion wave.

break down to incandescent carbon,
which emits intense radiation. Such
flames find considerable use as sources
of radiant heat in industry.

Not the least interesting aspect of the

study of flames is their colors. In
the spectral analysis of their light ra-
diation the physical chemist has found
a tool to identify the presence of atoms
and radicals in the flame and to develop
a picture of the kinetics of the chemical
processes that occur at high tempera-
tures. Hydrocarbon flames not rich in
fuel have a blue color, whose source is
the C-H radical; hydrocarbon flames
rich in fuel show a green light emission
known as the Swan bands, whose source
is the C-C radical. OH and other radi-
cals give no visible light; they must be
photographed in the ultraviolet or in-
frared.

After thousands of years we are at last
learning some of the inner mysteries of
fire, one of man’s earliest tools, still his
most abundant source of energy, and
lately reaching its most advanced ex-
pression in jets, flame throwers and
atomic fireballs.

MICHAEL BAKER, JR.
AIR MAPS, INC.

ROCHESTER, PENNSYLVANIA
JACKSON, MISSISSIPPI

Y

provides highway survey data at

lowest possible cost...with

/ BAUSCH & LOMB

PHUTUGRAMMETRIC
EQUIPMENT

The problem was to route
a by-pass highway through
a densely populated, built-
up area, with minimum
property damage and good
alignment. Ground survey
methods would have been
totally prohibitive. Pho-

. o 8w
x50 ['1rl"a

togrammetry was the an- :;;J:
swer. B&L Multiplex 2=38
Equipment provided the g.':ﬂ_, )
instrumentation to pro- —

duce a detailed topograph-
ic map of the entire area
from aerial photographs
...quickly, economically,
with dependable accuracy.

¥ ol

How many ways can Yl]lIR husmess pruht from Phntugrammetry?

WR"E for complete information on the world’s finest photogrammetric equip-
ment, including Multiplex, Auto-focus Rectifier, and Twinplex. Bausch & Lomb
Optical Co., 69833 St. Paul Street, Rochester 2, New York.
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SYNCHRO SERVO MOTOR RESOLVER

Ketay offers a complete range of sizes and types of rotating components . . . synchros, servo motors, and
resolvers. Specifications for 116 of them are contained in an illustrated brochure, available upon request.

Ketay leadership is the result of sound, imaginative engineering. From the
design of a specialized component to the fabrication of complete systems,
Ketay engineers create the “'standards of tomorrow"’.

.. .leader in the development and manufacture of
Synchros, Servo Motors, Resolvers, Amplifiers, Airborne
instruments, and Aufomatic Controls.

Ketay leadership is the result of a combination of research,
experience, and outstanding manufacturing facilities.
Some of these facilities are pictured here.

Ketay has produced many firsts in automatic controls.

For example, in Synchros, Ketay was first to produce
miniaturized Synchros so remarkable for their high
accuracy and unmatched reliability. Ketay was first to
produce high temperature and corrosion resistant Synchros.

Today, Ketay produces literally hundreds of different

- = SR 4 ot . SR Executive Offices:
Costs, quality, and stringent delivery schedules, are best controlled when criti- ‘ E a y 555 Broadway, N. Y. 12, N. Y.
cal manufacturing is done “'on the premises” . . . under close supervision. New York Division

Ketay plants are fully equipped with modern machines and equipment. This Manvufacturing Corporation Electronic Instrument Div.
Heald Borematic Department is but one of many such divisions at Ketay.

MAGNETIC AMPLIFIER RESOLVER AMPLIFIER ELECTRO-MECHANICAL ASSEMBLY

Components for complete systems including gear trains and amplifiers of conventional and miniaturized types
are available to meet the most demanding of design requirements.
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FUEL TOTALIZING INDICATOR FUEL FLOW TRANSMITTER DUAL FUEL FLOW INDICATOR

Electronic control devices are among the many instruments Ketay manufactures for aircraft, missiles, marine,
ordnance, and civilian application: Special designs to meet the limitations of space and operating conditions.

tay

electro-mechanical devices some of which are illustrated on
these pages. Currently, original Ketay developments are
providing instrument performance far above present
standards—many of which were set by earlier

Ketay developments.

Inspection of all parts, sub-assemblies, as well as completed instruments, is a
fetish at Ketay. For instance, all bearings are inspected with specially deve!-
oped equipment in air conditioned work space. This is just one of the many
techniques that assure maximum performance when Ketay units are specified.

Ketay successfully applies its production facilities and
experienced research personnel to specific problems for
the leaders in automatic control.
Your interest will be well served by
learning fully of the products and
services you may obtain from Ketay.

Pacific Division:
12833 Simms Avenvue, Hawthorne, Calif.

Kinetix Instrument Div., Pacific Div.
Research & Development Div.

Precision of manufacture is vital in every Ketay unit. To asure continuing re-
liability for its products, Ketay employs the very latest facilities and techniques,
Typical is this “gear room’ where modern gear cutting machinery produces
gears to the finest of tolerances.

TACHOMETER GENERATOR PANCAKE SYNCHRO GYRO PICKOFF SYNCHRQ OVERLOAD TRANSFORMER

Many specialized units have been designed by Ketay engineers and are in quantity production. Custom engi-
neered units for specific application are also available.
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REFRACTORY MELTS at the focal point of a solar furnace (see temperature of 8,500 degrees Fahrenheit, or 85 per cent of the tem-
opposite page) . Under ideal sky conditions a theoretical maximum perature of the sun’s surface, may be obtained in this furnace.
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High Temperatures:
MATERIALS

The containment of heat in new industrial processes and jet

propulsion systems strains the melting points of metals and

ceramics. A combination of them called cermets shows promise

t is no secret that the major bottle-
I neck in man’s use of energy—indeed,
in his whole heat technology—has
been the problem of materials. The great
modern steel industry did not become
possible until, at the end of the 19th cen-
tury, chemists developed refractory
bricks and crucibles capable of contain-
ing molten pure iron, whose melting
point is 2,795 degrees Fahrenheit. In
the field of power the bottleneck is es-
pecially conspicuous. With the excep-
tion of water power, every major source
of energy available to man involves
handling a fluid at high temperature:
this is true of the steam engine, the gaso-
line engine, the gas turbine, the nuclear
reactor. Ever since the French engineer
Sadi Carnot formulated his famous prin-
ciple concerning heat engines in 1824,
we have known that the efficiency of the
transformation of heat energy into work
rises enormously as we increase the
temperature difference between the hot
and cold sides of the cycle. But there is
a limit to how high we can go on the hot
side. That limit is dictated by the heat-
resistance of the solid vessels that must
contain the motive fluid—gas or liquid.
If we only had more resistant materials,
we could design more efficient and more
reliable engines than any in use today.
The failures of materials at high
temperatures are matters of common
observation. Steam boiler explosions,
car engine valve breaks, jet airplane
disintegrations—these disagreeable ex-
amples of the breakdown of materials
under heat are familiar enough. As we
go to higher speeds and temperatures,

by Pol Duwez

the possibility of catastrophic conse-
quences increases. In the airplane jet
engine, whose turbine may rotate at
more than 15,000 r.p.m. and be sub-
jected to temperatures of well over 1,200
degrees, we are so close to the danger
point that the critical parts of the engine
have to be inspected very frequently.
Let us consider what requirements a
material must meet if it is to be used at

id MH‘ iy

l|" a
|||||

high temperatures. We may note in pass-
ing that the meaning of “high tempera-
ture” varies: for a steam-turbine de-
signer it may be 1,200 degrees F.; for
a gas-turbine designer, 2,000 degrees or
higher; for a metallurgist concerned with
an open-hearth or an electric furnace,
3,600 degrees; for a rocket designer, as
high as 5,500 degrees.

First of all, the material must have

SOLAR FURNACE at Convair laboratory in San Diego, Calif., has a 120-inch mirror. The
temperature is controlled by advancing or retracting a cylinder around the focal point.
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a high melting point. This immediately
imposes a drastic limit on the possi-
bilities. Of the 92 natural elements, not
more than 20 have melting points above
3,000 degrees. Since the melting tem-
perature is an intrinsic property of a sub-
stance, we cannot alter it by mechanical
working or any other physical treatment
of the element. We can, however, create
a considerable number of chemical com-
pounds, especially oxides and carbides,
that have high melting points.

Secondly, the material must retain
useful strength at high temperature. In
some uses—for example, the blades of an
aircraft gas turbine—the stress on the
material as well as the temperature is so
high that strength is the all-important
factor. Thirdly, the material must be
chemically inert at high temperature so
that it will not react with the fluid it con-
tains. Hot gases from a burning fuel tend
to be highly corrosive, because they
usually contain an excess of oxygen,
which will readily form oxides with most
metals at high temperature.

All materials can be divided into two

general classes: metallic and non-
metallic. We shall look at the metallic
materials first. For use at high tempera-
ture we must immediately rule out
aluminum, magnesium, zinc and lead
because of their low melting points. Iron,
which has been and still is the gift of
God to metallurgists on this planet,
fortunately has a relatively high melting
point. Around it in the periodic table is
a group of metals melting in the same
range: namely, nickel, manganese, chro-

mium and cobalt. Small amounts of these
elements are alloyed with iron to form
steels with good physical properties at
high temperature. A strong incentive to
the development of such steels arose
about half a century ago when the steam
turbine became a serious competitor to
the old piston steam engine. To make
the turbine as efficient as the piston
engine, both the temperature and the
pressure of the steam had to be in-
creased. In addition the metal had to be
strengthened, because the blades of the
turbine were subjected to much higher
stresses than those previously encoun-
tered. These new engineering problems
forced the metallurgist to create new al-
loys and to study new aspects of their
behavior under stress at high tempera-
ture. For instance, under these condi-
tions all alloys have a tendency to
stretch slowly as time goes on—a phe-
nomenon known as “creep.” During the
last 30 years a tremendous amount of re-
search and testing has been done on
creep, but it is not yet fully understood.

Together with creep, the problem of
corrosion became a serious one in the
early days of the steam turbine. This
problem was alleviated by the welcome
discovery of stainless steel. The first
typical stainless steel consisted essential-
ly of 73 per cent iron, 19 per cent

‘chromium and 8 per cent nickel. The

new type of alloy ushered in one of the
liveliest periods in metallurgical history.
There was no rest for the research metal-
lurgist: every time he developed a better
alloy, the mechanical engineer promptly
raised the steam temperature and de-

manded a still more refractory one. In
the meantime designers saw, as the
working temperatures rose, that sooner
or later it would be possible to use the
combustion gases directly in the turbine
instead of transferring the heat to an
intermediate fluid such as steam.

This new challenge greatly acceler-
ated the research for new alloys. The
really outstanding improvement in gas
turbine alloys came during World War
II, after it was demonstrated that the jet
engine was the answer to high-speed
flight. In less than five years the operat-
ing temperature of the gas turbine was
raised from below 1,200 to more than
1,500 degrees F. So-called “superalloys”
were developed for the high-tempera-
ture jet engine (they have since found
applications in many other fields) . These
alloys involve small additions of molyb-
denum, tungsten and columbium to the
basic metals, such as iron, cobalt, nickel
and chromium. Since the end of the war
further progress in raising the gas tur-
bine operating temperature has been rel-
atively slow. It seems that 1,800 degrees
is about the limit of the operating tem-
perature that can be satisfactorily with-
stood by alloys of iron, nickel, chro-
mium and cobalt.

he only metals of much higher melt-

ing point that are available in rela-
tively large quantity are molybdenum,
tungsten, tantalum and columbium.
Molybdenum is generally recognized as
having the greatest potential. It is rela-
tively abundant in nature and may be

produced at a reasonable cost. Un-
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TEMPERATURE SETS LIMITS on choice of materials for con-
tainment of heat. Metals and cermets are shown at the present
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service limits of these materials. Cooling techniques make it pos-
sible to contain much higher temperatures within limits shown.



A NEW CONCEPT-

AIiRESEARCH COMPLETE
——

AIR DATA COMPUTER {7
SYSTEM

Included in the Air Data provided by an AiResearch System are —TRUE AIRSPEED * FUNCTIONS OF MACH NUMBER * TRUE DYNAMIC
PRESSURE * DENSITY ALTITUDE * INCREMENTAL MACH NUMBER - INCREMENTAL ALTITUDE - RATE ALTITUDE
TRUE ANGLE OF ATTACK « TRUE ANGLE OF YAW « ROCKET JUMP ANGLE « ROCKET MUZZLE VELOCITY
TRUE STATIC TEMPERATURE « ENGINE PRESSURE RATIO « MECHANICAL ADVANTAGE SHIFTER
CRUISE CONTROL COMPUTER » SUPERSONIC INLET COMPUTER CONTROL - BALLISTICS COMPUTER

X-ray a modern jet airplane and you’ll
find some kind of data gathering
equipment to aid pilots in accurately
delivering fire power.

AiResearch engineers have con-
ceived complete systems of this kind.
They are called Central Air Data
Computer Systems—integrating pneu-

matic, electrical and electronic com-
ponents. These systems sense, measure
and correct automatically for all air
conditions affecting flight.

The combination of transducers,
computers, and indicators constitutes
the simplest and most reliable system
for gathering and interpreting air

data. AiResearch has the skills and
years of experience to create such com-
plete systems for any type of aircraft.

Also, if you have a problem involv-
ing equipment for temperature or
pressure control, remote positioning,
synchronizing, or analogue comput-
ing, consult AiResearch now.

AiResearch Manufacturing:

A division of
THIE

Designers and manufacturers of aircraft

Los Angeles 45, California « Phoenix, Arizona

CORPORATION

Components.' REFRIGERATION SYSTEMS ¢ PNEUMATIC VALVES AND CONTROLS + TEMPERATURE CONTROLS

CABIN AIR COMPRESSORS * TURBINE MOTORS + GAS TURBINE ENGINES + CABIN PRESSURE CONTROLS ¢ HEAT TRANSFER EQUIPMENT * ELECTRO-MECHANICAL EQUIPMENT + ELECTRONIC COMPUTERS AND CONTROLS
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SUPERALLOY of chromium, nickel and cobalt, etched to bring out grain structure, is mag-
nified 250 times. These photographs were made at General Electric Research Laboratories.

CERMET combines a metal (chromium) and a refractory (thoria) to meet the demand for
high strength at high temperatures. The thoria is the dark material among the metal grains.
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CERAMIC COATING on molybdenum is designed to protect this metal from corrosion at
high temperatures. The coating, which consists of glass and chromium powder, is at the top.
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fortunately, nature has been very unkind
to the metallurgist in making molyb-
denum (and other metals of very high
melting points) exceedingly sensitive to
oxidation at high temperature. Since in
most of our engines a fuel is burned with
an excess of air, a strongly oxidizing
atmosphere always prevails. As in many
other chemical processes, the rate of re-
action of a metal with oxygen increases
very rapidly with temperature. In the
case of molybdenum the oxide formed
on the surface of the metal becomes
volatile above a certain temperature,
and from there on the rate of oxidation
rises catastrophically.

One answer to the problem would be
to cover the metals with a refractory
coating that is inert to oxygen. Much
effort is being devoted to the study of
possible coatings. If the problem can be
solved, molybdenum and its alloys will
be used on a large scale. If not, 1,800
degrees may be the highest we can go
with the metals.

Something should be said here about
titanium, the “wonder” metal which a
few years ago was highly publicized as
an ideal solution to the problem of high
temperatures. The metal can now be
produced commerecially in the pure, duc-
tile form. Its relative lightness and
strength make it very attractive for many
engineering applications. Its resistance
to corrosion at room temperature is com-
parable with, and in some cases better
than, that of stainless steel. It turned out,
however, that at high temperatures ti-
tanium is rapidly corroded by both
oxygen and nitrogen, and its strength
decreases very markedly. For all prac-
tical purposes it seems that titanium al-
loys will not be of great value above
1,000 or 1,200 degrees F. In spite of
these limitations titanium is still one of
the most important metallurgical ad-
vances of the century. In aeronautics it
looks like an answer to the “heat bar-
rier” of supersonic flight—a barrier which
demands a substitute for aluminum.
Steel seemed the only alternative until
titanium came into the picture. In the
temperature range from 400 to perhaps
1,200 degrees the advantages of ti-
tanium appear to be appreciable. Future
improvements in our knowledge of ti-
tanium alloys and of their heat treatment
will probably establish titanium as the
best structural material for supersonic
aircraft.

A the present time ceramics are get-

ting as much attention as metals in
high-temperature research. Ceramics of
course are in the nonmetallic class—
which means that they are metals in
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KENTANIUM

. . . from powders, a family of high
temperature strength, thermal shock
resistant, titanium carbide base com-
positions—for a wide variety of appli-
cations at continuous operating tem-
peratures up to

2200°F

—for limited applications up to

4000°F

Many grades of this lightweight, ex-
ceptionally pure titanium carbide have
been developed for various require-
ments where conditions of intermittent
or continuous high temperatures in
oxidizing atmospheres are combined
with abrasion and compressive or
tensile loads.

These Kentanium grades can be ex-
truded and molded into many forms in
the powdered state. More intricate
forms are machined from pressed slugs.
Precise tolerances are obtained by
grinding after forms are sintered.

A few of the more important appli-
cations and potential uses include:
bearings and parts subject to high
temperatures in contact with liquid
metals, nozzle vanes, blades and wheels
for gas turbines and jet engines, rod
mill guide inserts.

Additional information is contained
in a new bulletin entitled: “Ken-
tanium.” Write for it. Then contact
Kennametal engineers for cooperation
on the application of Kentanium to
your specific problem. Sales offices are
located in principal cities.

KENNAMETAL

INCORPORATED
LATROBE, PENNSYLVANIA
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combination with other elements (e.g.,
oxygen, carbon, boron) that give them
properties entirely different from the
metallic. The main difference is that
metals are ductile while ceramics are
brittle. What attracts high-temperature
engineers to ceramics is that these mate-
rials generally have high melting points
—often above 3,000 degrees F.

The starting point in the fabrication
of ceramic articles is usually a powder.
The powder, in the pure form or mixed
with a binder, is pressed into a die and
heated to a sufficiently high temperature
to create a bond between the particles—
an operation known as sintering,. Such a
fabrication technique imposes severe re-

strictions on the possible sizes and
shapes. A more important limitation of
ceramics is their brittleness and sensitiv-
ity to sudden heating or cooling.

During the last 10 years, however,
promising new types of ceramics have
been developed: oxides, carbides, ni-
trides, borides and silicides. Some of
these materials, such as titanium car-
bides and zirconium borides, have
reached the testing stage in actual en-
gines. Ceramic oxides entirely avoid the
problem of oxidation, which is so
troublesome in the metals. But they are
most brittle and sensitive to thermal
shock. On the other hand, ceramic car-
bides, nitrides and borides have relative-

CERAMIC ROCKET NOZZLE is tested at the Battelle Memorial Institute in Columbus,
Ohio. Combustion gases moving at 500 feet per second heat the material to 4,500 degrees F.
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HIGEHE
TEMPERATURE
PROTECTIOIN

connect with cannon!

At aircraft firewalls .

and wherever high temperatures are involved . ..
you can get protection by using Cannon Steel Shell High
Temperature Connectors to protect your electrical circuits.

Cannon made the first multi-contact firewall and
high-temperature connectors

and is still the leader in the field with the greatest

variety of lireproof connectors available today.

Cannon Fireproaf AN-“‘K'' Connectors
effectively block dangerous fire paths by
preventing passage of open flame at 2000° F
for at least 20 minutes ... and maintain
electrical circuitry during that time

to meet military specifications.

Other Cannan firewall type connectors.

the AN-""FW'" and K-“FW' . block fire paths for
5 minutes at 2000~ F:, but circuitry is not necessanly
maintained, A third application, not designed for
tirewall use, withstands 500¢ F. continuous heat

and maintains circuitry. Hermetically sealed connectors
are adaptable to this application

Cannon High Temperature Steel Shell Conneclors are
used in general industnial applications.

Combinations of various parts can be made to suit many
high temperature applications. Inserts of glass-filled or
asbestos-filled material. Wall- or box-mounting
receptacles. Straight or angle 90° plugs. Solderless
crimp-on contacts available. Consult our factory,

giving temperature and circuit requirements.

first in connectors
CANNON
BIGGS

CANNON ELECTRIC COMPANY, 3209 Humboldt Street, Los Angeles 31, California

Factones in Los Angeles. Fast Maven, Toronto. Canada London Enpland Representatives and distobutors in all principal cilies
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AIRPOT

Reliable Dashpot
Solves Your
Damping Problems

AIRPOT, Electric Regulator’s precision
dashpot, is the low-cost answer to me-
chanical damping and shock absorption
problems. It can be used where simple
air vanes are inadequate, oil seal devices
insufficiently reliable, and magnetic
damping too heavy.

Made of specially processed glass cyl-
inders and carbon pistons, ground and
fitted to tolerances closer than .0002".
Weighs less than half an ounce. Can be
mounted in any position, and air leak
can easily be adjusted with screwdriver
for desired damping. AIRPOT maintains
its calibration, and has an unlimited,
maintenance-free life.

Performance Data

® Damping constant is adjustable up to
2.0 pound/inch/sec.

® Maximum tension force is 4 pounds at
sea level.

® Compression force is limited only by
the strength of materials used.

® Static and sliding friction coefficient
is less than 0.2.

©® Temperature range from—75°C to
150°C.

® Altitude unlimited when used in
sealed enclosures.

For further information write for
Bulletin 507.00. Address Dept. C,

Electric Regulator Corporation
NORWALK, CONNECTICUT

Manufacturers of Regohm Circuit Controllers
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I TURBINE BUCKET glows at 1,100 degrees F. in a test chamber at the General Electric Re-
search Laboratories. Stresses encountered in a gas turbine are simulated in this chamber.

ly good mechanical properties but are
vulnerable to oxidation. And so we are
confronted again with the problem of
finding a compromise between good
mechanical properties and chemical in-
| ertness in an oxidizing atmosphere.
| Such a compromise is represented by
the so-called cermets—combinations of
ceramics and metals. They are made of
a mixture of ceramic and metal powders.
After pressing and sintering, the hybrid
material takes the form of a metallic
network surrounding fine particles of
oxides, carbides or other compounds.

A typical example is the mixture of
alumina (aluminum oxide) and chro-
[ mium metal. Alumina is extremely stable
in oxygen at high temperature but brit-
tle. Chromium is one of the most oxida-
tion-resistant metals. The hope is that
chromium will impart to the complex
some resistance to both mechanical and
thermal shock, which is lacking in pure
alumina. Although some success has
been attained along these lines, much re-
mains to be done. In the field of cermets
there is a need for more fundamental
| studies of the nature of the bond be-
tween a metal and compounds such as
| oxides, carbides and borides.

Whether or not nonmetallic materials
| or cermets will replace metals and alloys
in high-temperature engines is difficult
to predict. But it is quite certain that in
any case the high-temperature materials
of the future will be less ductile, and
| consequently less resistant to shock,
than those we are using at present. This
lack of ductility appears to be an in-
evitable price we must pay for higher
temperatures. It will be no small prob-
lem to design satisfactory engines made
of such materials.

We are not entirely at the mercy of
the limitations of materials. The solid

© 1954 SCIENTIFIC AMERICAN, INC

materials exposed to hot gases can be
kept at moderate temperatures by cool-
ing. In blast furnaces, for example, the
copper nozzles that deliver pre-heated
air into the hottest combustion zone of
the furnace have long been water-
cooled. In rockets the combustion cham-
ber and nozzles are sometimes designed
so that one of the liquid propellants
(either the fuel or the oxidizer) is cir-
culated in cooling passages around the
chamber. In the German V-2 this cool-
ing system made it possible to use plain
carbon steel in the construction of the
combustion chamber.

Recently there have been experiments
with a cooling scheme that passes the
cooling fluid through the wall instead of
around it. In this technique, known as
“porous-wall cooling” or “sweat cool-
ing,” a liquid or a gas diffuses through
the porous wall, maintaining a con-
tinuously regenerated protective film on
the surface exposed to high temperature.
The method has been found efficient,
especially in cases in which the rate of
heating of the surface is very high. We
must, however, develop porous metals
which will have the required physical
properties and will be amenable to fab-
rication by practical techniques.

It is obvious that at best no material
with a melting point above 10,000 de-
grees F. could possibly be synthesized.
As we approach such extremely high
temperatures, cooling will become more
and more important. Cooling, however,
introduces complications in the design
and fabrication of engines. Consequent-
ly for a long time to come the major
effort will be devoted to the improve-
ment of materials. Possibilities in this
direction are far from exhausted, and the
field should be a challenging one for

young metallurgical engineers.



Part of the battery of 54 Leeds & Northrup Speedomax® re-
corders in the rocket laboratory of Bell Aircraft Corporation.
They record pressures, flow rate, thrust, temperatures and
turbine speed of rockets being tested in remote cells. The Bell
Test Center at Modeltown has additional L&N recorders.

Atomic-energy plant operator using

GET L&N'S NEW DATA BOOK

Rayotube® staring at furnace roof Spectacular temperatures are just one of the many conditions
reports temp. to Speedomax Controller which L&N instruments measure, in research and in industry.
Strain, flow, pressure, pH, chemical analysis—most conditions
which give electric signals are being Speedomax recorded. Auto-
matic measuring and recording is a scientific way-of-life, and L&N
with its Speedomax is one of the leaders.

Speedomax instruments have been used, for example, with
rockets from the Nike back to the V-2 and forward to 1954’s
classified missiles. L&N recorders helped initiate atomic energy
utilization at the Chicago Stadium reactor, and they are helping
at every other A.E.C. installation. They measured and recorded
Experimental engine test stations use reams of data for Flying Forts, and also for today’s “X’’ aircraft
Speedomax for versatility and accuracy . . . .. .

and jet engines. Speedomax equipment is in chemical research,
medical research, weather forecasting, power generation, and of
course in manufacturing of all kinds.

Any engineer or scientist with signals to record is invited to
send for our Technical Publication ‘“New Horizons”. It brings 43
pages of performance data, circuit diagrams, charts and other
engineering information. Write our nearest office, or 4935 Stenton
Ave., Philadelphia 44, Pa.

Medical researchers get Speedomax
records in physiology

LEEDS NORTHRUP

instruments automatic controls e furnaces
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High lemperatures:
CHEMISTRY

Between 1,000 and 3,000 degrees centigrade lies the present

frontier of chemical technology. A chemical plant making nitric

oxide from air heated to 2,100 degrees 1s already in operation

or a chemist the region of tempera-
Fture from 1,000 to 3,000 degrees
centigrade is a challenging frontier.

As he pushes on in this territory, the
familiar landmarks gradually disappear.
At 1,000 degrees centigrade he may
use a standard electric furnace as his
source of heat, contain his chemicals in
a quartz flask and measure temperature
with an ordinary thermocouple. At 1,500
degrees he may substitute silicon car-

by Farrington Daniels

bide or platinum wire for nichrome in
his heater, and he needs special thermo-
couples for measurement. Beyond 2,000
degrees he emerges into a very different
world. He may generate such tempera-
tures in various ways—by flame, induc-
tion heater, electric arc, solar furnace,
special resistance heaters—and he can
resort to certain special instruments,
such as an optical pyrometer for meas-
uring temperatures and the spectro-

graph, X-rays or the mass spectrometer
for analyzing the heated substances. But
he is hard put to find refractories that
will hold those substances, and the re-
actions among them may be unusual.

Above 2,000 degrees there is no liquid
water (hence no aqueous reactions);
there are few solids or organic molecules
or complex molecules of any kind. The
chemical landscape is composed chiefly
of simple gaseous molecules of no more
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CHEMICAL TECHNOLOGY utilizes temperatures from some 200
degrees below zero centigrade up to 3,000 degrees. Direct nitrogen
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fixation refers to the high-temperature process described in this
article, which makes nitric oxide out of nitrogen and oxygen in air.
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PEBBLE-BED FURNACE for the production of nitric acid from
air is depicted in two conditions of operation. In the drawing at
the top air heated to 100 degrees C. enters the bed of magnesia
spheres at the right. The air is further heated by contact with the

10

EXIT GASES
(100°-300°)

spheres and then raised to 2,100 degrees by combustion with fuel
gas. The air is finally chilled by contact with the pebble bed at
the left. When the pebble bed at the left gets too hot, the direc-
tion of flow is reversed as shown in the drawing at the bottom.
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than two or three atoms. The common
rules of valence break down; for exam-
ple, aluminum in combining with oxygen
or other atoms may have a valence of
one, two or four as well as the usual
three. At 2,000 degrees and above only
the most stable gaseous molecules, such
as nitrogen and carbon monoxide, can
exist. At these temperatures carbon
monoxide does not burn with oxygen.
Above 4,000 or 5,000 degrees mole-
cules and ordinary chemical reactions
practically disappear. The scene is com-
posed chiefly of atoms and ions.

»\lthough the high-temperature chemist

+ A has simple molecules to deal with,
his standards for predicting or measur-
ing their behavior fail him. The same
laws of thermodynamics and chemical
kinetics apply at high temperatures as
at low temperatures, but the factors in
the equations are so changed in value
that molecules seem to behave strangely.
At ordinary temperature the tendency
of a compound to enter into a chemical
reaction can be estimated roughly by
the heat evolved; entropy often can be
disregarded. At high temperatures, on
the other hand, entropy becomes more
important. Besides this, the reaction
rates are enormously speeded up. At
2,000 degrees reactions which go on
slowly enough to measure at ordinary
temperatures become practically instan-
taneous, and reactions which at room
temperature are too slow to observe now
take over the scene.

At high temperatures catalysts and
surface reactions become far less im-
portant than at room temperature. At
ordinary temperatures the contact of a
gas molecule with a solid surface or the
loose combination between the solute
and solvent in a solution may provide a
few thousand calories toward the activa-
tion energy and thus make a reaction
go faster, as in the catalytic cracking
of petroleum or the Haber synthesis of
ammonia. At 2,000 degrees, however,
the only reactions that go at measurable
speed have such large activation en-
ergies that the few extra calories that
catalysts or surface contacts may supply
are insignificant. As a matter of fact, at
these high temperatures the chemist no
longer is primarily concerned with re-
action rates but becomes mainly inter-
ested in the equilibrium conditions, that
is to say, the chemical composition at
equilibrium.

From the point of view of commercial
chemistry the interest in high tempera-
ture lies in the fact that it may produce
valuable chemicals which cannot easily
be made at ordinary temperatures. A

Since water boils at a lower
temperature in the Rocky
Mountains, foods must be
cooked longer.

COOKING
TAKES LONGER

UP HERE

Boiling points and cook-
ing flames once marked the
limit of man’s understand-
ing of high temperatures. But today we talk about temperatures as
high as 10! Centigrade (Cosmic ray particle; kinetic temperature).

There is no evident limit to the attainment of high temperatures.
Therefore, we who build instruments for containment and control
in jet propulsion, are searching for materials and systems that will
function reliably at high temperatures.

Be assured that when Meletron delivers, our products will meet or
surpass the requirements in the new “rule book.”

Manufacturers of pressure actuated switches that are instruments for aircraft and industry.

MELETRON covoormrion

950 NORTH HIGHLAND AVENUE, LOS ANGELES 38, CALIFORNIA

J. M. WALTHEW CO., Boeing Field, Seattle 8, Wash. THOMSON ENGINEERING SERVICE,
554 So. Summit St., Fort Worth 4, Texas and 3074 Laura St., Wichita, Kansas. ROUSSEAU
CONTROLS Ltd., 2215 Beaconsfield Ave., Montreal 28, Canada. W. M. HICKS & J. A. KEENETH,
42 Third St., Mineola, L. 1., New York. JOSEPH C. SORAGHAN & ASSOCIATES, 1612 Eye St.,
Northwest, Washington 6, D.C. BARKSDALE VALVES, 5125 Alcoa Ave., Los Angeles 58, Calif.
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good example is the fixation of nitrogen,
making nitric oxide. The nitrogen of the
air is the source of much of our fertilizer
and nearly all our explosives, but its
fixation is expensive. Most of the am-
munition of the last world war was made
by the Haber process, in which nitrogen
from the air is combined with hydrogen
to give ammonia. The process requires
a catalyst and heating under very high
pressure. In spite of the complicated
equipment required, this process is a
flourishing billion-dollar industry. Now
it appears that it may be possible to
manufacture nitric oxide more simply by
a new process using high temperatures.

At 2,100 degrees C. nitrogen and
oxygen in the air combine directly to
form nitric oxide at a rapid rate, and a
little more than 2 per cent of the mix-
ture at equilibrium is nitric oxide. If the
air mixture is allowed to cool slowly to
room temperature, all the nitric oxide
will revert to nitrogen and oxygen.
But the compound can be “frozen,” so
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NITROGEN FIXATION PLANT operating at 2,100 degrees is lo-
cated near Lawrence, Kan. It was designed and built and is op-
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to speak, by cooling it rapidly from
2,100 to below 1,500 degrees. After this
fast “cooling” the nitric oxide will not
break down when it arrives at room tem-
perature. It is said to be thermodynam-
ically unstable but kinetically stable;
for all practical purposes it is stable.
In fact, city air often contains appre-
ciable amounts of nitric oxide, left as a
residue from the quick cooling of the
exhaust gases of automobile engines.

Some years ago F. G. Cottrell proposed
the principle of fixing nitrogen by
quick chilling. The idea was explored at
the University of Wisconsin between
1939 and 1946 and has since been de-
veloped further by the Food Machinery
and Chemical Corporation, which is now
producing up to 40 tons of nitric acid
per day in a high-temperature plant built
for the U. S. Army.
The process is carried out in a simple
furnace consisting of two chambers [see
drawings on page 110]. The walls are
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lined with bricks of magnesia of high
purity, which is refractory to high tem-
peratures. Each chamber is filled with a
“pebble bed” of small magnesia spheres.
The pebble bed, which might well find
wider use in chemistry, is essential to
the process, for it allows a very rapid
transfer of heat to or from a gas flowing
through it. The gas, in this case air, first
is blown through the pebble bed in the
chamber on the right, where it is pre-
heated by the pebbles. It then flows
through a passage where it is mixed
with fuel gas and passes to the pebble
bed in the chamber on the left. This
bed chills the hot gases, and they are
reasonably cold when they leave by the
exit pipe at the bottom. Gradually the
exit temperature of the gases issuing
from this bed rises; when it reaches 300
degrees the flow is reversed and the bed
on the left now becomes the preheat-
ing bed while the one on the right acts
as the chilling bed. This alternating
process continues indefinitely. Eventu-

erated for the Department of the Army by the Food Machinery
and Chemical Corporation. It makes 40 tons of nitric acid per day.



Yesterday . . .
“The Fates” Decided

In the 6th century, B. C., King
Croesus of Lydia was told by the
Delphic Oracles he could defeat
the Persians. Relying on “The
Fates” instead of the facts, he
took on an enemy he should have
known was too strong for him
...and he was badly beaten. Lack
of facts cost him his kingdom
and his freedom.

Croesus® cavalry stampeding at the sight of Persian camels
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sults, minimize risks and costs.
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ally the temperature of the hot gases at
the top of the furnace stabilizes at 2,100
degrees C. or more, while the gases
come out of the chilling bed at 300 de-
grees or so. |

The unique feature of this furnace is
the extremely rapid rate of chilling.
In the early experiments there was a
temperature difference of 1,800 degrees
between the top and bottom of the chill-
ing bed, and the bed was only 18 inches
thick. Thus the temperature drop was
100 degrees per inch. Since the gas
flowed through the 2,100-degree bed
at a velocity equivalent to 360 inches
per second, the calculated rate of chill-
ing was 36,000 degrees per second!

The pebble-bed furnace accomplishes
several important objectives in a very
simple manner: (1) by preheating the
air it achieves temperatures well above
what could be attained solely by burn-
ing a fuel gas; (2) it cools the gases to
thermal stability before appreciable dis-
sociation of the nitric oxide can take
place; (3) heat extracted in the chilling
part of the cycle is stored and used to
preheat the incoming gas when the flow
is reversed, so that the cost of heating
is reduced.

It has been demonstrated in the pro-
duction plant that yields of 2 per cent
and more of nitric oxide can be pro-
duced from air by this process. To con-
centrate this nitric oxide from the large
volume of air in which it is diluted, the
furnace gases are passed over beds of
silica gel, on which the nitrogen dioxide
is absorbed. The gas is then driven off
by heating and reacted with water to
give nitric acid.

The raw materials for making nitric

Leitz brings you the

LABOLUX

a new medical microscope

with truly functional design

interesting possibilities. One is ozone,
also a valuable substance. It could be
made by heating oxygen to a very high
temperature and cooling it very rapidly.
Ozone would have to be chilled with
greater speed than nitric acid, way down
to room temperature. Pebble-bed chill-
ing would not be fast enough.

Another intriguing possibility is the
direct synthesis of cyanogen (C,N,)
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from nitrogen and carbon. It is also pos-
sible to get valuable products from com-
plex gases by decomposing them therm-
ally in a pebble bed at high tempera-
ture. For example, under the proper
conditions we might get some butadiene
directly from butane. Acetylene from
natural gas is another possibility. And as
Bernard Lewis points out in his article
[page 84], quick chilling makes possible

the recovery of valuable intermediate

products in gas combustion flames. When
organic compounds are heated to high
temperatures, they often decompose into
free radicals (e.g., the methyl radical
CHj3) which are extremely reactive—
so active, in fact, that they have not yet
been isolated. They can build up to
larger molecules. At high temperatures
these radicals often start chain reactions
which can give rise to many products.
Ways will surely be found to utilize

these radicals to form desired chemicals.

Complicated organic compounds do
not properly belong in a discussion of
high-temperature chemistry, because in
the neighborhood of 2,000 degrees they
do not exist. The inorganic compounds
offer more possibilities. Some reactions
involving chlorine and fluorine are of
possible interest, but the problem of
making vessels that will not react with
these chemicals becomes acute [see Pol

CHEMISTRY AT VERY HIGH TEMPERATURIES

he flaming electric discharge de-
I picted above is called a high-in-
tensity arc. Its maximum tempera-
ture has never been measured precisely,
but may be as high as 10,000 degrees C.;
it is hot enough, at any rate, to boil the
most refractory solids. This fierce heat,
which up to now has not been put to
practical use, may soon open new fields
of technology—very-high-temperature
chemistry and metallurgy.
High-intensity arcs have been known
and used for many years, but only as
sources of bright light. (The arc in the
photograph is a light source manufac-
tured by the National Carbon Com-
pany.) High-intensity arcs owe their
intense heat to the type of current flow
between their electrodes. In an ordinary
low-intensity arc, current at the positive
pole originates in a glowing crater,
which usually covers only a part of the
electrode tip. The size of the crater de-
pends on the current strength; it grows
larger if the current is increased and
smaller if the current is decreased. Thus
higher current does not mean a more
intense arc but simply a thicker one.

When the crater covers the whole tip,
however, the situation changes. A fur-
ther current increase can take place only
within the space that is already conduct-
ing electricity. In other words, a rise in
current means an increase in its intensity
and hence in the temperature of the
electrodes. Eventually, if the current is
increased enough, the boiling point of
the electrode material (usually carbon)
is reached. Now there is a dramatic shift
to high-intensity conditions. The tem-
perature jumps abruptly to twice the
boiling point of carbon or higher and a
brilliant white flame shoots out of the
anode. (This “tail flame,” as it is called,
can be seen in the photograph as the
white streak running upward to the left.)

The mechanism behind the sudden
transition is quite complex, but can be
roughly explained as follows. Ordinarily
the space in an arc just outside the anode
contains a mixture of electrons, which
are traveling toward the anode, and posi-
tive gas ions, which are diffusing away.
These positive ions partly offset the
negative “space charge” due to the elec-
trons. When the anode material starts to

boil, however, the resulting vapor
sweeps the positive ions away much
more quickly. Thus the space outside
the anode becomes more highly nega-
tive, and each new electron that arrives
must do more work to get to the anode
surface through the negative space
charge. In other words, a greater part of
the total energy in the arc current is
now dissipated very close to the anode.
This in turn heats the anode still hotter,
causing it to vaporize faster. The cumu-
lative process quickly builds up to an
equilibrium point at which the stream
of anode vapor, or tail flame, shoots out
fast enough to carry away the energy
released by the current.

When the high-intensity arc is used as
a chemical furnace, the material to be
treated is crushed, mixed with carbon
and incorporated into the anode. This
material then vaporizes and emerges in
the tail flame, where it may be made to
react with other substances. The high-
speed flame carries the reacting gases
quickly away from the hot zone, so that
they cool and condense rapidly. As Far-
rington Daniels explains in his article,
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Duwez’ article on refractories on page |

98].

Reactions between solids and gases
may be important at these high tempera-
tures. Sometimes the molecular units of
the solid go into the gas phase without
chemical dissociation; sometimes they
even become more complex. For ex-
ample, when sodium chloride is heated
sufficiently, the gas in equilibrium with
the liquid contains Na,Cl, as well as

quick chilling is often essential in high-
temperature work to prevent reversal of
desired reactions.

A process which has already been
tried out on a pilot-plant scale is the re-
fining of beryllium ore. Here the tail
flame is mixed with chlorine and the
metal atoms from the vaporized ore react
to form metallic chlorides. In addition
to beryllium, the ore usually contains
aluminum, iron and silicon, which can
be recovered as by-products. Each gas-
eous metal chloride condenses at a dif-
ferent temperature. As the cooling tail
flame is piped through a number of
chambers at successively lower tempera-
tures, a single metal salt is collected in
each. The pure metals are then extracted
by electrolysis.

The technological possibilities of the
high-intensity arc were first recognized
in 1938 by Charles Sheer, a nuclear
physicist whose hobby was spectroscopy.
It was while experimenting in his base-
ment with an arc as a spectroscopic light
source that he hit on the idea of using
it as a chemical furnace. The big prob-
lem was to find a way of getting the
reacting materials into the very narrow
high temperature zone near the anode.
Sheer decided it had to be done by put-
ting the material into the anode itself.
He and a former classmate, chemist
Samuel Korman, found that a good elec-
trode could be made by mixing a low
grade of soft coal with the crushed
chemicals and then baking the mixture.
The coal forms a continuous lattice of
conducting carbon running through the
whole electrode.

Sheer, Korman and other associates
have now formed the Light Metals Re-
fining Corporation to exploit the high-
intensity arc. One of the first projects will
be a beryllium extraction plant. At pres-
ent pure beryllium costs about $100 a
pound. Sheer estimates he can make it
for $25. He also believes that many other
metals and certain nonmetallic materials
can be economically refined by very-
high-temperature chemistry.
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simple NaCl. There are also unusual
combinations not known at room tem-
peratures, such as NazCl and NaCl.
Again, when graphite is heated the gas
phase shows molecules of Cs,, C; and C;
as well as C atoms. Some of the refrac-
tory oxides dissociate into the metal and
gaseous oxygen, while others vaporize to
give an oxide in the vapor phase as well.

If magnesium oxide could be heated
sufficiently high in a reducing atmos-
phere to give magnesium, and if this
could be recovered without reverting to
the oxide, a way might be opened for
obtaining magnesium metal from mag-
nesia.

All sorts of unexpected reactions oc-
cur when steam or very hot gases pass
over solids. Hydroxides in gaseous form
frequently become important in the
picture. The high-temperature chemist
finds many opportunities to use his
knowledge in solving corrosion prob-
lems in ordinary combustion engines,
turbines, jet engines and rockets. The
desire for increased efficiency and better
fuels has stimulated many new studies
of high-temperature reactions.

Nature has provided us with high-
temperature laboratories in the form of
volcanoes. The gases that come out are
water vapor, carbon dioxide, methane,
hydrogen sulfide, hydrochloric acid, hy-
drofluoric acid, ammonia and boron
compounds. The origin of some of these
compounds is not fully understood, but
in general they follow the predictions of
high-temperature chemistry. The geo-
chemical origins of some of our rocks
also involve high-temperature chemical
reactions in the liquid phase followed by
extremely slow cooling.

J’N/Iuch new information on high-tem-

perature chemistry will be reported
at a symposium on this subject to be
held in New York by the American
Chemical Society this month (Septem-
ber). It will be under the direction of
Leo Brewer of the University of Cali-
fornia. The latest values of the heats of
dissociation of several diatomic gaseous
molecules will be given, including the
energy required to break apart S,, SO,
F, and N, and related molecules. These
data are important in making predictions
of chemical equilibria and rates of reac-
tion. There will be reports on progress
in the understanding of the heat required
to pull apart the atoms in graphite and
in many gas-solid systems at high tem-
peratures, including materials such as
iron halides, titanium chlorides and the
oxides and nitrides of zirconium, tita-
nium, magnesium, uranium and many
other elements.
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High lemperatures:
PROPULSION

Efﬁciency mecreases with temperature m the engines that convert

heat into other forms of energy. Jet engines are now approaching

the limiting temperatures of flames and materials to contain them

eat is a low-grade form of energy,
H according to physicists with the
entropy principle in mind. The
practical man, who does not ordinarily
deal with entropy, will nonetheless agree
with this point of view, because it is re-
flected in the relatively low price paid
for heat and in its relatively limited

by Martin Summerficeld

range of uses compared with other forms
of energy.

For example, except where water
power makes electricity unusually cheap,
it costs less to heat one’s home with a
coal or oil furnace than with electricity.
One important reason for the higher
price of electric energy is that when heat

MECHANICAL
[ WORK

N

HEAT ENGINE

FRICTION

CONVERTIBILITY OF HEAT into other forms of energy is demonstrated in this chart.
As the arrows show, the transformation of energy in each case goes in either direction.
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is converted to electricity, about two
thirds of the heat from the fuel is wasted
—carried away in the cooling water. On
the other hand, electric energy can be
transformed into heat without any waste
whatsoever. This is true also of mechani-
cal energy, probably the most important
form of energy in our industrial civiliza-
tion. Furthermore, mechanical energy is
versatile: it can be applied with only
minor losses to drive machinery, to gen-
erate electric power, to propel vehicles.
There is no thermodynamic limitation
on the efficiency of the utilization of
mechanical energy.

What makes heat a low-grade form of
energy is the Second Law of Thermody-
namics or the entropy principle, which
imposes an inevitable limit on the effi-
ciency with which heat can be converted
to other forms of energy. Every heat en-
gine makes use of a hot working fluid—
steam, heated air or combustion gases—
in converting heat to mechanical work.
The converted energy is abstracted from
the hot working fluid, but the limiting
factor is that at the lowest temperature
of the cycle there is heat remaining in
the fluid which is not converted to work
but is dissipated: either discarded with
the ejected working fluid or carried
away by the condenser cooling water.

The loss of heat may be minimized by

designing an engine that minimizes
the exhaust or condenser temperature.
In an automobile engine this means mak-
ing the expansion stroke, or compression
ratio, as large as possible. However, even
at compression ratios of more than seven



INTAKE COMBUSTOR JET JET PROPELLANT

| TYPE OF ENGINE _ OR FUEL
VELOCITY | TEMPERATURE TEMPERATURE  VELOCITY | -\ sumPTION
| ‘
| |
i |
|
| ‘
| |
' ROCKET ! 3,000 2,000 | 7,500 15
800 TURBOJET 900 600 400 2,000 1

A A P S

2,000 RAMIJET 2,000 1,200 4,000 3

AEROTHERMODYNAMICS of three jet engines are compared in grade. Those in the column labeled propellant or fuel consumption

this chart. The numbers in the columns labeled intake velocity and refer to pounds per hour per pounds thrust. The two figures given
jet velocity refer to feet per second. Those in the columns labeled for the combustor temperature of the turbojet refer to the tem-
combustor temperature and jet temperature refer to degrees centi- perature in front of the turbine rotor (left) and behind it (right).
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LAMINAR FLOW produces a flame with a tall, thin zone of pri- TURBULENT FLOW produces a flame with a short, thick zone of
mary combustion. This zone is the bright area in the center of the primary combustion. This permits more compact combustion cham-
flame. The dark area within the bright one is the unburned fuel bers because the fuel burns in a shorter distance. Photographs
mixture; the blue area outside it, the zone of secondary combustion. are by S. Hight and R. W. Mascolo of Princeton University.
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to one the exhaust gas still comes out
red hot (about 800 degrees centigrade)
and carries away nearly half the heat of
combustion. The attempt to improve ef-
ficiency by going to still higher com-
pression ratios runs into the difficulties
of engine knock. A Diesel engine gets
around the knock barrier by substituting
direct injection of fuel for carburetion,
and so compression ratios of 15 and more
become possible, with a reduction of
about 30 per cent in fuel consumption.
But then mechanical difficulties, arising
from the high pressures, start to crop
up; the engine becomes heavy and
bulky. In any case, the best thermody-
namic efficiency we can attain remains
below 50 per cent. It matters not what
kind of engine we devise. In a jet engine
we lose heat in the hot gases of the jet;
in a steam turbine, in the condenser
cooling water. The operation of the Sec-
ond Law cannot be escaped.

Since it was first formulated by Sadi
Carnot in 1824, the Second Law has
been reinterpreted and generalized in
various ways. The simplest statement of
it is the one enunciated 100 years ago
by the physicist Rudolf Clausius: It is
impossible for a self-acting machine, un-
aided by any external agency, to convey
heat from one body to another at a
higher temperature. At first glance this
seems obvious, almost trivial, and far
removed from the preceding discussion
of the unavoidable dissipation of heat
in a heat engine. But is it so far removed?
Suppose that an engine could be de-
vised that would transform heat into
work at 100 per cent efficiency, that is,
without rejecting any of the input heat
to the surroundings. If we could do that,
we could couple this engine to a dy-
namo to transform the energy into high-
temperature heat in an incandescent
lamp. The net result would be the trans-
fer of heat at a relatively low tempera-
ture input to a higher level without loss.
The Second Law asserts that this is im-
possible. Why? In any type of heat en-
gine, a certain fraction of heat must be
conducted to the surroundings (Clau-
sius’ external agency) at a lower tem-
perature. This amount depends on the
lowest temperature in the process.

In the remainder of this article we shall
focus our attention on a modern class
of heat engine—the jet engine.

Jet propulsion is a direct process for
the transformation of heat energy into
propulsive work; it eliminates the inter-
mediate steps such as a piston or shaft
hooked up to an aircraft propeller or to
a locomotive wheel. Three of the most

target
tomorrow
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at Howard University, Washington,
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power source has many other advantages.
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cially ventilated battery room and needs
only a minimum of attention. It can be
charged at normal or high rates, trickle
charged or floated, and may be left
standing in any state of charge without
harm. It does not give off noxious or
corrosive fumes. Rugged steel construc-
tion and freedom from self-deterioration
assure extra long, extra economical
service life. Data Write:
Nickel Cadmium Battery Corporation,
Easthampton, Massachusetts.

available.

important present types of jet-propul-
sion engines are illustrated on page 121.

The simplest in principle is the rocket.
A high-temperature gas is generated at

| high pressure in the combustion cham-

ber and is then allowed to flow through
the exhaust nozzle to create a high-
velocity jet. The rocket is distinguished
from other jet engines by the fact that
it carries its own oxidizer and does not
take in air. Air is a relatively poor oxi-
dizer, since 79 per cent of its volume is
made up of inert nitrogen and other
gases that serve only to dilute the burn-
ing mixture, slow down the reaction and
depress the flame temperature. There
are available today a number of ener-
getic oxidizers. Two of the most widely
used in rocket engines are liquid oxygen
and concentrated nitric acid. More am-
bitious engineers are developing rockets
that employ liquid fluorine, and some
really brave souls are thinking of liquid
ozone. The rocket industry can boast
with justification that it has broadened
enormously the scope of combustion en-
gineering. The old-time engineer in-
stinctively thought of a carbonaceous
fuel burning with air when he thought
of combustion. Today engineering text-
books in which combustion is treated in
so limited a fashion are rapidly becom-
ing obsolete.

Two energy-conversion processes are
at work in the rocket engine: (1) in the
combustion chamber chemical energy is
converted into heat; (2) in the exhaust
nozzle heat is converted into the kinetic

—— COOLING WATER, INTERNAL COMBUSTION ENGINE

—— EXHAUST, STATIONARY GAS TURBINE
-\"ENGINE BLOCK, INTERNAL COMBUSTION ENGINE
— TURBINE BUCKETS, STEAM TURBINE

T~— TURBINE BUCKETS, STATIONARY GAS TURBINE
—— EXHAUST, AIRCRAFT GAS TURBINE

—— TURBINE BUCKETS, AIRCRAFT GAS TURBINE

—— VAPOR, STEAM TURBINE

energy of the jet. Conversion of chemical
energy to heat is not limited by the Sec-
ond Law of Thermodynamics, and so the
combustor may attain an efficiency of
over 95 per cent. But rarely can more
than 50 per cent of the heat be con-
verted to jet kinetic energy. The un-
converted heat is thrown away with the
hot jet—at a temperature of about 2,000
degrees C.! This wasted portion may be
reduced by increasing the pressure in
the combustor, but the engine designer
has trouble enough already without bor-
rowing more by raising the pressure un-
duly. Most practical rocket engines of
the liquid propellant type operate with
pressures of about 300 pounds per
square inch.

The rocket delivers a jet of higher

velocity (up to 11,000 feet per sec-
ond with hydrogen and oxygen) than
any other jet-propulsion engine. But its
fuel economy is far poorer than that of
the turbojet or the supersonic ramjet.
The reason is that it must carry its own
oxidizer, which is counted as part of the
fuel. The turbojet delivers the lowest jet
velocity (usually about 2,000 feet per
second), but more than 98 per cent of
the flow in the jet is air, which it gets
free from the atmosphere. The fuel con-
sumption of present-day turbojets is only
about one pound per hour for each
pound of thrust, whereas an aircraft
rocket engine consumes about 15 pounds
per hour per pound of thrust.

It is clear that the turbojet easily wins

— INLET GAS, AIRCRAFT GAS TURBINE

—— COMBUSTION GAS, INTERNAL COMBUSTION ENGINE
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ENGINE TEMPERATURES suggest performance characteristics of various heat engines.
| In gas turbine, for example, it is temperature drop between inlet and exhaust that measures
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over the rocket when it comes to air-
craft range, but it is a poor second in
the speed contest. A turbojet pays for
the free use of atmospheric air by hav-
ing to take in the air at high speed; it
develops thrust only as a consequence
of the still higher speed with which this
air is expelled in the jet. It has no favor-
able differential at all when its speed
exceeds 2,000 feet per second. The tur-
bojet with its present temperature limi-
tations can never be used above Mach 2
and probably not above 1.5.

In the turbojet engine the incoming
blast of air is first brought to a near
standstill in the entrance duct [see illus-
tration]. The momentum of the air is con-
verted to pressure and its kinetic energy
to heat. Then a compressor raises the
pressure of the air still more, and its
temperature, too. Next the air is heated
in the combustor. The heated air then
rushes through the turbine rotor, ex-
panding and cooling as it flows. Its heat
creates a high-speed stream which gives
up its kinetic energy to drive the turbine
rotor. Finally the hot gas exhausts
through the nozzle in the tail pipe, con-
verting heat into jet kinetic energy. A
complex process indeed, but it works
well.

The ramjet is much simpler mechani-
cally than the turbojet, but far more
difficult to develop from a practical
standpoint. It has not yet emerged from
the field-test stage.
The ramjet depends on this idea: if
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heat available to do work. This in turn is
limited by temperature of turbine buckets.

-

when the "heat's on"

upstairs...

... CONTROL COUNTS

When a jet knifes its way through the sky in
supersonic flight, temperature’s the critical
factor. The hidden automatic controls

that meter fuels, harness temperatures, and
control pressures, must do their silent

jobs instantly and dependably in the face

of torrid engine temperatures and ambients.

The faster flying ships of tomorrow
demand that better automatic controls be
on the drawing boards today. And aircraft
engineers know of General Controls’

long experience in designing automatic
controls for home, industry and the military.
That’s why General Controls engineers

are working alongside aircraft designers to
write another chapter in the fantastic

story of flight.

Take your hi-g, hi-temp control problem
where it belongs —to General Controls.

7Y GENERAL CONTROLS

Glendale, California e Skokie, Illinois

Manufacturers of Automatic Pressure, Temperature, Level
and Flow Controls for Heating, Home Appliances, Refrigeration,
Industrial and Aircraft Applications
FACTORY BRANCHES IN 38 PRINCIPAL CITIES
See your classified telephone directory.
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MODEL 13608-1
PYROMETER HEAD

“thacEManKs

®

SERND

CORPORATION OF AMERICA
New Hyde Park, New York

Servotherm™ Pyrometers and
Servofrax* Optics provide industry
with practical tools for remote

temperature measurement.

SERVOBIRD

Through the use of Servotherm
Industrial Pyrometers and Servo-
frax Infrared Optics it is possible
to obtain indications of tem-
perature without physically
contacting the object in any

way. Radiation pyrometry has
been completely developed using
the rapid-responding thermistor
bolometer. Extremely high
sensitivity coupled with system
time constants in the order of
milli-seconds makes it possible
to measure temperature differ-
ences or map the temperature
distribution of moving objects.
The field of view can be made
extremely small, if necessary, in
order to view objects at consider-
able distances. For descriptive
specifications write Dept. SA-9.

Production
HEAT TREATING
FURNACES

W e build production equipment
for hear treating ceramics and
metal products in A9

any shape or form. -
We build the & %

furnace to fit
the job.

Ask for
Bulletin
4b61- 5A

IT SHOWS 18
INSTALLATIONS

iw ELECTRIC FURNACE €O,

Salow - hio

ENGINEERS

and

PHYSICISTS

GROUND AND AIRBORNE RADAR

FIRE CONTROL SYSTEMS

GUIDED MISSILE SYSTEMS

AIRBORNE DIGITAL COMPUTERS

Inquiries - -
are invited | FLECTRONIC BUSINESS SYSTEMS
regarding MINIATURIZATION AND
openings ADVANCED PACKAGING
o.n our COMMUNICATION SYSTEMS
Staff in the | -
fields of | MICROWAVE FERRITE DEVICES

ANTENNAS AND RADOMES
INDICATOR AND
MICROWAVE TUBES

y SEMICONDUCTOR DEVICES

HUGHES

RESEARCH AND DEVELOPMENT LABORATORIES
SCIENTIFIC AND ENGINEERING STAFF

Culver City, Los Angeles County, California

Assurance is required that relocation
of the applicant will not cause the dis-
ruption of an urgent mHitary project.

A ‘,‘{FJ-"I-’_; - -

- -

LARGE ROCKET MOTOR built by Reac-
tion Motors, Inc., is fired on a test stand

the flight speed is high enough, a com-

| pressor becomes unnecessary, because

the entering air blast itself develops the
desired pressure simply by ramming to
a near standstill inside the diffusor. Take
out the compressor, as well as the tur-
bine that drives it, and all that remains
is a duct with no moving parts. The
three principal components of the ram-
jet are the inlet diffusor, the combustor
and the exhaust nozzle. Without a tur-
bine there is no danger of overheating
turbine blades, and so the combustion
temperature can be made as high as the
fuel will allow—about 2,000 degrees C.

| for standard petroleum fuel. A hotter
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at the Naval Air Rocket Test Station near
Dover, N. J. The jet is at right center.

gas can raise the jet velocity 2,000 feet

per second above that of the turbojet, |
and the speed limitation of Mach 2 can |

be swept away. It is easily possible for
the ramjet to fly at Mach 3 or more.

Many other forms of jet engines are
possible. For instance:

The turboprop is a gas turbine con-
nected to a propeller. Part of the thrust
is provided by the propeller; part is pro-
vided by the jet issuing from the gas-
turbine tail pipe.

The pulsejet is a ramjet which,
through the agency of flapper valves,
takes in air in a series of gulps instead
of in a steady flow. The gulps are syn-

The~OLYMPIC RADIOMETER is now com-
mercially available for accurate, fast and
continuous measurement of temperatures
from DRY ICE to RED HEAT. Other products
now available include

INFRARED REFERENCE SOURCES
DETECTOR AMPLIFIERS
THERMISTOR INFRARED DETECTORS
INFRARED SYSTEMS

Write for descriptive literature
Prompt quotations to your specifications

OLYmric DevELOPMENT CoO.

30 COMMERCE ROAD, STAMFORD, CONN.

e ELECTRONICS

o AUTOMATION ¢ INFRARED

The facts ahout
BERYLLIUM OXIDE

A new 4-page folder that gives
you the properties, uses and
advantages of beryllia. This
remarkable ceramic material has
many unusual applications where
these features are required:

® Excellent thermal shock
resistance

High dielectric strength
Wide operating range
Very high vapor pressure

Refractoriness with
strength

o Extremely high thermal
conductivity
® Catalytic agent

If you require the above properties at
HIGH TEMPERATURES send for your
free copy of this invalvable booklet now,

' THE BERYLLIUM CORPORATION
DEPT. 4J, READING 23, PA.

H
. THE COUPON
_ AND MALL IT
- TODAY !

Please send me at once a copy of '‘Beryllium
Oxide.”

Name Occupation

Company

Street

City Zone State
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New Unicam

high temperature
POWDER CAMERA

# B 4 B & 8 B 8 S B BB E S S E S s Es e eEE e

VERSATILE INSTRUMENT
FOR X-RAY ANALYSIS
1400°C OR HIGHER

RELIABLE,

UP TO

The Unicam Powder Camera, based
on prototypes designed and built by the
B. . Group Research Centre,
England, is more convenient to use,
more reliable and more versatile than
any other X-ray diffraction powder
camera available. Note these
exceptional advantages:

- —

SRt l-h-(.lllh
temperature/current
curve which is highly reproduci-

Typical
on metal or
ble. Constancy of temperature
with time is such that only cur-
rent control is required to main-
tain furnace temperature within
2°C,

SALES OFFICES DETROIT

13680 Capitol Ave.

"t

VERSATILE — holds powder, fibre and block specimens which
may be rotated, oscillated or vertically scanned

RELIABLE — all temperatures up to 1400°C are constant with
time, uniform over exposed area and easily measured
with accuracy

EFFICIENT COOLING — water cooling drops temperature
from 1000°C to 100°C in only 31 min. ...
lag between photographs

HIGH VACUUM — efficient seals make it possible to support
vacuum of 0.01 micron

FAST EXPOSURE TIME — 11/, to 2 hour exposures for fibre
specimens, %2 to 11, hours for glancing-angle photographs

cuts time

ceramics

SEPARATE CONTROL UNIT — self-contained control unit and
temperature indicator may be located adjacent to
camera or remotely

For complete technical description, write today for Bulletin S. 150.

26 Farwell Street

represented in U. S. A. by JARRELL-ASH COMPANY Newtonville, Mass.

PITTSBURGH, PA.
916 Greenhill Road

EL CERRITO, CAL.
1344 Devonshire Drive

send for the
most widely used

Electronic Supply Guide

ALLIED’S
ace 1955

PAGE
CATALOG

largest stocks of Electronic
Supplies for Industry and Research

Simplify and speed your purchas-
ing of electronic supplies and
equipment. Get fast shipment
from the world’s largest stocks of
electron tubes (all types), test in-
struments, Hi-Fi audio equip-
ment, electronic parts (trans-
formers,capacitors,controls,etc.).
Our expert Lab and Industrial
supply service saves you time,
effort and money. Send today for
your FREE 1955 ALLIED Catalog,
the complete, up-to-date Elec-
tronic Supply Buying Guide.

one complete
dependable source
for everything in

ELECTRONICS

ALLIED RADIO

100 N. Western Ave.
Dept. 40-J-4
Chicago 80, lllinois
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| WHERE TEMPERATURE WARNING
IS REQUIRED UP TO 2000°F

NOW/,. T# CeP.l

NEW 2-WIRE TYPE
super high temperature

' THERMAL
SWITCH

ASA-21-2,two
wire, non-
grounded type &

super high temperature
switch, operates under all
aircraft shock and vibra-
tion conditions. Designed
for extremely high tem-
perature applications.
Maintains set calibration
for 100 hours at 1500°F
with a variation of only
10°F. Available normally
open or normally closed.
Write Dept. 400.

CONTROL PRODUCTS -

306 SUSSEX 5T., HARRISON, N. J.

MANUFACTURERS OF THERMAL
DEVICES & WATERPROOF SWITCHES
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chronized with explosions of the fuel in
the combustion chamber. The pulsejet
was used on the German V-1 flying
bomb and may have a practical appli-
cation as a tip drive for helicopter rotors.

The turbojet-ramjet combination is a
turbojet which raises the exhaust ve-
locity by means of an afterburner that
heats the air to 1,500 degrees C. or more.
Afterburner equipment is installed today
in many types of military jet aircraft. It
is particularly important for supersonic
flight.

The ramjet-rocket combination is a
rocket surrounded by a ramjet-type duct.
The heat in the jet, ordinarily wasted in
a simple rocket, is utilized to augment
thrust.

All these jet engines and others not
mentioned have two processes in com-
mon: (1) the conversion of heat energy
into jet kinetic energy by expansion in
a suitably shaped exhaust nozzle; (2)
the heating of gas to a high temperature
in the combustion chamber by chemi-
cal reaction in a high-speed gas stream.
In recent years these fields of study have
been named “aerothermodynamics” and
“aerochemistry,” respectively.

In a jet-engine exhaust nozzle the hot
gas enters at a velocity of only a few
hundred feet per second and emerges
at a velocity of several thousand feet per
second. The methods of aerodynamics
should suffice to tell how much pressure
is needed in the chamber ahead of the
nozzle to expel the gas at the desired
high speed. But simple aerodynamics is
not enough. The kinetic energy acquired
by the gas results from the conversion
of some of its heat energy, and this con-
version is governed by the laws of ther-
modynamics. Consequently, to compute
the velocity change and the associated
pressure and temperature changes for
the flow of a hot gas through a nozzle,
it is necessary to deal simultaneously
with the laws of thermodynamics and
aerodynamics. In this way the science
of aerothermodynamics has evolved.

The flow of gas through a nozzle is
not the only aerothermodynamic prob-
lem. Flow through the ramjet diffusor,
the flow through a supersonic wind tun-
nel, the flow in a high-speed gas-jet
pump or ejector, indeed, almost any
problem in high-speed flow requires the
application of the principles of aero-
thermodynamics.

Jet-engine combustion chambers dif-
fer from most industrial combustion de-
vices in the fact that it is of the greatest
importance to burn the fuel in as com-
pact a chamber as possible. The reason
is obvious: in an aircraft we must mini-



HYDROGEN PLUS FLUORINE 4,500
CYANOGEN PLUS OXYGEN 4,700
HYDROGEN PLUS OXYGEN 3,200
GASOLINE PLUS OXYGEN | 3,100
GASOLINE PLUS NITRIC ACID | 2750
NITROMETHANE | 2,200
ETHYLENE OXIDE | 1100
90 HYDROGEN PEROXIDE 750
ACETYLENE ] 2,250
HYDROGEN ‘ 2,100
CARBON MONOXIDE 2,100
METHANE 1,900
ALUMINUM (POWDERED) 3,500
BERYLLIUM (POWDERED) 4,500

FLAME TEMPERATURES of rocket pro-
pellants are given in degrees C. at pressure
of 300 pounds per square inch (top). Other
flames are shown at 15 p.s.i. (bottom).

mize the size and weight of the cham-
ber. This means that we have the prob-
lem of holding an intense flame in a high-
velocity stream and completing the com-
bustion reaction in a very short time.
Here again is an interplay of two proc-
esses: the flow through the combustion
chamber is an aerodynamic process, but
the temperature and density of the gas
stream as it flows through the chamber
are controlled by chemical kinetics. To
answer the simple question, What is the
gas velocity halfway between the inlet
and the exit?, it is necessary to deal si-
multaneously with the laws of aerody-
namics and of chemical kinetics. This
gives rise to the field of aerochemistry.

Improvement in jet-propulsion en-
gines will depend primarily on using
higher temperatures and higher pres-
sures. In the turbojet the highest feas-
ible temperature at present is 900 de-
grees C., because even the best available
turbine metals become dangerously
weak at this bright-red temperature. The
severity of the problem can be illus-
trated in this way: A typical chromium-
molybdenum steel widely used in air-
craft today loses 97 per cent of its
strength at 800 degrees in a high-output
turbojet. For turbine blades in high-
temperature service it has been neces-
sary to abandon steels and ferrous alloys
completely.

Metallurgical research of the past

Ni-Span Diaphragms
by Bendix-Friez

'ARE HEAT TREATED IN A VACUUM
'FURNACE...THEN TUKON TESTED
FOR HARDNESS

The vacuum furnace in our laboratory
radiantly heats diaphragms to obtain
proper hardness and correct thermo.
elastic properties. The extremely high
vacuum prevents oxidation.

Then we Tukon test our diaphragms for
hardness. This is precision testing. It is a
mechanized check, with an optical reading.

Other Bendix-Friezx Advantages
In our engineering laboratory, that is
devoted exclusively to diaphragm develop-
ment work, we have electronic micro-
meters for measuring motion. We have a
mass spectrometer leak detector.

We have hot and cold pressure cham-
bers that permit us to simulate the extreme
conditions to be found in industrial appli-
cations. We have automatic barometers.
We use a primary standard barometer
for ultra precise indicating and recording,
against which are calibrated working
standards. All this equipment and our
sources of supply are yours. All yours too,
is our years of experience starting with
our original research on radiosondes.

For further information, write to L. E.
Wood, Chief Engineer, address below.

1’”’/

AVIATION CORPORATION
1422 Taylor Ave., Baltimore 4, Md.

Export Sales: Bendix International Division
205 E. 42nd S5t., New York 17, N.Y., U. 5. A,
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‘How adequate is your information on

HIGH
"TEMPERATURE
APPLICATIONS

TITANIUM CARBIDE
{Melting Point — 5700° F)
This extremely hard substance, with good
oxidation resistance at high temperatures,
offers definite advantages as a component in
sintered cutting tools. Its properties are of
interest in turbine and jet engine parts; the
compound is being tested as a high temperature
refractory material in reducing atmospheres.

TAM ZIRCON

(Melting Point — 4100° F)
As a refractory brick, crucible, lining or
foundry sand, flour and wash, Zircon’s high
refractoriness, high thermal conductivity and
low and straight line thermal expansion are
ideally suited to an increasing number of high
temperature applications.

STABILIZED ZIRCONIA
(Fusion Temp. 4600° - 4700° F)
An extremely high melting point, combined
with other interesting characteristics, has
made ZrO» an ideal material in high tem-
perature ceramic and refractory applications,

MAY WE LEND A HELPING HAND?

In addition to up-to-date literature which is
yours upon request, our staff of specialists in
the laboratory and our Field Engineers can
assist you in solvingyour individual problems.
Write our N.Y.C. office.

TAM

PRODUCTS

TITANIUM ALLOY MFG. IJWISIIII

NATIONAL LEAD COMP

Executree and Sales O)ﬁm:
111 Broadway, New York City

General Offices, Werks and Research Laboratortes :
Niagara Falls, New York

decade has brought forth a group of
superalloys, for example, forging alloy
S-816, which contains mainly cobalt,
chromium and nickel. This alloy is used
for the turbine blades of the modern
J-47 jet engine. Other superalloys prom-
ise to extend allowable metal tempera-
tures to 1,000 degrees C. in the next l
decade, but progress toward tempera-
tures higher than that will require new
approaches. The cermets offer the pos-
sibility of a big jump in temperature;
blade temperatures of 1,500 degrees
may become feasible when the technical
problems of producing these materials
with acceptable physical properties are
solved [see Pol Duwez’ article on
page 98]. Another possibility is to cool
the turbine blades, either with a circu-
lating liquid or by air piped from the
compressor. A liquid-cooled turbine
wheel of stainless steel has been success-
fully operated in the research laboratory
with gas temperatures above 1,200 de-
grees C.

f the materials barrier is removed, it
will be relatively simple to generate
higher temperatures. Present aviation
gas turbines inject less than one third of
the fuel that could be burned by the
available air flow, in order to keep the
temperature below 900 degrees. By in-
creasing the fuel flow to the maximum,
gas temperatures of 2,000 degrees are
achievable.

Another problem is the need for effi-
cient high-pressure compressors, for it
is a well-known principle of gas tur- |
bines of the simple open-cycle type that
the higher the temperature, the higher
the optimum pressure ratio. Modern |
turbojets operate with pressure ratios |
up to 10 to 1. Difficult aerodynamic
problems connected with the high-speed
axial-flow compressor will have to be
solved to permit increase in the pressure
ratio.

In the ramjet there is the critical prob- |
lem of preventing blowout of the flame |
by the 200-mile-per-hour air blast enter-
ing the combustion chamber, and of
burning the fuel completely in a cham-
ber where the reacting mixture tarries ‘

only a few thousandths of a second. In-
tricate flame-holders have been devised
which do the job reasonably well under
ordinary conditions, but biowout at high
altitude is still a problem, particularly
with fuel-lean mixtures.

Recent research has brought out
the important role of turbulence in
achieving effectively high flame speeds.
Whereas the flame speed of a fuel such
as methane in air is only about one foot
per second under quiet conditions, with

© 1954 SCIENTIFIC AMERICAN, INC

BETTER
PERFORMANCE
AT HIGH OPERATING
TEMPERATURES™

\J
INVESTIGATE

“«c<c<cccecce

> > > Nickel, chromium and
cobalt alloys clad to copper . . .
three-ply or two-ply . . . insepara-

ble metallurgical bond.

Lowers thermal gradients . . .
improves corrosion resistance . . .

| dissipates hot spots—the weak

spots . . . more uniform structural

strength when in use. . . dampens
out resonance vibrations

unique electrical properties.

Hot sheet metal parts in gas
turbine engines . . . ice-making
and soft drink dispensers .
communications equipment hot
parts . . . atomic energy . . . rotor
top of

hot process-

vanes and cooling fins . ..
stove equipment . . .
ing apparatus.

Fabricated by silver brazing,
arc welding, resistance welding
. Good duectility.

*300 to 1800° F

WRITE « PHONE « WIRE

Jos- KINNEY (o

CARNEGIE, PA.

Manufacturers of various cladmetals




therm

NEW PRODUCT OF
TRONA RESEARCH

ce boatings ;

lSTANH

This newest development of
American Potash & Chemical
Corporation, in conjunction with
recognized paint authorities,
gives exceptional fire resistant
properties to water-base protec-
tive coatings. BOROTHERM,
properly formulated, makes coat-
ings which meet Department
of Commerce Specification
CS-42-49 (Class F) and Federal
Specification SSA-118a for fire
resistance. It is especially adapt-
able for use with coating grade
polyvinyl acetate to develop
inexpensive washable fire-resist-
ant qualities in insulating and
wallboard coatings for industrial
and non-industrial uses.

INTERIOR
FACTORY WALL

SHIPPING CARTONS
FOR FLAMMABLE
PRODUCTS

For further details on BOROTHERM,
or for special technical service to
assist you in the formulation of
coatings, write —

CREMICALY

SALES DEVELOPMENT DEPT.

American Polash

& Chemical Corporation

3030 West Sinth Street Loy Angeles 54, Califarnia

* Trade Mark AP&CC

intense turbulence the flame brush can
be made to advance at an effective speed
of as much as 10 feet per second. This
is extremely important for the develop-
ment of compact combustors. The sim-
ple experiment illustrated in the photo-
graphs on page 122 brings out clearly
the effect of turbulence on flame speed.

New fuels on the horizon, especially
powdered aluminum and powdered
beryllium, offer the possibility of higher
flight speed through higher temperatures
[see table on page 129].

Combustion in the rocket represents
the present ultimate of controlled heat
release by chemical reaction in a power
plant. Its flame is several thousand times
as intense, in terms of heat output per
unit volume, as that in the most ad-
vanced oil-fired furnace. In current ex-
periments engineers are working with
temperatures of more than 3,000 de-
grees and pressures of 5,000 pounds
per square inch. Still higher tempera-
tures are possible; for example, fluorine
and hydrogen yield a flame of 4,500 de-
grees. However, fluorine as an oxidizer
offers only a modest gain over oxygen
in fuel economy. This may seem sur-
prising, but the answer is that the en-
ergy release per unit mass of the mix-
ture as a whole is substantially the
same. The problem of handling the ex-
tremely corrosive and toxic liquid flu-
orine in large quantities will undoubt-
edly deter its large-scale use in ordinary
aviation, but the high density of the
flame should make it important for spe-
cial uses, such as space flight.

It appears that 11,000 feet per sec-
ond is about the upper limit of speed
we can attain by any chemical reaction.
Liquid ozone increases the energy re-
lease by about 20 per cent, but unfor-
tunately the extra energy is largely dis-
sipated in dissociation of the relatively
unstable water and hydrogen mole-
cules present in the products of com-
bustion. The velocity ceiling might be
raised 2,000 feet per second if we could
push the combustion pressure from the
usual working level of 300 pounds per
square inch to 1,000 pounds, but the
pumping and cooling problems would
be tremendous.

More advanced jet-propulsion per-
formance will undoubtedly come about
through the use of nuclear energy in
place of chemical energy, but this de-
velopment has only just begun. In the
near future advances in jet propul-
sion will come about through the de-
velopment of more efficient combus-
tion systems and the improvement of
the means of converting heat into kine-
tic energy.
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LITHIUM

e o+ the Miracle Element

A CONTINENT'S RESOURCES
AVAILABLE TO INDUSTRIAL
RESEARCH..TO FIND NEW
LITHIUM END-USES FOR
ALL INDUSTRY

Take a look at Lithium, if you have
a production interest in ceramics,
multi-purpose greases, air condi-
tioning, brazing fluxes, pharmaceu-
ticals, organic chemicals or metal-
lurgy. If your industry is not one of
those mentioned above—why don’t
you take a long look at Lithium too?
Lithium’s unusual, sometimes para-
doxical, often uniquely valuable
properties have achieved over-all
savings—through shortcuts, reduc-
tion of waste, improvement of end
product and simplification of op-
erating procedures—in industry
after industry. Investigate how
Lithium may fit into your produc-
tion picture. Its possibilities are
unlimited. Write for Data Sheets.

« « « trends ahead in industrial
applications for Lithium

OF AMERICA, INC.

General Offices:

Suite C, Rand Tower,
Minneapolis 2, Minn.

2\

MINES:

Keystone, Custer, Hill City, South Dakota
Bessemer City, North Carolina

Cat Lake, Manitoba

Amos Arca, Quebec

CHEMICAL PLANTS:

St. Louis Park, Minaesota
Bessemer City, North Carolina

RESEARCH LABORATORY:

St. Louis Park, Minnesota

LITHIUM CORPORATION

131



Very High Temperatures

Here solids and liquids no longer exist, molecules are disrupted

and gases are ionized. The strange dynamics of these electrically

conducting gases are a new concern of physicists and astronomers

eyond the frontier of high tem-
B perature where the practical
chemists and engineers work lies
a realm of very high temperature which
exists on earth only in the laboratory.
It is the region from 4,000 degrees
centigrade to 25,000 degrees or more.
No earthly matter could long contain or
survive such heat, but it is a compara-
tively simple feat to generate it momen-
tarily for studies of its effects. At
present these studies are of no great in-
terest to anyone except astronomers and
aeronautical (or astronautical) engi-
neers. They will become increasingly
important, however, both in basic in-
vestigation and in practical affairs.

At the temperatures we are consider-
ing there are no solids or liquids—all
matter is gaseous, frequently in violent
motion. In other words, we are dealing
with the dynamics of high-energy gases.
In recent years a remarkably convenient
device for such work has been devel-
oped. It is the shock tube, which can
generate extremely violent shock waves.
Whenever a gas is compressed sudden-
ly, it gains some heat. When the pressure
is applied with extreme speed in a shock
wave, such as is generated in an explo-
sion or by an airplane flying faster than
the speed of sound, a far higher propor-
tion of the mechanical energy—in fact,
most of it—is converted into heat. At
Mach 4 (four times the speed of sound)
the nose of a supersonic airplane would
be heated to nearly 1,000 degrees centi-
grade if it were not cooled. At Mach 10
a shock wave will heat air to about
3,000 degrees; at Mach 20, to 6,000
degrees. Temperatures of this order have
been achieved and investigated for some
time by means of the electric arc. This
article is concerned with recent studies
in the shock tube.
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by Arthur Kantrowitz

The shock tube is a simple device for
producing rapid pressure jumps [see
“Shock Waves,” by Otto Laporte; Scr-
ENTIFIC AMERICAN, November, 1949].
It is a gas-filled tube divided into two
sections by a diaphragm. The pressure
is pumped up in one compartment until
it suddenly ruptures the diaphragm and
propagates a shock wave in the other.
With hydrogen as the driver gas, and
the addition of a little oxygen to ex-
plode it, shock waves with speeds up to
Mach 20 can be produced. Another
type of shock tube, in which low-pressure
gas is suddenly heated by an electric
spark, has achieved shock waves as fast
as Mach 34,

High-energy gas dynamics has been
studied with the shock tube by groups
working with Laporte at the University
of Michigan, Edwin L. Resler at the Uni-
versity of Maryland, Richard G. Fowler
at the University of Oklahoma and the
author at Cornell University. These in-
vestigations have developed new in-
formation about (1) the chemical aspect
and (2) the electrical and magnetic
behavior of gases at very high tem-
peratures.

A 20,000 degrees or more the mole-

cules of a gas are completely dis-
sociated into atoms, which usually are
stripped of one or more electrons, i.e.,
ionized. The principal object of the re-
search on the “chemistry” of these high-
energy gases is to determine how rap-
idly the predicted changes in the com-
position of the gas will take place in
practice.

One substance that has been rather
carefully studied is the rare gas argon.
At 20,000 degrees C. half of the atoms
of this gas will have lost an electron.
Harry Petschek and Shao-chi Lin at
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Cornell have used the shock tube to elu-
cidate some details which may suggest
how this process goes. When argon gas
is heated by a shock wave in a glass
tube, there is usually no immediate
visible effect. But after an “incubation
time” of from one millionth to 100 mil-
lionths of a second, depending on the
temperature, the gas suddenly glows
brilliantly. It seems clear that the lu-
minosity is due to a large collection of
electrons which have “bred” by some
such process as the following. There
must be a few free electrons in the gas
to begin with; just how they are released
is unknown (perhaps by ultraviolet
light). When the shock wave comes,
these electrons are accelerated by colli-
sions with the hot argon atoms. The elec-
trons are so much less massive than the
atoms, however, that they gain only a
little energy from each collision. At a
temperature of 23,000 degrees it takes
about two million such collisions for an
electron to acquire enough speed to
knock another electron out of an atom
when it hits one. But at this tempera-
ture (and under a pressure of five
atmospheres in the shock tube) an elec-
tron will undergo that many collisions
in about a millionth of a second. So at
the end of a millionth of a second the
number of electrons in the tube will
have doubled; a millionth of a second
later they will have quadrupled. At
23,000 degrees the incubation time be-
fore the glow appears is four millionths
of a second, which means that the elec-
trons have had time to multiply nearly
twentyfold, and the light they produce
has increased 400-fold.

When a gas is heated by an electric
arc, the electric field, rather than colli-
sions with high-speed atoms, accelerates
the electrons to the energy that enables



SHOCK TUBE at Cornell University is used to produce very high
temperatures by means of shock waves. At the left end of the
tube is a short section which is filled with hydrogen. In the center
of the tube is a long section, part of which is glass, containing rar-
efied argon. Between the two sections is a heavy copper diaphragm.
When the hydrogen is exploded with a spark plug, the diaphragm

breaks and a shock wave rushes through the argon from left to
right. When the shock has sufficient strength, the gas becomes
luminous. In the photograph at the top the shock tube is shown
before firing. In the photograph at the bottom it is shown after
firing. The luminous gas is seen as a horizontal white line
through a narrow opening in the wrapping of the glass section.
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SHOCK TUBE COMPONENTS are schematically outlined. The
high-pressure section for the hydrogen is at the far left. The low-
pressure section for the argon is in the center. At the far right is

them to dislodge electrons from atoms
and multiply. It was known that in an
electric arc the electrons quickly reach
a “thermal equilibrium,” in which the
number of electrons produced is matched
by the number recaptured by ions.
Thermal equilibrium also is reached in
a shock tube, it was found. This was
proved by a study of the spectrum of
the luminous flash at the end of the in-
cubation period. The number of elec-
trons in the gas could be measured by a
shift toward the red and a broadening
of the lines in the argon spectrum. This
measurement disclosed that the electron
density in the tube, as in an electric arc,
leveled off momentarily at an equilibri-
um value. There also appeared a strong
continuous radiation throughout the visi-
ble spectrum which is characteristic of
highly ionized gases.

All this has some bearing on the prob-
lem of supersonic flight. If we are to
design airplanes to fly at a speed such

SURFACE OF TYPICAL TYPE M STAR
SURFACE OF SUN

OXY-CYANOGEN FLAME
MOLECULES DISSOCIATE

F

—— ELECTRIC ARC IN AIR AT 1,000 ATMOSPHERES

as Mach 10 without burning up, we
must thoroughly understand the trans-
fer of heat in air at high temperatures.
This in turn means that we must under-
stand what happens to air molecules at
high temperatures, for that will deter-
mine the amount of heat transferred to
the skin of the plane. The study of the
thermal behavior of air of course will
be far more complicated than that of
argon, for we shall have to deal not
simply with the stripping of an electron
from the atom but with the dissociation
of oxygen and nitrogen molecules, with
the formation of nitric oxide from the
free atoms [see Farrington Daniels ar-
ticle on page 109] and with the ioniza-
tion of a number of different molecules.
Such studies are just beginning.

Now let us consider the electromag-

netic aspect of the behavior of
gases at very high temperatures. The
outstanding fact is that at these tem-

— VIRTUALLY ALL ATOMS IONIZED

a second diaphragm which is broken by the shock wave. This keeps
the wave from being reflected back down the tube. Photographs
of phenomena in tube are made with arrangement at lower right.

peratures a gas becomes a very good
conductor of electricity, because the
heat produces a large number of free
electrons. Certain theoretical considera-
tions indicated that the conductivity of
any gas should rise with the rise in tem-
perature to a limiting value which is in-
dependent of the chemical nature of the
gas. This was confirmed by measure-
ments with the shock tube. For exam-
ple, argon at 15,000 degrees becomes
so conductive that a current of 100
amperes per square centimeter will flow
across one centimeter of the gas when
the potential difference is only one
volt.

Because of its high conductivity, a
filament of very hot gas behaves like a
wire in an electric or magnetic field. This
is spectacularly evident in an astronomi-
cal mass of hot gas such as the sun. For
instance, during explosions on the sur-
face of the sun it has been observed that
prominences (tongues of hot gas) erupt-

SURFACE OF TYPICAL TYPE O STAR
SHOCK WAVE IN AIR AT MACH 20
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3,000 degrees; that of a hot Type O star, 22,000 degrees. The tem-
perature of a shock wave in air at Mach 20 would be 25,000 degrees.
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FIRE CLAY
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A leading source of fire clay refractories is:

.. .ageless contribution to man
thi oug/) architecture

Ancient Assyrian palace gateways were constructed of sun-
dried clay brick. It is quite likely that those built during
the 8th or 9th century B.C. were designed as shown above.
The arch served both as a practical covering and as a means
for decorative embellishment. The two flanking man-
headed bulls probably had a religious significance . . .
acting as guardians for all that was within.

through industry

Moving from the ancient to the modern, we find that today
fire clay is more vital than ever to the needs of man.

Used as a protective lining for melting furnaces and metal
receptacles of many types, fire clay refractories help

bring to reality the countless tons of steel, iron and other
metals so necessary to an economy such as ours.

Sales Office: 208 S. LaSalle Street, Chicago, lllinois
Main Office: Barber Building, Joliet, lllinois
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Fiberglass

Reinforced
Plastic. ..

solves many
production

problems

Fiberglass reinforced plastic lends
itself to hundreds of uses—replacing
metal, wood, and
many other materi-
als. It is not sub-
ject to decay or
corrosion — has
high dielectric
qualities.

- Widely used in
the manufacture of Furniture, Re-
frigerator Parts, L
Business Machine
Housings, Lamp
Shades, Loud Speak-
ers, Switch Boxes,
Sheets, Trays, Lug-
gage, Automobile
Bodies.

Fiberglass reinforced plastic, as
produced by this
company, not only
improves a prod-
uct but also may
reduce manufac-
turing costs. Pound
for pound, it is
stronger than steel.

The Molded Fiberglass Company
and its affiliates are the largest non-
military producers of reinforced
plastics in the
world. Fifty-two
presses, ranging up
to 600 tons, are en-
gaged in compres-
sion molding of fi-
berglass plastics by
matched metal
dies.

Your product, or some parts of it, may be
made better at less cost with Fiberglass Re-
inforced Plastic. Our engineering department
may be able to make suggestions which will
increase both its sales appeal and utility.

custom
molded Ehouss o5
Py FIBERGLASS
Flberg'“ss REINFORCED
pLastics
‘cmp“ ny Ashtabula,
Ohio
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TYPICAL
MOLECULAR PATHS

PATHS OF MOLECULES in the vicinity of a shock wave moving across this picture from
left to right reflect the differences in temperature ahead of the wave, within it and behind it.

ing from the sun’s surface followed mag-
netic lines of force instead of simply fol-
lowing the pressure field, as an exploding
gas on the earth would do. Stimulated by
such observations, Hannes Alfvén of the
Swedish Royal Institute of Technology,
G. K. Batchelor of Cambridge Univer-
sity, Enrico Fermi and S. Chandrasekhar
of the University of Chicago and others
have begun the new study of mag-
neto-hydrodynamics—how gases (and
liquids) move under the influence of
electromagnetic and pressure forces.
It is plain that an electric current will
be generated in a highly conducting gas
moving across the lines of force of a
magnetic field, just as it is in the arma-
ture of an electric generator. On the
other hand, an electric current in such
a fluid will produce a magnetic field.
Thus conducting fluids in nature may
spontaneously generate magnetic fields.
The magnetic field of the earth is prob-
ably created in this way by motions of
its hot, fluid core. And natural magnetic
fields on a much larger scale have re-
cently been invoked to explain many
phenomena in cosmology. For instance,
Alfvén and others have suggested that
magnetic and electric fields in space may
accelerate the cosmic rays [“Electricity
in Space,” by Hannes Alfvén; Scien-
TIFIC AMERICAN, May, 1952]. Chandra-
sekhar and Fermi have proposed that a
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weak magnetic field in our region of the
Milky Way supplies most of the force
that prevents our spiral arm of the galaxy
from collapsing under gravity.

One of the most striking demonstra-

tions of the play of high-energy gas
dynamics in space is the recently dis-
covered phenomenon of celestial radio
waves. That these waves probably ema-
nate from violent gas motions is indi-
cated by several items of evidence.
When the surface of the sun is quiet, it
emits very little radio noise; but when
it erupts, the disturbed area emits about
a million times more radio energy. Some
of the so-called radio stars—pin-pointed
sources of radio energy—are located in
regions of violent gas motion. One of
them is the swirling cloud called the
Crab nebula, which is the gaseous re-
mains of a star that exploded 900 years
ago. Another is a region where two
galaxies are colliding; collisions between
the gas clouds associated with galaxies
should produce strong shock waves. The
possible connection between shock
waves and the mysterious celestial emis-
sion of radio energy is a promising sub-
ject for research.

Astronomers have been puzzled for
some time by certain lines of luminosity
that are found in the heavens. Some of
these lines are believed to show regions



COOLING OFF a red-hot “Mushroom”

eeomay hold an idea YOU can vuse!

Imagine cooling the fevered red head of a truck
engine valve from 1300° F down to 1000° F! And
doing it 900 times every minute!

That’s what the charge of sodium we seal into the
hollow steel stems of heavy-duty Thompson valves
does in many present applications. It quickly and
continuously carries away the red-hot heat of
exhaust gases in truck engines, aircraft engines,

any engines that operate under heavy-duty service.
VALVE DIVISION

Wherever you are using steel parts at high temper-

%Ompson atures, the principle of sodium-cooling in the

Thompson manner can probably be used to in-

crease life, cut costs, improve efficiency.
Products, Inc.

Tell us your high-temperature problem...a Valve
DEPT. VH-9 e CLEVELAND 17, OHIO Division engineer can call at your convenience.

@
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HIGH

TEMPERATURE

< ULTRAVIOLET
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ARGON REFERENCE LINES

DUCTS AND
COUPLINGS

2
% Y

ENGINE SEALS
AND GASKETS

O

FIRE WALL SEALS

Flame Tested at 2000° E for
15 minutes Arrowhead couplings
proved their ability to meet emergency
fire conditions and continue to give
service under CAA test. All the above
products of silicone rubber impre-
nated fiberglass are manufactured using
special formulas and techniques devel-
oped by Arrowhead. Ducts, sleeves and
couplings serve the requirements of
flexibility, vibration, misalignment and
torque motions within the temperature
range from —125° E to +700° E and
higher in many applications. Engine
gaskets and seals resist engine oils,
extreme pressures and high tempera-
tures. Firewall seals resist engine fuels
and lubricants and retain resilience over
a wide temperature range:

Arrowhead specializes in custom
building parts which retain their resili-
ence and flexibility at extreme tempera-
tures. Small unit production is wel-
comed; tooling costs are low.

Write for complete information.
Arrowhead field engineers are located
in all industrial areas to help you.

ﬁ-m-l

RRO WHEAD

RUBBER COMPANY
2350 Curry St

&wm

Llong Beach 55, Calif
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SPECTRUM of argon heated by a shock wave is slightly shifted toward the red. The bright
vertical lines at the bottom of this horizontal band are emitted by an ordinary electric dis-
charge in argon. The wavelengths of the lines are given in angstroms. The faint and broad-
ened lines at the top of the horizontal band are emitted by argon heated in the shock tube.

where gas ejected from the exploding
supernova has collided with clouds of
gas in interstellar space. The Dutch as-
tronomer J. H. Oort recently suggested
that the lines of light may represent
shock waves; he points out that their
thickness (some 60 billion miles) is
about the size of the region one would
expect a shock front to cover in the thin
interstellar gas. When Oort made his

| suggestion, no luminous shock front had
| ever been observed in a terrestrial ex-

plosion. But such a luminous line does
appear in a shock tube where argon is
accelerated to Mach 10. In further sup-
port of Oort’s theory, the picture clearly
shows that the most luminous region in
the gas is the shock front itself, rather
than behind the front, where we should
expect the gas molecules to be hottest.
The luminous shock front in the shock
tube is still in some respects very puz-
zling, particularly the fact that a brief
luminosity sometimes occurs immediate-

DRUM-CAMERA PHOTOGRAPH shows changes in the luminosity of argon after a shock
wave has passed. The image of the luminosity is diagonal because the film in the camera was
moved vertically. The thin line at the bottom represents the shock front; the thicker line
above it, the luminescent gas. The dark zone between them shows the incubation period.
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For your selection

ALTEMP A-286 . . . an austenitic iron-
nickel-chromium alloy made heat-
treatable by the addition of titanium.
Designed to maintain high strength
and corrosion-resistance 1n the 1300-
1500 F range, and for temperatures
up to 1800 F under lower stress.

A-286 was developed in the A-L
Research Laboratory in Watervliet,
N.Y., in the 1949-51 period. Among
the high-strength, heat-resisting
alloys, 1t has exceptionally low stra-
tegic alloy content, improved hot-
working and machining qualities,
and good center ductility in large sec-
tions. Currently used in jet engines
and superchargers for such applica-
tions as turbine wheels and blades,
frames, casings, after-burner parts,
bolting, etc.

This alloy is readily produced in
large quantities without the need of
special steel-making equipment. It is
available in the form of billets, bars,
forgings, sheet, strip, tubing and hot-
extrudged shapes. Certified laboratory
data on the properties of ALTEMP
grades are yours on request. Address

Dept. SC-9.

WEADING proDUCER
HiGH-auLoy sTEE*

ALTEMP S-816 . . . a chromium-nickel-
cobalt base alloy, strengthened by
additions of molybdenum and tung-
sten, and with a columbium-carbon
ratio of ten to one to insure its struc-
tural stability. Designed for high
strength and corrosion-resistance
service in the 1200-1500 F range, and
at higher temperatures under lower
stress conditions. Developed in the
A-L Rescarch Laboratory at
Watervlietr, N.Y. in the years of
1940-43, and engine-tested and proved
for periods of over 30,000 hours.

S-816 is used currently for turbine
blades in two of the production jet
engines, also in a number of experi-
mental aircraft and commercial gas
turbines. Except for seamless drawn
tubing, it is available in practically
all forms and shapes in which stain-
less steels are processed, including
hot extrusions.

ALTEMP $-590 was designed for serv-
ice in the range of 1100-1400 F tem-
peratures where high strength and
corrosion resistance are required, and
where cost is also a factor. Unlike

ALIEMP

HIGH TEMPERATURE
SUPER ALLOY STEELS

7l

S-816, which is practically a non-
ferrous alloy, S-590 has a chromium-
nickel-cobalt-iron base. However, it
employes the same molybdenum and
tungsten additives, and the same
columbium-carbon ratio.

S-590 was developed at the
Watervliet Laboratory and field-
proved during the same years as
S-816. It is available in the same
shapes and forms, and is currently
being used for turbine blades and
wheels in experimental commercial
gas turbines.

OTHER SUPER ALLOYS
Among the many other Super Alloys
made by Allegheny Ludlum are V-36,
M-252, 19-9 DL, 19-9 DX and
Waspaloy.

Perhaps you have a high tempera-
ture problem where the use of an
ALTEMP Super Alloy Steel may offer
a solution. The services and experi-
ence of our Research Laboratories
and Technical Staff are completely
at your command. Allegheny Ludlum
Steel Corporation, Oliver Building,
Pittsburgh 22, Pa.

PIONEERING on the Horizons of Steel

Allegheny Ludlum
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HELP
NEEDED?

HORIZONS INCORPORATED

invites you to send for a
new brochure describing
our research facilities.
Executive staff members
are always available for
discussion of your prob-
lems. There is of course,
no obligation.

To obtain your copy of this
brochure without charge, write

Hclur!?ons Incorporated, Box 644, SOLAR PROMINENCE on June 4, 1946, resembles a terrestrial explosion led by a thin
Princeton, New Jersey. semicircular shock front. Parts of it suggest gases flowing along magnetic lines of force.

ly, before the incubation period [see the
thin lower line in the photograph on

HORIZONS page 138]. A considerable body of evi-
INCORPORATED dence indicates that a shock wave may
Princeton, N. 1. push a thin, concentrated layer of ions
Cleveland, Ohic through the gas in which it propagates,
‘ somewhat in the manner of breakers
propelling. driftwood on a beach. The
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electrons accompanying these ions
would be heated by friction with the
gas, thus producing the luminous region
just ahead of the shock.

The investigation of the dynamics of
very hot gases not only is beginning
to unravel many mysteries of our astro-



Advomees v Applied Roclintion

DEVELOPMENTS in the FIELD OF APPLIED RADIATION ENERGY, its APPLICATIONS and the APPARATUS USED TO PRODUCE IT

Che mical Analysis by Neutron Activation
Samples made temporarily radioactive
under neutron bombardment can be
analyzed to detect minute quantities of
impurities or trace components. In many
cases, concentrations in the “parts-per-
million” range can be measured.

This technique has heretofore been
restricted to laboratories having access
to the intense neutron fluxes obtainable
in nuclear-reacting piles. But today, with
the availability of Van de Graaff particle
accelerators, intense neutron fluxes can
be produced in industrial laboratories as
well as in academic research establish-
ments. With HIGH VOLTAGE’S two-mil-
lion-volt Model AK-N Van de Graaff,
for example, thermal-neutron fluxes of
5 x 108 n/sec-cm? are routinely obtaina-
ble. Activation analysis can be performed
on over 60 elements with detection sen-
sitivities better than 100 parts per mil-
lion, using this neutron source.

Already, industrial laboratories are
actively engaged in exploring the possi-
bilities of this new analytical method.
Results are unambiguous and are usually
obtained with little sample preparation
and in a relatively short time. Full infor-
mation concerning activation analysis is
now available from HIGH VOLTAGE, in-
cluding an exhaustive table of all iso-
topes susceptible to neutron bombard-
ment. Write for “Activation Analysis
with Van de Graaff Neutron Sources.”

High-vacuum Plumbing
For some time, HIGH VOLTAGE has
been concerned with the development of
reliable, standardized high-vacuum com-
ponents. The resulting design combines
ruggedness with simplicity and flexibility
and appears to have applications in many
types of industrial and laboratory in-
stallations.
dependex high-vacuum plumbing is
described in an eight-page bulletin avail-
able on request to HIGH VOLTAGE.

PTOMANIA

this is a proton

~ positively massive
but with

limited powers of
penetration

A New Low-cost Supervoltage X-ray Source

The need for a lower cost x-ray
source for the precision inspection of
steel thicknesses from 2 to 5 inches has
long been felt. For many applications,
radioactive sources use too much time

raphy is its small focal spot — the
source of x-rays is less than 1 mm in
diameter — making possible the produc-
tion of radiographs with exceptionally
clear detail.

and often leave something to be desired
in definition or sharpness — and con-
ventional x-ray machines lack sufficient
penetrating power for the more difficult
jobs. On the other hand, equipment for
the production of highly penetrating
x-rays at energies of one million volts
or more has involved a capital expendi-
ture which could be justified only for
very heavy and specialized industrial
operations.

At the recent meeting of the Ameri-
can Society for Testing Materials, HiGH
VOLTAGE announced a new one-million-
volt x-ray generator designed to fill the
gap. Capable of penetrating steel thick-
nesses up to S inches in reasonable
exposure times, this new unit, our Model
JR Van de Graaff, is priced at $25,000
— less than half the cost of other availa-
ble supervoltage equipment. One unique
feature of the Van de Graaff for radiog-

The entire unit weighz less than 2,500
pounds and is about the size of a house-
hold refrigerator. It is therefore easily
transported by crane or lift-truck. We
believe that the availability of this x-ray
source will be of major importance to
the non-destructive testing techniques of
heavy industry.

Columbia University

The 30-ton pressure vessel for Colum-
bia University’s 6-million-volt Van de
Graaff accelerator has now been delivered
to HiGH VOLTAGE. When completed in
early 1955, this accelerator will be used
for obtaining precise nuclear data by the
university’s Physics Department, under
the direction of Prof. W. W. Havens.
HiGH VOLTAGE is building this Van de
Graaff, the third of its kind, under con-
tract to the U.S. Atomic Energy
Commission.

Hicu VoLTAGE ENGINEERING CORPORATION

7 UNIVERSITY ROAD
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THE SIGN OF Qf/{df@/

. IN MOTOR CONTROL ‘e

Motor Starting Switch with pilot light.

%’/éﬂ

& lon
/%/4"’/’/7/’1

FOR
SMALL MOTORS

Continuous overloads on small
motors —1 hp and less — are
more common than with large
motors. Motor burnouts can be
as expensive in terms of loss
of production for small motors
as with large motors.
The heater element in the
self-contained thermal over-
load breaker quickly detects
the overload on the motor
when it occurs. It releases a
soldered ratchet . . . the con-
tacts snap open automatically.
The motor is thereby discon-
nected before a burnout can
occur.

Don't risk burnouts of your
small motors. Protect them at
low cost. Buy the Allen-Bradley
Bulletin 600 Manual Starting
Switch. Write for Bulletin 600.

Allen-Bradley Co.
134 W. Greenfield Ave.
Milwauvkee 4, Wis.

Toggle-type Switch
plus Selector Switch
and Pilot Light.

ALLEN-BRADLEY

MOTOR CONTROL
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nomical cosmos but aiso offers some ex-
citing possibilities in the technology of
flight. Our present airplanes—rocket or
jet-propelled—are ultimately limited in
speed by the gas velocity that can be
attained by chemical reactions. For prac-
tical space flight we shall need much
higher velocities. One possible way to
attain it is to accelerate gas with mag-
netic forces instead of merely with
chemical combustion. There is no known
theoretical limit to the propulsive im-

e
—-

1
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pulse obtainable from a given mass of
gas expelled in this way. The electrical
energy for acceleration could be sup-
plied by a nuclear reactor. This propul-
sion device would be essentially an elec-
tric motor with a gas replacing the usual
solid armature.

It may even be possible to find ways
to use magneto-hydrodynamic forces for
control and lift, as well as for propulsion,
of the ships in which man eventually
will take off into space.

VEIL NEBULA in Cygnus appears to represent a collision between interstellar gas and gas
expelled by the explosion of a supernova. The fine filaments in the nebula are some 100,000
million miles thick, suggesting shock waves moving through the rarefied interstellar gas.



What General Electric people are saying ...

F. K. McCUNE
Myr. McCune is General Manager, Atomic

Products Division

.

‘... We at General Electric believe
that electric companies will be own-
ing and operating a number of atomic
power plants within the next ten
years.

Second, we believe some of these
will be full-scale and, what is most
important, they will generate elec-
tricity at competitive costs, possibly
within five, certainly within ten,
years.

Third, we believe that this will be
accomplished without Government
subsidy for production plant con-
struction or operation, and that
Government-supplied fuel will be
priced at cost-of-production levels.

Fourth, we believe that two nu-
clear reactors best suited for earliest
and most effective competition with
conventional fuel plants in this
country are (a) the light water-
moderated and cooled boiling re-
actor, and (b) the graphite-moder-
ated water cooled reactor. These we
think hold greatest promise in the

TURBINE-GENERATOR

years just ahead.

In saying these production plants
will operate without Government
subsidy, I do not wish to detract
from the immeasurable significance of
knowledge developed through A.E.
C. contracts. Of course, the Govern-
ment’s large expenditures for research
and development of plutonium pro-
duction reactors, mobile power re-
actors, and other power reactors
forms the base from which private
industry can proceed. But, the im-
portant thing here is that we believe
production size atomic power plants
can be made economic. They will
stand on their own feet. They may
sell products to the Government.
They will certainly buy nuclear fuel
from the Government. But, trading
with the Government need not be a
subsidy.”’

Atomic Industrial Forum Panel

Washington, D. C.

Copies of Mr. McCune’s complete
talk may be obtained by writing to
Dept. Q-2-119, General Electric Com-
pany, Schenectady 5, N. Y.

STEAM

BOILING WATER REACTOR, of fype
developed by the A.E.C.’s Argonne
National Laboratory diagrammed above,
promises electric power at 6.7 mills/kwhr
(as compared with 4.5 to 8 mills/kwhr
in conventional plants).

ELECTRIC POWER

K. R. GEISER

Myr. Geiser is Supervisor of Engineering—
Computer Unit, General Engineering
Laboratory.

‘

‘.. . There are three broad areas of
manufacturing—manual, mechaniza-
tion, and automation. In the manual
area, physical effort is used to per-
form an operation by the use of hands
or hand tools. In the mechanization
area, manually operated power-
driven machines, with varying de-
grees of controls, are used to perform
one or more operations. Progressing
into the automation area, we find
automatic machines which are inte-

rated with transfer devices to per-
%orm a series of continuous auto-
matic operations. Here you see how
industry can continually upgrade the
manual operation into the mechani-
zation area by replacing the hand
tool with the machine; and then by
adding transfer equipment we pro-
gress to the automation area. Please
note that manpower will always be
required. However, there will un-
doubtedly be fewer men as operations
are automated and the emphasis will
shift from the manual skills to the
mental skills for both the productive
and the maintenance worker.

Man has always devoted much of
his effort to finding ways and means
to accomplish or circumvent the
arduous and laborious tasks, espe-
cially those not requiring his full
ability as a human being. There still
exist 1n industry today many tedious,
time-consuming, laborious or simple
discrimination jobs which often lack
mental stimulus for the people who
must perform them. It does not
require the full complexity of the
human mind and body to carry tote
boxes from one machine to the next
nor to load parts in a lathe, nor to
tighten bolts and solder wires in
building, for instance, automobiles
or radios.

As surely as man lives and thinks
and strives for a better way of life,
these things will be replaced.

G.E. Engineering Specialist

Progress s Ovr Most Important Prodisct

GENERAL @ ELECTRIC
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CORONA of the sun was photographed during the solar eclipse grees Kelvin, the corona is a million degrees. Its faint glow demon-
of September 21, 1922. Although the surface of the sun is 6,000 de- strates that a high kinetic temperature produces little radiation.
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Ultrahigh lemperatures

They occur in nuclear explosions and in the interiors of stars.

In the latter they promote thermonuclear reactions and perhaps

convert hydrogen into all other elements on the periodic table

he aim of this article is to consider

I the highest temperatures sus-
pected to occur in the universe—

the temperatures in the interiors of stars.
The discussion will, we hope, throw
light on the formation of the universe as
we know it and on its future evolution.

Before starting on these topics it is
desirable to say a little about what is
meant by the word temperature. In any
closed system of gas which neither re-
ceives energy from, nor loses energy to,
the outside world, the particles distribute
their motions among themselves through
collisions in a random way so that even-
tually an average state of affairs is set
up. The distribution of the velocities of
the particles in this average situation is
known as the Maxwell distribution.
Similarly there is a distribution of ra-
diation frequencies, known as the Planck
distribution, which arises from the vari-
ous emissions and absorptions of radia-
tion by the particles as a result of their
collisions.

Now a thermodynamic system is one
in which the average conditions (the
Maxwell and Planck distributions) are
to be regarded as having become es-
tablished, and the thermodynamic tem-
perature is defined as the quantity which
determines both the average speed of
the particles and the intensity of the ra-
diation field.

The material inside stars may be said
to have a thermodynamic temperature.
When we say that its thermodynamic
temperature is very high, we mean that
both the average speed of motion of its
particles and the intensity of radiation
are very great.

When a system satisfies the Maxwell
distribution but not the Planck distri-
bution, we speak of the material as pos-
sessing a “kinetic” temperature. A

by Fred Hoyle

kinetic temperature does not imply any
strong ability to emit radiation. These
statements explain how it is that the
visible surface (photosphere) of the sun,
at a thermodynamic temperature of less
than 6,000 degrees Kelvin, is able to
emit a far greater intensity of radiation
than the corona does, though the latter
has a kinetic temperature of about one
million degrees K. While the particles
in the corona move at a far higher speed
than those in the photosphere, they are
so much more thinly dispersed that ra-
diating collisions are relatively infre-
quent.

et me come now to the main question
before us. Why does the thermo-
dynamic temperature rise above 10 mil-
lion degrees in the central regions of
the sun? The answering of this question
raises issues that lie at the root of much
of present-day astrophysics.

An approach to the origin of the ultra-
high temperature inside the sun is per-
haps best made by comparing the case
of the sun with that of the planets. At
the center of the earth, material is un-
der a pressure of more than 20 million
pounds per square inch. (If you wish to
get some faint notion of what such a
figure means, think of the effort required
to pump an automobile tire to a pres-
sure of a mere 25 pounds per square
inch.) Yet colossal as the pressure in
the center of the earth is, it is not suf-
ficient to cause ordinary solids and liq-
uids to collapse. Near the center of
the sun, on the other hand, the pressure
is more than one trillion pounds per
square inch. No ordinary solid or liquid
could withstand pressures of this order.
If the sun were composed of materials
such as the earth and planets are made
of, there would be a wholesale collapse;
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indeed, its collapse would be so swift
it would be visible to the naked eye.

But the sun’s collapse would have a
limit. As it shrank, the conversion of
gravitational energy to heat would heat
up the internal material more and more,
and would build up the internal pres-
sure. When the sun had shrunk to about
half its present size, the internal pres-
sure would become sufficient to support
the weight of the overlying layers. The
collapse would then stop.

We see immediately why astronomers
have deduced that the temperature in-
side a star must be extremely high: if it
were not already high, the stars would
collapse swiftly and push up the tem-
perature to the ultrahigh range. In
every star a pressure balance is self-
maintained at just the right level.

Because the internal temperature of
a star is so high, energy must flow from
the inside to the cooler surface. (Of
course the surface must be much cooler
than the interior; if the surface of the
sun were as hot as its deep interior, the
sun would be a million million times as
bright as it is—and would vaporize the
earth in a minute or two.) The necessity
for an outward flow of energy explains
why a star must be self-luminous. The
surface radiates energy away into space
at the same rate as energy flows out
from the interior. Its luminosity is de-
termined by the rate of outflow of en-
ergy. That in turn depends upon the
internal high temperature required to
maintain the pressure balance.

It will be noticed that so far nothing

has been said about generation of
energy within the star. The implication
is that the star would go on radiating
energy even if it were not continually
producing energy by thermonuclear re-
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actions. This is correct. The sun would
emit radiation even if it were made of
old brick ends. Indeed, calculation shows
that if it were made of rubble, the sun
would emit energy at about 1,000 times
the rate it is doing now! The reason for
this rather remarkable conclusion is that
a sun composed of rock rather than
largely of hydrogen would require a
substantially higher internal temperature
(some 40 million degrees K.) to main-
tain the pressure balance.

In case you are wondering what the
thermonuclear generation of heat inside
the sun accomplishes, the answer is that
it enables the sun to maintain its pres-
ent size. If no energy were being gen-
erated inside the sun, its steady loss of
energy by radiation from the surface
into space could be made good only by
drawing on its supply of gravitational
energy: i.e., the energy released by con-
traction. The sun would slowly shrink—
though it would take some millions of
years to perceive an appreciable change
in its size from the earth. As matters
are, the thermonuclear production of en-
ergy acts as an automatic size regulator.
If the sun were to shrink slightly, the
consequent rise in its internal tempera-
ture would increase the rate of energy
production. Now it is a property of the
thermonuclear reactions that a tempera-
ture rise increases the production of
energy much more rapidly than it does
the outflow of energy. Consequently
energy would accumulate inside the sun,
would raise the internal pressure and

would force the sun to expand until it re-
gained its normal size. On the other
hand, if the sun were larger than its
present size, its energy production would
be less because its internal temperature
would be lower. The resulting net loss
of internal energy would have to be
made good by shrinkage back to the
present size.

The thermonuclear reactions that
generate energy in the stars have, of
course, become widely known: they are
called the carbon cycle and the proton-
proton chain [see pages 150 and 152].
It is now generally agreed that the lat-
ter reactions in which protons combine
to form helium with the emission of
large amounts of energy, are mainly re-
sponsible for the energy production in
the sun, while the carbon cycle is more
important in very bright stars [“The
Energy of Stars,” by Robert E. Marshak;
SCIENTIFIC AMERICAN, [anuary, 1950].
The fact that stars possess an internal
source of energy has the interesting con-
sequence that they are able to maintain
themselves for very long periods of time.
The sun has probably existed much as
it is now for four billion years or more.

The energy radiated by the stars pro-
duces quite a number of astronomical
oddities. Some stars—the highly lumi-
nous blue giants—emit a great deal of
their radiation in the ultraviolet. An ap-
preciable proportion of this ultraviolet
radiation is absorbed by the gas clouds
that exist in space. The gas accordingly
becomes considerably heated, higher

pressures then develop, and under their
influence the gas is caused to move
around. In short, the interstellar gas is
constantly being stirred up by the highly
luminous blue stars. According to a view
held by many astronomers, this stirring
up causes the gas clouds to act as a dy-
namo, building up a magnetic field of
considerable intensity. There is observa-
tional evidence that magnetic fields do
indeed exist in interstellar space, and it
is now believed that they play an impor-
tant part in accelerating the cosmic rays
—the extremely energetic particles that
enter the earth’s atmosphere from out-
side. Thus the energy of the cosmic
rays probably stems basically from the
thermonuclear reactions in the stars.
Curiously, the energetic particles pro-
duced artificially by physicists really de-
rive their energy from the same source,
for the energy that is used to operate our
cyclotrons, betatrons, synchrotrons, bev-
atrons and cosmotrons also is derived in
the last analysis from sunlight!

Both of the energy-generating sets of
reactions in the stars have the same
net effect: they convert hydrogen into
helium. One might think that so long
as the sun has a supply of hydrogen,
there will be no substantial change in
its luminosity or size. This notion is in-
correct, however, for two reasons. First,
when we were discussing what would
happen if the sun were made of old
brick ends we saw that with an internal
material of greater atomic weight than
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hydrogen, a higher temperature would
be necessary to maintain the pressure
balance. As the hydrogen of the sun is
converted into the heavier element he-
lium, the sun’s internal temperature must
rise and it becomes more luminous.

But this is not all. The rate of the
thermonuclear reactions depends on the
temperature. Hence the hydrogen at the
hot center of the sun is converted to
helium much faster than the hydrogen
in the cooler outskirts. As a result the
composition of the sun must become
uneven, since it seems unlikely that there
is any important mixing of material be-
tween the interior and the outer parts.
It can be shown by intricate calcula-
tions that the effects of this unevenness
will be peculiar. To begin with, the
whole sun will probably shrink a little.
In the next stage the central regions will
continue to shrink, but the outer parts
will start to swell. All this will be accom-
panied by a steadily increasing bright-
ness. Ultimately the sun will become ex-
tremely luminous and extremely bloated
—more than 1,000 times more luminous
and about 100 times bigger in radius
than at present. Then will follow a pe-
riod of decline in which the luminosity
decreases to about 100 times and the PLANETARY NEBULA in Aquarius was photographed with the 200-inch telescope on
radius to about 20 times the present Palomar Mountain. Its luminosity is due to ultraviolet radiation from a hot star (center).
values. After this the luminosity will sta-
bilize but the radius will continue to
shrink until the sun is only about a 20th
of its present size. In the final phase the
sun will stop shrinking and its luminosity
will then decline. It will become the type
of star known as a white dwarf.

One might feel inclined to treat these

calculated results as something of a
fantasy, if it were not that recent obser-
vations, made notably by H. C. Arp and
A. R. Sandage, give us a pretty clear
indication that the course of evolution
just described does in fact occur. The
situation is summarized in the chart on
the next page, showing a number of
stars belonging to the globular cluster
Messier 3 which are plotted on the chart
according to their luminosity and sur-
face temperature (as indicated by col-
or). The position of a star in this lumi-
nosity-temperature diagram also deter-
mines its size.

Now all of the stars recorded in this
diagram seem to have been closely simi-
lar to begin with: they are probably all
stars with masses about 1.2 times that
of the sun. Their differences in lumi-
nosity and surface temperature are to be
explained on the basis that some of the

SF"“S are more advanced in .their evolu- [ UMINOUS NEBULA in Sagittarius also was photographed with the 200-inch telescope.
tion than the others, the slightly more  Called the Trifid Nebula, it is made to shine by ultraviolet radiation from a star inside it.
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massive stars being the farther advanced.
The stars fall on a clear-cut sequence
simply because this is the sequence along
which they are all evolving (actually
there is some variation in the sequence
according to the mass of a star, but such
variations are comparatively small).

A star starts close to the bottom of
the sequence and evolves upward along
it. When it reaches the fork near the
top of the diagram, it takes the route
to the right, known as the “giant” branch.
It evolves up to the topmost part of the
sequence at the extreme upper right,
then reverses and moves down again. At
the forking point it turns into the “hori-
zontal” branch. The movement along
this branch corresponds to the shrinkage
that follows the bloated conditions oc-
curring on the giant branch. As the star
shrinks, its surface temperature rises.
At higher temperatures a greater pro-
portion of a star’s radiation is in the form
of ultraviolet light. This means that the
star becomes more and more difficult
to observe, because ultraviolet light is
mostly absorbed by the terrestrial at-

1000 e

LUMINOSITY (TIMES SUN)

COLOR-LUMINOSITY DIAGRAM of the stars in the globular
cluster Messier 3 was plotted by H. C. Arp and A. R. Sandage of the
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mosphere and does not come through
to our telescopes. The shrinking star
therefore fades from our sight, not be-
cause it is emitting any less energy but
because too much of its energy is un-
observable from our point of view. At
the distance of Messier 3 we cannot see it
at all in the last stages of its evolution
as a white dwarf. (The setting up of an
observatory on an artificial satellite
would avoid this and many similar diffi-
culties. )

It is necessary to emphasize that all
these evolutionary changes take a very
long time—some five billion years from
the beginning to the last lap of the
journey on the horizontal branch. Most
of that time is passed in the early stages
—the lower parts of the sequence. Once
a star gets over these early stages, it
evolves with increasing rapidity. The
sun is still in the early stages. Being
a somewhat less massive star than those
shown in the diagram, its evolution
through the early stages will take longer.
But the sun’s turn will come.

The temperature at the center of a

star near the bottom of the sequence is
between 12 and 15 million degrees K.
As the star progresses along the evolu-
tionary track, the temperature in the
deep interior rises. This it does for two
reasons: (1) the replacement of hydro-
gen by helium forces the temperature
higher in order that the pressure balance
be maintained; (2) the central regions
of the star shrink. By the time a star
reaches the top of the giant branch, the
temperature has risen to about 100 mil-
lion degrees. (The temperature of a
hydrogen bomb at the moment of ex-
plosion is closely comparable with this;
it must be remembered, however, that
whereas in the hydrogen bomb this high
temperature is attained only in a volume
of a few cubic yards, in a star it pervades
a volume of some 100,000 billion billion
cubic yards.)

At a temperature of 100 million de-
grees, thermonuclear reactions other
than those which form helium become
important. By the time the giant branch
is reached, some 50 per cent of the star’s
original hydrogen has been entirely con-
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Mount Wilson and Palomar Observatories. Each dot represents a
star. The distribution of stars suggests the path of their evolution.
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Blaw-fnox Chemical Plants Division
has executed

many successful projects

Involving temperature levels from

10", 5000

A few representative projects include: plants

for producing silicon carbide and dry ice—
for low temperature fractionation to yield
oxygen, nitrogen, argon, hydrogen and
ethane . . . heat transfer systems using
Dowtherm, Aroclors and liquid metals . . .

equipment such as the radiant fired kettle.

Blaw-Knox engineers and scientists will
design and build your project operating at

any temperature level within a wide range.

Put this experience to work
Call upon Blaw-Knox.

BLAW-KNOX COMPANY

CHEMICAL PLANTS DIVISION
Pittsburgh 22, Pennsylvania
Chicago 1, lllinois / Tulsa 1, Oklahoma

-340° F

Air Fractionation Plant
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As a scientist...

how would you select a

PERMANENT

MAGNET MATERIAL

for your product?

To conduct an investigation
at the research level neces-
sary to select the best permanent
magnet foryourapplicationwouldre-
quire a considerable amount of time,
money, manpower, and equipment.
On the other hand, we can recom-
mend, with full confidence, the ability
of our research and design staff to
provide you with professional coun-
sel in choosing a permanent magnet
to meet your specific design require-
ments . . . and within a relatively short
period of time, without cost or obli-
gation to you.

With the many different types of
permanent magnet materials now
available, new design approaches are
necessary to assure that the magnet
you select is functionally best suited
for your product. As specialists in
permanent magnets, INDIANA'’s en-
gineers are abreast of the latest de-
velopments and findings in the field
of magnetic research and application.
INDIANA has helped to provide
manufacturers in many industries
with the answer forover 35,000 appli-
cations. It will profit you to contact
them today. Or, write for a free copy
of pamphlet J9,““Factors in the Selec-
tion of Permanent Magnet Materials.”

INDIANA
PERMANENT
MAGNETS

The Indiana Steel Products Company
Valparaiso, Indiana

World’s Largest Manufacturer of Permanent Magnets
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NP+ H ——= 2 4 He*

CARBON CYCLE is an important source of energy in very hot stars. In the first nuclear
reaction shown here a nucleus of carbon 12 (6C12) fuses with a proton or hydrogen nucleus
(1H1) to yield a nucleus of nitrogen 13 (;N13) and a gamma ray (hv). In the second re-
action the nitrogen 13 nucleus decays into one of carbon 13 (;C13) and an electron (1e?).
In the third reaction the carbon 13 nucleus fuses with one of hydrogen to yield a nucleus of
nitrogen 14 (;N14) and a gamma ray. In the fourth reaction the nitrogen 14 nucleus fuses
with one of hydrogen to yield a nucleus of oxygen 15 (3015) and a gamma ray. In the fifth
reaction the oxygen 15 nucleus decays into one of nitrogen 15 and an electron. In the sixth
reaction the nitrogen 15 nucleus fuses with one of hydrogen to yield a nucleus of carbon 12
and one of helium 4 (sHet) . The net result is to transform hydrogen into helium and energy.

verted into helium; indeed the inner
parts of the star no longer contain any
hydrogen. Consequently any further
nuclear reactions in the central regions
must use helium as fuel. The important
reactions are those that convert helium
into carbon, oxygen and neon. Three
helium 4 nuclei fuse to form carbon 12;
the addition of another helium nucleus
to carbon makes oxygen 16; and oxygen
plus still another helium makes neon 20.
All these reactions yield energy in the
form of gamma rays.

Thus on the giant branch the stars
generate energy in two ways: in their
outer regions they fuse hydrogen nuclei
into helium; in the central zone they
fuse helium into larger nuclei. The
former reactions are often spoken of as
“hydrogen-burning,” and the latter as
“helium-burning” (surely a chemist’s
nightmare).

Now just as the hydrogen-burning led
to the exhaustion of hydrogen in the
inner regions of the stars, so after a
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time the helium-burning leads to an ex-
haustion of helium. Further nuclear re-
actions at the center must wait for a
further rise in the central temperature—
which occurs as the central regions
shrink. A rise to a temperature of 600
million degrees initiates nuclear reac-
tions which convert carbon into sodium,
magnesium and neon; a rise to about 800
million degrees converts neon to magne-
sium and oxygen; a rise to about 1,500
million degrees changes oxygen and
magnesium to aluminum, silicon, sulfur,
phosphorus, chlorine, argon, potassium
and calcium. A further rise to about 2,000
million degrees causes all these elements
to become converted into what is known
as the iron group—titanium, chromium,
manganese, iron (the most abundant
member), cobalt, nickel, copper and
zinc. All this is probably going on in
the stars that populate the horizontal
branch.

In short, a star begins with a very
simple chemical composition—almost all
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keep a
tight rein
on temperature

Controlled temperature is a valuable
tool ... unbridled, it can turn into an
expensive, destructive force. That's
why more and more vital thermal
processes are being controlled with
Alnor precision control instruments.
There are many reasons for this
growing preference: a major one is
the ability of Alnor instruments to
maintain laboratory accuracy under
adverse operating conditions . . . a
fact well documented by their wide-
spread use in every major industry.
There is a production model Alnor
instrument to safeguard every oper-
ation involving heat or cold . . . from
-100° to 3000° F., to monitor one
temperature station, or a battery of
twenty with a single instrument.
Depend on Alnor to solve other
speciclized problems as well—dew
points, surface temperatures and air
velocities. Write to lllinois Testing
Laboratories, Inc., Room 548, 420 N.
La Salle Street, Chicago 10, lllinois.

ILLINOIS TESTING LABORATORIES, INC.
Room 548, 420 N. La Salle Street
Chicago 10, IIl.
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hydrogen, with helium the only im-
portant impurity—and becomes more
and more varied in make-up as its evolu-
tion proceeds. Since the temperature
varies through a star, a very complex
chemical structure can be built up. Con-
sider the case where the central tempera-
ture has risen to 2,000 million degrees.
At the center the material will consist en-
tirely of elements of the iron group.
Some distance out, where the tempera-
ture is 1,500 million degrees, there will
be a zone made of elements from alumi-
num to calcium. Still farther out the
main elements will be oxygen, magne-
sium and sodium. Neon and carbon will
next be found, then helium, and finally,
as an outer skin, hydrogen.

Can a star actually attain a thermo-
dynamic temperature as high as 2,000
million degrees? It turns out to depend
on the mass of the star. Such tempera-
tures must develop in stars with masses
greater than about 1.3 times that of the

sun, but not in stars with smaller masses.
When the sun completes its evolution, as
it will during the next five billion years
or so, its maximum central temperature
during the final shrinkage will be only
about 1,000 million degrees.
It is tempting to suggest that all the
chemical elements we know have
been synthesized from hydrogen by
thermonuclear processes inside stars.
Quite apart from the esthetic appeal of
such a postulate, the suggestion derives
some immediate support from the ob-
servation that hydrogen is overwhelm-
ingly the most abundant element in the
universe.

Before this theory of the origin of the
elements can be considered seriously,
we must answer some important ques-
tions. One is this: The clouds of gas and
dust in interstellar space contain the
heavier elements. How did these ele-
ments get there? Fortunately this is easy

He’ +,He® ——= _He' + H'+ H

| PROTON-PROTON CHAIN is the principal source of energy in the sun and stars of similar
temperature. In the first reaction one hydrogen nucleus fuses with another to yield a nucleus
of deuterium (1H2) and an electron. In the second reaction the deuterium nucleus fuses
with one of hydrogen to yield a nucleus of helium 3 (2He3) and a gamma ray. In the third
reaction two nuclei of helium 3 fuse to yield one nucleus of helium 4 and two of hydrogen.
As in the carbon cycle, the net effect is to convert hydrogen into helium and energy.

He' +,He* + He® —=> 2+ hy

g0+ ,He® —=  Ne? + hp

HELIUM REACTION occurs in stars that have used up half of their hydrogen. In the
first reaction here three nuclei of helium 4 fuse to yield one nucleus of carbon 12 and a
gamma ray. In the second reaction the carbon 12 nucleus fuses with another of helium 4
to yield a nucleus of oxygen 16 (g016) and a gamma ray. In the third reaction the oxygen
16 nucleus fuses with a nucleus of helium 4 to yield neon 20 (;yNe=") and a gamma ray.
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Products of fame
wherever there’s flame. ..

Keeping flame on the job is the business of brick. Refractory brick
to contain the flame and put it to work with efficiency and economy in the

furnaces of industry.

Grefco refractory products have long been famed for doing this job reliably.
Grefco brick, special shapes, mortars, plastics and castables to hold the
heat and help create products for the service of industry.

If your operation requires flame, here’s the name . . . Grefco!

4 Complete Refractories Service . . .

GENERAL
REFRACTORIES

COMPANY
Philadelphia
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JOIN RCA
ENGINEERING
MANAGEMENT
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RCA has two engineering

management openings in its
expanded electronics engineering

program:

Manager Missile Guidance
Systems Projects (to supervise
circuit development engineering,
systems analysis and coordination
of design for missile guidance).

Manager Airborne Fire Control
Product Design (to supervise
design engineering of airborne

electronic equipments).

These positions require the ability to manage a
comprehensive design and development engineering

organization and to plan broad engineering programs.

Your ability should be substantiated by proven

supervisory experience and a degree in EE, ME, or Physics.

Send a complete resume of your education and experience to:

Tmks

Mr. John R. Weld, Employment Manager
Dept.B-4661, Radio Corporation of America

Camden 2, New Jersey

RADIO CORPORATION OF AMERICA
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TEMPERATURE

RECORDING ...

Newly designed, Model’1000"
Auto-Lite Recorder gives per-
manent proof of temperature
behavior. @ 6" clear reading
chart; various standard ranges
from minus 40 °F.to plus 550°F.
e 3 standard types; choice of
24-hr. or 7-day cycle. ® Elec-
tric or mechanical chart drive.
o With capillary tubing for
remote reading. Priced from
$49.50.

Send for new catalog describ-
ing many styles of Auto-Lite
temperature Recorders and In-
dicators.

THE ELECTRIC AUTO-LITE COMPANY

Model “1000”
P =

INSTRUMENT AND GAUGE DIVISION

TOLEDO 1, OHIO
NEW YORK ¢ CHICAGO ¢ SARNIA, ONTARIO

TEMPERATURE RECORDERS
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to answer. The material could have been
broadcast into interstellar space by the
exploding stars known as supernovae. It
is suspected that at least one kind of
supernovae are stars that have evolved
past the horizontal branch, when most
of the elements would have been built.
Indeed, there are theoretical reasons for
believing that the explosion may be re-
lated to the element-building processes
themselves.

Two interesting tests of this theory
seem to confirm it. It can be calculated
that the supernova explosions which
have occurred during the five billion
years’ lifetime of our galaxy have ejected
a total mass of material which amounts
to about 1 per cent of the matter in in-
terstellar space. And just about this per-
centage of the interstellar matter is made
up of the elements heavier than helium,
according to observation. The agreement
is highly satisfactory. Secondly, on our
theory we should expect the stars born
early in the history of our galaxy to con-
tain much lower concentrations of heavy
elements than the stars formed from the
interstellar matter more recently. This
expectation agrees with observation. It
appears that very old stars have only
about 10 per cent as high a concentra-
tion of heavier elements as recently
formed stars have. The difference is
presumably due to the accumulation of
heavy elements in space as the result of
the gigantic explosions of supernovae.

\X/Thy should hvdrogen be the prime-
val element from which all the
others are built? If that riddle is not dif-
ficult enough, here is a harder one: How
did hydrogen itself come into being?
We cannot beg the question by suppos-
ing that it has always existed. Hvdrogen
is steadily being converted into other
elements by processes that seem irre-
versible. In spite of this, hydrogen is
still the most abundant element in the
universe. We must, therefore, suppose
that it has a finite age, for if it had ex-
isted for an infinite time, it should all
have been used up by now.

What physical process could lead to
the origin of a hydrogen atom is still
difficult to imagine. But I think one can-
not help wondering whether the recent
discoveries of the intricate structure of
matter, with its plethora of evanescent
particles, may not have something to do
with this problem. Otherwise it is dif-
ficult to see where the fine details of
physics impinge on the universe in the
large. That there should be no connec-
tion at all between what one might call
the subnucleonic world and the larger
universe seems scarcely credible.



How would YOU control costs here?

How would YOU solve these two problems?

1. PRINTED CIRCUITS have become vital in the new, minia-
turized electrical and electronic devices. For etching these

circuits, temperature of the acid bath must be accurately"

controlled. The Master Etching Company of Wyncote, Pa.,
has developed an automatic temperature control unit for
this important purpose. The heat element is built into a
pyrex tube, while its dependable THERMOSWITCH® is en-
closed in flexible plastic tubing. The whole assembly is then
encased in an acid-proof container.

3. ARE YOU USING FENWAL THERMOSWITCH CONTROLS to
solve your problems? Compact, highly resistant to shock and
vibration, these controls have solved a wide range of tem-
perature control problems. Their external, single-metal shell
expands or contracts instantly with temperature changes,
making or breaking enclosed electrical contacts.

2. HOW CAN COMMERCIAL, industrial, hospital and diaper
laundries insure continued and better customer satisfaction?
One solution is to employ devices using Fenwal THERMO-
SWITCH units. Henrici HT-1 and -2 Timers accurately con-
trol temperatures of washing formulae. Henrici tumbler
Door Openers open tumbler doors, protecting goods being
dried from scorching. Fenwal THERMOSWITCH units have been
used in these devices for over ten years.
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4. SEND FOR THIS CATALOG for complete explanation of the
unique THERMOSWITCH unit. Also ask for more detailed, il-
lustrated discussions of the problems above. Fenwal en-
gineers will be glad to help you solve your temperature control
problems involving heat, humidity, radiant heat, pressure
and other variables. Write Fenwal Incorporated, 309 Pleasant
Street, Ashland, Massachusetts.

THERMOSWITCH®

Electric Temperature Control and Detection Devices

SENSITIVE... but only to heat
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THE DRAMA OF
ALBERT EINSTEIN

The first biography to
treat, in human terms,
the man who has brought
about the greatest revo-
lution in science since
Newton.

Published at $3.95
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ALREADY HERE

In Literature, the Arts and Sciences. . .

At Savings up to 50% and more

The outstanding books pictured and described on this page are but a few
of the distinguished volumes available to you as a member of the BOOK
FIND CLUB. Although the publishers’ prices for these books range up to
$6.00 you, as a member, pay as little as $1.89 per volume. Actually this
represents an average saving of more than 50% on the books you want to

A shocking book about
the rampant growth of
modern technology, as-
serting that we are on
the verge of being de-
humanized by the mate-
rialistic society we have
created.

Published at $3.50

Members pay $1.95

buy — and you buy only the books you want.

THE NOTEBOOKS OF
LEONARDO DA ViINCI

A magnificent record of
Leonardo’s thought as
painter, sculptor, astron-
omer, architect, geog-
rapher and inventor—
illustrated with his
drawings. Originally

published in two vol-
umes, now available in

DIALOGUES OF ALFRED

NorTH WHITEHEAD
A collection of the wise,
human and far-ranging
conversations of the great
philosopher, as recorded
during informal gather-
ings at Whitehead’s

home.

Published at $5.00
Members pay $2.50

SurvivaL THROUGH
DesiGN
A creative humanist of-
fers his diagnosis for the
ills of personal and social
existence, and lays con-
crete plans for the wel-
fare and preservation of
the race.
Published at $5.50
Members pay $2.50

THE WORLDLY
PHILOSOPHERS

one volume.
Orig. pub. at $15.00
Now, members®
price $5.00

GENETICS AND THE
RAcEs OF MAN
“The first modern vol-
ume covering the subject
of physical anthropology
from a point of view
adequate to the scientific
world in which we are
living.”’—Prof. I. Bernard
Cohen, Harvard Univer-
sity.
Published at $6.00
Members pay $2.65

MaN anp His Gobs
Man’s religious beliefs
through the ages are ex-

amined by an outstand-

ing physiologist, and
found wanting. “Learned,
provocative, profund”’—a
modern classic of the
stature of The Golden
Bough.

Published at $5.00

Members pay $2.45

A profound and stimu-
lating presentation of the
lives, times and ideas of
the great economic think-
ers from the 18th Cen-
tury to the present.
Published at $5.00
Members pay $2.50

OPERATIONAL

PHILOSOPHY
A leading spokesman in
the field of general se-
mantics builds a new
and rational system to
link the traditional view-
points of philosophy with
the complex modern

methods of science.

Published at $3.75
Members pay $1.89

Tae Livine BRAIN
A pioneering study which
probes the mysteries of
man’s mind—memory,
sight, thought, personal-
ity—as they are betrayed
by the electrical impulses
of the brain.
Published at $3.95
Members pay $1.89

FHE ROOK FIND cLUB

A TREASURY OF SCIENCE
Over 700 pages by such
eminent scientists as
Lancelot Hogben, Sir
James Jeans, Charles
Darwin and T. H. Hux-
ley. Revised and ex-
panded, with an intro-
duction by Dr. Harlow
Shapley.

Published at $5.95

Members pdy $3.00

FREE FOR JOINING NOW

As an introduction to the Book Find Club you may select any two
books on this page—one as a GIFT BOOK, the other as your first
selection. Simply fill out and mail this coupon today.

PRIMITIVE HERITAGE
An anthology of over 100
articles by outstanding
anthropologists, writers,
psychiatrists and sociolo-
gists—covering all phases
of the behavior of man
in primitive society.
Published at $5.00
Members pay $2.50

THE BOOK FIND CLUB 215 Fourth Avenue, New York 3, N. Y.

Please enroll me as a member and send me the FREE book and first

lection | have indi d (the more expensive book will aut ically
be considered my FREE bookl. lam also to receive each month the
Club's literary magazine, The Book Find Club News. | understand that |
may accept as few as 4 books a year at the special membership prices
(plus 24c postage and handling), and that | may cancel my membership
at any time after purchasing 4 selections or special offers.

(Check any two of the titles listed at the right.)

Name (please print)

Address.

City. Zone State.
(Prices slightly higher in Canada)

SA-9-54
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of virtually all the heat on the earth: the sun

by Jesse L. Greenstein

THE Sux, edited by Gerard P. Kuiper.
The University of Chicago Press
($12.50).

he sun, as the nearest star, is not
| only the source of much of our
knowledge of astrophysics but also
the source of our energy, our weather
and much of what we know about heat,
geomagnetism, cosmic rays, the atmos-
phere and numerous other subjects. For
these reasons this book will interest
scientists and engineers in many fields.
Professor Kuiper has assembled chapters
by 28 authorities on the various aspects
of solar physics. Not all of them are
readily understandable by nonspecialists,
but an excellent balance has been struck
between advanced information and
fundamental background for nonastrono-
mers. The book seems to me quite a bar-
gain—handsomely printed, beautifully il-
lustrated and made available at a com-
paratively modest cost through a subsidy
from the U. S. Air Force. This volume is
the first in a monumental four-volume
handbook which will cover the entire
solar system.

We can think of the sun as a vast lab-
oratory in which matter is subjected to
extremely high temperatures and densi-
ties. At the center it is a nearly perfect
gas. The temperature there is estimated
to be somewhat above 13 million degrees
Kelvin, and the density is about 94
grams per cubic centimeter. At the
visible surface of the sun the tempera-
ture is 5,800 degrees and the pressure
only about a tenth that of the atmos-
phere on the earth’s surface. Beyond the
sun’s surface is an extremely thin en-
velope in which the temperature, curi-
ously, rises to a million degrees. As a
great, whirling ball of gas, the sun has a
highly complex dynamics—far more com-
plicated than that of the earth’s atmos-
phere. Its three main zones—the interior,
the surface atmosphere and the outer
envelope—are so different from one an-
other that they require entirely different
approaches.

Bengt Stromgren, in an excellent in-

troduction to the theory of stellar in-
teriors, derives a new model to describe
conditions in the interior of the sun. A
layman may wonder how it is possible to
talk with confidence about the properties
of matter at such extreme conditions of
temperature, pressure and unobservabil-
ity; the answer is that matter is reduced
to a relatively simple gas of electrons,
protons and alpha particles. Stromgren
deals with the two main physical ques-
tions: the sources of the sun’senergy and
the way in which heat is transferred from
the center outward. He finds that the
main energy source is the proton-proton
chain of reactions that builds helium
[see Fred Hoyle’s article on page 144].
This controlled and efficient hydrogen
bomb produces about eight ergs of
energy per gram per second in the inner
25 per cent of the sun’s mass, and has
done so for at least three billion years.

Because of the high temperature the
transfer of heat outward is predominant-
ly by radiation. In the outer half of the
sun’s radius, however, convection be-
comes important and may have large
effects on the atmosphere and corona.
In addition, the outer layers of the sun
rotate not uniformly, as a solid body
does, but with decreasing angular veloc-
ity toward the poles. Thus the gases have
a fairly complex velocity field. Further-
more, their flow is strongly affected by
the sun’s magnetic fields. Horace and
Harold Babcock estimate from studies of
the Zeeman effect in spectral lines that
the sun has a general magnetic field of
one or two gauss. T. G. Cowling con-
siders the complex problems of solar
electrodynamics, among them the pecu-
liar fact that the huge magnetic fields of
the sunspots (up to 4,000 gauss) appear
and disappear within a few days. Cowl-
ing says: “Solar electrodynamics is a fas-
cinating subject and one which is very
imperfectly understood; but it is also
one in which the probability of being
led astray by seductive theories is very
high.” Nevertheless I recommend his
treatment to the mathematically inclined
for its wit and lucidity, and because of
the new vistas opened on solar and
galactic problems.
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The sun’s atmosphere is paper-thin
compared to its body diameter of
866,000 miles. M. Minnaert offers a de-
tailed model ‘of the atmosphere, which
he deduces to be about 300 miles thick.
According to his interpretation of spec-
trographic studies, between the top and
the bottom of this 300 miles the density
of the gas increases a hundredfold, the
temperature rises from 4,500 to 6,200
degrees and the pressure rises from one
thousandth to nearly one atmosphere.
Minnaert’s model provides a basis for
determining the abundances of the ele-
ments in the sun’s atmosphere.

The most observed but in some re-
spects least understood features of the
sun are the disturbances we can see in
and above the photospheric layers. At
the lowest level are clouds of solar gas
300 miles or more in size, like giant
cumulus clouds, which rise at a speed
of more than a mile per second and dis-
sipate in a few minutes. This continuous
shifting pattern may be connected with
deeper unstable layers. In a beautifully
illustrated chapter K. O. Kiepenheuer
describes the bewildering variety of
phenomena at the higher levels—flares,
faculae, prominences, coronal streamers
and so on. These aspects of the sun’s ac-
tivity affect the earth’s atmospheric and
ionospheric phenomena in so many im-
portant ways that a good deal of govern-
ment and military support has been given
to investigations of them. Magnetic fields
and other forces produce some weird ef-
tectsontheprominences: theyfloatagainst
gravity for weeks; they keep a 5,000-
degree temperature though in the mil-
lion-degree corona; they rain down into
centers of activity; they erupt into space.

The million-degree temperature of the
corona has been confirmed by radio ob-
servations. Radio astronomy has pro-
vided perhaps the most exciting recent
information on the sun. At radio fre-
quencies the “quiet” chromosphere and
corona emit thermal noise, and there
are louder signals from sunspots, flares
and active regions. These outbursts
sometimes increase in intensity by a
factor of 10 million in a few minutes;
correlated motion studies show that the
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region generating the radio noise is mov-
ing outward through the corona with a
speed of 600 miles per second.
I hope these few samples of the con-
tents of this book have whetted the
| reader’s appetite for more. The book will
influence the course of further solar re-
search. It should also be enlightening to
many readers who are not specialists.

INVESTORS—
Announcing a

Complete Summary of

All Value Line Recommendations Short Reviews

ON 613 STOCKS I

You are invited to see the special 16-page
Summary of Recommendations on 613
stocks especially prepared for Value Line
Investment Survey subscribers. In addition
to the latest recommendations on each stock,
this valuable booklet brings you vital in-
formation in handy reference form:

TOMORROW Is ArLreapy Herg, by

Robert Jungk. Simon and Schuster
($3.50). As a U. S. correspondent for
Swiss newspapers Robert Jungk, a for-
mer anti-Nazi underground fighter, be-
came alarmed by our moonbound elec-
tronic technology—by its effect on our

® 1954 estimated earnings and dividends liberties and democratic traditions. There
@ Current dividend yields in prospect for this . . .

year and the years 1956-’58 | is a strong trend in America, he says, to-
® Estimated normal prices for 613 stocks plus

their long-term growth expectancies
® A Value Line Quality Rank on each stock

You may find it profitable to check the
stocks you own or are considering against
this convenient Summary as thousands of
investors do. It puts at your fingertips the
conclusions reached in the 698-page Value
Line Investment Survey. It will help you to
take steps in the critical months ahead to
steer your capital into the strongest stocks.

SPECIAL: You are invited to take advantage of
a special introductory offer that will bring you in
the next four weeks new Ratings & Reports on over
200 stocks and 14 industries. As a bonus you will
also receive the current 48-page issue on Steel &
Electronic stocks and the I6-page Summary at no
extra charge. Among companies to be analyzed in
the next four weeks are:

Int’l. Bus. Mach.
Aluminum Co. of Amer.
Coca Cola

American Tobacco
Int’l. Paper

General Foods

National Dairy Int’l. Nickel
General Mills Kennecott Copper
United Fruit Nat’l. Biscuit

Each of these full-page reports includes
a careful analysis of developments, trends
and prospects for each company; estimates
of earnings and dividends for 1954 as well
as for the 1956-’58 period; a detailed statis-
tical history and price chart; a specific rec-
ommendation.

$5 INTRODUCTORY OFFER

(New Subscribers Only). Includes 4
weekly editions of Ratings & Reports cover- |
ing 200 stocks in 14 industries. It includes
also a Special Situation Recommendation,
Supervised Account Report, 2 Fortnightly
Letters and 4 weekly Supplements. (Annual
subscription $120.)

Plus the 16-page Summary of
Recommendations and the
48-page Steel & Electronic
issue At No Extra Charge.

Send $5 to Dept. SA-2
Name
Address . ....... ..... B - :

City . State

VALUE LINE

Investment Survey

Published by ARNOLD BERNHARD & CO,, Inc.
5 East 44th Street, New York 17, N. Y.

Sunspot appears as a great vortex in
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ward a “totalitarian, technicalized mass
existence.” He unfolds the “tomorrow™
which is “already here” in a series of
horrifying tableaus based on his travels
through our “technological jungle.”
They portray the uranium-plant towns
of the Northwest, where everything is
brand new and spotlessly clean but the
workers have to scrub themselves more
often than Lady Macbeth to wipe out
radioactive stains; the School of Avia-
tion and Space Medicine at Randolph
Field, where an instructor makes the
grim assertion that “man is a faulty con-
struction” for the flying tasks which lie
ahead of him; the White Sands Proving
Ground, where scientists propel fruit
flies and monkeys into the stratosphere
and speak a barbarous rocket jargon; the
town of Ellenton, S. C., where, before it
was razed by the AEC for its Savannah

the granulated photosphere of the sun
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ALL SIX

VOLUMES

RETAIL PRICE IF BOUGHT SEPARATELY $36

The Second World War

by Winston Churchill
Given to you

IF YOU JOIN THE BOOK-OF-THE-MONTH CLUB
NOW AND AGREE TO BUY SIX BOOKS—OF YOUR
CHOICE—DURING THE NEXT TWELVE MONTHS
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THIS EDITION was printed — for the purpose explained below — by arrangement
with the publishers, and not many sets are left. Another special edition is
unlikely — at least in 1954 — since it will take an extended period to print and bind an
edition of such an expensive set. Consequently, to those who are interested, we suggest
that immediate action is advisable. If the edition is exhausted before the order is
received, you will be notified and may then cancel your membership if you wish.

A TRIAL MEMBERSH'P. For an obvious

reason this can fairly be described as an “oppor-
tunity of a lifetime,” for never again can the
writing of such a work by such a personage
recur, and to obtain it without cost is certainly
something extraordinary. The complete set is
offered—in this Trial Membership—to demon-
strate three things about the Book-of-the-Month
Club, important to every book-reading family.

c FIRST: that as a member of the Club you are
kept from missing the important books you want
to read. For example, all six of these Churchill
books were regular Club Selections.

v SECOND: that you get such books from the
Club at a considerable saving. For example, the
regular retail price for each of these Churchill
volumes is $6.00; the price to Club members is
only $4.00. Last year, on the average, the price
paid by Club members for Selections was 27%
less than the retail price.

e THIRD: that, on top of this, each month you
share in approximately $1,000,000 worth of
books, distributed free to members as Book-
Dividends. These six Churchill volumes may be
considered ‘“advanced” Book-Dividends, earned
by the purchase of the six books you engage
to buy later.

CONDITIONS OF THIS OFFER

Y YOU AGREE TO BUY AS FEW AS SIX BOOKS
within your first year of membership from among
the Club Selections and Special Members’ Edi-
tions. During the year at least 100 good books
will be made available to you, from which you
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description of each selection and if you think it
is a book you would rot enjoy, you send back a
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book you may want. Or you may say: “Send
me nothing.”

Y YOU WILL RECEIVE ALL SIX VOLUMES OF
THE SECOND WORLD WAR AT ONCE. They will
be sent with the first book you order from the
Club. For a list of good books from which you
can choose your first selection, please see coupon
at right.
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you remain a member—you will receive a Book-

Dividend with every second book you buy —a
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what each member pays is set aside in a special
fund. This is finally invested in enormous edi-
tions of other books, each of which is a Book-
Dividend sent free to members.

Y YOU MAY CANCEL YOUR MEM-
BERSHIP any time after buying
six books. Membership in the
Club is for no fixed period, con-
tinuing until notice of cancella-
tion is received from the member.
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my sixth purchase, with every second book I buy—from
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being distributed. I have the right to cancel my member-
ship any time after buying six selections from the Club.
After my first year as a member, I need buy only four
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3 books of special

interest to readers of

Scientific American

A4

Science
and the Common

Understanding
the new book by
DR. J. ROBERT OPPENHEIMER

T~ “For those who are willing to
glimpse the physical world as it ap-
pears to a mind freer, more honest,
and far abler than their own, this
book is a moving experience.”’—
Frederick Osborn, deputy U. S. Rep-
resentative, U. N. Atomic Energy
Commission.

JmF “A profound piece of work, dif-
ficult to follow in some places, over-
charged with rhetoric in others, yet
always thought-provoking and often
inspiring.”—The New Yorker §$2.75

P ! p !\_, g

Here 1s the controversial report
on life in our secret citadels
of post-atomic research

Tomorrow Is
Already Here

By ROBERT JUNGK

W~ “One of the most important
books of our time,” says the N. Y.
Times Book Review about this high-
ly personal report on the mechanical
marvels and new social patterns in
25 American outposts of science —
from Los Alamos to the Wilming-
ton laboratories now devising prod-
ucts for use in the 1970’s. Just pub-
lished in 11 countries. $3.50

A4

Reminder to get your copy of

Scientific American
Reader

e~ 57 articles from this magazine
are re-edited to form a unified pic-
ture of today’s body of scientific
knowledge. N. Y. Times calls it “in
every respect a most useful and ex-
citing book.” 626 pages. $6

These books are on sale at all book

stores. Or you can order direct from

SIMON AND SCHUSTER, PUBLISHERS

Department S, 630 Fifth Avenue
New York 20, N. Y.
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plant, a crude board sign was inscribed:

It is hard to

Understand why

Our town

Must be destroyed

To make a bomb

To destroy

Someone else’s town

That he loves just the same
As we do ours. . . .

Surveying our technology in its various
forms, from Madison Avenue word-
mongering to automatic brains, Jungk
concludes: “America is striving to win
power over the sum total of things, com-
plete and absolute mastery of nature in
all its aspects.” Frightened by the pros-
pect, he has returned to Europe.

HISTORY OF STRENGTH OF MATERIALS,

by Stephen P. Timoshenko. Mec-
Graw-Hill Book Company ($10.00).
Based on lectures given for 25 years to
engineering students, this survey by a

| foremost authority traces the develop-

ment of the experimental and theoretical
knowledge of strength of materials from
Leonardo da Vinci, Galileo and Hooke
through the advances of the 20th cen-
tury. It also gives an account of the
history of the theory of elasticity and
theory of structures. The book is written
in an uncluttered style, with clean,
simple technical explanations and a
wealth of interesting biographical mate-
rial. There are good illustrations. It will
appeal to a much wider group of stu-
dents than the mechanical engineers to
whom it is primarily addressed.

THE VovaGE oF THE HERETIQUE, by
Alain Bombard. Simon and Schuster
($3.50). The Hérétique was a horse-
shoe-shaped, inflatable rubber sausage,
15 feet long and 6 feet wide, with a 3-
square-yard dinghy sail and a rudder.
Bombard is a young Parisian physician
who had a passion to demonstrate that,
of the 200,000 persons lost annually by
disasters at sea, many could be saved.
Human endurance, he holds, goes well
beyond the limits normally assigned by
physiological science, and the sea is “rich
in the necessities of life”—potable water
as well as food. Together, the man and
the vessel established this heretical
thesis by making an almost incredible
voyage—a crossing of the Atlantic on his
raft. From Tangier, North Africa, to
Barbados it took him 65 days. Bombard
lived entirely off the sea. He showed that
while you cannot get a fine dinner by
dipping your hat in the Atlantic, you can
survive. He ate raw fish and plankton
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and drank sea water in small quantities,
as well as water pressed from fish. His
craft was followed by a retinue of dol-
phins, some of which became “familiar
acquaintances” to whom he talked at
times. He occupied himself with naviga-
tional duties, daily medical examinations
of himself, studying musical scores and
reading Moliére, Cervantes, Aeschylus
and Rabelais. As he had anticipated, the
most agonizing part of his ordeal was the
fight against loneliness and fear. The
physical privations (he lost 55 pounds)
were secondary compared to the periodic
feelings of despair, the terrors of silence.
The value of Bombard’s experiment to
future castaways is open to question;
few of them will have Bombard’s train-
ing or knowledge, even fewer his lion
heart. But this is a tremendously exciting
story.

DESIGN For DEcisioN, by Irwin D. J.
Bross. The Macmillan Company
($4.25). One of the interesting mathe-
matical developments of recent years is
the extension of statistical procedures to
the making of decisions—a field pio-
neered by the late Abraham Wald. In
the simplest case, if one is faced with
two alternative courses of action, A and
B, each of which admits of a set of pos-
sible consequences (A;, Ay, Az . . .),
(By, By, B3 . . .), one can draw upon
mathematical techniques to evaluate the
probabilities of each result and of each
sequence of results. This is called think-
ing in terms of probability event chains.
The next step is to establish a value sys-
tem by means of which one can assign
measures of desirability to different out-
comes. Each scale of measures will cor-
respond to a basic criterion of value. For
example, one might decide that minimiz-
ing the maximum risk is the overriding
consideration, or, on the other hand, that
a course maximizing the expected gains
is preferable even if its risks are much
greater. The method known as statistical
decision, of which this book gives a
popular account, involves the “integra-
tion” of the prediction and value sys-
tems, thus producing a decision-making
machine.” Feed the machine the neces-
sary facts, turn the crank, and recipes
for prudent courses of action will
emerge. There has been a good deal of
ballyhoo about the promise of this pro-
cedure, which is obviously linked to
other fashionable pursuits such as opera-
tional research, applied game theory, in-
formation theory and so on. Statistical
decision can serve the manufacturer and
the military strategist; its usefulness in
other areas of human affairs has yet to be
demonstrated. Bross explains some parts
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THE SCIENTIFIC REVOLUTION

By Rupert HaLr, Cambridge University. An intro-
duction to the historical processes at work in the emer-
gence of modern science as the most pregnant feature
of Western civilization. Science in 1500, new currents,
attacks on tradition in mechanics and astronomy, ex-
periment in biology, the organization of scientific in-
quiry in the 1600’s, technical factors, the Principate of
Newton, descriptive biology and systematics, the ori-
gins of chemistry, and experimental physics in the
1700’s. Ready, October 1954. 425 pp. 6 by 95", Illus-
trated. $4.25.

PLANT LIFE IN MALAYA

By R. E. HoLtruwM, University of Malaya. Evergreen
Malaya; roots and stems ; bamboo, ginger, and orchid ;
tubers; vegetative propagation; flowers and hybrids;
fruits and seeds; bananas; grasses; the pigeon orchid;
nest-ferns; terrestrial ferns; climbing plants; parasites
and saprophytes; water plants; plants and ants; the
Malayan forest. 1954. 254 pp. 534 by 834”. 51 figures.
$3.00.

MALAYAN ANIMAL LIFE

By M. W. F. TwegEDIE, Raffles Museum of Singapore,
and J. L. Harrison, Institute of Medical Research,
Kuala Lumpur. All forms of animal life from inverte-
brates to mammals, including littoral forms. 1954. 240
pp. 534 by 834”. Figures and plates. $3.50.

AFRICAN INSECT LIFE

By S. H. Skartrg, President of the Royal Society of
South Africa. The whole range of African insects from
primitive forms to moths and butterflies. 1954. 376 pp.
614 by 10” Figures. 58 plates, five in color. $12.00.

RHODESIAN WILD FLOWERS

By R. A. S. MarTINEAU, National Museum of South-
ern Rhodesia. An introduction to the wild flowers of
Central Africa, with identifying features of more than
a hundred flowers given in colored plates. 1954. 128
pp- 924 by 12”. 35 plates in color. $8.00.

ECONOMIC GEOGRAPHY OF
WEST AFRICA

By F. J. PEpLER, United Africa Company, Ltd. Chiefly
on Nigeria, the Gold Coast, Sierra Leone, and the Gam-
bia. All phases of the production and distribution of
commodities. 1954. 240 pp. 534 by 834”. Figures and
plates, part in color. $3.25.

LONGMANS, GREEN AND CO.,

55 Fifth Avenue

GERMAN MARXISM AND
RUSSIAN COMMUNISM

By Joun PramenaTz, Oxford University. An exposi-
tion and criticism of the social and political theories of
Karl Marx, explaining how the Russian communist or
Bolshevik doctrines arose out of them. 1954. 416 pp.

534 by 834”. $4.25.

INTERNATIONAL ECONOMICS,
1850-1950

By Wirriam AsawortH, London School of Eco-
nomics. A history, covering mechanization and growth
of production, business management and organiza-
tion, labor, government and economic life, and the vari-
ous phases of international economic relations. 1952.

256 pp. 534 by 834”. $3.25.

SEVENTEENTH CENTURY FRANCE

By Joun~ LoucH, University of Durham. A sketch of
the social and political history and the literary back-
ground of seventeenth century France, illustrated by
passages in the original French from well-known and
less familiar literary works. 1954. 534 by 834”. Maps
and plates. $3.75.

CATHERINE THE GREAT and Other Studies

By G. P. GoocH. Studies of Catherine, of the Paris
salons of Mmes. Geoffrin, Necker, du Deffand, and

de Lespinasse, of Voltaire, and of the Iron Chancellor.
1954. 312 pp. 534 by 834”. Plates. $5.00.

THE AGE OF ABSOLUTISM,
1660-1815

By Max Berorr, Oxford University. The European
scene, France, Spain and Portugal, Prussia and Aus-
tria, Russia and Poland, the maritime powers and the
American Revolution, and absolutism in transforma-
tion. Hutchinson’s University Library. 1954. 187 pp.
5 by 715”. 2 maps. $1.80 (text) and $2.40 (trade).

THE FEUDAL KINGDOM

By Frank Barvcow, University College, Exeter. The
second volume, in chronological sequence, in the series
(nine volumes projected), A History of England,
edited by W. N. MepLicoTT [The Tudor Age by JAMES
A. WILLIAMSON, in this series, was published in 1953
at $5.00]. The reign of Edward the Confessor, the Nor-
man Conquest, the Anglo-Norman kingdom, Norman
rule, social changes, reestablishment of the monarchy,
the Angevin empire, and the Angevin despotism. Ready,
September 1954. 480 pp. 534 by 834”. Maps. $5.00.

Inec.
New York 3, N. Y.
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MAKES IT EASY TO
LISTEN and LEARN to

With LINGUAPHONE—World’s Standard Conversational Meth-
od—You €an Start to SPEAK another language TOMORROW!

For just 20 Minutes a Day you listen
to Linguaphone's MODERN Record-
ings. They make it easy—AND FUN
—to learn another Ianr]quage AT
HOME—the same natural way you
learned to speak before you went
to school.

You Listen, You Understand,
You SPEAK

It's like living in a foreign land,
you hear native men and women
converse about everyday matters
with a 1954 vocabulary. You acquire
a true accent no textbook can teach.

Exciting Business, Travel Oppor-
tunities here and abroad, Lingua-
phone Method is used the world
over by schools, colleges, govern-
ments, large business firms. Over
1,000 000 home study students.

Stop Wlshlnq—Sfarf Talking! WRITE FOR FREE
BOOK, ''Passport to a New World of Opportunity."
Linguaphone Institute, 309 RCA Building, N. Y. 20.

Mail Coupon Now
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LANGUAGE
TEACHER
FOR 30 'I'E;RS

Linguaphone_Institute
309 RCA Building, New York 20, N. Y.

I
I Please send me your FREE book.
| Language Interest .

| xame ..

| Adaress .........

...Zone...... State..

Leaders for 50 Years in Up-to-
I Date Modern Language Courses

\_Nh_ere do Ideas come from?

How are ideas created? What role does the uncon-
scious play? Are ideas best developed through
word-reasoning, mathematical-reasoning, or visual-
ization? Why has Poincaré’s “forgetting-hypoth-
esis” proved such a powerful method for illuminat-
ing new ideas? How did Helmholtz’s “rest-hypoth-
esis” help him? Tor just $1.25 you can own a
copy of

Jacques Hadamard's
Psychology of Invention
in the Mathematical Field

. which discusses these and many similar questions.
is non-technical 156-page book can help you produce
ideas more efficiently no matter what your field is; it is
a fascinating volume for scientists, psychologists, engineers,
writers and researchers. Includes case histories of I’ascal,
Dalton, Descartes, Max Muller, I’aul Valery, et al. Also a
special letter from Albert Einstein, which analyzes in de-
tail his own thinking processes. Unabridged rexsaue
per, $1.25

2. ANALYSIS OF MATTER by Bertrand Russell. Modern
physics revealed through our perceptions. ‘‘One of the best

Mr. Russell has given us.””—London Times. 408 pp. Denonn
iutroduction. Save $2.10 on paperbound edition.

Taper, $1.85
3. NATURE OF PHYSICAL THEORYgby P. W. Bridg-
man. Nobel Prize Winner. Fallacies ﬁ‘n modern mathe-
matics, T lativity. cosmogony, wave mechanics, etc. 144 pp.
Save Paper, $1.25

4. DESIGN & USE OF INSTRUMENTS AND AC-
CURATE MECHANISM by T. N. Whitehead. Underlying
principles of robots, industrial gauges, machinery, etc.,
with excellent (l\apters on bias, errors, and suggestions for
new designs. 295 pp. Save $1.55. Paper, $1.95

5. ELECTRICITY & MAGNETISM by James Clerk Max-
well. Unabridged reissue. 1056 pp. Ill. Two volumes bound

as one. Cloth, $4.95
Dover Pub., Dept. 2, 920 B’way, N. Y. 10, N. Y.
Send books circled: “PSYCHOLOGY OF INVEN-
TION" 2 3 4 5

Book(s) returnable in 10 days for full cash refund.

NAME .

ADDRESS .

CITY. ... ZONE...... STATE......

I enclose $............ in full payment. (Add 10c per book

to cover transportation and handling.)
R
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of the method very well, but he is apt to
labor self-evident matters while leaving
the reader hung up on sharp technical
hooks.

SOME AspecTs OF THE CONFLICT BE-
TWEEN SCIENCE AND RELIGION, by
H. H. Price. Cambridge University Press
(75 cents). This is an A. S. Eddington
Memorial Lecture by the Wykeham Pro-
fessor of Logic at Oxford University. The
scientific outlook has to all appearances
“won a complete or almost complete vic-
tory” over the religious, at least among
educated people of the Western world,
says Price. But at the very moment of
victory a new force which may indirectly
bolster the religious cause has entered
the contest. It is psychical research,
which has discovered certain “queer and
disconcerting facts” that do not square
with scientific beliefs as to the range of
mental powers. While these facts do not
justify the conclusion that the religious
conception of human personality is the
right one, they do justify the conclusion
“that it is not certainly and obviously
false,” according to Price. In other
words, religion is to justify its transcen-
dental claims on the basis of the ability
of some men to see through the backs of
playing cards, to predict the fall of dice,
to sense the death far away of Uncle
Clarence; and if science validates these
phenomena, religion itself can aspire to
the rank of a respectable scientific
theory. An extraordinary conception.

SNO\V CrystaLs, by Ukichiro Nakaya.

Harvard University Press ($10.00).
The first scientific records of snow crys-
tals were sketches published in Amster-
dam in 1635 by Descartes. Thirty years
later Robert Hooke presented drawings
of snow and frost crystals based on
microscopic observation. From time to
time thereafter studies of these exquisite
water jewels were published by various
persons—Martens, the German Arctic
traveller; Rossetti, the Italian mathema-
tician; Scoresby, the English whale-
fisher; Toshitsura Doi, a feudal lord of
Japan; Hellmann of Berlin and Norden-
skjold of Stockholm, meteorologists. The
American W. A. Bentley devoted his
whole life to the making of some 6,000
photomicrographs of snow crystals. His
astonishingly beautiful pictures were
widely reproduced and introduced many
persons to a fascinating subject. This
book by Nakaya represents 20 years of
patient research by the author and his
colleagues at Sapporo and Mount To-
kachi near the center of Hokkaido Is-
land, Japan. It contains upwards of
1,500 photographs, some 200 charts and
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HIGH FIDELITY SIMPLIFIED

The complete Hi Fi story! Answers all questions
about Hi Fi tuners, amplifiers, tape recorders,
speakers, record players and changers. 224

(52" x 8"2") pages, soft cover, only $2.50.

HOW TO SERVICE TAPE RECORDERS

Everything you need to know about a tape re-
corder! Recording heads, drive mechanisms, cir-
cuits. Practical suggestions for troubleshooting.
176 (52" x 8'2") pages, soft cover, only $2.90.

INTRODUCTION TO COLOR TV

A down to earth explanation of color TV, in
clear, understandable language. Covers the
whole system: wavelengths, frequencies, pri-
144

mary colors, brightness, hue, saturation.
(5'2" x 8'2") pages, soft cover, only $2.10.

COLOR TV DICTIONARY

The first complete explanation of color TV
terms! Everyone interested in color TV must
read this! More than 50 illustrations! 72 (5'2" x
8'2") pages, soft cover, only $1.25.

GUIDE TO AUDIO REPRODUCTION

Covers design, construction, assembly, and
testing of sound reproduction systems; explains
circuitry of pre-amps and amplifiers. Also in-
cludes circuits for home construction of sound
reproduction units. 250 (5%2" x 8%2") pages,

soft cover, only $3.50.

FUNDAMENTALS OF TRANSISTORS

An expert explains, in practical terms, basic
transistor characteristics and operation. For
every engineer, hobbyist, student! 144 (52" x

8'2") pages, soft cover, only $2.70.

HOW TO LOCATE AND ELIMINATE
RADIO AND TV INTERFERENCE

Fred Rowe, of the Northern California Electri-
cal Bureau, tells how he located sources of
radio-TV interference, and what he did to
eliminate them. Not a theory or "perhaps"
book—tells what to do! 128 (52" x 8'2") pages,
soft cover, only $1.80.

HOW TO USE METERS

Everything about using meters! What to use,
where to use it, how to use it! Everyone inter-
ested in electronics, from engineer to hobbyist,
should have this book! 160 (52" x 8"2") pages,
soft cover, only $2.40.

RIDER BOOKS FOR INDUSTRIAL TRAINING
A specially designed series that provides
"basic" coverage of electrical and electronics

Written in clear, "down to earth”

subjects.
language, these books are ideally suited for
use in industrial training programs. For com-
plete details and list of titles, write to:
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Jow E Rueg »+:

480 Canal Street

New York 13, N. Y.



diagrams, together with a text which dis-
cusses the method of observation of
snow crystals and the frequency of oc-
currence of the major types, their physi-
cal properties, artificial production of
frost and snow crystals, the mechanism
of snow-crystal formation in nature and
kindred topics. Bentley’s images, on a
black background, gave an effect “like
a diamond placed on velvet.” Nakaya
and his group, like Bentley, used trans-
mitted light but gave up the black back-
ground and by a skillful use of oblique
illumination were able to bring out the
ruggedness of the crystal surface as well
as the boundary shape and the internal
structure. Their pictures unquestionably
are the finest ever made. The text,
though dense in scientific details, will
give pleasure to anyone who enjoys read-
ing about the difficulties, the intricacies,
the rewards of meticulous research. An
exciting, stunningly beautiful book.

HE PoTATO IN HEALTH AND DISEASE,

by T. Whitehead, T. P. McIntosh
and W. M. Findlay. Oliver and Boyd
(60 shillings). This is a revised and en-
larged edition of an old handbook. No
agricultural crop, the authors point out,
possesses so wide an appeal as the po-
tato. It is the staple food in some coun-
tries and is important in almost all; in its
“monstre” form it “vies with the weather,
the vegetable marrow and fish which just
escaped the angler’s gaff, as an antidote
for melancholia and a lucrative subject
for the professional humorist.” The po-
tato yields several times its own weight
of produce, however clumsy the grower’s
thumb and crass his ignorance. It is also
the object of unfriendly attention of
armies of beetles, bugs, flies, moths, lice,
centipedes, slugs, thrips and worms, the
victim of various blights, rots and other
diseases which are the subject of solici-
tous researches by agricultural scientists
the world over. This valuable com-

pendium provides data of use to “seeds- |

man and scientist, farmer and frier, stu-

dent and salesman.”
A\I AvERICAN IN Eurorg, by Egon
Larsen.  Philosophical  Library
($4.75). This is a diverting account of
the life of Benjamin Thompson, Count
Rumford, the remarkably gifted Ameri-
can whose accomplishments ranged
from a famous recipe for potato soup to
the demonstration of the quantitative re-
lation between heat and work. Born a
farmer’s son at North Woburn, Mass., in
1753, Thompson by the time he was 27
was Undersecretary of State in Lord
North’s Government, and three . years

later was knighted—partly as a reward |
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Paul Hupperts, Conducting
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Otto Ackermann, Conducting

BACH

Toccata and Fugue in D Minor,
A. Schreiner; Organ of the
Tabernacle, Salt Lake City

WAGNER

Die Meistersinger, Prelude, Act 1,
Zurich Tonballe Orch.,
Otto Ackermann, Conducting
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Sorcerer's Apprentice,
Utrecht Symphony,
Paul Hupperts, Conducting

MOUSSORGSKY

Night on Bald Mountain,

Netherlands Philbarmonic

Walter Goebr, Conducting
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ANALYSIS of DEFORMATION

Mathematical Theory

Keith Swamger. Original, widely applica-
ble method of analyzing deformation of
solids. Formulates a mathematically linear
theory for all amorphous, continuous sub-
stances using three reference frames

$12.75
SERVOMECHANISMS

Jobn C. West, Gives a simple, step-by-
step examination of basic principles of au-
tomatic controls and their many possible
variations. Contains all necessary mathe-
matical analyses. 140 charts and graphs.

$5.00
DESIGN for DECISION

Irwin D. ]. Bross. First clear explanation
of the meaning of Statistical Decisions.
Examines underlying scientific method and
the many potent statistical tools already
used successfully. $4.25

FLAMES

Their Structure,

Radiation, and Temperature

A. G. Gaydon and H. G. Wolfhard.
Detailed, advanced study of the prm-
ciples governing the Physxcalﬂproc
esses occurring in stationary arrllcs.
Covers measurement of flame ve oc;
ity and high temperatures, theories 0

ion, carbon formation,
B o aad 1 tion.Illus. $11.00

ionization,and radia

Refractory Hard Metals

bwarzkopf and Rifbard
;‘;gflfef.c Full critical evaluation of
modern data on the structure, prega-
ration, and properties qf carbides, bo-
rides, nitrides, and silicides. Compares
their performance at very high tem(-1
perature with that of alloy;lgx(x)o
ceramics. 1llus. .

APPLIED THERMODYNAMICS

V. M. Faires, Unusually inclusive treat-

ment of theory and engineering applica-

tions. All topics graphically illustrated.
$6.00

ELEMENTARY THERMODYNAMICS

V. M. Faires. Concisely covers the field by
stressing only basic principles. $4.40

Theory and Practice of Heat Engines

Virgil M. Faires. Discusses heat power
applications emphasizing the use of the
general energy equation. $5.25

60 FIFTH AVENUE, NEW YORK 11, N.Y. |
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for his services as a paid informer on
American military matters, partly be-
cause of his good looks and pretty ways.
Thereafter he entered the service of the
elector of Bavaria as a political adviser
and administrative reformer. He set up
workhouses for beggars in Munich,
established industrial schools, drastically
reorganized the army so that others be-
sides roughs and scoundrels were willing
to serve in it, designed and built
Munich’s celebrated “English Garden,”
invented a new type of kitchen range,
conducted cannon-boring experiments,
held office simultaneously as the Min-
ister of War, Minister of Police, Major
General, Chamberlain of the Court and
State Councilor of Bavaria, and enjoyed
not only the fervent admiration of the
population but also the more tangible
esteem of the Elector, who made him an
Imperial Count. On a visit to London he
introduced the “Rumford Stove,” which
is still the most common type of fireplace
in England. Another of his creations was
the Royal Institution, which he con-
ceived as a practical organization for
diffusing the knowledge of “useful me-
chanical inventions” and for teaching
the application of science “to the com-
mon purposes of life.” Rumford was a
difficult and contradictory man. He had
genuine sympathy for the wretched in
the large, but he abandoned his first
wife, ruined the life of his daughter Sally
by frightening off her suitors and di-
vorced his second wife, Lavoisier’s
widow, whom he called “a female drag-
on.” In 1814 he died of a “sudden violent
fever.” Larsen’s readable biography
gives a good picture of the man and of
his relation to the life of his time.

NTRODUCTION TO THE PSYCHOLOGY OF
Music, by G. Révész. University of
Oklahoma Press ($4.00). By psychology
of music is meant the study of such mat-
ters as the concept and testing of musical
capacity, the variants of musical talent
and its relationship to mathematical and
other aptitudes and talents, the develop-
ment of musicality, the inheritance of
musical capacities, the receptive and
productive musical accomplishments of
the deaf, the pathology of musical per-
ceptivity. All these problems are here
treated by a Dutch scientist who has car-
ried out extensive researches in the
psychology of sound and music. An in-
troductmy section presents a summary
of what is known of the physical and
physiological basis of sound.

[ ‘X 71iLp FLowERs oF WESTERN PENN-

sYLVANIA AND THE UppPErR OHIO

ooks
you will want

for
your library

PICTORIAL ASTRONOMY

By Dinsmore Alter and Clarence H.
Cleminshaw e For everyone who feels
the lure of the heavens—a lavishly illus-
trated book on the wonder of the skies.
“One of the soundest, most complete and
readable efforts in the field of astronomy
. . . Astronomical photography at its
best.”—Natural History. $5.00

THE SCIENCE
OF COLOR

By the Committee on Colorimetry
of the Optical Society of America o
“An outstanding book in the field of
color . . . you cannot afford to miss it
... This will be a standard reference on
colorimetry for many years to come . . .
There are 25 handsome color plates, over
100 black-and-white illustrations, and
40 tables.”—Science Magazine. Large
size, 675" x 934”. $7.00

KING SOLOMON’S RING

By Konrad Z. Lorenz. Foreword by
Julian Huxley ® A world-famous natu-
ralist passes on his intimate knowledge
of the many animals and birds who have
befriended him. “A charming, original
and immensely informative book. Lorenz
is simply a wonder.”—Scientific Ameri-
can. Illustrated. $3.50

EXPERIMENTS

WITH ATOMICS

By Nelson F. Beeler and Franklyn
M. Branley. Illustrated by A. W.
Revell o Perfect for the budding scien-
tist or anyone who wants a basic, step-by-
step explanation of the nature of the
atom. These simple experiments make
clear the principles of the Geiger coun-
ter, the intricacies of the cyclotron, the
composition of the various elements, and
the principles of atomic energy. $2.50

A LINE-FORMULA
CHEMICAL NOTATION

By William J. Wiswesser ® Here is a
new technique for handling data about
chemical compounds. By the use of this
chemical notation even complicated
chemical structures may be expressed
concisely and without ambiguity in a
single line of letters, numbers, and punc-
tuation marks. It provides a way of in-
dexing chemical compounds and prevents
confusion in nomenclature. $2.00

Order direct from publisher. Return
privileges for refund within ten days
if not satisfied.

THOMAS Y. CROWELL COMPANY
Dept. SA, 432 Fourth Ave., New York 16

Basiy, by O. E. Jennings. University of | s——
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TEMPERATURE
MEASUREMENT
in ENGINEERING

Volume |

By H. DEAN BAKER, Columbia Univ.;
E. A. RYDER, Pratt & Whitney Aircraft;
and N. H. BAKER, Columbia Univ.

Presented here are all the facts and data
needed to design, construct and operate a
temperature measurement installation prop-
erly. This practical book also provides a
complete list of the techniques to be em-
ployed, the proven methods of analysis, a
survey of previous designs, the specific in-
formation required for execution and an
extremely well-developed procedure to fol-
low.
1953 Illus.

179 pages $3.75

THE MOLECULAR
THEORY OF
GASES and LIQUIDS

By J. O. HIRSCHFELDER, C. F. CURTISS,
and R. B. BIRD with the assistance of the staff of
the University of Wisconsin Naval Research
Laboratory
This important new work treats equilibrium
and nonequilibrium statistical mechanics in a
unified manner, connecting the two through
fundamental theory and physicochemical appli-
cations. The material is arranged so that the
reader interested solely in applications can use
this book without necessarily investigating the
theoretical background.
1954 1219 pages

X-RAY DIFFRACTION PROCE-

DURES, by HAROLD P. KLUG and LEROY ALEX-
ANDER, both of the Mellon Institute. First com-
plete work on all the major applications of
X-ray diffraction to polycrystalline materials—
for both beginner and experienced worker.
1954 716 pages Illus. $15.00

ENGINEERING ANALYSIS; An intro-
duction to Professional Method, by D. W. VER
PLANCK and B. R. TEARE, JR., both of the Carne-
gie Institute of Technology. Shows how typical
problems are solved by engineering thought
processes and how the engineer arrives at the
logical way to proceed with maximum efficiency
and accuracy and minimum effort.
1954 344 pages Ius.

THE KINETIC BASIS OF MOLEC-
ULAR BIOLOGY, by FRANK H. JOHNSON,

Princeton Univ.; HENRY EYRING, University of
Utah; and MILTON J. POLISSAR, City College of
San Francisco. The first book in which modern
reaction rate theory, developed since 1935, is
extensively and systematically applied to the
interpretation of biological reactions.

1954 874 pages Ilus. $15.00

Werite today for ON-APPROVAL copies.

Illus. $20.00

$6.00

JOHN WILEY & SONS, Inc.

440 Fourth Avenue New York 16, N. Y.

Pittsburgh Press ($60.00). These two
impressive volumes represent a notable
achievement of the science of botany
and a happy collaboration of author, il-
lustrator and bookmaker. O. E. Jen-
nings, director emeritus of the Carnegie
Museum of Pittsburgh and retired head
of the University of Pittsburgh’s biology
department, spent 50 years gathering
the material for the text of the first vol-
ume, one of the finest accounts ever
given of a single botanical region. His
presentation includes a botanical history
of Pittsburgh and the western Alleghany
plateau, sections on the geology, physi-
ography, climate and plant geography
of the region, a bibliography, an excel-
lent gazetteer, distribution maps for all
species, meticulous descriptions of each
flower, information as to the places
where it can be found, when it blossoms
and so on. The 200 water colors com-
prising the second volume are by the
late Andrey Avinoff, Jennings’ predeces-
sor as director of the Carnegie Museum
and, at a somewhat earlier date, a gentle-
man-in-waiting to Tsar Nicholas, and a
“passionate lepidopterist.” (On a butter-
fly hunt in Tibet Avinoff made a happy
man of Baron Rothschild of England by
finding on a white Tibetan mouse a rare
flea long sought by the Baron to com-
plete his vast collection.) AvinofF’s paint-
ings, the specimens for which were
picked by Jennings and brought to the
artist while still fresh, are bold, hand-
some and admirably faithful in display-

ing the important taxonomic features.

MERICAN SEASHELLS, by R. Tucker
Abbott, with illustrations by Freder-
ick M. Bayer, D. Van Nostrand Com-
pany, Inc. ($12.50). This recent addi-
tion to Van Nostrand’s New Illustrated
Naturalist Series is a treasure. It is a
book, as Abbott says in his preface, that
belongs to the amateurs because their
enthusiasm and curiosity have dictated
its contents. Abbott presents an excellent
natural history of seashells which tells
you what mollusks have meant to man
and vice versa; how snails grow, feed,
breathe, reproduce; how clams burrow
and swim; how the squid and octopus
make their living. He tells you also how
to collect seashells and how to identify
them. The bulk of the book is devoted to
identification of the various forms by
means of clear, authoritative descriptions
and a rich assortment of illustrations, in-
cluding 24 color plates.

D/[USIC THERAPY, edited by Edward

Podolsky. Philosophical Library
($6.00). A collection of articles on the
uses of music in the treatment of emo-
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PHILOSOPHICAL
LIBRARY BOOKS

[d JET by Sir Frank Whittle. This book is primarily the
historic story behind the world’s first successful jet air-
plane. The author, who in 1930 had applied for his patent
for a turbo-jet engine, here sets on record with character-
istic modesty his own courageous pioneer work. $6.00

3 THE MICROPHYSICAL WORLD by William Wilson.
The greater part of the book is devoted to present day
knowledge about atoms and molecules, their structure and
behavior and about still smaller things such as protons,
neutrons, electrons, positrons, etc. $3.75

[JAETHER AND ELECTRICITY (VOLS. | & II) by Sir
Edmund Whittaker. The first volume describes the classi-
cal theories current before 1900. The second volume de-
scribes the Modern Theories from 1900 to 1926. Set of
two volumes. $17.50

[ SAILING AERODYNAMICS by John Morwood. This
book is intended for the yachtsman who does not wish to
study the mathematics of the subject but is interested in
using, to his best advantage, the forces created by _the
wind flowing around his boat. $7.50

C THE CONCEPT OF SCHIZOPHRENIA by W. F.
McAuley. This book estimates present knowledge of schizo-
phrenia, assesses its historical background and evolution,
and indicates the importance of heredity and en\'ironlg\gn;5

[0 SOIL by G. V. Jacks. The author describes in simple
language the basic properties of all soils, and how these
vary according to the conditions unde hich a soil is
formed. He shows that soil structure is a highly complex
phenomenon, and that man is the most powerful agent act-
ing on it, with immense powers to enrich it. It is shown
how the common agricultural operations affect the biology
and thereby the plant-producing capacity of the soil. Chap-
ters are also devoted to the important questions of soil
erosion and soil and land classification. $

[0 THE NEW WARFARE by C. N.
Barclay, known to many as Editor of
terly’”’, discusses and develops the theme that the existing
conditions in world affairs amount to war, the new war-
fare, not a full-scale shooting contest, but the modern sub-
stitite of propaganda, underground activities, armed
threats and limited war by proxy. $2.75

O THE DEAF AND THEIR PROBLEMS by Kenneth W.
Hodgson. In this short, general study of the problems of
deafness, Mr. Hodgson shows how a considerable section
of the community has been enabled to overcome a disability
that once seemed hopeless. $6.00

Barclay. Brigadier
“The Army Quar-

[J THE HIDDEN LIFE OF FLOWERS by J. M. Guil-
cher. In no other work of this type has there appeared
such astonishing and brilliant photography. One can say
that the very soul of the Flower has been caught by the
camera. Each illustration here is a little masterpiece. This
story is unique in that it presents—in clear text and graphic
picture—the very birth, life and death of the living plant.
103 photogravure illustrations. $4.75

[ THE LOST VILLAGES OF ENGLAND by Maurice
Beresford. This book, the first of its lktind, is an impor-
tant contribution to economic history and historical geogra-
phy as well as a novel guide-book to an unexplored part of
the English countryside; and it will doubtless become a
standard work on this fascinating subject. Maps and
Plans. $12.00

[ FORBIDDEN LANDS by Gordon Cooper. In this vivid
and striking book Mr. Cooper is not concerned with politi-
cal barriers, but with the secrets of the remote corners of
the world, guarded by mountains and deserts, and hostile
peoples: the heart of Asia, golden Samarkand; the ‘‘Empty
Quarter’’ of Southern Arabla North Burma and Formosa'
of the headhunters, “The land of death and diamonds” in
South-West Africa, the Great Sand Sea and its legendary
town with iron gates, the lost world of South America,
Arnhem Land in equatorial Australia, unexplored Tierra
del Fuego, the Arctic and the roof of the Caucasus.  $4.75

. ART OF ASIA by Helen Rubissow. Here, in amazingly
compact form, is a swift, far-flung survey of Oriental art
from the earliest times to the present. The art of each
country is traced, briefly, from its earliest surviving relics
to its most sophisticated masterpieces. But this is more
than just a chronological record. The great works of each
race and period are related precisely, by historical data,
to the rise and fall of the civilization which produced
them. All the fine arts receive consideration here—from
preluqtorlc artifacts dug up by archeologists, through
mosaics, sculpture, and architecture. As perhaps the old-
est art, painting receives the fullest treatment, reaching
its glorious climax in the silk paintings of China and the
screen paintings of Japan. OQuver 100 illustrations. 6.00

0 THE ART OF PRIMITIVE PEOPLES by J. T. Hooper
and C. A. Burland. Primitive Art, bizarre and beautiful,
is the subject of this book; the authors have presented the
magic and mystery which lie behind the mental processes
of the artists of other civilizations. 116 illustrations. $7.50

[0 THE ART AND ANTIQUE RESTORERS’ HANDBOOK
by George Savage. This book is the result of the author’s
many years’ experience handling works of art of all kinds,
during which he carefully recorded the numerous problems
met with in both preservation and restoration, and the vari-
ous methods by which these problems have been resolvg(‘i.75

[J TOBACCO DICTIONARY. Compiled by Raymond Jahn,
This book seeks to bring to the smoker the interesting,
curious and necessary facts relating to the history, manu-
facture and use of tobacco. $5.

MAIL THIS COUPON TODAY

PHILOSOPHICAL LIBRARY, Publishers
|5 East 40th Street, Desk 96, New York (6, N. Y.

Send books checked. To expedite shipment I enclose
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NEW
REVISED
EDITION!

W

AT
CONDUCTION

WITH ENGINEERING
GEOLOGICAL AND
OTHER APPLICATIONS

By Leonard R. Ingersoll, Otto J.
Zobel, and Alfred C. Ingersoll

The present edition is supple-

mented by two new chapters giving
the latest applications to a theory
which has proved its timelessness
in spite of the contemporary em-
phasis on other fields of physics.
The heat pump, the most modern
system of year-round air condition-
ing, is discussed at length in Chap-
ter 13. The authors’ theory (now
generally accepted) on the use of
the ground as a source of heat for
the heat pump is treated with much
detail and is probably the most im-
portant single feature of the book.
The mathematical theory of drying
of porous solids is given in Chap-
ter 14 and also an introduction to
the Terzaghi theory of soil con-
solidation, a matter of growing im-
portance to those interested in soil
mechanics. 340 pages. $5.00.

The University of

Wisconsin Press

811 State Street
MADISON 5, WISCONSIN

166

music therapy has been more and more
y

tional and physical disorders. Aristotle |
ascribed the beneficial effects of music |
to an emotional catharsis. The Roman |
writer Cassiodorus stated that “it doth |
extenuate fears, furies, appeaseth cruel-
ty, abateth heaviness, and to such as are
watchful it causeth quiet rest.” Pythag-
oras lauded music as a therapeutic
agent. Celsus, a Roman physician, used
it to treat the insane. In recent years

widely employed in mental institutions,
and the papers in this book describe in-
dividual cases and programs. Podolsky
reports on musical “cures” for dementia
praecox and on the marked improve-
ment brought about in a case of catatonic
schizophrenia by “daily doses of
Chopin’s works.” Ira Altshuler gives an
account of music therapy at the Wayne
County General Hospital, where much
use is made of the “iso” principle, i.e.,
the mood or tempo of the music must be
fitted to the mood or tempo of the mental
patient. Clinical psychologists discuss
the melodic treatment of depression,
anxiety, high blood pressure, gastric dis-
orders and emotional fatigue; and a
group of surgeons explain the use and |
therapeutic value of music in the hos-
pital and operating room. It is reported
that Gilbert and Sullivan’s Trial by Jury,
together with selections from Bach,
Beethoven, Brahms and Bizet, cleared
up the “morbid depression” of an un-
fortunate chap who had failed to win a
promotion he had been expecting for |
three years. Gounod’s Soldiers’ Chorus
and Rimsky-Korsakov’s Flight of the
Bumblebee are recommended for “mod-
erating hatred brought on by any cir-
cumstances.” For intense feelings of
jealousy Antheil’s Piano Sonata No. 4,
Bizet’s Fair Maid of Perth Suite and
Scarlatti’s Cat’s Fugue are urged as
specific antidotes. The music of Wayne
King, Sammy Kaye, and the singing of
Vaughn Monroe are, it is said, the very l
thing to dispel the tension of patients |
waiting to be wheeled into the operating

room.

HE PrINCIPLES OF PHYsicAL OpPTICS,

by Ernst Mach. Dover Publications,
Inc. ($3.50). This is an unabridged re-
publication of the English translation of |
a work whose purpose Mach described
in the preface as follows: “I have en-
deavored to show, from a critical and
psychological standpoint, how the ideas
concerning the nature of light have been
moulded at the hands of prominent in-
dividual workers, what transformations
these ideas have had to undergo on ac-
count of the revelation of new facts and
by reason of the views associated with
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for scientists

*

I.

MODERN
EXPERIMENTS
IN

TELEPATHY

By S. G. Soal and F. Bateman

e After 17 years of research in
this controversial field, two British
mathematicians present what may
be the first irrefutable evidence
that mental telepathy is as real as
electricity. They describe their
own experiments in detail, empha-
sizing the extreme precautions
taken to exclude sensory cues, self-
deception, and statistical artifacts.
Because of the extreme care taken
in its preparation, this report of
their results will raise serious
questions in the minds of many
who hitherto have refused even to
examine extra-sensory perception.

$5.00

*

2. LIFE OF THE PAST. By George Gay-
lord Simpson. ““A brilliant account of how paleon-
tologists deduce from dead evidence the amazing

. story of life.””—N. X¥. Times. Illus. $4.00

3. THE MEANING OF EVOLUTION.
By George Gaylord Simpson. ‘““The first adequate
account for laymen of present-day evolutionary
thinking.””—New Yorker. Illus. $4.00

4. THE ITINERANT IVORY

TOWER. By G. Evelyn Hutchinson. ‘“‘Current
affairs on the expanding horizon of scientific de-
velopments . . . A really great book.”—Am.
Scientist. $4.00

5. THE PLANETS: THEIR ORIGIN
AND DEVELOPMENT. By Harold C. Urey.

Important new theories on the worlds around us
and the origin of the solar system. Illus. $5.00

6. SCIENCE AND COMMON SENSE.
By James B. Conant. A book that ‘““marks a step
ahead in the clear and present need to help people
understand the place of science in the free world.”
—Charles Poore, Harpers. $4.00

7. SCIENCE IN PROGRESS: Eighth
Series. Edited by George A. Baitsell. The biennial
collection of Sigma Xi lectures, regarded as ‘“‘a
living encyclopedia of the sciences.”’—N. Y. Times.
Illus. $6.00

8. COMMUNICATION AND PER-
SUASION. By Carl 1. Hovland, Itving L. Janis,
and Harold H. Kelley. A study of how people’s
minds are changed, who changes them, and why,
applying controlled experiments. $4.50

9. ELEMENTARY PARTICLES.

By Enrico Fermi. A qualitative and quantitative
discussion as well as an introduction to the subject.
$2.50

{~—=—=—=—=—= ORDER TODAY -———=—— 1
TO: YALE UNIVERSITY PRESS

I

I 143 Elm Street, New Haven 7, Connecticut :
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recordings b)"

In the perfectionist’s home music system
the weakest component is often the
Eemsr.\m material. Defects in recordings
come disiressingly apparent 4y the
performance of the playback equipment
approaches an optmum.

Cook Records

by the acknowledged perfectionis
among recarding engineers

are firgt-Choice 10 bong out the best
in the Aoest music sysieon.

W ithouy distotdios or spectacular effeces,””
their subjectmatter ranges from

the steatn’ [ocomodive (o & zither ., .

a foll symphony orchestra (0 a beat-up piano
m a Cotpus Chrisel bar toom . ..

the tode of 4 storm to the tintinnabulation
of 4 pineteeorh - century music box,

Pressed, too, for the perfectionist, each
disc s/ sealed factory-fresh o plasdie,

Most subjects are available on rwo-channel
bindural discs, as well as standard LP’s,
Sold ¢oasc-to-goast by leading music stores
and radiospares jobbers. Write for our new
uilog :ns‘iﬂw nikme of a nearby dealer.

COOK LAIORATORIES INC.
174 Mdnhattan SInn
Stamford, Conn.
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SPANISH"FRENCI'I

ALMOST OVERNIGHT!

HERE’S the easiest way to learn a new language.
Listen to FREE 2-sided non-breakable record. Fol-
low words in FREE sample lesson. Almost

Mso' at once you’ll be chatting whole sentences
in your new language with a perfect ac-
; 1 h f
GE“M&“ cent! Rushf coupoln wi(th 25¢ l:o help
co ost of special packaging, shipping.
\TM.\M‘ erel{lc send free information on full
RUSS‘A“ Cortina course. No obligation.

JAPANESE TINA ACADEMY

Ba“‘“'l'l“ Originators of Phonograph Method
Dept. 159, 136 W.52nd Street, NewYork 19, N.Y.
MAIL AT ONCE FOR #2ee RECORD

CORTINA ACADEMY, Dept. 159, (Esf. 1882)
136 W. 52nd Street, New York 19, .

Please send me a FREE sample record and lesson in I
l theck one) () S ANISH () FRENCH () RUS- l
SIAN () GERMAN ( ) ITALIAN () JAPANESE

() BRAZILIAN and complete information about the I
full Cortina course,

l Enclosed is 25c (stamps or coin) to help cover the
cost of special packaging, shipping.
Name i

| Aadress

City. Zone
———— ——————— o o

them, and how the general concepts of
optics develop from these.” The mod-
erately-priced volume retains the orig-
inal illustrations and is another of
Dover’s solid contributions to the study
of the history of science.

A\{ERICAN InDIANS IN THE Pacrric, by

Thor Heyerdahl. Rand McNally
and Company ($15.00). In this 500,-
000-word, generously illustrated volume
the energetic young Norwegian explorer
who organized and led the Kon-Tiki raft
expedition submits a detailed brief for
his theory that the Polynesian islanders
are not of Asian but of American origin.
His argument rests on similarities which
he and other scholars have detected be-
tween Polynesian and South American
customs, legends, tools, statues, dress,
language and so on. Many of his points
are pretty thin, and the cultural resem-
blances which he emphasizes can be
interpreted in different ways; neverthe-
less his book contains much of general
interest and is an impressive example
of enthusiastic scientific advocacy.

STUDIES IN SCHIZOPHRENIA, by the

Tulane Department of Psychiatry
and Neurology. Harvard University
Press ($8.50). This is a transcript of
meetings held two years ago which re-
viewed studies in schizophrenia at
Tulane University. The department ap-
plied to its study of the disease “the dis-
ciplines of psychiatry, psychology, phys-
iology, biochemistry, neurology and
neurosurgery.” Its basic hypothesis was
that schizophrenia manifests itself in dis-
turbances in pathways in the brain, dis-
turbances which may be studied through
electrical recordings. The various ex-
periments reported here seemed to con-
firm this hypothesis. The results are too
tentative to permit of firm recommenda-
tions as to clinical procedure, but re-
search in the field is continuing.

Notes

RapiaTioN Brorocy, edited by Alex-
ander Hollaender. McGraw-Hill Book
Company, Inc. ($17.50). This is the
first of three volumes which will deal
with the biological effects of radiations
from the high end of the energy spec-
trum to the infrared region.

TuE Viramins: CHEMISTRY, PHYSI-
oLocy, PatHoLocy, edited by W. H.
Sebrell, Jr., and Robert S. Harris. Aca-
demic Press Inc. ($16.50). Specialists
contribute some 50 articles on vitamin
A and carotenes, ascorbic acid, vitamin
B, and biotin; extensive bibliographies
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ﬁ'—“ “, . ... A method of
packaging a human ex-
perience in such fashion
that we can unpackage
it anywhere, anytime,
and enjoy it.” ... ..

Thus John W. Campbell, writing in the
July 1953 issue of HIGH FIDELITY,
defined the new art of the same
name~—"high fidelity.” It is difficult
to find cultural parallels to the swift-
ly increasing interest in serious home
music listening which now surrounds
us. The only periodical that devotes
its entire editorial content to the
interests of people participating in
this growth is HIGH FIDELITY. lts
comprehensive long-playing record
reviews treat not only of the musical
and sonic excellence of new disks,
but also commonly compare them
with earlier LP versions of the same
works. Its Tested-in-the-Home reports,
in discussing the latest and most
interesting fine listening componen-
try, will be technical enough for
those of a scientific turn of mind but
without losing their focus on home
listening. Feature articles have fur-
nished fare fit for both the gadg-
eteer (“When The Hum-Bugs Move
In”) and the reader whose main
interest is in music ("The Emergence
of Hector Berlioz”’). Our case is sim-
ply stated: If you like music, why
don’t you examine a copy—at no
charge? The coupon below tells you
how.

HIGH FIDELITY Magazine, 3121 Publishing
House, Great Barrington, Mass.

Please send me, without charge, the latest
copy of HIGH FIDELITY Magazine, and
bill me for a subscription to start with the
following issue at the rate of

O $13.50 for 3 years [] $6.00 for | year

NAME
ADDRESS.

NO RISK GUARANTEE: If | am not com-
pletely satisfied with HIGH FIDELITY
Magozine, | may keep my FREE COPY,
but you will cancel the charge in full pro-
vided | advise you by letter within 10 days
after receipt of my FREE copy. Otherwise,
| agree to pay the bill within that time.
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MECHANICAL
INVENTIONS
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Man’s inventive genius at work —

from the first wheel to the Model T

A HISTORY OF

By Abbott Payson Usher. A completely revised and substantially enlarged
edition of a standard work in the history of technology, which traces the
continuity of the development of technology from antiquity to the present.
This approach entails a theory of invention based on Gestalt psychology
and a new concept of social evolution based on this theory. There follows
a generalized discussion of the production and control of power, and the
specific history of such important devices as the loom, the lathe, the stationary
steam engine, printing, clocks, etc.—each of which illustrates one phase in
the development of the technological aspect of our cultural history. 159
linecuts and halftones, all new or redone. Over 500 pp. Sept. 10. ~$9.00

The Scientist at Work
SNOW CRYSTALS

By Ukichiro Nakaya. A book of exactitude, beauty and imagination, containing
more than 1550 clear, big photo-micrographs of different varieties of snow crystals
—natural and man-made—plus over 200 drawings, charts, and diagrams. Professor
Nakaya, in his simple yet comprehensive text, discusses their physical and elec-
trical nature, describes what kind of weather makes each crystal, and tells how
he himself makes them. $10.00

CLIMATIC CHANGE

Edited by Harlow Shapley. “A wealth of fascination and instruction” (says
Gerard Piel, publisher of the Scientific American) is provided by 22 leading
authorities as they discuss the evidence, causes, and effects of climatic change in
relation to the history of man, the earth, and other planets. “Destined to be a
valued reference book for some time to come.”—Christian Science Monitor. $6.00

A HISTORY OF SCIENCE
ANCIENT SCIENCE THROUGH THE GOLDEN AGE OF GREECE
By George Sarton. “Contains far more than the [title] implies. It is nothing
less than an attempt to give an account of the evolution of the rational mind and
of its works . . . Dante called Aristotle ‘the master of those who know.” Sarton,who
comes 2300 years later, is among the rare few who are not wholly unworthy of
that title, for he seeks to bring into the world of thought a unity which it had
lost.”—Charles Singer, in Endeavor. INlustrated, $10.00

AUGUSTINE TO GALILEO
THE HISTORY OF SCIENCE A. D. 400-1650
By A. C. Crombie. “A readable short history” (says the Scientific American) of
man’s efforts to discover the rational structure of nature as revealed by medieval
science and the developments that led up to the scientific revolution of the 16th
and 17th centuries. Illustrated, bibliography, index. $8.00

STUDIES IN SCHIZOPHRENIA

By the Tulane Department of Psychiatry and Neurology. This report on the
development, testing and results of a new theory of schizophrenia throws new light
on mind-brain relationships. A Commonwealth Fund Book. $8.50

GROUP PSYCHOTHERAPY

Report on a group psychotherapy research project by Florence B. Powdermaker,
Ph.D., M.D., and Jerome D. Frank, Ph.D., M.D. “An important milestone in
the history of a treatment method which . . . may soon have a marked impact on
our social fabric.”—Jerome L. Singer, in the Journal of Abnormal and Social

Psychology. A Commonwealth Fund Book. $6.50

At all bookstores, or order from Dept. S-9

BEHARVARD UNIVERSITY PRESS
&g 44 Francis Avenue, Cambridge 38, Massachusetts
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are provided to direct the student to the
original papers. The full work, of which
this is the first volume, promises to be an

invaluable guide in a complex, prolific
field.

PrOGREss IN Bropuysics AND Bro-
PHYSICAL CHEMISTRY, edited by J. A. V.
Butler and J. T. Randall. Academic Press
Inc. ($9.50). This is the fourth volume
of a series of reviews of recent progress
in selected areas of biophysics. Its sub-
jects are polyelectrolyte gels, the trans-
ference of the muscle energy in the con-
traction cycle, the structure of nerve
fibers, the nucleoprotein complex of the
cell nucleus, chromosome breakage, X-
ray studies of the crystalline proteins,
facts and theories about muscle.

THE ProTEINS, edited by Hans Neu-
rath and Kenneth Bailey. Academic
Press Inc. ($14.00). This volume is part
of a “comprehensive, integrated account
of the chemical, physical and biological
properties of the proteins” for advanced
students and workers.

ScIENTIFIC, MEDICAL AND TECHNICAL
Books PuBLIsHED IN THE U. S.—SECOND
SuppLEMENT, edited by R. R. Hawkins.
R. R. Bowker Co. ($10.00). This very
useful work, prepared under the direc-

| tion of the National Research Council,

supplies descriptions of the outstanding
scientific, medical and technical books
by Canadian and U. S. citizens in the
period 1949-1952.

MopErN DEVELOPMENTS IN FrLuip
Dynawics, edited by L. Howarth with
the assistance of H. B. Squire and C. N.
H. Lock. Oxford University Press
(817.00). A symposium of 14 papers in
two volumes, dealing with the theoreti-
cal and experimental aspects of com-
pressible flow at subsonic and supersonic

: speeds.

| ELECTRICAL BREAKDOWN OF GASEs,

| by J. M. Meek and J. D. Craggs. Oxford
University Press ($10.50). The authors
present a survey for physicists and elec-
trical engineers of present knowledge of
the growth of electrical discharges in
gases.

THE PrysicAL CHEMISTRY OF THE
SiLicaTes, by Wilhelm Eitel. The Uni-
versity of Chicago Press ($30.00). A
monumental monograph of 1592 pages,
based on the author’s own work and a
survey of the world literature.

DiMENSIONAL METHODS AND THEIR
| AppLicaTiONs, by C. M. Focken. St.
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Read INSTRUMENTS & AUTOMATION — taking ad-
vantage of this special half-rate offer for group subscrip-
tions.

INSTRUMENTS & AUTOMATION carries plenty of
full length articles, but of equal or greater interest to the
busy reader are these special departments:

The Month’s New Products which pictures and con-
cisely describes approximately 200 new instruments and
automatic controls each month.

Instruments on the March which contains news
items concerning new principles, new applications and
non-commercial departments in the field.

Manufacturers’ New Literature in which bulletins from
manufacturers are reviewed; about 200 new bulletins
are covered each month.
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Martin’s Press. ($6.00). This book of
unusual merit presents not only a clear
account of the application of the dimen-

. sional technique to practical problems
The ﬁI'St Compl' ehenSIVC sur Vey but a thoughtful analysis of the meaning

of the concept of dimension in light of

Of China’S hither tO unrecognized the special theory of relativity.
contributions to science, technology, Trie Vax Nostnaxp Crennst's Dic-
. . TIONARY, edited by J. M. Honig, M. B.
and scientific thought

Jacobs, S. Z. Lewin, W. R. Minrath,
| G. Murphy. D. Van Nostrand Company,
[ Inc. ($10.00). Designed for the use of

S C I E N C E & the working chemist.
' C IVILI SATI O N Apvances IN ELEcTRONICS, edited by
L. Marton. Academic Press Inc. ($9.50).
\ Volume V includes articles on beta-ray
IN C I I IN A | spectrometers, solid-state luminescence,

By JOSEPH NEEDHAM, F.R.S. the steady-statf: .theory of the magnetron,
on color television and on transistors.

Volume I is an introduction to China and her
people from prehistoric times to the 17th cen- PHYSIOLOGICAL ACOUSTICS, by Ernest
tury. Dr Needham examines the structure of Glen Wever and Merle Lawrence.
the Chinese language, reviews the geography Princeton University Press ($10.00). A

and the long history of the country, and dis- monograph by two leading research
cusses the scientific contacts between East and workers.

West. The first volume is preparatory to a more
detailed study in the six volumes that will fol- 5
WHo's WHO 1IN BRITISH SCIENCE—

Y i X book 3
low. Volume I is $10.00 at all bookstores 1953. Leonard Hill Limited ($9.00).
CAMBRIDGE UNIVERSITY PRESS Brief résumés of more than 3,000 sci-

| entific workers in Britain.

= — “NOTABLE for having not one, but all THE CoLLECTED PAPERS OF OrTo

the virtues one would like to find in a | FENICHEL, edited by Hanna Fenichel

work of this kind.” and David Rapaport. W. W. Norton &

The SCienti:fiC use cﬂmeqi;’V‘A"';;"ig"‘fe"gk?:&';";,:g"; Company, Inc. ($6.50). These essays
were addressed mainly to specialists by

Of hun c h es THE DYNAMICS a psychoanalyst and teacher who died

in 1946 and is best remembered for his

and guesses | AND THERMODYNAMICS book The Psychoanalytic Theory of

Neurosis. A second volume of his papers

MATHEMATICS OF COMPRESSIBLE is in preparation.

GeERMANY—A GENERAL AND RE-
AND PLAUSIBLE ‘ H.UID F |.0W GIONAI: GE(TGRAPHY, by Robert E. Dick-
REASONING

. inson. E. P. Dutton & Co., Inc. ($10.00).
Ascher H. Shaplro Dickinson’s authoritative manual con-
Massachusetts Institute of Technology
By GEORGE POLYA, author of How ‘
to Solve It. Professor Polya, a world-

siders land, climate, growth and spread
Comprehensive, unified treatment of of peoples, various types of rural and

famous mathematician from Stanford COmpl‘eSS]blE. fluid mechanics in two urban settlements, economic develop-
Uni . h . h volumes. This useful new work bases industrial icul 1 and
hmve}:snyi1 uses mat emancls to show discussions on a combination of clear ment, industrial, agricultural and com-
ow hunches and guﬁsses play an ml“' | physical dreasomng,l theoietlclal treat- | mercial regions, foreign trade, politico-
portant part in even the most rigorously ment, and empirical results. Its scope

deductive science. He explains how solu- l ranges from fundamentals to analytical cultural groups, topography and so

tions to problems can be guessed at, and developments of design methods qnd on.
why good guessing is often more impor- advanced exemplary methods. All im-

tant than deduction in finding correct portant results reduced to convenient

chart form, and an appendix contains Tue AcTinibE ELEMENTS, edited by

solution§. This guid.e to the practical art numerical tables of compressible- Glenn T. Seaborg and Joseph ]. Katz.
of plausible reasoning has rfalfevance in flow functions to facilitate computa- McGraw-Hill Book Compan Inc
every field of intellectual activity. tions. Bibliography, references. pany, ’

Vol. I: 647 pp., 635 ills ($11.75). This volume is a record of re-

Vol. 11: 600 pp.: 560 ills. | search done under the Manhattan Dis-
Per vol. $16; per set $30 trict and the Atomic Energy Commission
The set: §9.00 on the 'chemlcal anfl -nuclear Rropertles
Order from your bookstore, of uranium, protactinium, thorium, plu-
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Volume I: Induction and Analogy in
Mathematics. 336 pages, $5.50

Volume II: Patterns of Plausible
Inference. 240 pages, $4.50

Order direct from:




WHERE DO YOU WANT T0 GO?

France? Brazil? West Indies? Hawaii? Canada? Round the World?

DISCOVER THE SECRET OF LOW COST TRAVEL

Stop saying that travel is too expensive. Passenger-carrying
freighters are the secret of low cost travel.

For no more than you'd spend at a resort, you can take a
never-to-be-forgotten cruise to Rio and Buenos Aires. Or through
the Canal to either New York or California. Or to the West
Indies or along the St. Lawrence River to French Canada. In
fact, trips to almost everywhere are within your means.

And what accommodations you get: large rooms with beds
(not bunks), probably a private bath, lots of good food and
plenty of relaxation as you speed from port to port.

Depending upon how fast you want to go, a round the world cruise
can be yours for as little as $250-$300 a month. And there are shorter
trips. Fast, uncrowded voyages to England, France, the Mediterranean;
two or three week vacations up and down the Pacific Coast or to New
Orleans.

Name the port and the chances are you can find it listed in “Travel
Routes Around the World.” This is the book that names the lines, tells
where they go, how much they charge, briefly describes accommodations.
Hundreds of thousands of trawclem all over the world swear by it. Travel
editors and travel writers say “To learn how to travel for as little as
you’d spend at a resort get ‘Travel Routes Around the World.”

It’s yours for just $1, and the big 128 page 1954 edition
includes practically every passenger carrying service starting
from or going to New York, Canada, New Orleans, the Pacific
Coast, Mexico, South America, England. France, the Mediter-
ranean, Africa, the Indies, Australia, the South Seas, Japan,
Hawaii, etc. There’s a whole section called How to See the World
at Low Cost, plus pages and pages of photos and maps.

A big $1 worth, especially as it can open the way to more travel
than you might have thought possible. For your copy, simply
fill out coupon.

WHERE WILL YOU GO in FLORIDA?

If You Want a Vacation

You Can Afford?

Florida needn’t be expensive—not if you know just where to go
for whatever you seek in Florida. And if there’s any man who
can give you the facts you want it’s Norman Ford, founder of
the world-famous Globe Trotters Club. (VYes, Florida is his
home whenever he isn’t traveling!)

His big book, Norman Ford’s Florida, tells you, first of all,
road by road, mile by mile, everything you'll find in Florida,
whether you're on vacation, or looking over job, business, real
estate, or retirement prospects.

Always, he names the hotels, motels, and restaurants where
you can stop for the best accommodations and meals at the
price you want to pay. For that longer vacation, if you let
Norman Ford guide you, you'll find a real “paradise”—just the
spot which has everything you want.

Of course, there’s much more to this big book.

If You Want a Job or a

Home in Florida

Norman Ford tells you just where to head. His talks with
hundreds of personnel managers, business men, real estate
operators, state officials, etc., let him pin-point the towns you
want to know about if you're going to Florida for a home, a job
with a future, or a business of your own. If you've ever wanted
to run a tourist court or own an orange grove, he tells you today’s
inside story of these popular investments.

If You Want to Retire

On a Small Income

Norman Ford tells you exactly where you can retire now on
the money you've got, whether it’s a little or a lot. (If you
need a part-time or seasonal job to help out your income, he
tells you where to pick up extra income.) Because Norman
Ford always tells you where life in Florida is pleasantest on
a small income, he can help you to take life easy now.

Yes, no matter what you seek in Florida—whether you want
to retire, vacation, get a job, buy a home, or start a business,
Norman Ford’s Florida gives you the facts you need to find
exactly what you want. Yet this big book with plenty of maps
and well over 100,000 words sells for only $2—only a fraction
of the money you'd spend needlessly if you went to Florida blind.

For your copy, fill out coupon.

WHAT MISTAKES IN DRIVING
DO YOU MAKE?

CAN you start a wet motor, take curves without rubbing

off miles of rubber, get juice from a battery that seems
dead, put out a fire beneath the hood, start on ice without
spinning the wheels, pull out of a skid without whirling into
approaching traffic?

What common mistakes do you make on flooded roads, on
icy hills? What do you do when a car darts out at you from a
side road? Do you know how to stop a car FASTER when
emergency demands you stop on a dime? Do you know how
to avoid a sideswipe, pass a truck crawling up a hill, even what
to do in that split second you can act when a head-on collision
seems inevitable? Do you KNOW what to do or will you do
the first thing that comes to mind in that moment of panic?

Are you sure your wife knows what to do—
that she can handle the car in any emergency ?
That your grown-up son or daughter can?

Frank Williams’ big new book, How to Drive—and Stay
Alive, tells you the driving errors to watch out for, the good
advice to remember. This is the practical guide to safeguard
anyone who drives from trouble on the road, from expensive
delays, from emergencies of any kind—and from Sudden Death.

Based on the experiences of America’s professional drivers,
this book is packed with facts, lessons, and practical advice to
save your time, your car, your money—and your life.

Name the driving prob-
lems, and in this new big
book you’ll find the an-
swer: everything from how
to get your car rolling
if you have road trouble
to how to save money on
maintenance, insurance,
tires, etc, how to buy a
new or used car without
being ‘“‘stuck,” and more

If $2 was all that anyone asked to help
you in any emergency, that would be
cheap insurance. So when you’re told that
How to Drive and Stay Alive costs only
$2 and gives all the following information
besides, you know this is a hook you've
got to own:

e How to open your car if you're locked
out, what engine noises mean, how to
avoid dirty oil, push up gas mileage 3 or
4 miles a gallon, get rid of stains, protect
yourself against tire theft, even how to
make minor repairs.

hints than most people
pick up in a lifetime on
how to avoid the hazards

e 110 point check-list that just about
guarantees you’ll get a really good used
car, which won’t need immediate repairs
and will run economically for years. How

of the road and what to to avoid hidden costs in your purchase
: order and installment contract. Simple
dO In every emergency. clean-up steps that can boost the trade-in

When you drive, tomor-
row may always be too
late. So order today. Price
only $2. Use coupon be-
low.

HARIAN PUBLICATIONS,

value of your car a hundred dollars.

e SPECIAL FOR WIVES: A whole sec-
tion on How to Be a Better Driver Than
Your Hushand.

FILL OUT AND SEND AT ONCE FOR QUICK DELIVERY

113 Third Ave.

| Greenlawn (Long Island), New York

I have enclosed $

O OOoo

New England, the

can be pleasant. $1.

ddress
ity & State

Q »
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(cash, check, or money

order). Please send me the books checked below. You will
refund my money if I am not satisfied.

TRAVEL ROUTES AROUND THE WORLD. $1.
HOW TO DRIVE—AND STAY ALIVE. $2.
NORMAN FORD’S FLORIDA—where to retire, vaca-
tion, get a job, open a business, buy a home. $2.
WHERE TO RETIRE ON A SMALL INCOME—In
South and Southwest,
Pacific Northwest, Hawaii and other places where life

California,

[0 SPECIAL OFFER: All four books above for $5.
Nam



Conducted by Albert G. Ingalls

Superﬁcially considered, art and

science appear to stand at oppo-
site poles. One confines itself
largely to spiritual and emotional val-
ues; the other deals directly with the
concrete, precise and measurable. Yet
it is not uncommon to find individuals
with strong interest and even talent in
both art and science. Judging by the
correspondence that reaches this depart-
ment of SCIENTIFIC AMERICAN, many
artists turn to science for their avocation.
Douglass Crockwell, a professional
painter and an amateur physicist, is a
case in point. Crockwell’s paintings have
decorated the covers of leading U. S.
magazines for the past quarter-century,
and his scientific speculations have at-
tracted the interest of physicists. -
“The artist,” writes Crockwell, “can

.

7

7 THE AMATEUR SCIENTIST

Largely about an artist’s earnest attempt

to depict the particles of modern physics

no more escape the temptation to look
for order in his sense-data than the
physicist can ignore the esthetic qualities
inherent in both his materials and his
equations. The physicist and the artist
strive toward a common goal. The con-
cept of space, for example, is the special
creation of the physicist. The portrayal
of its nature is the problem of the artist.
“My active interest in physics grew
naturally out of abstract painting. For
18 years I have been producing abstract
animated films for little-theater audi-
ences, and for 15 of those years I have
been trying to develop an acceptable
visualization in a motion picture of mat-
ter and energy as conceived in modern
atomic physics. The motion picture is
still just a dream. But I have had 15
years of fun trying to paint an object
capable of behaving simultaneously as
though it were a microscopic particle
and a macroscopic wave.
“Experimental evidence indicates at
least 20 different subparticles below the
atom with as many different associated
fields. Esthetically and intuitively, how-
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Basic particle visualized by Crockwell is characterized by circular translation
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ever, it is felt that there should be but
one general particle with one general
associated field, and that from these, all
individual particles and fields should be
derivable as special cases. Unfortu-
nately the mathematicians, whose quan-
tum scaffolding so well encloses the
atom, do not have another Fraunhofer
ladder to bridge the mysterious gaps
between the various particles. Their
dedicated floundering has brought the
charge from many educated but non-
scientific persons that the physics of our
day has become absurd, a view shared
by at least a few of the scientifically
educated. Louis de Broglie, for example,
feels that physics is in urgent need of
a more down-to-earth structure for its
fundamental particles. Physics, he says
in his The Revolution in Physics, ‘has
found itself very much hindered by the
exclusive use of the statistical psi wave
to describe the particles. It prohibits the
use of any structural image for these
particles. It is permissible to believe that
a change in viewpoint embodying a re-
turn to spatio-temporal images will help
this situation.’

“In attempting to account for conflict-
ing sense-data derived by experiment,
our formal logicians have withdrawn
ever farther into the realm of abstrac-
tion until, in adopting Heisenberg’s
principle of uncertainty, they have even
placed a restriction on what it is pos-
sible for man to know. Herbert Dingle,
professor of history and the philosophy
of science at University College in Lon-
don, sees the current dilemma as a prod-
uct of confusion between sense-data
and postulates. He calls attention to the
sharp philosophical distinction between
the green glow on the face of an oscillo-
scope as reported to the brain by the
eye and the concept of the electron
that was invented by man’s imagina-
tion to account for the glow. The elec-
tron, he points out, is not necessarily an
independently existing physical object.
Certain sweeps of a pointer across a
dial can be accounted for if a some-
thing exists in the form of a wave. Cer-
tain sweeps of other pointers across
other dials can be accounted for if a
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Circular translation is demonstrated with a piece of paper on a smooth surface
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Shells of like phase are explained by a lag in circular translation

something exists in the form of a par-
ticle. The dilemma arises, says Dingle,
when we insist that both ‘somethings’
must be the same thing and then com-
pound our befuddlement by attempting
to confer upon these incompatible postu-
lates the independent physical reality
reserved by nature for our sense ex-
periences. It strikes me as fortunate that
the electron is not necessarily an inde-
pendently existing ‘thing,” but merely
an invention of reason. We may dis-
card it with impunity—as we discarded
phlogiston and the luminiferous ether—
without impoverishing nature in the
least. The question is, what is to take
the electron’s place? With fingers
crossed, I offer the following generalized
particle-field.

“It seems reasonable, as a first
thought, to accept each particle-field
relationship as an inseparable some-
thing, which is perceived sometimes in
one fashion and sometimes in another.
We might also think of the particle por-
tion of the effect as that which is re-
ceived along the course of particle-field
motion and the field portion of the effect
as that which is experienced radial to
the course or potential course [see illus-
tration on the opposite page]. We know
that some relationship of this sort exists,
whether or not it is exactly as stated.
Variation of one effect is accompanied
by a reciprocal variation in the other
effect. In other words, the more the par-
ticle-field manifests itself as a particle,
the less it manifests itself as a field, and
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Electron and proton differ in the direction of translation and the spacing of phase shells

vice versa. Further, the intervention of
another particle-field produces a poten-
tial state of variation.

“We also know that charged particles
in motion exhibit a ‘sense’ or quality
of right- or left-handedness which char-
acterizes their charges. The field of a
‘negative’ particle seems to match the
field of another negative particle when
the two are in like parallel motion. This
is also a property of positive particles.
Fields of unlike charge seem to match
when the particles move in opposite di-
rections. From this we can infer a kind
of tangential motion in space around the
course of a particle—a motion which
differs between particles of unlike
charge. But we have learned to reject
the idea of flow around the moving
particle. Is another type of circular
motion possible and, if so, would it not
make an interesting starting point for
our model?

“In consideration of these observed
tangential field qualities, I should like
to suggest a three-dimensional field in
which every point describes a continu-
ing motion of circular translation. Some
of the fields are to be in left translation
and others in right translation. Transla-
tion, strictly defined, is a form of motion
in which all points of the moving body
have the same velocity and direction at
any instant. Strict circular translation
can be demonstrated in two dimensions

NORMAL ELECTRON

by placing a sheet of paper on a smooth
desk top and rotating it by hand with-
out losing parallelism between the edge
of the paper and the edge of the desk
top [upper drawing on the preceding
page]. All points in my particle-field
concept will have a similar circular mo-
tion but, since the response of the field
is not instantaneous, the phase of rota-
tion will vary from the center outward
[lower drawing on preceding page]. In
the latter illustration the circular trans-
lation has been sketched as arrow-tipped
rectangles in order to indicate more
clearly the lag in rotation of various areas
as the field is explored along a radial
path from the center. It is important
to remember that the field does not
rotate as a unit. The areas of the field
vary only in the diameter and the phase
of translation. As the field is explored
from the center outward, the phase of
rotation lags progressively. Hence its
structure can be considered as a series
of concentric phase shells, each 360 de-
grees out of step with adjoining neigh-
bors.

“The field and particle are one, and
at all points the action is similar. The
diameter of translation is greatest when
the particle is at relative rest. An in-
crease of particle-field velocity is accom-
panied by an increased rate of rotation
but a smaller radius of rotation. In other
words, with increased velocity, a spe-
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cific point in the field rotates faster and
describes a tighter circle. Outer regions
of the field are characterized by similar
translation but of lesser amplitude, and
the lag in phase progresses radially
with the velocity of light. As previously
noted, shells of like phase, but each
lagging 360 degrees, exist concentrically
throughout the field. The greater the
relative particle velocity, the more rapid
the circular translation, the less the
radius of translation and the closer the
spacing of like-phase shells. The term
‘frequency’ may be applied to the
density of the shell structure, and the
shells may be thought of as standing
wave fronts—but not as electromagnetic
waves.

“The greater the phase frequency of
the field, the greater will be the ap-
parent mass or velocity of the particle.
Momental mass is a property shared
by bodies in relative motion, and ap-
pears in the field as a frequency shared
by the two bodies. A single particle in
a free space could have no velocity,
momental mass or phase frequency.
Absolute assignment of the portions of
the shared frequency is impossible.
Actually no difference appears between
rest mass and momental mass in the
observed field structure. When observed
as a proton, the particle-field has a
relative rest frequency 1,835 times that
of a particle-field in opposite rotation

o m———————
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NEGATIVE DISPLACEMENT ELECTRON

Distortion of field gives rise to displacement (current-carrying) and negative displacement (mass defect) electrons

174
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who won’t be held back!

RCA, world leader in electronics, has career opportunities for
qualified ELEcTRICAL and MECHANICAL ENGINEERS. ..
Prvysicists . . . METALLURGISTS . . . PHYsicAL CHEMISTS
...CERAMISTS . . . and Grass TEcHNoLoGIisTS for long
range work in military or commercial fields.

SYSTEMS — ANALYSIS—DEVELOPMENT

—DESIGN— APPLICATION ENGINEERING
in the following fields:

AVIATION ELECTRONICS (FIRE CONTROL,
PRECISION NAVIGATION, COMMUNICA-
TIONS) — Radar—Analog Computers
—Digital Computers—Servo-Mechanisms
—Shock & Vibration—Circuitry—Heat
Transfer—Remote Controls—Sub-Mini-
aturization—Automatic Flight—Transis-
torization—Automation

RADAR — Circuitry — Antenna Design—
Servo Systems—Information Display Sys-
tems—Gear Trains—Stable Elements—
Intricate Mechanisms

COMPUTERS—Digital and Analog—Systems
Planning—Storage Technique— Circuitry
—Servo - Mechanisms—Assembly Design
—High Speed Intricate Mechanisms

COMMUNICATIONS —Microwave—Aviation
—Mobile—Specialized Military Systems

MISSILE GUIDANCE—Systems Planning and
Design—Radar and Fire Control—Servo-
Mechanisms—Vibration and Shock Prob-
lems—Telemetering

COMPONENT PARTS (COLOR & MONO-
CHROMETV)—HYV Transformers— Coils—
Deflection Yokes

SEMI-CONDUCTORS—Transistors— Diodes

ELECTRON TUBE DEVELOPMENT —Receiv-
ing—Transmitting— Cathode-Ray—
Phototubes and Magnetrons—Power
Tubes—Camera Tubes

ELECTRONIC EQUIPMENT FIELD ENGINEERS
—Specialists for domestic and overseas
assignment on military electronic Com-
munications, Navigational Aids, and
Guided Missiles.

At RCA you’ll work in an atmosphere con-
ducive to creative work—laboratory facili-
ties unsurpassed in the electronics industry
. . . constant association with leading scien-
tists and engineers.

Positions now open in Systems, Analysis,
Development, Design and Application En-
gineering. Your choice of long range work
in commercial or military fields.

Delightful suburban living easily available.
Modern retirement program . . . liberal tui-
tion refund plan for advanced study at
recognized universities. . . modern company
paid benefits for you and your family.
Individual accomplishments readily recog-
nized. Ample opportunities for increased
income and professional advancement.

Join the team at RCA and grow with the
world leader in electronics.

Personal interviews arranged in your city.

Please send complete resume of your edu-
cation, experience, and specialized field
preference to:

MR. JOHN R. WELD
Employment Manager
Dept. 3011

Radio Corporation of America
30 Rockefeller Plaza, New York 20, N.Y.

RADIO CORPORATION of AMERICA

Tmks. ®
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UNITRON

Did you see Mars?

This summer when the ruddy planet was the closest in
years owners of UNITRON Telescopes were able to see
for themselves the polar caps and surface markings, so
important in discussions of the possibility of life on
Mars. The thrill of personal exploration of the vast
reaches of space can not be replaced by merely reading
about the Universe. Observers never tire of studying the
changing configuration of the moons of Jupiter, the
rings of Saturn, the craters and mountains of the Moon,
distant galaxies, and celestial wonders.

UNITRON owners see more and see better because their
telescopes have been designed to meet the exacting de-
mands of professional instruments. UNITRON Refrac-
tors are the choice of leading universities such as Har-
vard and Columbia, of the U. S. Army and Air Force
and of amateur astronomers all over the world. A UNI.
TRON is also unexcelled for real close-up views of dis-
tant terrestrial objects—mountains. animals, birds, and
ships at sea.

Write at once for free educational literature on how to
select a telescope, which illustrates and describes all 9
UNITRON models. Read actual observation reports from
(})]wlgngrs. Learn why astronomy is today’s fastest growing

obby.

UNITRON

3" PHOTOGRAPHIC EQUATORIAL
For visual observations and astrophotography

COMPLETE with equatorial mounting and slow motion
controls, setting circles and verniers, tripod, 10X 42mm
viewfinder, 78X 62mm guide telescope, 7 eyepieces, sun
projecting screen, sunglass, 2 prismatic star diagonals,
erecting prism system wooden eahmets. etc

Only $550

OTHER UNITRON REFRACTORS
1.6 Inch ALTAZIMUTH .

3" Inch ALTAZIMUTH .
3 Inch EQUATORIAL .
4 Inch ALTAZIMUTH |
4
4

Inch EQUATORIAL .
Inch PHOTO- EQUAT

TELESCOPE MAKERS COMPONENTS

Request Bulletin TSA for list of additional items

VIEWFINDER: 42mm (1.6”) coated, air-spaced, achro-
matic objective. 10X eyepiece with crosshairs. Dura-
lumin tube. Furnished with mounting brackets and cen-

tering screws. Also an excellent hand telescope for
spectacular wide-field views of the sky.

VIEWFINDERS: 6X, 30mm (1.2") ...
5X, 23.5mm (.93") ..

PHOTOGRAPHIC GUIDE TELESCOPE' 62mm
(2.4”) air-spaced achromatic objective, 700mm focal
Iength 78X (9mm) achr. Ramsden eyepiece with cross-
hairs. Duralumin tube. Rack and pinion focusing.
Mounting brackets and centering screws. Cabinet.

SUN PROJECTING "‘R‘EN APPARATUS: White
metal screen with matching black metal shade. Chromed
brass extension rod with mounting brackets.

Complete set with screen 6" x 6"...$13.50
Complete set with screen 7" x 7. 915.75

EQUATORIAL MOUNTING AND TRIPOD

Complete for 3" Refractor.. ..$198
Complete for 4" Refracto

TIME PAYMENT PLAN AVAILABLE

All instruments fully guaranteed. Send check or M. O.
or 25% with balance C.0.D. Telescopes and mountings
shi.r:‘ped express collect; viewfinders and sunscreens post-
paid.

Write for free illustrated literature to Dept. SC-9

204-206 MILK STREET, BOSTON 9, MASS.
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v - ELECTRON OF

HYDROGEN ATOM

Greater momentum of an electron in an atom meshes its shells with those of a proton

which is observed as an electron [see
drawings at top of page 174]. These two
particle-field states are in effect stable.
The charged meson states, however, are
unstable, and may represent distortions
of the basic electron and proton states.

“Neutral particles are all believed to
be multiplets of charged particles in
rotative association, as shown in the
drawing at the right. In atomic groups
this is generally true. In the neutron
and neutral mesons this is less certain,
but may be indicated by the decay prod-
ucts. Within the neutron (and mesons)
the basic proton and electron particle-
fields (of which they are composed) are
probably subjected to field distortions
so extreme as to render them temporar-
ily unrecognizable.

“Particle-field distortions occur when
environmental restrictions prevent a
complete reciprocation of particle and
field effects. Thus we may have, if ex-
ternal motion is restricted, an abnormal
phase frequency which might be inter-
preted as displacement current, electric
field potential or excess mass. If in-
ternal tension reduces the phase fre-
quency to less than it should be accord-
ing to external velocity, then mass de-
fect is observed (or a meson).

“Just why all protons should have one
translation and most electrons another

© 1954 SCIENTIFIC AMERICAN, INC

is not understood, although some system
of priority exclusion may operate. Just
why there should be two stable mass
levels is also not understood, but these
are problems shared by all theory.
“Particle motion always takes place
along the axis of circular translation
as the particle-field passes through other
environmental fields. The fields appear
to exert a combing action on one an-
other. (One particle in a free space

DISPLACEMENT
PROTON

DISPLACEMENT
ELECTRON

NEUTRON

Proton and electron mesh in a neutron



Carl Vrooman, icing tunnel group
head, studies hot-air cyclic de-icing
test on wing section of C-130
transport. The tunnel has a
temperature range of —40° F. to
+150° F. and maximum air speed
of more than 270 mph.

| 53

New icing tunnel
speeds thermodynamics
research at Lockheed

Designed to meet a constantly increasing volume of thermo-
dynamics work, Lockheed’s new icing research tunnel now
provides year ’round testing in meteorological environments
normally found only in flight. It is the first icing research
tunnel in private industry.

Lockheed thermodynamics scientists were formerly limited to
testing time available at installations such as Mt. Washington.
Now they are able to study in greater detail problems such as:
thermal anti-icing; cyclic de-icing; various methods of ice
removal; distribution of ice; rate of temperature changes in
aircraft components; thermodynamic correlation between lab-
oratory and flight testing; and development and calibration of
special instrumentation.

Thermodynamics Career Opportunities

Increasing development work on nuclear energy, turbo-compound,
turbo-prop and jet transports,.radar search planes and supersonic
aircraft has created a number of positions for Thermodynamics
Engineers and Thermodynamicists.

Lockheed offers you increased salary rates now in effect; generous
travel and moving allowances; an opportunity to enjoy Southern
California life; and an extremely wide range of employee benefits
which add approximately 14% to each engineer’s salary in the
form of insurance, retirement pension, sick leave with pay, etc.

You are invited to write for a brochure describing life and work
at Lockheed and an application blank. Address E, W. Des Lauriers,
Employment Manager.

LOCKHEED AIRCRAFT CORPORATION

sureaANk CALIFORNIA
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C. H. Fish, design engineer assigned to the tunnel,
measures impingement limits of ice on C-130 wing
section. The tunnel has refrigeration capacity of

100 tons, provides icing conditions of 0 to 4 grams
per cubic meter, droplet sizes from 5 to 1000 microns.

Thermodynamicist Ed Dean monitors main control

panel in picture at left. Temperature, air speed,
water flow rate, air pressure and other variables
can be regulated independently.

B. L. Messinger, department head, analyzes test

results with Thermodynamics Engineer E. F. Versaw
and Thermodynamicist Tom Sedgwick. The report
was in their hands only two days after it was

decided to conduct the test.
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'V Leaders and
| Steccalists in

Work includes new
circuits and systems

“ENGINEERING™

1 offered splendid opportunities in Boston Engineering Laboratory!

I Men qualified to handle high level assignments in electronics are offered a challenging |

opportunity in Boston, under ideal working conditions divorced from production. The
laboratory provides stimulating projects, an atmosphere of scientific progress and

I provides assistance towards your personal advancement or professional recognition. |

' You will work with a top level technical staff possessing the finest facilities.
istrative positions are open to men qualified to guide the efforts of others.

MICROWAVE ENGINEERS

Senior engineers to handle design and
| development projects and provide tech-
nical direction of other top-level engineers
working on microwave circuits and micro-
| wave plumbing in the development of
military airborne elec-
tronic equipment,
Should have 5 years’
experience in such
work and at least a
BS degree.

Admin-

RADAR SYSTEMS AND '
CIRCUIT ENGINEER '

To assume responsibility for electronic |
circuit design for major elements of com-
plex airborne electronic equipment. Should
have a BS degree and about 5 years’ |
experience. "

Sylvania provides financial support for |
advanced education as well as a liberal
insurance, pension and medical program.
Investigate a career with Sylvania. |

INTERVIEWS BY APPOINTMENT |

| Don Bradley, Personnel Manager, Boston Engineering Lab. |

! SYLVANIA ELECTRIC PRODUCTS

BOSTON, MASSACHUSETTS =«

1 70 FORSYTH STREET .

INC. |

OPTICAL BARGAINS

Ly SPITZ JR. PLANETARIUM

Amazing! Projects on ceiling of darkened
room nearly 400 stars, more than 70 constel-
lations in proper relation No batteries; uses
home current Rheostat control for bright-
ness. About 14” high on a 7”x7” base. I’ro-
jection sphere 7” diameter. 32-page informa-
tion book included FREE!

éi " Stock No. 70,040-S $1500 Pstpd.

IMPORTED MICROSCOPE
100, 200, 300 Power ONLY
Good optical qualities, fine focus- $'| 4..P95mm.d

;. ostpai

Definition is Ssurprisingly
ar and good—amazingly so at

¥ t ric evolving disc- -light | OCULA
ac |us able’ mirror. Square. Stage

23/ o Ty 2 “Wondertul 303-‘507"/5 .
barkain FOR 10 DAYS— LENSES

if not LO(“[!thOly satisfied, your d
money refunded. Comes packcd RAcK &
in_ sturdy, hard wood case. PINIO
cessory Eyepieces and OI)JGC(.I\C

available. FOCUSING

Stock No. 10 OO08-S.....ccvvuirrnnnsd 514 95 Poslpald

POCKET COMPARATOR ;

Gheck, Measure, In-
spect Small Parls
and Dimenslony
=ith & POWER
MAGNIFICA-

1oN (Vi oo

MEASURES

— HANDY!
FAST! ACCURATE!

Fine, imported measur- ‘g
ng magnifier—for fast, -
dccurdte inspections.
Black anodized metal cell

. Clear Plastic base. Focusing
adjustment. Comes in protective leather case. Money-back
guarantee!
Stock No. 30,061S.
Order by Stock No.
rated firms.

$24.50 pai
Send check or M.O. Open account to

Mounl(‘(l BARLOW LENS—short foLdl length. E.F.L.: 1.74
.01 Lleal‘ aperture: 0.96”. 0.D. of cell: 1-3/16”,
Stnck No 30,140-S $15.00 Pstpd.

Order by Stock No. Send check or M.O. (Open acct. to rated
firms.) Money back guarantee.

We have Literally Millions of WAR SURPLUS
LENSES AND PRISMS AT BARGAIN PRICES
Write for Catalog ''S"—SENT FREE!

EDMUND SCIENTIFIC CORP.
BARRINGTON, NEW JERSEY
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44mm
refracior
$48

KEnmore 6-8900 i

Jelescofes

AS LOW AS

548

Now, for $48 you can own a GO-power
refractor that is truly a precision optical
instrument in every detail — 44mm fully
corrected objective, 4-lens plano-convex
eyepiece, erect image, altazimuth mount,
and hardwood tripod. Carefully designed
and built, it has no imported or surplus
parts. Tinsley Laboratories is proud to add
this junior instrument to a series of teles-
copes which are famous for their quality
and value. Whether you need a telescope
for a junior, a serious astronomer, a school,
or an observatory, find out about Tinsley
products. Tinsley Laboratories is one of the
few American makers of precision optics
in about sixty different categories.

2530 Grove Street | Berkeley 4, California
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Opposed motion with like fields

could conceivably have any external
motion.) Particle-fields of opposite cir-
cular translation (that is, of unlike sense
conjunction) tend to move apart.
Particle-fields of like sense conjunction
tend to move in parallel paths. A pro-
ton and an electron follow parallel paths
when moving in opposite directions or
rotating about one another, and two
electrons do so when moving in the
same direction. There is a tendency for
the spacing to remain constant. Accel-
eration of both particle-fields causes
them to move together. Deceleration of
both causes separation.

“Passage of one particle-field through
another of like translation results in a
matching adjustment between the fields.
This adjustment is oscillatory, and, if
the contact is short, most of the fre-
quency (phase-shell spacing) shifts
from one field to the other. If the con-
tact is extended, the fields may nearly
match and share the total frequency
and external motion. Under the Pauli
exclusion principle, however, their field
states could not be identical. This could
be a picture of energy partition or trans-
fer through induction. With trivial dif-
ferences, it could also be a picture of
energy transfer through classical particle
contact. In a closed system the total
frequency of the particle-fields is con-
stant and shared mutually.

“The fields of a proton and an elec-
tron revolving about one another on
their respective sides of the axis at the
center of mass would have, in effect,
the same direction of circular translation
or sense. The much greater radius of
the electron would contribute just
enough velocity, and hence momental
mass, to establish a stable, rotating sys-
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Opposed motion with unlike fields

tem. In the absence of external in-
fluence, the field mesh would, therefore,
remain constant and the pair would con-
tinue in stable rotation indefinitely. An
approaching external field or changing
portion of field would cause a change
of frequency, first in one and then in
both particle-fields. A remeshing would
be required to maintain the stability.
The nearer the particle-field centers ap-
proach one another, the greater the
environmental change necessary to alter
the meshing. A limiting or normal state
is implied.

“At each remeshing of the fields,
areas of intensification and interference
shift throughout the two fields. These
areas are most prominent along a com-
mon radial line. They move outward at
the velocity of light. With oscillatory
adjustment of the particle spacing, these
areas change periodically, and may be
thought of as electromagnetic waves or
photons.

“In a more complex atom than hydro-
gen, the protons and electrons might be
again visualized moving in a single
orbital plane. Fields would all be ori-
ented to this plane. Thus all fields
would mesh in the same sense or direc-
tion of circular translation. Certain
particle-field distortions would occur
because of the complex adjustments
needed. In the complex atom, the orbit
of neutron doublets would be located
in the common plane of the atom,
probably nearer the axis than the
protons. The whole complex phase-
frequency mesh would revolve as a unit
with the relative motion of negative and
positive particle-fields compensating for
individual differences of sense transla-
tion. Energy transfer can take place only

A CHALLENGE TO THE
ENGINEERING MIND
SPEC|AL'ZING ® o o inmissile

guidance and related fields. New, long-range programs
have created high-level vacancies within areas of our
Engineering Department at Convair in San Diego...the city
judged by many as offering the nation’s finest way of life.

TO YOU WHO JOIN US: You will join a genuine "engineers"
engineering department ... interesting, energetic, imaginative,
You will work with men with keen, explorative minds...looking
out and up into the future solving far-reaching problems in
missile guidance and other vital current and future projects
undertaken by this advanced engineering department.
Exceptional opportunities exist now for men with proven
ability as:

MICROWAVE SPECIALISTS
SERVOMECHANISM SPECIALISTS
DYNAMICS ENGINEERS
AERODYNAMICISTS
THERMODYNAMICISTS

APPLIED MATHEMATICIANS
MATHEMATICAL PHYSICISTS
RADAR SPECIALISTS
MICROWAVE ANTENNAE S PECIALISTS
DIGITAL COMPUTER SPECIALISTS
INSTRUMENTATION SPECIALISTS

FACTS YOU SHOULD KNOW ABOUT CONVAIR:
Convair presently has the greatest diversity of aircraft
engineering projects in the country, including high perform-
ance fighters, heavy bombers, large flying boats, trans.
ports, trainers, seaplane fighters and guided missiles.

Convair has a completely integrated electronic development
section engaged in advanced development and design on
missile guidance, avionic projects and radar systems.

FACTS YOU SHOULD KNOW ABOUT SAN DIEGO:

In San Diego you and your family enjoy Southern California
living at its best...a way of life considered by most as the
country's finest for climate, interesting topography and easy
living. Fine living quarters are available and reasonable.

WOULD YOU LIKE TO JOIN US?

We earnestly need specialists of proven ability...men who
want to make full use of their time, their minds and their
skills solving the complex problems confronting us now and
on future projects.

If you are such a man, write us and we'll send you pertinent
information. Your reply treated confidentially. Generous
travel and moving allowances.

WRITE: H. T. Brooks, Engineering Personnel
Department S.A. 9

CONVAIR

SAN DIEGO
Division of General Dynamics
3302 PACIFIC HIWAY

SAN DIEGO, CALIFORNIA
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Prepare Now for Leadership in the

Second Industrial Revolution

—computers and automation

—the coming robot age

Knowledge is power in this rapidly expanding new
field. Get that knowledge at your own pace
tarough our courses or guided study by mail:

SYMBOLIC LOGIC: Nonnumerical exact reasoning
using 'efficient symbols for calculation. Applications
to information handling:

a
a-4=0

COMPUTING MACHINERY: The revolution in in-
formation-handling. Computing machinery: automatic
and manual, digital and analog. Properties, advan-
tages, disadvantages, recent developments, etc. Ap-
plications in business, industry and engineering.

AUTOMATIC COMPUTING MACHINERY:
gramming and Numerical Computing.

AUTOMATIC COMPUTING MACHINERY: Con-
struction and Design.

OPERATIONS RESEARCH: Methods of scientific re-
search applied to the evaluation of equipment and of
tactical and strategic operations. Mathematical meth-
ods, techniques for getting information, etc. Applica-
tions to military, business, and industrial problems.

CYBERNETICS: ''Control and communication in the
animal and the machine.'' Servomechanisms and auto-
matic controllers. Analog and digital computers, con-
trol and capacity. Comparative psychology of ani-
mals. The human brain and its functioning.

CONSTRUCTION OF SMALL ROBOTS: The design
and construction of small robots. Puzzle-solving, maze-
solving, game-playing machines. Homeostat of W.
R. Ashby. Mechanical turtle of W. G. Walter. Ma-
chines which will pass tests of comparative psychol-
ogy.

STATISTICS: Meaning. Collection of data. Bias.
Frequency distributions. Averages: mean, median,
mode. Calculation. Dispersion: mean & standard de-
viation, probable error. Fitting lines and curves.
Normal curve of error. Correlation.

MATHEMATICAL STATISTICS: Mean, standard de-
viation, skewness, peakedness Continuous and dis-
crete frequency distributions. Normal, binomial,
Poisson and other distributions. Frequency distribu-
tion of two variables. Large and small samples. Good-
ness of fit. Design of experiments.

LANGUAGE: Scientific study of language. Nature,
development and origin. Relation to symbolic tech-
niques permitting calculation such as mathematics,
symbolic logic. Words, meanings, contexts. Language
in relation to organization of thinking and society.
Applications.

TECHNIQUE OF EXPLANATION: The problem of
explaining. The nature of understanding. Examples of
good and poor explanation. Yocabulary, readability,
people's attitudes, and other factors.

MATHEMATICS FOR PEOPLE WHO DIDN'T LIKE IT:
A new kind of mathematics course. The psychology of
dislike, fear, and avoidance. The maturing of ‘person-
ality. What mathematics essentially is. The languages
of mathematics, what they refer to, and how to un-
derstand them.

GENERAL KNOWLEDGE 1: MAN IN PERSPECTIVE:
Earth, Moon, Mars, and Venus. The biography of the
Earth. Life and its environments. Other societies,
cultures, languages, economic systems, technologies,
etc., contrasted with ours. The long broad view of
man. An attempt to escape from the provincialism of
one time and one place.

AND 13 OTHER COURSES: Readable Writing;
Mathematics Refreshers; Elementary Algebra; Higher
Algebra; Geometry; Trigonometry; Analytic Geom-
etry; Calculus (Differential and Infegral); Probability;
Differential Equations; Calculus of Finite Differences;
Topics in Modern Mathematics; Advanced Symbolic
Logic; Guided Study in Various Subjects.

By Mail—Easy or Hard—Individuals or Study Groups
—Scholarships, Incentives, etc. Personal Teaching—
Low Cost (Individual, $22 to $35; in Study Groups, as
low as $9.00.)

You can see our course announcement for the
asking—why not take a look at it?

We are Edmund C. Berkeley and Associates, instruc-
tors, publishers (the monthly Computers and Automa-
tion, etc.), writers (Giant Brains or Machines that
Think, Wiley, 1949, etc.), consultants, makers and
exhibitors of small robots (Simon, Squee, etc.). We
have students in 47 states and territories, 20 foreign
countries.

= e——=—=—=MAIL THIS COUPON==————,
| EDMUND C. BERKELEY and Associates |
| 815 Washington St., R95, Newtonville 60, Mass. |
| Please send me free information on all courses. |
| My name and address are attached. i

Pro-
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Meshing phase shells in like translation results in interference phenomena

between shells of like phase or between
harmonics arising through interference
between these shell states. Obedience
of energy-state transition to the laws of
quantum mechanics is implied. Binding
energy would appear as a mass defect
caused by particle-field distortion.

“This atom would seem to have the
simple geometry necessary for building
molecular lattices. In addition, it has
the attractive feature of demanding no
mysterious and unknown pair of field
forces—one to keep electrons from col-
lapsing upon the nucleus and one to
prevent the explosion of protons in the
nucleus.

“Here, then, is a proposed model
which appears capable of accounting
for at least some of the conflicting
sense-data reported during the past half-
century by experimental physicists. The
approach is certainly nonprofessional
and nonmathematical—perhaps noncere-
bral also. It is hoped that the results
are not too contradictory as far as
known experimental evidence is con-
cerned. Perhaps this attempt, even
though it is an amateur one, will en-
courage others to try. In defense of
models generally I submit a line from
the great James Clerk Maxwell’s preface
to his theory of electromagnetic radia-
tion: ‘In several parts of this treatise, an
attempt has been made to explain elec-
tromagnetic phenomena by means of
mechanical action....”

Is there any justification for low-grade

optical workmanship? In last month’s
issue James L. Russell of Cleveland,
who has taught hundreds of amateurs
to make their own telescopes, described
one justification—expediency. He had
observed that many beginners bogged
down and quit before finishing their
first mirror, in the mistaken belief that
a less than perfect mirror would fail to
function. He was able to increase the
percentage who finished by. deliberately
encouraging the candidates not to try
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for perfection, since even a poor mirror
will perform well enough to please its
owner for at least a season until his ob-
serving skill has become sophisticated.
I described Russell’s practical methods
of teaching the art and promised to ex-
plain in terms of physical optics why
even a poor mirror will work, to give
a revised criterion for good mirrors and
to show why an experienced observer
needs one. What follows is not an
over-all letting-down in standards but
the provision of several widely differ-
ing standards for different observers’
needs.

It has been said many times that in
any reflector the famous Rayleigh
criterion calls for precision of the surface
to one eighth of a wavelength, or one
400,000th of an inch. So often has the
term “good, honest, eighth-wave optics”
been used in speech and writing that
many have supposed it an inexorable
standard. Actually the tolerance is re-
laxed at the outset to one 200,000th of
an inch by the fact that in use of the
mirror the eyepiece may be adjusted to
an average focus. This is explained by
F. B. Wright and by J. R. Haviland in
the Amateur Telescope Making books.
Alan E. Gee now explains it graphically
[drawings on page 182]. He writes: “In
the first diagram, the curve being hyper-
boloidal, the observer automatically
focuses the eyepiece at the best focus, b,
where the circle of confusion is smallest,
ignoring a. In the second the curve is
spherical (undercorrected mirror) and
he again selects b instead of a. For reg-
ular undercorrection or overcorrection
this ability to focus results in a reduction
of the effect of the spherical aberration
by a factor of four. For the effect of zones
no such statement can be made. The
observer will still work at best apparent
focus; however, where this will be, and
how good it will be, depend upon such
factors as the relative area or areas of
the zones producing the errant rays,
their intercept on the optical axis, and



THE ELECTRON GUN,

The

LIGHT
that
ilfluminates

a brilliant
new age

V'ision first lights the way. Then progress
follows. Now the cathode-ray tube devel-
oped by the Allen B. Du Mont Labora-
tories floodlights a new “‘telectronic” age!

It shines deeper into the secrets of the
natural world than man has ever seen before!
It “sees” into the structure and action of
heart, brain and nerve, without risk or
discomfort to human beings. And the pic-
tures revealed on its tube screen give
pertinent information for better diagnosis
and research.

It ““sees’ into the heart of airplane engines
...actually picturing the efficiency of
metals and parts in action. And the pic-
ture-reports from the cathode-ray tube
screen make airplane engines safer and
better.

It “sees’ into the fog and darknessin the
form of radar, sonar or loran. And the
picture it returns is our nation’s safeguard
against surprise attack...our guide to
safer traffic on land, sea and air, today
and in the future.

RESEARCH
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CATHODE-RAY
TUBE DIVISION
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DIVISION

developed by DuMont,

Into business, industry and national de-
fense shines this new light . . . seeing and
reporting things, facts, actions with such
fantastic speed and accuracy that entirely
new methods become possible. Completely
automatic factory operations! Automatic
controls of quality! Mathematical com-
putations a million times faster than those
of the human brain!

With these new “telectronic” tools and
many more—mankind will develop a new
and far better economy. .. with greater
productivity, higher quality, less waste
and error, greater national security, and a
higher standard of living for all men.

The DuMont Laboratories, pioneers of

pioneered

the telectronic age.

this new “telectronic” age, are equipped
by their great fund of experience to make
it more immediately profitable.

Du Mont, the most respected name in
television, has long been the world’s larg-
est producer of cathode-ray instruments.
Du Mont scientists and engineers are con-
sulted constantly by the scientists of
industry, independent laboratories and
government agencies. And Du Mont is
winning increasing stature in all fields of
telectronics, television receivers and trans-
mitting equipment, television network
and government service.

Think first of Du Mont .
progress through vision!

. first in

Writefor free 40-page booklet, “"THE STORY OF TELEVISION”, Allen B. Du Mont Laboratories, Inc.,
Executive Offices, 750 Bloomfield Ave., Clifton, N. J.

®
VISION IS THE nu Mnm DIMENSION

First with the Finest ih Televiéion
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COMMUNICATION
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Engineers and Physicists

Your Move

ized fields,
capable of filling responsible engineering positions
with MELPAR, a leader in research and development.

The men we seek are experts in their special

Perhaps one of these men may be you. We

to learn about our long-range military and industrial

programs.

If you are experienced in one or more of the fields

listed below, write us about yourself and

you during a personal interview about our past rec-
ord of success and how you can successfully fit into

our future plans.

e Data Handling Equipment (magnetic cores, magnetic recording
equipment, digital computing techniques, analogue to
digital conversion, shaft digitizers)

* Network Theory

invite you

let us tell

e Flight Simulation (servomechanisms, pulse circuitry,

electronic cabling)
e High-Frequency Antennas
e Audio and Video Circuit Design
e Small Mechanisms Design

o Mechanical Packaging of Electronic Components

Technicdl Personnel Representative

°
melp“r’ inc. » Subsidiary of the Westinghouse Air Brake Co.

452 Swann Ave., Dept. SA-9, Alexandria, Virginia
or 11 Galen St.,, Watertown, Mass.

!’ ASTRO-
- SPOTTING
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Teps ler the maney, Fine 40X scope
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PLUS Jasc triped. [First section
wood; Ind and Jed, metal) Tripad
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muwnting with locking dovice. Mo
Fad. tan. Mevar bafore ot enly
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MICROSCOPE BARGAIN
IMPORTED 100-200-300 POWER
Never before at this new low price.
Surprisingly fine optical system. Fine
definition and clarity. Height 8",
Rack and pinion focusing. One ocular
and three objective lenses. Stage
2%" x 2%". Complete with wood

carrying case $12.95 ppd.

GEIGER COUNTER
Miniature components and printed cir-
| cuits make this a compact, lightweight
| unit. Stable operation. Earphone-output
gives audible signal. Sensitive meter
shows instantaneous reading in milli-
roentgens per hour. Neon light flashes
the counts per second. Battery operated.
Complete with earphones, batteries and
instructions.

SPICIFICATIONS
SIZE—3 o 448y, WEIGHT—23 Ibs. FINISH—Baked enamel.
SEMSITIVITY —Bata, Gamma. TUBES—Two IUS's, one 1885.
RANGES—2 120 MR HR. CASE—Heavy drawn aluminum.
BATTERIES—Four 30V, one 114V flashlight cell.
Camplatn price—ready to use $84.50 ppd.
Gelger Counters from $29.95 to $500 —
write us for free information.

PR
MICRO-MATIC #coccazee ™t

2322 WHITTIER BLVD., MONTEBELLO, CALIF.

EVERY PENNY BACK IF NOT 100% SATISFIED
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PRECISION
OPTICS

. . - MASS PRODUCED

It takes skill and experience to
produce o single highly precise
optical form. To mass produce this
same object requires even greater
skill and experience, plus imagina-
tion and practical application of
engineering knowledge.

Since 1941 Ferson has success-
fully moss produced optics of ex-
ceptionally high precision.

Your problems will receive an
enthusiostic examination by us.

\ -
[
ERSON

CPHCAL COMPANT, INC

Ccenn $201n0. Mivtissipp
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The eye helps the mirror

their angular subtense. Based on the
Rayleigh limit, Wright’s tolerances in
Book One are all too stiff by a factor of
two. A six-inch mirror is about at the
Rayleigh limit if left spherical at f/8.
I suspect more of these f/8 mirrors are
worsened by attempted parabolization
than are improved.”

In this fundamental matter, govern-
ing all amateur telescope makers’ exer-
tions, Wright now assents with Gee and
others who have challenged his standard
as too exacting, saying, “I based my
limits on smooth curves of surface
viewed from the position of best aver-
age focus, then made the limits twice
as strict as this calls for to take care of
imperfect measurements or imperfect
focusing, and from just plain con-
servatism.”

Other reasons why poor mirrors work
well enough to please uncritical users
are: (1) A novice observer is likely to
look most often at the moon, because
it is such a spectacle, and, as Horace H.
Selby has pointed out in Book Three,
with a low-powered eyepiece almost
any telescope will give a good impres-
sion of the moon, because the iris of the
eye contracts so strongly under the high
illumination that the aberrations have
little effect on the sharpness of the
image. (2) On many nights the turbu-
lence of the earth’s atmosphere tends
to reduce the observational difference
between a fine mirror and a poor one.

These reasons may seem to provide
an alibi for sellers of poor telescopes.
As a matter of fact, the complaint
against such merchants is not that their
instruments are too poor for use by the
average beginner but mainly that their
claims of precision sometimes are too
strong.

Having dealt with the soft side of the
Rayleigh limit at least as generously as



the facts of physical optics permit, let |
us now climb over the fence into the |
rarefied realm of the perfectionists.
True as it is that few observers are
expert enough and few nights of seeing
good enough to exploit the superiorities
of a fine mirror, for many amateurs
much of the enjoyment of the hobby
consists in the pride of achieving a pre-
cision within one millionth of an inch.
The amateur telescope makers’ chief
contribution to science has been in pro-
ducing precision optical instruments.
Furthermore, precision is not to be
belittled even when it comes to ordinary
use of the telescope. The one kind of
observing for which it is profitable to
approach and surpass the Rayleigh
limit is the close observation of fine
detail on the moon and planets. And
this is just what most interests the
average amateur. The detail is made
visible by contrasts between adjacent
areas. Without the contrasts there is no
detail, and all is flat. These contrasts
are heightened in proportion to the
quality of the telescope. This can be
proved by physical optics but observ-
ing demonstrates it dramatically. Here
J. R. Haviland’s statement in Book Two
that perfection beyond the Rayleigh

Mirror made by Jean Texereau

Dynascope® Reflector

astronomy groups, and serious amateurs.

The high resolving power of the 4’ parabolic mirror
produces exquisite definition which clearly separates

such celestial phenomena as double stars. The
Dynascope mirfor gathers 1/3 more light than a
3%-inch mirror, is aluminized, and coated with
zircon quartz for maximum protection and
lasting use.

The Dy pe is pletely bled. The
set includes everything — there’s nothing else
to buy — and no extra charges for eye-

pieces, view-finder, or tripod.

331 Church Street .

TELESCOPE ™

You will be truly amazed at the scientific accuracy and technical
engineering built into this complete reflecting telescope.

If you were to purchase the parts and assemble them yourself,
you would spend much more than the unheard of low price

of this precision instrument. And in building your own

telescope you could rarely hope to attain the accuracy and
co-ordination of parts which have been engineered into

the Dynascope. It's highly recommended for schools,

Order NOW for prompt shipment. Money back guarantee. Send check or money order, Dept. DSA2
CRITERION MANUFACTURING COMPANY

FOR
THE FIRST
TIME!

1. 4-inch para-
bolic mirror
2, 4-power
achromatic
finder
3. 3-achromatic
eyepieces
65X-130X-167X
4. Rack & pinion
focusing
unbelievable 5. Folding hard-
low price of enly wood tripod

54495 |

F.0.B. Hartford
express charges collect
Shipping Wt. 12 [bs.

Hartford 1, Conn.

Testing a mirror by the Lyot method

OPTICS

ACHROMATIC TELESCOPE OBJECTIVES—
Perfect magnesium fluoride coated and cemented.
Ve have 12”7, 13”7, 15”, 19”7, 207, 26”, 0", 34”

and 36” TF.L. achromats and Alummum Tuhmq
Send for List.
Diameter Focal Length
54m/m (218”) 600m/m (23%")..
78m/m (3%”) 38Im/m (15”).....
8im/m (3%") 622m/m (2435")..
83m/m (314") 1016m/m (40”)..
[10m/m (43%”)*  1069m/m (42;%")

110m/m (43”)
*Not Coated

MOUNTED COLOR-CORRECTED EYEPIECES
Have a stock of precision war surplus lenses. Had
them mounted in precision 114” outside diameter
mounts. Result! You would pay 3 to 4 times more
elsewhere. Our price can’t be beat!!!
12.5M/M .L. Symmetrical eyepiece con-
tains two cemented achromats.

Coated lenses.......... 6.75—Not Coate 6.00
16M/M (5”) F.L. Extra Wide angle Erfel con-

tains five lenses.

ses. 13.50—Not Coated........ $12.50
(4/4"1 F.L. Symmetrical eyepiece contains
two ceniented achromat:

Se. $6.75—Not Coated.. ..$6.00
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56 75—-Not Coa ..$6.00
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8X ELBOW
TELESCOPE

1069m/m (4275”)
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This telescope will make an exceptional finder.
Objective 52m/m Dia., focussing eyepiece, turret-
mounted filters, amber, red, neutral and clear. I1-

luminated cross-line reticle, quick finding level
sight, and large size Amici prism.
Used . $18.50

Free Catalogue
““MILLIONS” of Lenses, etc.
We pay the POSTAGE—C.0.D.’s you pay postage
—Satisfaction guaranteed or money refunded if
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DAVE BUSHNELL says,

MY 14-PAGE BOOK !
STOP BEING CONFUSED
ABOUT BINOCULARS!

Binoculars are something you buy only
once in a lifetime. Know what you're
buying before you invest. Investigatel
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career
opportunities

&

PROPULSION

Here’s a genuine opportunity if you are
an engineer or scientist who wants to
build a sound, well-rewarded career in
private industry.

Our development program on a
reactor-powered aircraft engine is now
expanding. Because of this, we have an
immediate need for engineers and
scientists with training or experience in
nuelear engineering or related fields —
Thermodynamics, Heat Transfer, Con-
trols, Reactor Physics, Theoretical
Physics, Physical Chemistry, Stress and
Vibration, High-temperature Metallurgy.

If you can qualify, we can offer you
an opportunity to work on one of
today’s most challenging assignments —
a chance to be in on the initial stages
of a great and revolutionary develop-
ment in aircraft propulsion.

At Pratt & Whitney Aircraft, you’ll
work with a leader whose engines power
75% of the planes operated by the
commercial airlines of the world. You'll
have the stability of a corporation
whose 1953 sales exceeded $800,000,000.

Please send us immediately a complete
resume covering your training and ex-
perience. Write Mr. Paul Smith, Em-
ployment Office.

PRATT & WHITNEY AIRCRAFT

Division of United Aircraft Corporation
East Hartford 8, Connecticut
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Same surface by focogram (top) and lyot-gram (bottom)

limit will not noticeably improve the
image is inadequate. It has been shown
that, for the faintest perceptible con-
trasts, the efficiency of a mirror rises
from 62 per cent when corrected to the
Rayleigh limit, to 92 per cent when the
correction is carried to one fourth of
that limit. The optical designer James G.
Baker says in a private communication:
“At very low contrast levels, such as
obtain on the planetary disk, a mirror
made as poorly as the Rayleigh limit
will not perform well and a much better
mirror should be the goal. Recent re-
search has refined the rule-of-thumb
tolerances expressed by Conrady in
favor of more exact rules. French ob-
servations in the laboratory indicate that
there is no real lower limit to the accu-
racy requirements for the observation
of maximum contrast of faint details.
For example, if the contrast level is as
low as 1.01 to 1, it may be necessary
to have the optical system perfect to
within one fiftieth of a wavelength. Any
amateur sincerely interested in a high-
quality mirror is likely to continue, as
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at present, seeking the best curve he
can obtain.”

Related observations and experiments
have been made by André Couder and
Jean Texereau. Couder is astronomer at
the Observatory of Paris and co-author
with André Danjon of the basic work
Lunettes et Télescopes. Texereau began
as an amateur in 1938 with Amateur
Telescope Making and is now a profes-
sional optician, one of his most recent
pieces of work being a 24-inch Cas-
segrainian for Meudon Observatory, an-
other a 20-inch Cassegrainian with its
secondary supported on a plane-parallel
glass plate instead of an obstructing
spider. He is the author of La Construc-
tion du télescope d’amateur and leader
of the amateur telescope-making group
of the Astronomical Society of France.
The upper photograph on the preceding
page is a Foucault focogram from an
eight-inch f/6 mirror he figured.

Couder and Texereau have studied
the harmful effects of extremely small
mirror defects, using a powerful optical

-lever—a phase-contrast photographic



“Wise public debt management

with its goal of sound money

is of prime concern

to every American.”

MUNDY I. PEALE
President
Republic Aviation Corporation

“Wise public debt management with its goal of sound money is of prime
concern to every American. Regular purchase of U. S. Savings Bonds con-
tributes importantly to the achievement of this objective and, at the same
time, helps assure our future security, individually and as a nation. We at
Republic Aviation feel a deep sense of pride in the knowledge that 949, of
all our employees became investors as a result of our most recent campaign
and that $631,000 in bonds are purchased each month on our automatic

Payroll Savings Plan.””

Perhaps the importance of U. S. Savings Bonds and the
Payroll Savings Plan as factors in wise debt management
and the achievement of sound money may not have oc-
curred to you.

Here are a few facts and figures:

e For every dollar of public debt held by a commercial
bank, about five new dollars may be created in the form of
credit. Obviously, the larger the amount of the public debt
held by individuals, the greater the check on inflationary
tendencies.

e At the end of 1953, the cash value of Series E and H
Bonds held by individuals was more than 36 billion dollars.
This total is growing steadily, thanks largely to the month
after month purchases of Series E Bonds by more than
8,000,000 Payroll Savers.

e Sales of E and H Bonds in 1953—23% higher than in
1952 —provided cash for all E and H Bond maturities and

redemptions and still left over $210,000,000 net for the
reduction of bank-held debt.

¢ The ownership of more than $36,000,000,000 in Savings
Bonds by millions of Americans constitutes a reservoir of
future purchasing power—an asset to industry and business
as well as to the individuals who built it by their Bond-
conscious thrift.

Why not team up with Mr. Peale and other leaders of indus-
try in their efforts to help America reach its goal of wise
public debt management and sound money? All you have
to do is (1) show a personal interest in your Payroll Sav-
ings Plan. Get the figures on the percentage of employee
participation and the amount of monthly savings by your
employees. (2) Wire, phone or write to Savings Bond
Division, U. S. Treasury Department, Washington, D. C.
You'll get all the help you need to build up or install a
Payroll Savings Plan that will reflect your company and its
interest in America.
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sta hi-lz'er

A substance added to a solu-
tion or emulsion to preserve
its balanced condition.

Example: GLYCERINE!

Cough syrups, flavorings, color-
ing agents, medicines, and many
other products rely on the dispers-
ing, suspending, or emulsifying
action of Glycerine for their sta-
bility. In these formulations Glyc-
erine is preferred not only because
of its stabilizing action, but also
because of its demulcent and hu-
mectant properties, and its pleas-
ant taste.

U. S. P. Glycerine is nontoxic
and easily digested. Its applica-
tions are approved by Federal and
State food and drug authorities.

New Starch Indicator

To give one recent example, Glyc-
erine’s stabilizing action was a key
factor in the development of a new
starch solution for use as an indi-
cator in iodimetry. In tests this
Glycerine-stabilized solution gave
the same results six months after
mixing as it did when fresh.

Balance of Properties

Glycerine’s stabilizing action is
only part of the story. You can
count on versatile Glycerine to

serve as—
lubricant bodying agent
bacteriostatic sweetener
penetrant antifreeze

preservative blending agent

Booklets on the application of Glycer-
ine in the drug and cosmetic and food
fields are available. For your copy,
write Glycerine Producers’ Associa-
tion, Dept. S, 295 Madison Avenue,
New York 17, N. Y.
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method of testing devised by the French
astronomer Bernard Lyot. The Lyot test
clearly discloses defects only one 500-
millionth of an inch deep—one half
angstrom!

The photograph at the bottom on
page 183 is a Lyot picture of an ordinary
five-inch mirror polished on a pitch lap
painted with wax. The crosswise strip is
the image of the photometric wedge used
in the Lyot test. This test employs the
basic Foucault setup, plus a phase plate
and camera, but unfortunately requires
that the mirror be made of optical
glass because of the striae in plate glass
and Pyrex. The prominent streaks are
striae within the glass and must be
ignored. Remaining are myriads of tiny
defects about one 100-millionth of an
inch deep. Not one of the little bumps
(together called micromamelonnage)
would be even faintly visible with the
visual Foucault test, and this glass
would have a featureless polish if di-
rectly examined with a 40-power micro-
scope at the reflection from a concen-
trated light beam. Nevertheless these de-
fects diffract enough light to lower a mir-
ror’s efficiency when used in observing
faint contrasts on the moon or planets.

The two photographs on page 184
compare a focogram with a picture of
the Lyot type, which we might call
a “lyot-gram.” The upper picture is a
focogram four times magnified, near the
edge of a typically lumpy surface pol-
ished with HCF. It shows a mottled
surface. Below it is a lyot-gram of the
same area; it reveals the depth of the
micromamelonnage to be about eight
100-millionths of an inch.

The phase-contrast method has also
proved that polish on paper with rouge,
on waxed pitch with rouge and on pitch
with cerium oxide or with Barnesite
gives smoother surfaces than polish on
HCF. The smoothness is in the order
named. None of these gives nearly
as smooth a' surface as pure unwaxed
pitch with rouge, especially when the
final “wet” is almost completely dried
up.

Our investigation of the easy and
difficult sides of the Rayleigh limit has
shown that there is no cut-and-dried
standard of quality for a telescope mir-
ror. Instead there must be a separate
standard for each observer. A rather
poor mirror will give pleasing images of
stars and nebulae and of the moon and
planets when viewed as a whole. But
those who wish to resolve close double
stars or observe details on the moon and
planets, as well as those who take pride
in their workmanship, will not aim at
anything less than perfection.
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A broor SUPPORTING
program of | pEsEARCH

The Ramo-Wooldridge Corporation has established a
major policy of maintaining a strong program of sup-
porting research in fields related to the company’s major
technical areas of activity, but not otherwise directly
associated with development projects. Approximately
ten percent of the total technical effort of the company
will be allocated to general research work, to help insure
the maintenance of advanced standards of scientific and
engineering competence throughout the organization.

Positions are now available for scientists and research
engineers to work in the following fields:

Information theory
Digital computer theory
Servo theory
Propagation of electromagnetic waves
Microwave resonance phenomena
Magnetic devices —

amplifiers, ferrites, memory elements

The Ramo-Wooldridge Corporation

8820 BELLANCA AVENUE
LOS ANGELES 45, CALIFORNIA

Pacific Semiconductors, Inc., while a new company, is
organized around a central group of scientists, engineers,
and administrators who have unusual records of recent
accomplishment in the semiconductor field. Backed by
several millions of dollars of corporate financing, rapid
progress is anticipated in the development, manufacture
and sale of semiconductor devices of advanced design,
including diodes and transistors.

Positions are now available for semiconductor physi-
cists, transistor circuit engineers, sales and application
engineers, and experienced semiconductor research
assistants.

PaciFic SEmigddbucToRrs, INC.

6316 W. 92nd Street Los Angeles 45, California

a subsidiary of

The Ramo-Wooldridge Corporation
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Private "‘air truck’’ for Very Special Delivery
.. powered by Lycoming

When deliveries are Rush with a capital “R” . . . today’s
progressive businessman turns to a small company plane that
relieves him of dependence on the schedules of commercial
air-freight systems.

Off again to deliver the goods! Tom
Vodenik, Capital City pilot, shown here,
says: “We logged over 750 hours in the first
eight months we flew this Tri-Pacer. The
plane has had nothing but routine mainte-
. . .. nance—it’s ready to go every day!”
Take the case of the Capital City Printing Plate Company of

Des Moines, Iowa . . . operator of a Piper Tri-Pacer powered
by Lycoming. Gene C. Meston, General Manager, says: “We
could not maintain our production and sales level without
the Tri-Pacer. The airplane and the pilot do the work of two
trucks and three drivers. We save a lot of expense and keep

our customers well satisfied.”

Just off the press! “The Lycoming Story”
. . . 40 interesting, illustrated pages showing
many ways Lycoming is ready to help you.
‘Write for it on your letterhead,

Our own experience at Lycoming with the Tri-Pacer is a
revelation in dollars and cents. It carries a 500-1b. payload
at an operating cost of only 5.6¢ per mile . . . less than the
average cost of running an automobile!

For the “air truck” in your future, test-fly a Piper . . . or one
of the other leaders in this small-plane field that fly with
dependable Lycoming air-cooled engines.

FOR RESEARCH * FOR PRECISION PRODUCTION

- Lycoming

DIVISION OF ﬂ_l{(;o STRATFORD, CONR.

. plants In Conn., and Willlamsport, Pa.
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JUST HOW SMOOTH IS SMOOTH?
Brush SURFINDICATOR* tells you instantly!

SURFINDICATOR is portable, easy-to-
wuse, can be set up wherever 115 volts
a.c. is available.

Never before has the measure-
ment of surface roughness been
so easy. With the SURFINDI-
CATOR you merely guide the
pickup over the surface to be
checked and read roughness in
microinches directly on the
meter. Time-consuming labo-
ratory setups are no longer
required.

Plants can now control sur-
face roughness—a vital factor
in production costs, friction,
wear and product life. Quality
can be checked easily on the

production line. The SURFINDICATOR can be used to
check surface finish of metals, glass, plastics—even paper!

Write now for the free booklet “Surface Finish
Control”. Brush Electronics Company, Dept. B-6,

3405 Perkins Avenue, Cleveland 14, Ohio.

BRUSH ELECTRONICS

INDUSTRIAL AND RESEARCH INSTRUMENTS
ACOUSTIC DEVICES
MAGNETIC RECORDING EQUIPMENT

ULTRASONIC EQUIPMENT

PIEZO-ELECTRIC MATERIALS o
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*Trade -Mark

COMPANY

Sormerly
The Brush Development Co.
Brush Electronics Company
is an operating unit of
Clevite Corporation .,
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Always finest and fastest...

THE WORLD’S CHAMPION

LONG-RANGE, NON-STOP
AIRLINER

‘e DOUGLAS DC-7C

Adds 1000 miles to non-stop flight limits...
Adds up to 70 mph to cruising speed

Here is the first truly Interconti-
nental passenger airplane. This
Douglas distance champion will
carry competitive payloads up to
5000 miles non-stop . . . makes pos-
sible unrefueled flights like those
illustrated...and because of its
range and speed, promises to revo-
lutionize air travel and airline
operations between continents.

Longer wings to carry more fuel
also allow engines to be moved
further away from the cabin, mak-
ing the DC.7C even more gquiet
and comfortable.

Already ordered in quantity by
Pan American World Airways,
thesenew model Douglastransports
are scheduled to begin interconti-
nental service in 1956.

DOUGLAS

Twice as many people fly Douglas as all other airplanes combined

4802 MiLes

4400 MiLEs 4793 MiLES 3845 Mitgg 4394 MiLpy

AUCKLAND

£
R0 LisBOMN BUENOS AIRES MIAMI  TOKYO SEATTLE  FRANKFURT NEW TORK HONCLULY
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If yours
IS a
fluid

heating
problem

MAXIMUM FUEL EFFICIENCY
1. The generic design of Iso-Flow heaters, including
the re-radiating cone, gives excellent heat distribution
and eliminates localized over-heating. 2. All walls are
protectéd by tubes which create low refractory wall
temperatures. 3. The refractories have high insulating
characteristics which create minimum outside shell
temperatures and, hence, exceedingly low radiation.

4. With a radiant loss of under 2% more heat is ab-
sorbed by the fluid being heated. This results in higher
efficiency for any type of Iso-Flow design. 5. Since
Petro-Chem designs include a wide variety of convec-
tion sections all heaters can be engineered for opti-
mum fuel efficiency or for maximum fuel efficiency
where the price of fuel and other economic consid-
erations justify.

More than 1200 PETROCHEM-ISOFLOW FURNACES are in operation throughout the world
in the petroleum, chemical and allied industries...for all processes and for any duty, pressure,
temperature and efficiency . . . and all Petrochem-Isoflow Furnaces are pre-eminently satisfactory.

UNLIMITED 1IN

PETROCHEM-ISOFLOW FURNACES

SIZE

CAPACITY ourtrYy

PETRO-CHEM DEVELOPMENT CO., INC. - 122 East 42nd St., New York 17, N. Y.
Representatives: Bethiehem Supply, Tulsa and Houston ® Flagg, Brackett & Durgin, Boston ® D. D. Foster, Pittsburgh ® Faville-
Levally, Chicage ® Lester Oberholtz, Los Angeles ® Gordon D. Hardin, Louisville ® Turbex, Philadelphia (Narberth, Pa.)
Foreign Licensees: England - BIRWELCO, LTD., Birmingham 6 © France = HEURTEY & CIE, Paris ® Germany - DR. C. OTTO & COMP., Bochum
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Another new development using

B. F. Goodrich Chemical - materias

B. F. Goodrich Chemical Company does not make
this rigid vinyl pipe. We supply the Geon resin only.

Hiqht iw the, qroove- nigid vinyl pipe

HIS is a part of a 3-mile instal-
lation of rigid vinyl plastic pipe
in the oil fields of Ellis County, Kan-
sas. It carries hot salt water—a cor-
rosive by-product of crude oil—froma
separating tank toa deepdisposal well.

Oil company engineers chose high-
impact rigid vinyl pipe made from
Geon resin because it won’t corrode,
can stand roughest handling and has
better chemical resistance. Another
advantage: Money is saved in ditch-
ing operations for other pipe made

of brittle materials must be cradled
in a more costly graded ditch to
avoid damage.

This high-impact rigid vinyl pipe
has so many advantages that it may
suggest a use to you or may give
you an idea for an equally successful
product. There are scores of other
uses for Geon materials—from rigid
sheets and panels to flexible colorful
upholstery, wire insulation, durable
flooring, sponge and many more:
For information on Geon materials;

please write Dept.D-5, B. F. Goodrich
Chemical Company, Rose Building,
Cleveland 15, Ohio. Cable address:
Goodchemco. In Canada: Kitch-
ener, Ontario.

GEON RESINS ¢ GOOD-RITE PLASTICIZERS . . . the ideal team to make products easier, better and more saleable

GEON polyvinyl materials o

HYCAR American rubber e
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GOOD-RITE chemicals and plasticizers e

HARMON colors






