SCIENTIFIC
AMERICAN

LLFTY CENVTS

Otober 7960




Reaction controls at work in space — symbolized.

STEERING GEAR FOR ASTRONAUTS

Conventional aircraft control surfaces will not guide
space, ships and capsules. Rudders, ailerons and ele-
vators find no resistance and hence produce no
reaction to their movements where there is no atmos-
phere. Even at altitudes only half way up, they are
sluggishly ineffective.

The accepted answer to a dependable steering mecha-
nism for astronauts is a system of jet reaction controls
developed and produced by Bell Aerosystems Com-
pany. First used on Bell’s own supersonic X-1B
several years ago, the system has been greatly improved
and adopted for the X-15, the Mercury man-in-space
project and other space vehicles.

Through strategically located, low and high thrust (1 to

1500 pound) rocket engines, Bell’s reaction controls
not only position and guide the ship by controlling the
roll, pitch and yaw, but they also provide for orbit
changes and retro-thrust. Some of the jets are throttle-
able while others can be operated in combination to
provide the astronaut positive and flexible control.

This revolutionary steering gear for space, available
using monopropellants or high energy bipropellants,
is just one of many advanced projects which are
currently engaging the diversified talents of Bell
Aerosystems Company in the fields of rocketry, avi-
onics and space techniques. Engineers and scientists
seeking challenging, long-range career opportunities
can find them at Bell.

BELL AEROSYSTEMS COMPANY
BUFFALO 5, N.Y.
DIVISION OF BELL AEROSPACE CORPORATION

Successor to the Defense Group of Bell Aircraft Corporation
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adhesive
you mix
in your hand

Armstrong has developed a
powerful new epoxy adhe-
sive that any workman can
mix as it’s needed—in his
hand.” And the adhesive
package is also the adhe-
sive applicator. No measur-
ing, no muss, no waste.
The pre-measured cata-
lyst is contained within a
capsule that floats in the
epoxy resin. The complete
adhesive unit—catalyst and
resin—is sealed in a flex-
ible plastic packet. To acti-
vate the adhesive, you
simply crush the catalyst
capsule with your fingers
and knead the packet.
When mixed, snip the tip from the packet
and apply the adhesive. It quickly achieves a
powerful bond—uwithout heat and with no
more pressure than you need to insure good
contact. We call this adhesive J-1158. Its

tensile strength at room temperature is 1800
psi. It gets even stronger as the temperature
drops to -65°.

One of this adhesive’s most desirable
properties is that it never gets brittle.
Strong, yes. But J-1158 remains slightly
flexible permanently.

This lets you bond dissimilar materials
with widely varying coefficients of expansion
without fear that the bond will fracture. For
example, J-1158 is used to bond metal mirror
brackets directly to glass windshields. The
windshield breaks before the bond.

We know of no other epoxy adhesive that
combines such basic simplicity of applica-
tion with such high strength.

Packets of J-1158 come in many sizes,
depending solely on the most efficient quan-
tity for a given job.

Perhaps J-1158 is right for you. For an
experimental kit of two adhesive packets,
complete with technical data and instruc-
tions, send $3 to Armstrong, 8010 Inland
Rd., Lancaster, Pa.

(Armstrong ADHESIVES

1860-1960 Beginning our second century of progress
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Louis Pasteur...on goals

“Young men, young men, have confidence in those safe
and powerfu] methods, of which we know only the first
secrets. And, whatever your career may be, do not let
yourse]ves become affected by a denigrating and barren
skepticism, do not let yourselves be discouraged by the
sorrows of certain hours which pass over a nation. Live
in the serene peace of laboratories and libraries. Say to

yourselves first, "'What have 1 done for my education?’

and as you gradually advance, “‘What have I done for my
country ?’ until perhaps you may have the immense hap-
piness of thinking that you have contributed in some way
to the progress and to the good of humanity. But whether
or not our efforts bear fruit, let us be able to say, when

BEY)

we come near the great goal, ‘T have done what I could’.

Academy of Sciences, December 27, 1892

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A nonprofit organization engaged in a program of research in the physica] sciences, economics, mathematics, and the social sciences.

Mathematicians at RAND develop new tools with which lhey, and scientists in every quarter, attack the urgent problems of the
world of today and tomorrow; these applications, in turn, challenge them to the invention of even sharper tools.
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COMMERCIAL

ZLJ\EHDI&AUf()IFY

Physics Research Laboratories, Inc. offers, |
on a commercial basis, the facilities of a
primary standards laboratory for tbe cali-
bration of basic electric standards. For the
first time, the testing and certification of
precision electrical instruments, and such
standards as resistors, cells and condensers
are available from a commercial labora-
tory. All standards and instruments used
at PRL in tests are directly traceable to the
National Bureau of Standards. Complete
detailed information relative to PRL’s test-
ing laboratory services is available on re-
quest to Dept. SA-1. Also request catalogs
describing PRL’s complete line of fine
electrical instruments.

Physics Research
LABORATORIES

THE COVER

The photograph on the cover depicts a helium optical-pumping experi-
ment (see page 72). The bright, hourglass-shaped object at left is a
helium lamp excited by a high-frequency oscillator via a length of a cable.
A plastic Fresnel lens focuses the light on the helium-filled absorption
cell at center. The light from the helium lamp “pumps” the atoms of
helium in the cell to higher energy levels; as the atoms fall back to lower
levels they emit light at certain wavelengths. Many of these wavelengths
represent spectral lines that are normally difficult or impossible to observe.
Large coil around cell carries radio-frequency energy to produce reso-
nance effects between energy levels of helium atoms; small, single coil
excites helium in cell, raising it to a state in which it can be pumped.
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in the second generation . ..

of the rocket
missile
space industry

Descriptive brochure showing facilities,
personnel and capabilities available on request

S O O
Asheville,

Prapu/sian Jrre=. north Carolina

A subsidiary of Celanese Corporation of America

ENGINEERS—SCIENTISTS: If you are interested in helping
solve the complex and intriguing problems of second generation
sciences, we would like to talk to you. Contact F. R. Mayer,
Amcel Propulsion, Inc., 180 Madison Avenue, New York 16, N.Y.
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THE 3 BASIC REASONS IN

WILL 1T CUT COSTS AND
IMPROVE PERFORMANCE?
Molding this sir conditioner vent
decreased weight, eliminated costly
finishing operations and reduced
materinl cost. At the same time,
possibility of rust, tarnishing or
marring was minimized.
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WILL 1T IMPROVE PER-
FORMANCE AT NO MORE
COST?

The re-design and custom-molding

of this postal scale in high-impact
plastics improved appearance and
d customer acc e that
immediately reflected in in-
creased sales,

WILL IT CUT COSTS
AND MAINTAIN QUALITY?

This refrigerator control panel of
custom-molded plastics lowered
the cost of an intricate part by re-
ducing assembly and finishing time
while maintaining quality and per-
formance.

custom

sEemiNe to switen to  INolded

plastics

“Without exception, the adoption of plastic parts over
previously used materials is decided only if it makes possible
a @) reduction in price, with the same quality; or & an
improvement in quality, with the price remaining constant;
or € a reduction in price and an improvement in quality
at the same time.”’*

Plastics are measuring up to these demands—in the skillful hands of
the custom molder. Well-known as a mass producer of molded parts and
products, the custom molder is much more. He knows the design limits
of the many plastics. He can recommend the best formulation for the
job. He can engineer the design to capitalize on the inherent advantages
of plastics materials and the efficiencies of plastics manufacturing. He
builds the master molds to fine tolerances. He turns out plastics parts

‘with unusually consistent quality, at rates to meet the tightest sched-

ules and budgets.

Monsanto, as a leading plastics materials supplier, keeps the custom
molder supplied with molding formulations of Monsanto Polyethylene,
Lustrex® Styrene, and Opalon® Vinyl, specially developed and constantly
perfected to meet the widening range of design requirements. Monsanto
has also prepared a special report that can help you decide how custom-

molded plastics can work best for you. For your free copy, mail the coupon.
*As reported by a leading newspaper. Reprints on request.

Monsanto

MONSANTO scrivator in PLASTICS

r
|
| MONSANTO CHEMICAL COMPANY
Plastics Division—Room 790
l Springfield 2, Massachusetts
I Please send me a free copy of “How To Buy Custom Molded Plastics.”
|
|
I
|
|
|

Name.

Title

Firm

Address.

City. Zone. State.

R R S S |
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Pressure

o

/

In research...

A Model 906 Honeywell Visicorder wrote this
record of pressure fluctuations . .. “buzz” ... for
engineers at the NASA Lewis Flight-Propulsion
Laboratory in Cleveland. “Buzz” is an unsteady
variation in the pressure and airflow character-
istics of a supersonic aircraft or missile inlet.
These Visicorder studies defined the buzz-free
operating limits of the inlet, and provided the
designers with structural load information in
case the inlet were inadvertently caused to oper-
ate on buzz during flight. This load information
is vital, for inlet buzz can result in fluctuating
structural loads of the order of 1000 psf...loads
which could cause structural failure of the inlet IPEY, o f e

and loss of the airplane. Visicorder records such @0 cycle timer trace
as this have played an important role in the de-

sign of inlet control systems. b/\/\/[\/\/\/\/\./\/J"\\j/\ /\//\/\/

these are records of leadership

/

In medicine... /

Inlet discharge
pressure

valve closing

Inlet

delay rime —* rresscs e

inlet throat+

This directly-recorded Visicorder chart has told ] 7;/,« ?/J?’

the scientists of the U.S. Public Health Service / /
Occupational Health Program an important AcT N ’ © e can bo

story about uneven alveolar ventilation in the s 4#0,000, o?.gvy;%ih&._,
human lung during a single breath of oxygen. { Mm aelecded

In these lung function tests, the Visicorder P ijj.;(p;,

measured anatomic dead space and abnormali-
ties in the distribution of inspired gas in the
alveoli of the lungs. The subject, under test, in-
haled 100% oxygen to dilute nitrogen in the
lungs. The Visicorder recorded the volume and
the nitrogen percent of the exhalation. In these
and in hundreds of other scientific and industrial
applications, Visicorders are bringing about new
advances in product design, computing, control,
rocketry, nucleonics and production.

‘..m

i

1250 m‘{. B
[N
For information on applying the unlimited useful-
ness of the Visicorder to your specific problems, phone
your nearest Honeywell Industrial Sales Office.

The Honeywell Visicorder
Dbrovides instantly-readable,
high stivity data at freq
from DC #0 5000 CPS.

There are models with 8, 14,
or 36-channel capacities.

Visicorder records 2/3 actual size.

Honeywell
Qudustriol Produicts- C}/mgw

Reference Data: Write for specifications on Visicorders 906B, 1108 and 1012. .
Minneapolis-Honeywell Regulator Co., Industrial Products Group, Heiland Division, 5200 E. Evans Ave., Denver 22, Colorado

© 1960 SCIENTIFIC AMERICAN, INC



This year’s industry has set a record for Arkansas: 13,516 new jobs.
N

Since July 1955 a total of 51,066 new jobs has been announced.

10,300 10,383

8.3140

1954 1955 1956 1957 1958 1959.
1955 1956 1957 1958 1959 1960

The Arkansas Industrial Development Commission, State Capitol, Little Rock.

ARKANSAS
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AI nnouncing

the formation of
AFEROSPACE

CORPORATION

a new and vital force
engaged in
accelerating

the advancemend

of space science

and technology
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Aerospace Corporation has been
brought into being to serve the United
States government by concentrating
the full resources of modern science
and technology on rapidly achieving
those advances in space systems indis-
pensable to the national security.

The corporation is non-profit, will
share the findings of its research and
laboratory experiments with all
appropriate organizations involved in
the government’s missile-space pro-
gram, and is not organized for
manufacturing purposes.

The immediate responsibility of
Aerospace Corporation is to aid the
United States Air Force in bringing
about the best possible ballistic missiles
and military space systems on a con-
tinuing basis and within the shortest
possible time.

In addition, it may furnish the
National Aeronautics and Space Ad-
ministration and other governmental
agencies appropriate services whenever
its participation in space exploration
and related activities is desired.

THE MISSION of Aerospace Cor-
poration, according to the Secretary of
the Air Force, encompasses ‘“the field
of ballistic missile and space programs.
Within this complete area, it has the
responsibility for advanced systems
analysis, research and experimentation,
and initial systems engineering. It will
also exercise such general technical
supervision of ballistic systems as is
appropriate. In special cases, and with
the consent of the Secretary of the Air
Force, Aerospace Corporation may
assume broader responsibility for an
Air Force military system.”

The new corporation also provides
support to the Air Force in its effort to
achieve maximum interchange of
knowledge with other military services
and among universities, research foun-
dations, and the scientific community
in general.

THE FUNCTIONS of Aerospace
Corporation in carrying out its

AEROSPACE CORPORATION

responsibilities for the Air Force’s
missile-space programs include the
performance of a wide range of
scientific, technical, and administrative
tasks.

The corporation will conduct exten-
sive laboratory and field activities
aimed at advancing the state-of-the-art
and will augment these research and
development activities by coordination
with industry, universities, labora-
tories, and other agencies. It is in-
tended that this combined effort will
push forward the boundaries of tech-
nology on a broad front to fulfill mili-
tary and other national requirements.

Aerospace Corporation will study
the application of the advancing tech-
nology to military weapons, support
systems, and other systems serving the
national need. These studies will
culminate in preliminary design and in
recommendations for development
programs.

Aerospace Corporation will then
assist the Air Force or other appro-
priate government agencies in es-
tablishing space programs and in
bringing the force of American indus-
try to bear in carrying them out. Once
development is initiated, Aero-
space Corporation will assume
responsibilities for the broad technical
aspects of these new programs through
their critical phases.

THE FACILITIES of Aerospace
Corporation include a research and de-
velopment center located near the Los
Angeles International Airport and
within easy reach of several attractive
residential communities.

They constitute a modern adminis-
trative, scientific, and engineering
headquarters which house some of the
world’s most advanced instrumentation
and experimental apparatus.

In addition, the operations of
Aerospace Corporation will be directly
supported around the globe by a vast
array of resources created by the
government over the past six years.

© 1960 SCIENTIFIC AMERICAN, INC

These will include: The Atlantic
Missile Range in Florida; The Pacific
Missile Range in California; The
Rocket Engine Test Site at Edwards
Air Force Base in California; and
numerous other missile test facilities
sponsored by the government in
cooperation with private industry.

THE PEOPLE who make up Aero-
space Corporation have been selected
from industry, universities, and
government. They constitute a cross-
section of highly-developed engineer-
ing and scientific skills in the missile
and space fields.

Extensive recruiting will continue as
the new corporation assumes more and
more responsibility. From the outset,
the corporation is built on a foun-
dation of proven scientific competence,
imagination, and objectivity.

THE OPPORTUNITY awaiting
those scientists and engineers who
qualify to join Aerospace Corporation
is equalled only by the magnitude of
the corporation’s mission — magnitude
mirrored by the highly advanced na-
ture of the programs in which Aero-
space Corporation is engaged.

Typical systems projects include:
advanced ballistic missiles; advanced
military space boosters; recoverable
boosters and satelZites; space defense
systems; early-warning satellites;
reconnaissance satellites; communica-
tions satellites; and manned satellite
systems.

Typical research programs concern:
nuclear propulsion; astrodynamics;
magnetohydrodynamics; inertial ele-
ments; millimeter waves; hypersonics;
combustion kinetics; and materials
research.

Those capable of contributing to
state-of-the-art advances in these and
related areas are invited to consider
the advantages of becoming a part of
the new Aerospace Corporation. Their
resumes should be directed to:
Mr. James M. Benning, P.O. Box
95081-E, Los Angeles 45, California.

2400 East El Segundo Boulevard ¢ El Segundo, California



This photo of Grumman was taken at a speed of Mach 8

This is a vapor screen photo of hypersonic
flow (Mach 8) about a Grumman research
model,at Arnold Engineering Development
Center. Expansion region above the body is
discernible along with the separated region
adjacent to the surface and the reflection of
the light screen on the surface.

Advanced Ideas Grow Into Reality at...

AIRCRAFT ENGINEERING CORPORATION
Bethpage - Long Island - New York

The photo shows something else, too: Grum-
man is on the move in the field of hyper-
sonic aerodynamics. Add to that—con-
tinuing design and development work on
orbiting observatories, unmanned scientific
satellites, manned space craft, and re-entry
vehicles, to name a few.
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Anaconda American Brass Company ey h vt
Waterbury 20, Conn.

Please send me a copy of your 8-page 1.

booklet which details properties of your = =g,
four free-cutting, high-conductivity cop- == . my
pers, and suggested machining practices. =

4 ways to cut the cost of high-conductivity parts

There are now four free-cutting, high-conductivity
Anaconda coppers that broaden the combinations of
mechanical, physical, and fabricating properties avail-
able for boosting production and cutting costs of high-
conductivity parts. They are furnished chiefly in rod
and bar, but are available also as extruded shapes and,
except for the leaded coppers, die-pressed forgings of
simple design. All have good cold-working properties.

Leaded Copper-126 and Deoxidized Leaded Copper-
129 have slightly higher electrical conductivity—98%
IACS annealed, 95% IACS, minimum. The difference
between them is that Alloy 129, being deoxidized, is not
subject to hydrogen embrittlement when annealed or
furnace-brazed in reducing atmospheres. Neither leaded
alloy is recommended for hot working.

Tellurium Copper-127 and OFHC* Sulfur Copper have
an electrical conductivityrating of 95% IACS annealed,
90% minimum. Both may be extensively hot worked

and neither is subject to hydrogen embrittlement.
Tellurium Copper-127 has the advantage of retaining its
mechanical properties at temperatures higher than those
tolerated by the other free-cutting coppers—and hence
is widely used in the welding and cutting-tip field.
The free-cutting coppers may be machined at cutting
speeds approaching those used for machining Free-
Cutting Brass. For Tellurium Copper-127, however,
carbide-tipped tools are recommended as the inherent
copper telluride particles cause somewhat greater
tool wear.

®Registered Trademark of American Metal Climax, Inc. 6047 Rev. L

FREE-CUTTING HIGH-CONDUCTIVITY
COPPER PRODUCTS

Anaconda American Brass Company
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BEYOND THE BOUNDARIES OF KNOWLEDGE....

Huge radiotelescopes listen to the “sound” of colliding galaxies
300 million light-years away. From high altitude balloons,
cosmic radiation is measured and plotted. Satellites and space
probes are gathering information about the van Allen belts
and other hitherto unknown phenomena of outer space, while
other satellites are focused on the earth and send down pic-
tures of its atmosphere and surface. On every frontier from
the heart of the atom to the far-flung reaches of the universe,
man’s electronic eyes and ears are ferreting out the secrets
of science. )

In the forefront of this electronic “reconnaissance” is RCA’s
Industrial Tube Products Department, developing the electron

devices that make it possible. Major contributions have been
made by RCA to megawatt electronics—including the most
powerful electron tube on earth. RCA photosensitive devices
are spanning the spectrum from ultraviolet to infrared. RCA
Cermolox power tubes have greatly facilitated UHF com-
munications.

The applied imagination and the research and development
capabilities that produced these electron devices are available
to solve your problems...in defense, in industry and research.
To draw on this unique reservoir of experience, contact the
Marketing Manager, Industrial Tube Products Department,
RCA Electron Tube Division, Lancaster, Pa.

The Most Trusted Name in Electronics
RADIO CORPORATION OF AMERICA
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Continuous operation—
a Teletype equipment tradition

All Teletype equipment . . . like the tape punches being
final-tested above . . . are subjected to a rigorous quality-control
program to insure that the units will give continuous, day-in,
day-out performance in your service. Such performance is
a Teletype tradition, established during more than fifty years
of manufacturing data communications equipment.

To maintain this performance tradition requires much more
than testing, however rigorous. It begins with the very
design of the units themselves—the product of extensive research
and development facilities, backed by cumulative experience.
And it involves precision manufacture—employing the
latest technological advances, from highly specialized machine
tools and automated processes to electronic measuring
and sensing devices.

When you select Teletype equipment to speed your
communications and cut your paperwork costs, you can be sure
of built-in quality. Teletype Corporation manufactures this
equipment for the Bell System and others who require the
utmost reliability from their data communications systems.
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Typing Tape Punch Tape Reader

Send-Receive Page Printer Automatic Send-Receive Set

FREE Model 28 line folder. Write Dept. 18K,
5555 Touhy Avenue, Skokie, Illinois.

TELETYPE
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LETTERS

On the basis of the following sentence
from Mr. James R. Newman'’s review of
New Maps of Hell by Kingsley Amis I
am forced to conclude that he hasn’tread
much of H. G. Wells’s science fiction.
“Time machines and Martians (The War
of the Worlds), monsters (The Food of
the Gods), invisible men, carnivorous
plants—these were used to entrance the
reader, to create suspense and excite-
ment rather than to satirize or weave an
allegory.” This is the reverse of the case
in all but the instance of the carnivorous
plant, which does appear in a light short
story. The Time Machine is in large part
a social satire concerned with the genet-
ic consequences of perpetuating a lay-
ered class society of the 19th-century
variety in which the upper classes would
become progressively more over-refined
and helpless as they did less and less,
while the lower classes were increasingly
toughened and brutalized. The War of
the Worlds was an allegory of colonial-
ism, showing the destruction of a primi-
tive society by a technically more sophis-
ticated one with no respect for its values
and its culture. The Food of the Gods
had its primary origin in a paper Wells
read to the Fabian society about the way
in which society was outgrowing its
18th-century and earlier administrative
units. The story is not about monsters
but about uncontrolled growth, and the
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particular subject of its allegory is the
social problem created for an unpre-
pared society by the application of the
products of scientific research by people
who do not fully understand them to
fields undreamed of by the research
workers. The Invisible Man (Wells only
invented one of them) was an allegory or
parable about the intellectual arrogance
of the specialist who thinks that full com-
mand of his specialty entitles him to a
place above all other men. In justice to
my father I think it should be said that
he rarely if ever wrote without a wholly
serious idea behind the entertaining sur-
face of his writing, and that in his sci-
ence fiction his serious intentions were
especially evident. . . .

ANTHONY WEST

The New Yorker
New York, N. Y.

Sirs:

I must correct Mr. West’s impression.
I have read the Wells science fiction to
which my review refers and I have en-
joyed what I read. But I share the view
of Kingsley Amis that such stories as The
Time Machine, The Wa* of tne Worlds
and The Food of the Gods are primarily
inventions for entertainment and are
only secondarily satires and castigators
of morals. This is not to deny that, as
Mr. West points out, Wells “rarely if
ever wrote without a wholly serious idea
behind the entertaining surface of his
writing.” But what is bound to weigh
with the reader is the method used to
impart the social message; and this is
especially true where the “counter-
feiter of verisimilitude” is as skillful and
spellbinding as Wells. Then the story is
what counts and the moral is extra.

Obviously Mr. West knows a great
deal more about his father’s purpose in
writing science fiction than I do; but
granting that his main object was always
criticism and instruction, he may have
thought it best to coat the pill very heav-
ily. Mr. West clearly feels that to stress
the story at the expense of the social
criticism is to belittle Wells. I disagree. If
I give a man a box of chocolates, one of
which is poisoned, hoping he will eat it
sooner or later and expire, I must count
the effort a total failure if he offers the
poisoned chocolate to someone else. But
if T write a good story which conceals a
social message, and most of my readers
are enthralled, without consciously per-
ceiving the satire, I cannot be said to
have failed. Wells’s sharp insight into so-
cial evils and his elevated outlook were
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well served by almost everything he
wrote, science fiction inclu 'ed; indeed
they were the better served because he
knew how to use his art without making
it a clumsy messenger.

James R. NEwMAN

Wellfleet, Mass.

Sirs:

The lore and the lure of pi are practi-
cally inexhaustible, and Martin Gardner’s
diverting article on the subject [“Mathe-
matical Games,” SCIENTIFIC AMERICAN,
July] could be supplemented with many
modern contributions to the wackier by-
ways of piology. Here are two. In 1940
a famous English scientific journal pub-
lished a letter whose author furnished
data in support of his hypothesis that
the mean gestation periods (in days and
fractions of a day) of various mammals
are simple multiples of pi. Again, any-
one who cares to turn up The Congres-
sional Record for June 3, 19€0 (Appen-
dix, pages A4733 and A4734), will learn
of a Hawaiian gentleman who has re-
cently trisected an angle, squared a cir-
cle and doubled a cube, and who is
peddling the secret at $15 a throw in his
book, The Two Hours that Shook the
Mathematical World.

N. T. GRIDGEMAN

Division of Applied Biology
National Research Council
Ottawa, Canada

Sirs:

In his article “The Zodiacal Light”
[ScientiFic AMERICAN, July] D. E.
Blackwéll introduces Gian Domenico
Cassini as a French astronomer, giving
also his name first initial J. (Jean).

May I point out that G. D. Cassini
was born in Perinaldo near Genova
(Italy), studied first in this city and
later in Bologna (Italy), where also in
1650 he became University professor
and left a celebrated solar clock in San
Petronio church?

About 45 years old and already fa-
mous, Cassini was collected by the
French minister Colbert, as another star
in the Louis XIV heavens; in France he
stayed and worked until his death in
1712, leaving there a strong astronomi-
cally minded descent.

VALENTINO ZERBINI

Milan, Italy



CALL

LIQUIDOMETER

for imaginative instrumentation
—electronic and electromechanical

Liquidometer’s long experience in electronic and electromechanical instrument and control systems, coupled
with the will and the facilities to pioneer, offers all industry unmatched measurement and control.

Let’s talk about how we can supply imaginative instrumentation to support your full range of

projects. Our ability in design, development, and production for a variety of applications in

aero-space, marine, railroad, and industrial areas has already established Liquidometer responsibility.

This revealing new brochure describes Liquidometer’'s comprehensive capabilities . . . just write.

THe LIQUIDOMETER corr.

DEPT. W, LONG ISLAND CITY 1, NEW YORK

Since 1920
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Most
science
grads
in the
nation

A tasseled hard hat shouldn’t surprise anyone familiar with what has been happening in New York State’s schools and
research laboratories. The state’s 170 colleges and universities turn out more graduates in physics, engineering, chem-
istry, mathematics and the natural sciences — and grant far more graduate degrees in these subjects — than any other
state. @ Young scientists have every reason to stay in New York State, too . . . for more than 1,000 industrial and
university laboratories offer them a wide variety of challenging jobs. m The flow of ideas from laboratories to industry
has been greatly stepped up by Governor Rockefeller’s Advisory Council for the Advancement of Industrial Research
and Development. This is one of the most important new elements in the favorable business climate of New York State.

We'll compile a report tailored to your specific new plant needs. Write Commissioner Keith S. McHugh, Dept. of Com-
merce, Room 558, 112 State St., Albany 7, N. Y. (All contact between your office and ours will be kept under our hat.)

GET UP TO DATE ON NEW YORK STATE ... WHERE
THEY’RE TALKING THE BUSINESSMAN’'S LIANGUAGE
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COMPUTENCE

TOTAL COMPETENCE IN COMPUTATION AND DATA PROCESSING—THE BREADTH, THE BRAINS AND THE BACKGROUND

For instance, ALRI: USAF Airborne Long Range Input Program, one more demon-
stration of Computence—and Burroughs Corporation—throughout the contract team
program. The objective: a seaward, airborne extension of SAGE via radar-equipped
reconnaissance aircraft, processing data in flight and transmitting it through
ground receiving sites to central direction centers. Total competence: the way
Burroughs Corporation, as System Manager, directs the integration of the spe-
cial skills and facilities of its team* Total computence: the way Burroughs
Corporation, also a team member, develops ALRI's miniaturized airborne data proc-
essors—reflections of its breadth (R & D through field service), brains (such as the
Atlas guidance computers, data processing for Polaris) and background (75 years
devoted to computation and data processing).

*Lockheed Aircraft Service, Inc.@Packard Bell Electronics . B
Corporation@lPhiIco Corlporation@ Military Electronic Colm- Burroughs urroughs
puter Division of Burroughs Corporation®Electronic Com- .
-
Corporation

munications, Inc.@GPL Division of General Precision, Inc.
and®AC Spark Plug Division of General Motors Corporation.
“NEW DIMENSIONS / in computation for military systems”
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Parallel Processing
in the Honeywell 800

How it is achieved through automatic control techniques

In 2 modern transistorized computer, the central
processor speeds that can be achieved economically are
much higher than the top speeds of electfomechanical
peripheral devices. Such a central processor is being used
inefficiently if it stands idle while waiting for information
to be handled by relatively slower tape mechanisms,
printers and card readers. The concept of time-sharing
the central processor among several peripheral devices in
order to utilize otherwise wasted time thus becomes at-
tractive. This can be accomplished to a degree through
programming techniques. By writing a special supervisory
routine, it is possible to have two or more programs shar-
ing the central processor. The supervisory routine co-
ordinates the programs, establishes priority among the
various steps of each of the programs and attempts to
maintain efficient utilization of the central processor and
the peripheral equipment involved. Depending on the
number and nature of the programs, the master program
can become very involved and cumbersome and the in-
dividual programs become interdependent.

To overcome these shortcomings, Honeywell took a
completely new approach to the problem. In the Honey-
well 800 data processing system an extremely powerful
time-sharing capability is provided through automatic
control functions that have been built into the equipment.

Individual Program Control
Through Separate Control Memory

This special capability of the Honeywell 800 is called
Automatic Parallel Processing. It permits up to eight
completely independent programs to be run simultane-
ously, without the use of a super or master routine. Se-
quencing of multiple programs and the management of
buffer transfers is handled au-
tomatically by a control mem-
ory, plus special built-in equip-
ment called Multi-Program
Control and Traffic Control.

The control memory is a
small, magnetic core memory
running out of phase with the
main memory. It contains eight
groups of 32 special program-
control registers. Each of these
groups provides the control functions for one program
and operates independently of all others. Thus the

20

Honeywell 800 is capable of performing from one to eight
programs independently and simultaneously. One of the
registers in the program control group is the sequence
counter which contains the address of the next instruec-
tion in the program assigned to that particular group.

Multi-Program Control Coordinates
Independent Programs

Each of the eight sequence counters in the control
memory is connected to Multi-Program Control. Multi-
Program Control permits the execution of one instruction
from each active program, in rotation. It does this by re-
turning a ‘“go ahead” signal to the demanding control
group. This signal causes the sequence counter in the con-
trol group to read out the address of the next instruction.
This address goes back to the sequence counter via an
automatic incrementing adder to become the address of
the following instruction. It is also transferred to the ad-
dress selectors of the main memory where it causes the
present instruction to be transferred into the control unit.

Honeywell 800 utilizes three-address instructions
consisting of a Command Code, A address, B address
and C address. Typically, the action of a three-address
instruction is as follows:

One main memory cycle is used to get the instruction
into the Control Unit where it prepares the accumulator
in accordance with the command code and loads the A
address into the main memory address selectors. The
second memory cycle is used to transfer the A operand
into the accumulator and to set the B address into the
main memory address selectors. The third memory cycle
transfers the B operand into the accumulator where it is
combined with the A operand in the way specified by the
command code. The C address is then set into the main
memory address selectors. Finally, the fourth memory
cycle is used to deliver the result from the accumulator
back into the memory at address C.

At this point, both the Control Unit and the Arithme-
tic Unit are free and ready to perform another instruc-
tion. Since they are not holding any information left over
from the previous instruction it is immaterial to these
units whether the next instruction is from the same pro-
gram or from some other program.

The source of the next instruction has already been de-
termined by Multi-Program Control and the sequence
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CENTRAL PROCESSOR
HONEYWELL 800 BLOCK DIAGRAM

counter of the next demanding program is already loading
its contents into the main memory address selectors.

Because Multi-Program Control operates out of phase
with main memory, no time is lost by successive process-
ing of instructions from different programs.

Traffic Control Permits
Multiple Peripheral Operations

The Honeywell 800 central processor has eight input
and eight output trunks. Each of the control units for
peripheral devices uses one or two of these trunks depend-
ing on whether the controlled peripheral units are input
(such as card reader), output (such as printer) or both
(such as magnetic tape units). Some control units can
handle several peripheral devices. For example, a tape
control unit can control eight magnetic tape units. Co-
ordination and control of the transfer of information be-
tween peripheral devices and the main memory is accom-
plished through a function called Traffic Control.
Connected peripheral devices may be called for in any
combination by any of the programs running in parallel.

Information from an input device is accumulated in
the information store of its control unit. Whenever a
stored word is ready for input transfer, Traffic Control
suspends computation for one memory cycle to effect the
input transfer. The control memory register associated
with that input trunk is read and its contents used to
select the main memory address into which the input
word is transferred. The contents of that register are then
incremented and restored to provide the address for the

next word coming from the same input trunk. Output
operations are essentially the reverse of this procedure.

Automatic Parallel Processing
Is Exclusive With Honeywell

Development of a control memory to achieve auto-
matic parallel operation of multiple programs is one of the
many outstanding contributions Honeywell has made to
the art of electronic data processing. Other contributions
include Orthotronic Control, vacuum-actuated magnetic
tape drives, redundant circuitry checking and what is
recognized as the most advanced business compiler
(FACT) and program test system yet developed.

Peripheral Equipment Buffers

1 2 3 4 fem====aq 15 16
Al
TRAFFIC CONTROL
ARITHMETIC
AND
CONTROL MULTI-PROGRAM
UNIT CONTROL
ADDRESS
MAIN CONTROL MEMORY
MEMORY (Program control
Al register groups)
INCREMENTED
ADDRESS

KEY:
== |nformation Channel
Control Channel

HONEYWELL 800 INFORMATION
AND CONTROL FLOW DIAGRAM

If you would like technical papers on any of these
subjects, or additional information about Honeywell
transistorized data processing systems and Automatic
Parallel Processing, write: Dept. SC, Minneapolis-
Honeywell, Datamatic Division, Wellesley Hills 81, Mass.

— ] ==

Honeywell
Eluitrowie Data. Phrocassing
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Thanks to its anti-submarine equip-
ment, the U. S. Navy quickly deter-
mined that both suspected ‘‘targets’”
were actually whales. Had they been
enemy submarines, however, the Navy
was ready to take immediate action.

Protecting this Nation from surprise
underwater attack is an ocean-sized
problem that’s being energetically
tackled on a great many fronts. Bendix®
—with its development and production
background in depth recording and
indicating instruments, underwater
telephones, submarine detection and
tracking sonar, secanning sonar, power
steering, and other submarine gear—
has been assigned the responsibility
for much submarine operation and
detection equipment.

Take sonar. It’s a type of underwater
radar that lacks the range of radar. The
Bendix assignment: Increase its range.

A big Bendix contribution to under-

sea warfare has been the complete
guidance systems used on the latest
high-speed torpedoes whose missions
are to destroy high performance sub-
marines.

Another interesting Bendix develop-
ment is “dunking’’ sonar. Dropped by
cable from a helicopter, it scans liter-
ally hundreds of square miles under-
seas in an hour’s time. We also manu-
facture control rod drive mechanisms
for nuclear submarines and for the
USS Long Beach, the Navy’s first
nuclear-powered cruiser.

Bendix has even adapted television
to submarine use. When the USS Skate
made her historic voyage under the

rmln/jl/

CORPORATION
Fisher Bldg., Detroit 2, Mich

Official U. S. Navy Photo

About to be submerged, this Bendix-developed *‘under-
water sound source'’ transmits sound waves beneath
the sea. It is designed to increase sonar capabilities.

North Polar ice cap, she carried aboard
a unique Bendix TV system. By mag-
nifying light thousands of times, and
literally ‘“‘seeing in the dark,” this TV
system showed the crew thin spots in
the bottom of the ice pack through
which the Skate surfaced safely.

A THOUSAND DIVERSIFIED PRODUCTS SERVING THESE FIELDS:
automotive « electronics + missiles & space + aviation  nucleonics « computer « machine tools « sonar « marine
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COMMUNICATION SYSTEMS.... the ultimate integration of the electronic arts

Among the great names in the telecommunications
and electronics industry, Kellogg today is one of the
country’s strongest sources of advanced communica-
tions equipments and systems. We have one major
goal —to provide the finest communications that
the electronic arts make possible . . . for industrial,
commercial and military needs.

The Communication Systems Department of Kellogg,
growing by leaps and bounds to keep pace with
demands for wholly integrated communications
means, provides large-scale communications systems
from Alpha to Omega . . . from systems studies
through engineering and production. Engineering
is concerned with all phases of telephone, radio,
data communications and automatic control circuit
design. Principal areas of engineering organization
include Project Engineering, Applications Engineer-

lTT KELLOGG Communications Division, International Telephone and Telegraph Corporation

500 North Pulaski Road, Chicago, lllinois

ing, Development and Systems Evaluation and Utili-
zation and Reliability.

Typical of Kellogg’s major systems engineering
achievements is the provision of complete ground
communications for the firing of Titan and Thor
ballistic missiles and Discoverer and Samos space
satellites at Vandenberg Air Force Base. Similarly,
Kellogg has provided for the Atlas ICBM program
nine separate systems for communication, control,
maintenance and check-out, count-down, voice-re-
cording and fire alarm — all functioning as an
integrated system.

If you seek a dynamic organization in which

to further your future, write Manager of Tech-
nical Staffing, Communication Systems Depart-

ment, Dept. M-03(1).
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X 75,000 ... Columbian pioneered

the development of electron micros-
copy . .. now uses it as a research and
quality control tool.

J-i‘\,; l’:‘

ILLIMICRON HEADQUARTERS is an apt name for
Columbian Carbon’s new research center in
Princeton, N. J. Because it is devoted to the study of
carbon black particles so tiny they must be measured
in millimicrons . . . particles that play vital roles in
the manufacture of rubber, paint, ink and plastic
products.

Finding new frontiers for the use of carbon black...
new ways in which it can contribute more effectively

and efficiently . . . is an unending project that has
earned Columbian credit for many ‘“firsts” — the
development of new types of carbon blacks . . . the

use of electron microscopy to reveal new concepts of
carbon black structure. ..data on pH effects...
Columbian’s Black Rubber process ... and most re-
cently low structure oil furnace carbons.

Perhaps Columbian research and carbon black can
make a contribution to your industry . . . help you
make a better product . . . and profit! Ask for com-
plete information — today!

COLUMBIAN CARBON COMPANY

380 Madison Avenue, New York 17, N. Y.

PRODUCERS OF COLUMBIAN COLLOIDS:
synthetic iron oxides, carbon blacks, carbon black dispersions

TOMORROW ... much of Colum-
bian’s research is devoted to breaking
barriers... turning the impossible into
reality.

PEOPLE ...An outstanding research
staff whose accomplishments are
well known ... will direct laboratory
activities.
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How to use a 4-megacycle instrumentation tape recorder

Ampex’s new AR-300 and FR-700 answer a whole new range of needs

For video-bandwidth phenomena

Radar, for instance, can now be tape recorded off receiver and
played back repeatedly to scopes, analytical devices or radar
guided equipment. Radar testing, reconnaissance and tracking
are enormously aided by tape’s live-playback capabilities. And
for simulation and training, elusive transient phenomena now
become repeatable at will.

For predetection recording and communications monitoring
The recorder’s bandwidth catches everything at once —any 4-
megacycle band of radio frequencies or the IF stage off a tele-
metering receiver. This simplifies on-site equipment. One kind
of recording serves for all usual types of communications and
telemetered data. Later you can play back through detector,
discriminator and other equipment as many times as necessary
to separate and process the desired channels of information.

Write for full information

AMPEX DATA PRODUCTS COMPANY
Box 5000 * Redwood City, California + EMerson 9-7111

For 5,000,000 binary bits per second

Super-efficient acquisition and reduction systems can be devel-
oped around serial pulse-coded data put directly on tape. One
reel lasts 60 minutes — holds over seven billion binary bits.
Compare this with previous PCM techniques on tape limited to
less than 1,000,000 bits per second even at much higher tape
speeds and proportionately shorter recording time.

The essential data

The Models: AR-300 Mobile or airborne record only; FR-700
single-rack laboratory record/playback. Response: 10 cps to
4 mc (%3 db). Tape speeds: 12V2 and 25 ips. Playing time:
60 minutes. Tape: 1.0-mil Mylar, 2-inch width, 10%2-inch reels.
Data tracks: two wideband plus two auxiliary. Electronics: all
solid state. Environmental (AR-300): 10g vibration; 50,000 ft.
alt.; —54°C to +55°C. Tape interchangeability: yes, among all

AR-300/FR-700 recorders.
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ELECTROLUMINESCENT-

PHOTOCONDUCTIVE
DEVICES

A phenomenon made pracz‘/'ca/ .

by SYLVANIA

EL-PC CONVERTER converts binary informa-
tion to decimal form. The output of the
CONVERTER can be used as the input to

the TRANSLATOR shown below. EL-PC ma-
trices for decimal-to-binary conversion are
also available from Sylvania.

EL “READOUT” DEVICE is composed of
strips of electroluminescent lamps,
insulated from each other and separately
terminated. By selective excitation of
the “‘strips,”” alpha-numeric symbols are
produced for readout purposes.

INPUT

EL-PC ‘‘TRANSLATOR'" makes practicable use
of the luminous properties of EL phosphors on
panel ‘“A” and of photoconductive elements
on panel “C.” Mask ‘‘B' enables selective
excitation of the electroluminescent phosphors
on readout panel "“D.”

Physical dimensions of EL-PC panels are shown here in exaggerated scale for purposes of clarity.

FEATURING - Compact, flat construction - Minimal catastrophic failure - Exceptional

reliability and long life - Simplified circuitry -

SYLVANIA combines photoconductive elements
with the luminous properties of electroluminescent
phosphors to provide design engineers with a
group of alpha-numeric readout devices and com-
ponents capable of performing simple and com-
plex logic functions, the conversion of digital
information, and the storage and memory of data.
These offer new and significant possibilities for
end-productminiaturization together with dramat-
ically enhanced reliability.

For example, new “crossed-grid” panels have been

developed that utilize conductive strips placed at
right angles to each other on opposite sides of an

Negligible power requirements

electroluminescent phosphor layer. These “strips”
when separately excited glow at the points of inter-
section. This provides a point of light that can be
moved in X-Y directions to create a display that is
exceptionally small in front-to-back dimensions
and is highly useful in position-plotting
applications.

Sylvania Sales Engineers can give you details on
specific EL-PC devices. Too, write for ten-page
brochure, “Sylvania Electroluminescent-Photocon-
ductive Devices,” to Electronic Tubes Division,
Sylvania Electric Products Inc., Dept. 1051,1100
Main Street, Buffalo, N. Y.

SY VAN

Sussidary of GENERAL TELEPHONE & ELECTRON/CS (&&)
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BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY

In textile spinning machinery, rolls like the one shown
above run in contact with driving rolls to hold yarn
in a draw and twist operation. A runout of more than
.003"” shows up in uneven and patterned yarn. As a
further complication, lubricated bearings cause trouble
— the atmosphere is humid, full of lint, and there is
constant danger of oil contaminating the yarn. The
answer: bearings made with Du Pont TerLoN® TFE-
fluorocarbon resins, which have a lower coefficient of
friction than any other solid material. Over 3,000,000
of these non-lubricated bearings are now in use, run-
ning with required tolerances 24 hours a day, six
days a week.

In a variety of difficult bearing applications the
remarkable properties of TEFLON resins have been put
to good use. In addition to low friction, TEFLon TFE

TEFLON’

FLUOROCARBON RESINS

Bearings of TEFLON used in Whitin roving and spinning frames.

THE INSIDE STORY: rolils that run with “unoiled precision”

resins offer virtually complete chemical inertness, and
they are rated for continuous use from —450° to
500°F. Filled compositions and reinforced construc-
tions are available to meet the requirements of in-
creased loads and velocities or high wear resistance.
The recent introduction of the new melt-processible
FEP resin further extends the usefulness of TEFLON
resins in mechanical and electrical applications. To
find out more about the many opportunities for im-
proved design with the family of TerLon TFE and
FEP resins, write to: E. I. du Pont de Nemours & Co.
(Inc.), Polychemicals Department T-3910, Room
2526, Nemours Building, Wilmington 98, Delaware.
In Canada: Du Pont of Canada Limited, P. O. Box
660, Montreal, Quebec.

TEFLON is Du Pont’s registered trademark for its family of
fluorocarbon resins, including TFE (tetrafluoroethylene)
resins and FEP ( fluorinated ethylene propylene) resin.
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What is your field of interest? Plastics
molding? Plastic film? Gypsum prod-
ucts? Textile bleaching? Urethane
foam? Here’s a report from Allied
Chemical research on new develop-
ments in each of these areas.

NEW FIRE-RESISTANT PLASTIC
We now have a truly flame-retardant
urea plastic to offer the lighting appli-
ance field, which has long been looking
for a readily moldable, fire-resistant
material. They need it to form the lou-
ver-type fixtures featured in modern
“wall-to-wall” lighting (the “lumines-
cent ceiling”). Our PLASKON®
UFR-28 fills the bill. Underwriters’
Laboratories says many approving
things about it (see picture caption).
UFR-28 is a development of our Plas-
tics and Coal Chemicals Division.

NEW STRENGTH FOR

POLYETHYLENE FILM
Plastic bag makers and packagers will
appreciate this development. Producers
of cast and blown polyethylene film
now add a little of our A-C® Polyethy-
lene to their regular polyethylene
grades. Result: Thinner films of equal
strength, equal moisture barrier—and a
virtual end to all the “sticky” problems
that beset those engaged in making,
opening, filling or sealing polyethylene
bags and wrappers. Further details on
the advantages of A-C Polyethylene as
a film additive may be obtained from
our Semet-Solvay Petrochemical Divi-
sion.

NEW GYPSUM PLANT

NEEDS NO NATURAL GYPSUM ROCK

Not since Old Pharaoh issued his
“bricks-without-straw” edict has there
been an innovation like this in building
materials manufacture. Come next
year, a gypsum plant will be in opera-
tion at Claymont, Delaware, that uses
no natural gypsum rock. Our Barrett
Division has come up with a unique
process to make wallboard and other
gypsum products from chemically
manufactured gypsum — identical to
that found in the highest purity rock
deposits. This will eliminate the need

20

UL “TUNNEL TEST” gives PLASKON Urea Molding Compound a flame-spread rating of 25 to
75, meeting requirements of municipal, state and national building codes. Photo courtesy of

Underwriters’ Laboratories, Inc.

for transporting gypsum rock from
Nova Scotia and other distant points.
The Claymont facility will increase
Barrett gypsum capacity more than
50%. To get back to Old Pharaoh,
Cheops used gypsum in his Great Pyra-
mid, 5,000 years ago. Nine out of ten
homes use gypsum products today.

NEW PATENT
FOR BLEACHING PROCESS
U. S. Patent 2903327 has been issued
for our Solvay Process Division’s Acti-
vated Hydrogen Peroxide Bleaching
Process. This process, available on a
non-exclusive and royalty-free basis,
yields cottons of higher purity, greater
brightness, and less tendency to yellow.

llied

hemical

BASIC TO AMERICA’S PROGRESS
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Cuts the cost of bleach chemicals up to
50%, too.

NEW TECHNICAL SERVICE
ON URETHANE FOAM

Manufacturers of foam plastics are in-
vited to learn how GENETRON® blow-
ing agents can produce larger volumes
of improved urethane flexible foams at
lower cost — or how to get increased
insulation value in rigid urethane foams
— by contacting the special technical
service laboratory recently set up by
Allied’s General Chemical Division.
General produces GENETRON blow-
ing agents for flexible and rigid poly-
urethane foams. Allied Chemical is be-
coming quite a factor in this business,
by the way. Three other divisions make
urethane foam components: National
Aniline produces NACCONATE® di-
isocyanates, Plastics and Coal Chemi-
cals makes polyester resins, and Solvay
Process will be making polyethers in a
new plant by next June.

LIKE TO KNOW MORE about any of
these developments? Just write, on your
company letterhead, to Allied Chemi-
cal Cor poration, Dept. 106-S, 61 Broad-
way, New York 6, N. Y., or phone
HAnover 2-7300.



He's got Minutemen
“working on
the railroad”

Hard basing is one way to protect
America’s force of retaliatory
ICBM'’s. The problem was to find an
alternate means of accomplishing
the same mission. The Air Force
solution was a new ICBM mobility
concept—railroad car-mounted Min-
utemen, utilizing the nation’s vast
track mileage for numerical and
geographical dispersion, creating a
difficult target for enemy attack.

To put the Minuteman, its support
systems and associated equipment
on rails was a completely new prob-
lem in missile handling. The first
requirement assigned by Boeing to
American Machine & Foundry Com-
pany and ACF Industries, Inc., was
a feasibility study of the existing
limitations of roadbeds, rails, rail-
road operations and right-of-way.
Unique tactical cars are being de-
signed within these limitations to
carry the Minuteman—cars that can
handle the missile and its operating
equipment, safely isolated from
roadbed shock and ready for immedi-
ate retaliatory launching.

Single Command Concept

Whether for conceptual problems
such as this one, or for challenges in
design or manufacturing, AMF has
ingenuity you can use. AMF people
are organized in a single operational
unit offering a wide range of engi-
neering and production capability.
Its purpose—to accept assignments
at any stage from concept through
development, to production, and
service training...and to complete
them faster in

» Ground Support Equipment

« Weapon Systems

» Undersea Warfare

* Radar

« Automatic Handling & Processing

» Range Instrumentation

« Space Environment Equipment

» Nuclear Research & Development
GOVERNMENT PRODUCTS GROUP,

AMF Building, 261 Madison Avenue,
New York 16, N. Y.

F has ingenuity you Can USE... AMERICAN MACHINE & FOUNDRY COMPANY
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20 AND 100
YEARS AGO

SICENTIFic AMERICAN

OCTOBER, 1910: “The internation-
al convention for the purpose of regulat-
ing aerial traffic has now proceeded so
far in its work that at least 15 of the
questions which were assigned to it for
consideration have been definitely an-
swered. Most of the governments have
agreed to distinguish two classes of air-
ship in military or other governmental
service. Private airships must be in-
spected before they can receive a license.
The convention has unanimously de-
cided that the transportation of arms and
explosives, photographic apparatus and
wireless telegraphic apparatus shall be
forbidden, no doubt for military rea-
sons.”

“In several respects the Vanderbilt
Cup automobile race for 1910 surpasses
any preceding race for this famous
trophy. The steadiness of the running
proved that, except possibly in the
matter of tires, an all-round improve-
ment has been made in the strength and
running quality of the machines. As
usual, the tire was the most frequent
source of delay; and, wonderful as the
new high-class tire has become in its
ability to stand severe duty, it must
be considered today the weakest part of
the automobile. The tire is the most
expensive element in the automobile.
The high average speed of 65.4 miles
per hour made by the winner, Harry F.
Grant, in an Alco, must be regarded as
very creditable.”

“The recently founded Observatory of
the Ebro, situated near Tortosa, Spain,
is an embodiment of an idea that is
every day gaining ground among pro-
gressive meteorologists; viz., that fluc-
tuations in the activity of the sun find a
more or less immediate response in many
phenomena of the earth’s atmosphere—
in addition to the effects long since rec-
ognized upon the earth’s magnetic

field.”
“Having developed his storage-bat-

tery car to a point where it is available
for commercial use, Thomas Edison has
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made another step in the evolution of
suburban travel by the invention of a
trackless storage-battery car. The car is
a pay-as-you-enter type, and is in reality
a large motor "bus driven by electricity.
At a recent test of this car, it was run
over steep hills and typical suburban
roads with perfect success.”

“The French Naval Minister has given
orders that the cruiser Foudre is to be
rebuilt as an auxiliary to marine avia-
tion. A platform 125 feet in length is to
be erected on the deck of the warship,
to enable aeroplanes to start while at
sea. Experiments will also be made to
test the possibilities of landing on such
a platform.”

OCTOBER, 1860: “Nearly all of our
microscopists, in their communications
to Silliman’s American Journal of Science
and other kindred works, use the milli-
meter as their measure, and in Cooke’s
Elements of Chemical Physics and other
standard works, the meter and kilo-
gramme, as well as the degrees of the
centigrade thermometer, are employed
without translation. We are beginning
to think seriously of adopting this course
in ScientrFic AMERICAN. The people
are running ahead of our legislators in
making this great reform in our weights
and measures.”

“The unit of heat is that which is suffi-
cient to raise the temperature of one
pound of water by one degree Fahren-
heit. The unit of work is the raising of
one pound weight through a vertical
height of one foot—called a foot-pound.
The experiments of Joule, of Manches-
ter, indicate that if the whole of the heat
could be rendered available, a unit of
heat would raise 772 pounds one foot
high; in other words, a unit of heat is
equal to 772 foot-pounds. This is called
Joule’s equivalent. A pound of charcoal
will raise 78.15 pounds of water 180
degrees, which is equal to 14,067 units
of heat. This, multiplied by 772, gives
10,859,724 foot-pounds, which is equal
to the production of 5% horse power from
the combustion of one pound of charcoal
per hour. As the best engines consume
nearly two pounds of coal per horse
power per hour, it follows that only
about one tenth part of the gross power
of the fuel is utilized.”

“The French scientific journals are
full of accounts of the application of the
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new discovery, hypnotism. In Cosmos
we find a detailed account of an ampu-
tation performed on a man aged 34,
whose left knee was increased by white
swelling to nearly double the size of the
right knee, and was so painful that the
least movement produced the most in-
tense suffering. The hypnotism was pro-
duced by placing a bright spatula about
eight inches in front of the root of the
nose. Looking at this, the patient soon
became insensible, in spite of the severe
pain which he was in from being moved
to the operating room. Insensibility was
produced in 10 minutes, and the ampu-
tation occupied a minute and a half. The
patient gave no sign of pain; his fea-
tures were perfectly tranquil; his eyes
only seemed to be wandering in search
of the brilliant object which had been
before them.”

“Late intelligence from the oil dis-
tricts reveals the fact that the celebrated
Tideout well stopped flowing over the
top after throwing out some 200 barrels.
The famous Crosby well has dwindled
from 70 barrels a day to six or seven, but
the owner thinks the failure is attribut-
able to the filling of the pumps, and
hopes to do better when it is cleaned.
Out of 267 wells on the creek above
Titusville, only 34 are yet pumping oil,
and many of the oil-seekers are just now
in a state of very anxious suspense.”

“By the latest news from England, we
learn that the captain and the chief en-
gineer of the Great Eastern have been
discharged, and it is said that she is to
be laid up all winter. Her bottom was
examined at Milford Haven, and found
to be tolerably clean, but a little rusty.
It had been stated that her bottom had
become so foul as to detract about two
miles per hour from her speed in the
voyage across the Atlantic. This turns
out to have been fiction. It was expected
that she would make a voyage with a
cargo to New York this winter. This
would be a true test of her qualities as a
merchant steamer.”

“When it was first proposed to light
London with gas, Sir Humphry Davy
gave his opinion against its practicabili-
ty, solely on the ground of the impossi-
bility of keeping the joints of the pipes
from leaking. This great chemist was
very deficient in mechanical talent, and
was seldom able to make a tight joint
for his pneumatic experiments; hence
his opinion. Faraday, who became his
assistant, being an excellent mechanic,
soon showed him how easy it was to
make tight joints for gas pipes.”



“Project Echo’” satellite went into
a near-perfect circular orbit 1000
miles high, circling the earth once
every two hours. Its orbital path
covered all parts of the U. S.

FIRST PHONE CALL VIA
MAN-MADE SATELLITE!

PLACED IN ORBIT A THOUSAND MILES ABOVE THE EARTH

Think of watching a royal wedding in Europe by live TV,
or telephoning to Singapore or Calcutta— by way of outer-
space satellites! A mere dream a few years ago, this idea
is now a giant step closer to reality.

Bell Telephone Laboratories recently took the step by
successfully bouncing a phone call between its Holmdel,
N. J., test site and the Jet Propulsion Laboratory of the
National Aeronautics and Space Administration (NASA)
in Goldstone, California. The reflector was a 100-foot sphere
of aluminized plastic orbiting the earth 1000 miles up.

Dramatic application of telephone science

Sponsored by NASA, this dramatic experiment—known as
“Project Echo” —relied heavily on telephone science for
its fulfillment . . .

= The Delta rocket which carried the satellite into space
was steered into a precise orbit by the Bell Laboratories
Command Guidance System. This is the same system which
recently guided the remarkable Tiros I weather satellite
into its near-perfect circular orbit.

= To pick up the signals, a special horn-reflector antenna
was used. Previously perfected by Bell Laboratories for
microwave radio relay, it is virtually immune to common
radio “noise” interference. The amplifier—also a Labora-
tories development—was a traveling wave “maser” with
very low noise susceptibility. The signals were still further
protected from noise by a special FM receiving technique
invented at Bell Laboratories.

“Project Echo” foreshadows the day when numerous
man-made satellites might be in orbit all around the earth,
acting as 24-hour-a-day relay stations for TV programs
and phone calls between all nations.

This experiment shows how Bell Laboratories, as part
of the Bell System, is working to advance space communi-
cation. Just as we pioneered in world-wide telephone serv-
ice by radio and cable, so we are pioneering now in using
outer space to improve communications on earth. It’s part
of our job, and we are a long way toward the goal.

Giant ultra-sensitive horn-reflector antenna which received signals
bounced off the satellite. It is located at Bell Telephone Laboratories,
Holmdel, New Jersey.

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT
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Radio beacon transmitters no bigger than a matchbook—
another RCA contribution to space-age technology.

Tiny RCA space
radios help “ECHO”
scientists find a
pinpoint in the sky

The pinpoint is the 100-foot aluminized plastic bal-
loon now orbiting about a thousand miles above the
earth. Its purpose: to establish the feasibility of long-
distance communications by bouncing radio waves
off an object in space to distant points on the earth’s
surface.

The balloon carries two RCA radio beacon trans-
mitters, each scarcely larger than a matchbook, yet
capable of being heard for two thousand miles or
more. They send signals earthward, telling scien-
tists where to find the balloon at night or when
clouds obscure the sky. Because the radios are sun-
powered, they are expected to broadcast throughout
the life of the balloon satellite.

These amazing radio transmitters were designed
and built by the Astro-Electronics Division at RCA’s
Space Center at Princeton, N. J.—birthplace of the
satellite and ground-based radio equipment for the
“Talking Atlas” satellite, the TIROS “weather-eye”
satellite system, and other space-age achievements.

This program—called “Project ECHO” —is spon-
sored by the National Aeronautics and Space Admin-
istration as the first step towards a new system of
global communications. Eventually, television pro-
grams may be viewed around the world through the
use of these orbiting ‘“‘radio mirrors.”

The same RCA engineering and manufacturing
skills that are helping man conquer space assure the
dependability of the RCA Victor black-and-white
and color television sets, radios and high-fidelity
systems you enjoy in your home.

The Most Trusted Name in Electronics

RADIO CORPORATION OF AMERICA Tmk(s)®

© 1960 SCIENTIFIC AMERICAN, INC



METALGRAMS B~

« « o news about metals and metal chemicals

SEPTEMBER - OCTOBER, 1960

NEW PEAKS PREDICTED FOR POLYPROPYLENE PRODUCTION. Brightest prospects are
in over-wrap applications, and in automobile and appliance uses. Keeping step as a
polymerization catalyst is our titanium trichloride. Latest interest is in the
activated form of this product -- TiCl3z-1lA -- just introduced. With the activated
form, plastics producers are achieving higher conversion rates . . . yet consistently
retaining the same clear, high-guality polymer previously provided by the unactivated
material. Activated and unactivated titanium trichlorides are available from UCM in
quantities for research and commercial uses. For additional data request TT2-S8.

s s o
> ® *

VANADIUM BUTTERS TITANIUM-STEEL SANDWICH. A new technique developed by
Titanium Metals Corporation of America uses vanadium metal as a "butter" between
titanium and steel . . . Counters the usual problem of welding dissimilar metals.
Called interlayer welding, this technique uses either a series of vanadium plugs or
a thin, continuous sheet. Vanadium metal was selected because it provides the
necessary engineering strength and corrosion resistance at the joint. The advance
is expected to brighten the cost picture for companies anxious to use corrosion-
resistant titanium sheet in chemical processing equipment. UCM makes vanadium metal
in sheet or strip for use in the sandwich. Bulletin VM3-S8 gives general data on
vanadium and the welding technique.

- & Py
£ = =

MAKING TOOL PRODUCTION TiC. Makers of cemented carbide tools are
obtaining greater erosion and oxidation resistance, as well as cost economies,
through the use of titanium carbide, TiC. One major tool manufacturer reports
simplified quality control because of the consistent analyses of our high-purity
material, e.g., free carbon, 0.2%; combined carbon, 19.3%. This refractory compound
is also being used in newly developed titanium-carbide-base cutting tools and in
cermet and ceramic shapes. UCM's titanium carbide is available in commercial
quantities as powder < 5 micron av. FSS. A variation of this product =-- submicron
high-purity titanium carbide -- is being studied for uses which require fine
particle size. Request T(C2-S8 for data on TiC.

s s s
ES sk %k

VANADIUM AS YOU LIKE IT. As demand for vanadium metal grows, customers
look for a wider range of mill products at minimum delivery time. The new focus:
manufacture and processing of larger vanadium ingots. An ingot more than 9 in. in
diameter -- believed to be the largest to date -- has just been cast for us by
Universal-Cyclops. This means more vanadium mill products off the shelf from UCM,
as we continue to meet customer requirements in size, as well as purity, with
minimum lead time. For data on vanadium request VM2-S8.

* * *

HELPING OTHERS TO HELP OURSELVES. UCM will be keying its 1960 National
Metal Show display to the theme: "Select The Right Metal For The Job...Ask Our
Engineers To Help". The fact that alloying elements make metals better will be
illustrated by outstanding applications of low-alloy steel, stainless steel,
high-temperature alloys, and aluminum. Also featured will be a number of refractory
metals with special emphasis on the promising new columbium alloys. To save
time and expense send for free Admission Invitation AD1-S8.

o s o
* ® *

Union Carbide Metals Company, Division of Union Carbide Corporation,
270 Park Avenue, New York 17, N. Y. In Canada: Union Carbide Canada Limited, Toronto.

"Union Carbide" is a registered trade mark of Union Carbide Corporation
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Teamwork: the best anti-submarine weapon

In the air, on the surface and under water, they work
together. Teamwork, itself, becomes a science in hunt-
ing down a sub. Technically advanced equipment —
teamed up with deadly precision — is being designed
to leave enemy subs no escape. This future is taking
shape now in broad studies at Vought Aeronautics.
Aircraft, developed especially for most efficient use
of electronic search equipment...advanced sono-
buoys . . . even space systems, under study by Vought
Astronautics. These and other ideas are undergoing
analysis, or actual test in Navy ships and planes. By
drawing on the broad resources of its sister divisions,
Vought Aeronautics, like the Fleet, is using teamwork
to serve the Navy’s Number One Mission.

CHANCE AERONAUTICS
VOUGHT D'VlSIONDALLAS,TEXAS
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WORKING
PARTNERS

ROCKETDYNE AND SOUNDCRAFT INSTRUMENTATION TAPES

.

At North American Aviation’s Rocketdyne division, the re-
cording of rocket engine performance on static stands, calls
for the use of only the most reliable of instrumentation tapes,
like Soundcraft. Why? Because Soundcraft Instrumentation
Tapes combine exact physical and electrical properties so
necessary to assure absolute reliability of performance—as a
direct result of being manufactured in the world’s most
modern tape plant under the most advanced quality control
system.

In short, experience has proven that Soundecraft Instrumenta-
tion Tapes work best in recording of critical rocket testing
operations. Why not let precision-made, error-free Sound-
craft Instrumentation Tapes go to work for you? Complete
literature on request.

REEVES 80 u N D c RAFT GORP Great Pasture Rd., Danbury, Conn. ® Chicago: 28 E. Jackson Blvd.
s Los Angeles: 342 N. LaBrea ® Toronto: 700 Weston Rd.
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-.-trade center of the Americas
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Florida

estrade center of the Ammericas

Forty million people in the 12 south-
eastern states and 80 million in the
nearby Caribbean comprise markets
which are being increasingly served by
Florida. And these markets are growing
steadily in buying power.

IN THE SOUTHEAST, retail sales for
1959 totaled $38 billion. This represents
a gain of 34 per cent over sales for 1954.
The national gain was only 28 per cent.

IN FLORIDA ITSELF, sales rose from
$4,014 million to $6,625 million — an
increase of 65 per cent.

The opportunities for serving south-
eastern markets from Florida are shown
by some of the typical multi-state facili-
ties which have been opened recently.

Intracoastal
Waterwoys

ond Barge Routes

v’
‘Barge routes skirt the Gulf of Mexico from
Florida to Brownsville, Texas, and stretch up
the Mississippi. In the Atlantic, the Intracoastal
Waterway provides a sheltered shipping route
from Key West to New Jersey and beyond.

MULTI-STATE DISTRIBUTORSHIPS

Foop FaIr STORES opened a 700-man
distribution center in Jacksonville.

BorDEN COMPANY’S new plant in
Tampa is a multi-state center.

RAYTHEON serves several states from
a new facility in Orlando.

Davies CAN COMPANY established a
distributorship in Tampa to serve the
paint industry in the Southeast.

WALGREEN DRuUG COMPANY’S new
facility in Jacksonville serves North
and South Carolina, Georgia, Alabama
and parts of Tennessee as well as Florida.

RooTEs MoTors opened a south-
eastern states distributorship in Pen-
sacola for Hillman, Sunbeam and other
British cars. Renault expanded its
multi-state facility in the same city.

Wholesale sales for all three of the
major metropolitan areas in Florida
— Miami, Tampa-St. Petersburg and

*—— Air freight has greatly extended Florida's
markets. Univis Lens Company, which recently

moved to Fort Lauderdale, plans to ship 350,000
pounds of products by air each year. Westing-
house Electric Corporation supplies its South
American markets with appliances from Miami.
MIAMI INTERNATIONAL AIRPORT, shown
here, handled over 207 million pounds of air
cargo in 1959, and the largest volume of foreign
cargo of any airport in the nation.

Jacksonville — more than doubled be-
tween 1948 and 1958. Only five other
major areas in the nation did as well.

Manufacturers, too, find Florida’s
markets extend far beyond Florida’s
borders. Two-thirds of the sales of
Marc-El Fashions of Miami, for in-
stance, are to other states. A typical
maker of aluminum furniture, Gay Prod-
ucts, Inc., of Clearwater, sells 60 per
cent of its production outside Florida.

Thirteen deep water ports line both coasts of
Florida. More than 65 shipping companies pro-
vide scheduled service, and 32 million tons of
domesticand foreign cargowerehandled in 1958.
PORT OF TAMPA, shown here, has just com-
pleted a$15 million harbor improvement program,
deepening the channel to a full 34 feet.

CARIBBEAN PURCHASES INCREASE
Trade between Florida and the rich
Caribbean and Central American mar-
kets is growing steadily. In spite of
the political unrest, exports by vessel
to these areas totaled $189 million in
1958 — 69 per cent over 1954.

As evidence of the growing trade
bonds between Florida and Central
America, two shipping firms recently
began operating trailer ships between
Miami and Port Everglades and Matias
de Galvez. From this Guatemalan port,
trailers can be towed southward over
the Pan American Highway.

TOTAL FOREIGN TRADE UP 48%
Overall, Florida’s foreign trade has
grown steadily. The 1959 total of $810
million was 48.4 per cent over 1955.

Chemicals for England are made in
Pensacola, paper for the Netherlands
in Panama City and Jacksonville, ma-
chinery for Israel in Tampa. Twelve
million dollars worth of iron scrap
is shipped to Italy and Japan each
year. Florida produces a third of the
world’s phosphate.

WHY INDUSTRY MOVES TO FLORIDA

Besides its strategic location to serve
rich markets, there are many reasons
why industry is finding it increasingly
profitable to locate in Florida.

People like to live and work in the
Sunshine State. Companies such as
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Martin-Orlando, Pratt & Whitney Air-
craft and Chemstrand Corporation
have found it relatively easy to recruit
skilled technicians and engineers from
out of the state when their needs cannot
be supplied by local manpower pools.

Taxes are favorable. Those levied
directly on business accounted for only
8.8 per cent of the 1957-58 state income
— less than half the national average.

Florida has a right to work law, and
is the only state in the Southeast with
an apprenticeship law, under which in-
dustry and state co-operate.

For those considering new ventures,
the 2,100 new manufacturing plants
which have opened in the state in the
last three years give evidence of the
opportunities which Florida offers.

4

Florida's importance as a distribution center is
emphasized by the growing number of trucking
companies making headquarters in the state.
Mercury Motor Express (illustrated) moved its
headquarters and 250 employees to Jacksonville
this year. Central Truck Lines, Tampa, operates
1,175 trucks in five states. The giant Ryder
Systems, Inc., has headquarters in Miami.

NEW PLANT LOCATION BOOKLET

If you are interested in opening a plant
or branch in Florida, a new booklet
explains in detail how the Industrial
Services Division of the Florida Devel-
opment Commission canhelp you choose
the most advantageous location.

This booklet describes special studies
which can be prepared for potential
locations covering markets, manpower,
transportation and supplier industries
as related to your individual needs.

Meetings with community leaders
may be arranged, but unless authorized,
your identity will not be revealed.

Write to B. R. Fuller, Jr., Exec. Dir.,
Florida Development Commission,
4016-3 Carlton Building, Tallahassee.

For more general information about
industrial Florida, ask for the nine-
part file folder, * Profile of Progress.”

See industrial Florida for yourself.
Write State of Florida, Dept. B, Carlton
Building, Tallahassee, for a 100-page
color “Vacation Guide.”
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ASSURES PREDICTABLE PERFORMANCE

OF

BARDEN PRECISION BALL BEARINGS

One of the key factors behind the world renowned
reliability of Barden Precision bearings is quality con-
trol. First step in Barden’s advanced quality control
procedure is inspection of bearing steel to assure its
conformance to rigid specifications.

From here on, bearing parts are carefully checked —
microscopically, mechanically and electronically — at
every manufacturing operation. At the end of the line,
functional testing of assembled bearing assures that,
small quantity or large, every Barden Precision bearing
will meet your performance requirements.

Typical of Barden quality control instrumentation is
the Waviness Gage, a production tester used to check

for reliability. .. specify

BARDEN

38

the accuracy of raceway grinding —one of Barden’s
many contributions to the advancement of the preci-
sion bearing art.

Barden quality control —together with Barden methods
in manufacturing, bearing assembly, final inspection,
lubrication, functional testing and sealed packaging —
is your assurance that with Barden Precision bearings
you get consistent quality from the beginning to the
end of each production run.

Barden is a major supplier of standard bearings in sizes
from .0469” bore to over 3" O.D., all manufactured to
Barden Precision standards of dimensional accuracy,
uniformity and reliability.

PRECISION BALL BEARINGS

THE BARDEN CORPORATION. 218 Park Avenue, Danbury, Connecticut
Western office: 3850 Wilshire Boulevard. Los Angeles S. California
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BENDIX

G20

MEANS PRACTICAL EXPANDABILITY IN

BALANCE WITH APPLICATION GROWTH

Just as the organization chart of any enterprise
provides the framework for dynamic growth
and adaptation, so “organization chart” design
provides the framework for unparalleled
expandability in the Bendix G-20 data process-
ing system. This means that your G-20 can eco-
nomically match, step by step, your expanding
scientific or business computational workloads
...without sacrificing system balance. e Key to
the organization chart efficiency of the Bendix
G-20 is the ability of the Central Processor to
“delegate’” routine data handling tasks to con-
trol buffers, acting as “line supervisors.” Thus
- freed, the Central Processor can make most
efficient use of its high computation speed, its
ability to schedule program priorities and

L

direct accessory equipment assignments. @ The
ability to employ many control buffers gives
new meaning to expandability in the Bendix

'G-20. Up to 70 input/output units can be

directed by each of these “line supervisors.”
The Bendix G-20 has a complete line of acces-
sory equipment including keyboard, paper tape,
punched cards, high speed line printers, and
2 million word magnetic tape units. ® Memory
represents another dimension of G-20 expand-
ability, ranging from 4,096 to 32,768 words.
® [nvestigate the organization chart design of
the Bendix G-20. See how it provides balanced,
practical expandability ...at a cost that assures
unequalled data processing performance per
dollar invested. e For detailed literature write:

Bendix Computer Division [l i’

DEPT. C-27 LOS ANGELES 45, CALIF.

CORPORATION
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Somewhere east of Laramie, on one of Wyoming’s plains, you'll

find the strangest government housing project ever built. Six concrete

and steel buildings are being constructed to house Atlas missiles.

The site is one of the operational intercontinental missile bases to be

operated by the Strategic Air Command. This base is being constructed

on the surface. Follow-on bases will burrow deep into the earth. In

all these systems, the Air Force puts much emphasis into ground

support equipment. Virtually all steels required can be pur-

chased from one firm — United States Steel. Whether it’s carbon

The U. S. Army Corps of Engineers is
constructing this operational interconti-
nental missile base in Wyoming. In front
of the partially completed Launch and
Service Buildings are Col. Sidney T.
Martin, in charge of construction, and
Maurice K. Graber, a construction engi-
neer for the Corps.

Thisisthe inside of the blast pit of one of the launcher
buildings. In all six of these buildings there are 1,040
tons of structural steel, 1,950 tons of reinforcing steel,
over 48,000 tons of concrete aggregate, blocks and
cement, and 8,040 tons of mechanical steel items.

© 1960 SCIENTIFIC AMERICAN, INC

Fuel lines and process piping are Stainless Steel
and operate at pressures up to 15,000 psi. The pipes are
kept almost surgically clean to prevent contamination
of fuel and subsequent malfunction. Vapor degreasing
and chemical cleaning processes are used onthe pipes.



steel, high-strength low-alloy steel,

ultra high-strength alloy steels, Stain- A

less Steel, steel fence, electrical cable,

cement or wire rope, United States
Steel maintains the technical services
to assist in solving any problem on
materials for ground support. When
a ground support program goes to
the drawing board, consult with

United States Steel

USS is a registered trademark

The Atlas is powered by a cluster of liquid propellant rocket engines that
burn liquid oxygen and RP-1, a kerosene-like hydrocarbon fuel. 192 pressure
tanks fabricated from alloy or Stainless Steel plate at this site store liquid
and gases—liquid oxygen and nitrogen and helium gases which are used to
inject the fuels into the missiles.
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THE AUTHORS

E. F. KNIPLING (“The Eradication
of the Screw-Worm Fly”) is director of
the Entomology Research Division of the
U. S. Department of Agriculture. Born
in Port Lavaca, Tex., in 1909, he ac-
quired his B.S. at Texas Agricultural and
Mechanical College in 1930. He received
his M.S. from Iowa State University in
1932 and his Ph.D. in entomology and
parasitology from the same institution
in 1947. For his contributions to the de-
velopment of insecticides and insect re-
pellents during World War II, the Gov-
ernment awarded him the Medal of
Merit. Knipling developed the sterile-
male principle of insect control discussed
in the present article, and directed the
preliminary research that led to its ap-
plication.

P. V. GLOB and T. G. BIBBY (“A
Forgotten Civilization of the Persian
Gulf”) are respectively director of the
Institute of Prehistoric Archeology at the
University of Aarhus in Denmark, and
head of the department of antiquities at
the Prehistoric Museum in Aarhus. Glob
was born in Kalundborg, Denmark, in
1911 and acquired his Ph.D. in 1945
at the University of Copenhagen. After
serving as keeper of the National Mu-
seum in Copenhagen, he joined the
faculty at Aarhus in 1949 as professor of
prehistoric archeology. Since 1953 Glob
has led a number of Danish archeologi-
cal expeditions to the Middle East,
among them the ones that resulted in
the discoveries described in the present
article. Bibby, a British citizen born and
educated in England, became a staff
member of the Prehistoric Museum in
1950. He took his degree at the Uni-
versity of Cambridge, and from 1937 to
1939 he did archeological field work in
England and Scotland. Until 1946 he
served with the British Army in Europe.
For the next three years Bibby partici-
pated in archeological reconnaissance in
Bahrain and Qatar while working for
an oil company in the Middle East. He
has accompanied Glob as deputy leader
on the Danish expeditions during the
past seven years.

ARNOLD L. BLOOM (“Optical
Pumping”) is a research physicist at the
firm of Varian Associates in Palo Alto,
Calif. He was born in Chicago, IIl, in
1923, and originally studied to become
a concert pianist. Faced with the choice
of several careers, he decided that his
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interest in physics would not allow him
to pursue it “purely as a hobby.” He
took two degrees in physics at the Uni-
versity of California, receiving his Ph.D.
in 1951, and joined Varian Associates in
the same year. There he has specialized
in studies in nuclear and paramagnetic
resonance. His interest in optical-pump-
ing techniques dates from 1956.

BRUCE C. HEEZEN (“The Rift in
the Ocean Floor”) is assistant professor
of geology at Columbia University and
senior research scientist at Columbia’s
Lamont Geological Observatory. He was
born in Vinton, Iowa, 36 years ago, and
acquired his B.A. at the University of
TIowa in 1948. As an undergraduate
studying invertebrate paleontology,
Heezen became interested in submarine
geology after hearing a lecture by Mau-
rice Ewing, director of the Lamont Ob-
servatory. In 1947 Ewing chose him to
head a small expedition which recon-
noitered the continental shelf and slope
off New England. He joined the Lamont
Observatory in 1949, became a faculty
member at Columbia in 1951 and re-
ceived his M.A. in geology there a year
later.

HARRY GRUNDFEST (“Electric
Fishes”) is professor of neurology at the
College of Physicians and Surgeons of
Columbia University. He received his
Ph.D. from Columbia in 1930 and began
to study electrophysiology at the Uni-
versity of Pennsylvania on fellowships
from the National Research Council and
the Johnson Foundation. Before going
to Columbia in 1945, he was a staff
member at the Rockefeller Institute for
10 years, a period that included service
as senior physiologist with the U. S.
Army Signal Corps during World War
II. Grundfest’s major interest is the fun-
damental processes involved in bioelec-
trogenesis. His research on electrogenic
activity in different types of cells has
included studies of the cells of protozoa,
muscle, nerve and some 20 species of
electric fishes.

A. C. CHARTERS (“High-Speed Im-
pact”) is supervisory aeronautical re-
search engineer and chief of the Hyper-
velocity Ballistic Range Branch at the
Ames Research Center of the National
Aeronautics and Space Administration.
A native Californian, he took his de-
grees at the California Institute of Tech-
nology, receiving his Ph.D. in aeronau-
tical engineering in 1938. From 1939 to
1950 he was a civilian staff member
of the Ballistic Research Laboratories at
the Aberdeen Proving Ground. He went
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to work for NASA in 1952. In his work
at the Ames Research Center, Charters
has been primarily responsible for the
development of the hypervelocity bal-
listic range, a new facility for studying
the physics of flight speeds of up to 18,-
000 miles per hour under controlled
laboratory conditions.

ARTHUR H. BENADE (“The Phys-
ics of Wood Winds”) is associate pro-
fessor of physics at Case Institute of
Technology. The son of missionary par-
ents, he was born in Chicago, IlIl., in
1925 and raised in the Indian city of
Lahore, where his father was chairman
of the department of physics at Forman
College. His college education, which
began at Ohio State University and con-
tinued at the University of Minnesota,
was interrupted by the war, during
which he spent a year at Los Alamos as
a technician. He completed his under-
graduate studies at Washington Univer-
sity in Saint Louis, receiving his B.A. in
1948. He took his Ph.D. in physics at
the same institution in 1952, joining the
faculty at Case Institute later that year.
Benade, who is an accomplished flut-
ist, became interested in the theory of
musical instruments while doing gradu-
ate work, and he undertook the restora-
tion of a 175-year-old Zumpe piano.
“Having since had a few students my-
self,” he says, “I can now understand
the dismay with which this project was
received by my thesis adviser.” At Case
Institute he has “combined teaching
with research in nuclear physics, with
occasional bursts of activity in musical

physics.”

MITCHELL WILSON (“Count Rum-
ford”) is a novelist who began his career
as a physicist. He was born in New York
in 1913 and was educated at New York
University and Columbia University,
where he worked under I. I. Rabi. Later,
as an assistant to Enrico Fermi, he did
some early research on the meson. From
1940 to 1944 he worked on thin films
and high-frequency heating, and wrote
short stories in his spare time. Since that
time Wilson has made writing his career,
publishing three novels and a pictorial
history of American science.

P. W. BRIDGMAN, who in this issue
reviews Louis de Broglie’s Non-Linear
Wave Mechanics: A Causal Interpreta-
tion, was professor of physics at Harvard
University until 1951 and University
Professor there until 1954, when he re-
tired. Bridgman was awarded the Nobel
prize in 1946 for his work in high-pres-
sure physics.



- RCA...

3 NEW Electronic Systems that
Advance Industrial Automation

AUTOMATIC
PROCESSING

RCA Industrial Electronic Control is industrial dynamism of a higher
order—a new electronic control of production operations resulting in a
smoother flow through the plant, a bigger yvield, and a degree of efficiency
never before attainable.

Systems capabilities range from simple automatic monitoring to complete
real-time control of a complex automated operation spread over a
wide area. There are now three RCA Industrial Electronic Control
Systems available:

The RCA-110 Industrial Control Computer System—Specifically designed
for industrial applications to provide around-the-clock operating reliability,
highest arithmetical speed and lowest cost installation. Solid state
design, core and random access drum memory. Computer built for
industrial environment.

The RCA-130 Industrial Data Transmission Link—Removes the limita-
tion of distance in an automatic monitoring or control system. Provides
reliable on-line, real-time transmission of analog or digital information
via wire or radio, one-way or two-way. 1009, checked.

The RCA-150 Industrial Data Analysis and Recording System —Pro-
vides high-speed, automatic monitoring and analysis of process and
production status—plus computational capability for summarizing, aver-
aging, totalizing and linearizing.

These new RCA systems incorporate industrial thinking as advanced
as the electronic design of the equipment itself. The new concepts
may well be of paramount importance to the future of your business.
RCA Industrial Electronic Control Systems are available with Foxboro
and other instrumentation.

For special industrial control problems, Custom Systems can be supplied
to fit your exact needs.

To tell you how this modern kind of industrial automation works and the
many things it will do, would fill a book. You will want to get the full story
in person. Ask your nearest Foxboro representative or write—Industrial
Computer Systems Department, Electronic Data Processing Division,
Radio Corporation of America, 21 Strathmore Road, Natick, Mass.

The Most Trusted Name in Electronics

RADIO CORPORATION OF AMERICA

®
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KEEP QUT
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DNLY AUTHDRIZED
. PERSONMEL
BERMITTED TO FNTER

Radioactive
Tracers

ASSURE

Positive Seal
ALLEN-BRADLEY

TYPE S
CERAMIC ENCASED

N . "% RESISTORS
L
Detecting leaks so microscopic that /ess than 1 cc of air (ap-

proximately 1/16 of a cubic inch) would require 30 years to pass
through . . . this ultra-scientific radioactive test is your assur-

ance that the hermetic seal of the resistance unit is virtually .

perfect. In the test, resistors go into a tank where the air is "
evacuated and radioactive Krypton 85 is introduced under h
pressure. After the resistors have been allowed to “soak” in
this atmosphere for several hours, they are removed and indi-
vidually placed in a shielded chamber equipped with a scintil-
lation counter. If any radioactivity is detected, it indicates a
leak in the seal, and the resistor is rejected. You can depend

on the Allen-Bradley hermetically sealed resistors—they are
what they are c/aimed to be!

This superior testing technique,
which employs radioactive tracers, provides positive proof
that the hermetic seal of each and every Allen-Bradley

A-B TYPE S HOT MOLDED

HERMETICALLY SEALED RESISTORS Type S ceramic encased resistor is virtually perfect—it
Ceramic Encased guarantees that the unit is completely protected against
&N— moisture and humidity.
These Type Sresistors have a special carbon composition
S—1/8 W . . AR .
Type TS—1/8 Watt (L Tipe RC 05=1/10 Watl resistance element and an insulating jacket which are hot
m molded into one integral unit by an exclusive A-B process.
e The unit is then encased in a ceramic tube with metal seals.
Type CS—1/3 Watt (MIL Type RC 12174 Watt) Combining freedom from catastrophic failure with posi-
P— tive protection against humidity, these ceramic encased
V22 P resistors assure unparalleled performance and absolute re-
Type ES—1 Watt (MIL Type RC 22—1/2 Watt) liability. Made in 2% and 5% tolerances in standard EIA

values up to 22 megohms and higher, on special order.
For continuous reliability, specify A-B Type S ceramic
encased resistors. Send for Technical Bulletin 5003, today.

ALLEN-BRADLEY | mieonic components

Allen-Bradley Co., 1204 S. Third Street, Milwaukee 4, Wis. L In Canada: Allen-Bradley Canadoa Ltd., Galt, Ont.

ACTUAL SIZE
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World’s

fastest
sorting system

"‘ "'t"'rl-n;--

lt'l‘lu

PHILCO 2000 Data Processing System

m The majority of all data processing involves
sorting. Time saved on this operation is always
significant—the answers you need become avail-
able more quickly; the equipment itself is freed
for other use.

The inherent speed and capacity of the Philco
2000 are your assurance of highest possible sort-
ing speed—faster than any other sorting system !
For example, the Philco 2000 has sorted 100,000
80-character records, having a 16-character key,
m 18 minutes!

Such high sorting speed can be obtained on any
Philco 2000, regardless of size, without addi-
tional sub-systems.

Call or write to arrange a test run of one of
your sort problems on the Philco 2000.

These Philco 2000 Features Assure Fast Sorting:

o A powerful SORT Generator operating at the same time.

Program—one of the many pro- . .
gramming aids provided by Philco. e Ability to read backward while
O i-f) (EnEER G0 6 (e writing forward—eliminating
90,000 alphanumeric characters costly rewind fime.

per second on each tape. e Tremendous logical flexibility
e Simultaneous reading and —plus eight or more index regis-
writing—with up to four tapes tersin an ultra high-speed system.

Philco Corporation « Governmentand Industrial Group
Computer Division, 3900 Welsh Road, Willow Grove, Pa.

PHILCO

?(? Mok dbr Q‘fm@'f the UWortad Crver
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In early 1960, American craft pierced the North Pole in two elements. Fathoms below solid ice, the USS Sargo
probed unerringly to “90 North™; miles above, a GAM-77 missile on a B-52 pinpointed the featureless goal. Both

used Inertial Navigation systems by Autonetics —where today's results pave the way for tomorrow's breakthroughs.

-
Electromechanical Systems by A I.I t O I'I Et l c S @ Division of North American Aviation




3M THERMOELECTRIC DEVICES

Ten vears of research in thermoelectricity has led to these
y y
practical and economical commercial units for your use

Minnesota Mining and Manu-
facturing Company’s re-
search in the study of thermo-
electric materials, production tech-
niques, assembly methods, and
working devices has led to many
notable developments in power
generation and cooling. Primary
effort has been directed toward low
cost units for commercial applica-
tion. For example: the first practi-
cal use of semi-conductor materials
in the U.S.A. for fluid fuel control;
the first working thermoelectric
generator, the SNAP III; the first
working generator for cathodic pro-
tection on pipe lines; the first com-
mercial heat pump to cool fluores-
cent street luminaires and the first
generators for navigation lights.

Future applications of thermo-
electric generators and heat pumps
are practically limitless. Their use
in heating, cooling, and power gen-
eration is now under investigation
in many progressive companies.
Perhaps there are applications in
your operations too.

Use the coupon to order or ob-
tain further information on the 3M
Thermoelectric Device which best
suits your needs.

IMinnesora
IMininG anp

INVIANUFACTURING COMPANY

- ess WHERE RESEARCH IS THE KEY TO TOMORROW

3M THERMOELECTRIC GENERA-
TORS: Prototypes and feasibility models
have been constructed using propane, natural

as, and radioactive materials as heat sources.
%)evices for cathodic protection, battery
charging, and fluid fuel and protective con-
trol have been produced for sale.

”.

3M HEAT PUMPS: The 3M Brand Spot
Cooler Model 10 is now being used in fluo-
rescent fixtures for increased light output.
For constant temperature suppression of
small heat loads (up to 2 watts) it is rugged,
efficient and economical; offers ideal method
of judging thermoelectric cooling for your
applications. Model 10-J has concave heat-
absorbing electrodes; Model 10-L has flat
electrodes. Complete with data sheet and
application notes, $35.00.

r—_———————— CLIP AND SEND IN TODAY-—— e ———

3M CO. Dept. EBS-100
900 Bush Avenue, St. Paul 6, Minn.

Enclosed is check or purchase order for $_
_ _Model 10-J_____
Send me more information on your thermoelectric developments.

Send me___

NaMe_

p—

THERMOELECTRIC ELEMENTS:
Research by 3M on new semi-conductor ma-
terials such as tellurides and selenides of lead,
bismuth, and antimony have resulted in new
and improved manufacturing processes.
Elements are available in pressed or cast
form in a wide range of sizes and shapes.
Junction bonding techniques for applications
over the entire useful temperature range of
the materials are being developed.

3M BRAND THERMOELECTRIC
COOLER 11-B: For schools, industrial labs
and experimentors to demonstrate thermo-
electric effects, freezing points of liquids,
super cooling, and contraction or expansion
of metals. Freezes 3—5 grams of water in less
than 30 minutes; operates from a 6 volt bat-
tery or battery eliminator. A small heat source
(110 V) available as accessory to demonstrate
power generation. Suggested outline of lab-
oratory tests included. $92.50 for basic unit.

Model 10-L______ Model 11-B

CoMPANY

ADDRESS

i
|
|
|
|
|
[
I
|
|
|
|
|
|
|
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NATIONAL PATENT DEVELOP-
MENT CORPORATION has been
established to meet the needs
of corporations, engineering
groups, research organizations
and individuals throughout the
nation. Millions of dollars an-
nually go into research and de-
velopment but relatively few of
the resultant patents, processes
and ideas are ever profitably
utilized. The full licensing and
development potentials are sel-
dom realized due to the lack of
an effective organization which
is geared to facilitate the inter-
change of information and
know-how.
NATIONAL PATENT DEVEL- 66 * .
OPMENT CORPORATION pro- o0 .pyiOU@ @%g a
vides a unique service: it is a
channel through which clients
can sell or license undeveloped mea%s 0
patents and processes to those
who are in a position to utilize
and profit from them. Clients .
using the services of NPDC d@@g ZO @%
represent diversified fields. A p g
partial list includes:
AMERICAN MACHINE &
FOUNDRY CORP. d te% tS
ANSUL CHEMICAL COMPANY p
AVCO MANUFACTURING CO.
CHANCE VOUGHT AIRCRAFT, INC. 99
DUNLOP TIRE & RUBBER CO. a%d ]?700 088888
GENERAL ATRONICS CORP. \
THE GLIDDEN COMPANY
PERKIN-ELMER CORP.
THE PURE OIL COMPANY

S. C. JOHNSON & SONS, INC.
A. E. STALEY MANUFACTURING CO.

NATIONAL PATENT DEVELOPMENT
CGORPORATION will consider patents

SWIFT & COMPANY which are approved by its qualified
THIOKOL CHEMICAL CORP, consultants. For a confidential discussion
WASHINGTON RESEARCH in greater depth your inquiry is invited.

NATIONAL PATENT DEVELOPMENT CORPORATION

NEW YORK: 68 William Street, New York 5, New York
WASHINGTON: 1000 Connecticut Avenue,Washington 6, D. C.
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Foamed
with

FREON

New, rigid urethane foams are
filling a void in many industries

New answers to problems of insulation,
structural design and costs are being
provided daily by the versatile qualities
of improved urethane foams —especially
foams blown with Du Pont “Freon”
blowing agents.

Twice the insulation possible with con-
ventional materials of the same thick-
ness is now obtainable from urethane
foams blown with “Freon’. And for the

same degree of insulation, you need but
half the thickness.

Surprising strength makes improved
urethane foams an excellent, lightweight
structural material. Adhesive tenacity
bolsters this strength even more, per-

mits use of foam for bonding purposes.

Lowered costs result from the ability of
“Freon’ blowing agents to produce more
foam from the same base materials. The
foams themselves often require just half
the volume to equal other materials in
performance. And you can get the in-
stallation versatility and convenience of
foaming in place.

Other features —exceptional buoyancy
and water resistance for marine use,
freedom from rot, controllable density,
vibration dampening, resistance to aging
and chemical action.

Technical assistance is available from
Du Pont to help you test the physical

© 1960 SCIENTIFIC AMERICAN, INC

capabilities of your foams blown with
“Freon”,and to help you produce foams
to meet your specific needs.

For more information, write: E. 1.
du Pont de Nemours & Co. (Inc.),
“Freon” Products Div., N-2420, Wil-
mington 98, Delaware

FREON

BLOWING AGENTS

AL u. 5. PaT.OF
Better Things for Better Living...through Chemistry
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A COMPUTER IS ONLY
«

7/
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You hear a lot about industrial process computers
these days. As processes get bigger, faster and more
complex, computers are being used as the reins as
well as the brains—for control as well as data
reduction—in fields as diverse as ice cream making
and petroleum refining.

The Big Picture. But like the human brain, a com-
puter cannot work independently. It must receive
raw information from sensory instruments. Where
automatic control is involved, it must transmit its
logic to “‘muscle’” instruments which translate deci-
sions into action. The computer is part of a system,
and, like the human body, the system functions
effectively only when all of its parts are perfectly
coordinated. In Honeywell systems, this compatibility
of all system components is built in, for all Honeywell
instruments and controls are made to complement
each other.

Process Experience plus Computer Know-How.
Equally important, a computer must be properly
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applied. Computers are ‘“illiterate.” They must be
told what to do and how to do it by men who know.
In engineering a computer-directed instrumentation
system that will be precisely matched to your needs,
Honeywell systems engineers draw on more than 75
years of measurement and control experience.

Single-Source Responsibility. Honeywell offers you
a single contract covering your entire system. You
get economy, convenience, simplified training of
personnel, economical stocking of parts and acces-
sories—all the advantages of single-source purchasing.
And you get the only truly complete computer
control package available from a single source.

MinNEAPOLIS-HONEYWELL, Wayne and Windrim
Avenues, Philadelphia 44, Penna. In Canada,
Honeywell Controls, Ltd., Toronto 17, Ontario.

& qs‘:'c:‘;gqizealue THE FUTURE
Y E A

Honeywell
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GROUND SUPPORT EQUIPMENT: another prime capability of Goodyear Aircraft

i u;&-‘;‘k!’ﬂiﬂ!k

].. Central Programmer/Evaluator—new concept for umversal test egquipment 2. Polaris Suspension System "'flpa nissile inside con-
For factory, depot or field tainer on rubber-and-nylon air cus

Standardizing G.S.E.? It's Standard Operating

Procedure at GAC. Design philosophy which insists on reducing the
\ ) number of units to meet the support requirements for each new system is Standard
3 _ : Operating Procedure at Goodyear Aircraft. Shown here are examples of GAC-built

Y e ground support equipment which benefits from this standardization approach.
Diverse as the requirements are, each unit has been developed to perform the
functions of many units. If you are interested in reducing the problems of logistics
on your GSE requirements, let us find the common denominator. Write Goodyear
Aircraft Corporation, Dept. 9160V, Akron 15, Ohio, or Litchfield Park, Arizona.

Lots of good things come from

GOODSYEAR
AIRCRAFT =

weapon system skills

DESIGN
Communication Systems—portable, light- Plants in Litchfield Park, Arizona, and Akron, Ohio MANUFACTURE
weight, proved; offer wide variety of MANAGEMENT

communications gear.

4. Transportable Power Pack supplies all launch-site power needs—5 different 5. Mobile Airship Handling Winch—Drastically reduces man
power sources plus engine-start fuel system power required for ground handling
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DDAY

AVCO T

WRITE

AND ENGINEERS

NTISTS

Y SCIE

Triggering the Navy's Polaris. Scheduled to be carried by

the Navy’s latest nuclear-powered submarines, Polaris will extend

UNUSUAL CAREER OPPORTUMNITIES FOR QUALIFIED

American deterrent missile capability to every corner of the globe.

Aveco

AVCO CORPORATION, 750 THIRD AVENUE, NEW YORK 17, NEW YORK

Polaris is armed and fuzed by Avco.
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The Eradication of the Screw-Worm Fly

This destructive parasite of livestock has been eliminated

Jfrom the southeastern states by releasing large numbers of

male flies that have been sterilized by ionizing radiation

fundamentally new method for
A controlling animal populations—

one that enlists the reproductive
process of the species in its own extinc-
tion—has entirely eradicated a major
agricultural insect pest throughout a
large continental region. The pest is the
screw-worm fly which infests livestock;
not a single screw-worm fly has been
seen in the southeastern U. S. for almost
two years. This unprecedented achieve-
ment was effected within a few months
the first time the self-eradication method
was tried on such a large scale. The suc-
cess of the method against the screw-
worm fly suggests that it may be applied
with the same results to other insect
species and to rodents and other pests.

Entomologists and veterinarians of
the Agricultural Research Service of the
U. S. Department of Agriculture and the
Florida Livestock Board reared millions
of screw-worm flies in what was literally
a screw-worm factory. The insects were
made sexually sterile by exposure to
high-energy radiation. They were then
released in the infested area. The sterile
males, mating with the females in the
natural population, nullified their re-
productive capacity. The result was the
complete elimination of the natural pop-
ulation.

The new method offers obvious ad-
vantages over conventional techniques
which are directed at killing the living
generations of the pest. In the first place
it is highly selective, involving only the
single target species and leaving the rest
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by Edward F. Knipling

of the ecological system completely un-
disturbed. Secondly, no species can ac-
quire immunity to sterile matings as it
can to the insecticides that have been
used in the past. There is a third and not
so apparent advantage. Killing agents
tend to become progressively less effi-
cient as the pest population declines, and
so leave a few survivors to begin the
cycle of geometric population-increase
all over again. The sterile-male method
has the theoretical and, as has been
shown in the case of the screw-worm fly,
practical capability of becoming increas-
ingly efficient as the pest population
reaches the vanishing point.

There are nonetheless disadvantages
inherent in the method when it comes
to planning campaigns against certain
species and throughout large geographic
regions. But eradication of the screw-
worm fly surely urges the search for
similar opportunities to bring the meth-
od to bear. The screw-worm fly itself
remains a major objective. It continues
to infest the livestock of the Southwest,
where losses are estimated at $25 million
each year.

The adult screw-worm fly has a metal-
lic blue body, about 3/8 inch long. It
lays a compact mass of 200 to 300 eggs
in the wounds of warm-blooded animals.
Any accidental or surgical wound, a tick
bite or the navel of a newborn animal
may become a site for screw-worm at-
tack. The insect is especially damaging
to newborn animals; in areas heavily
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populated with screw-worm flies few
newborn calves, lambs, kids, pigs or
young of the larger game species will
escape attack.

Tiny maggots hatch from the eggs in
12 to 24 hours. They begin feeding on
the flesh head-down and closely packed
in the wound. The feeding larvae cause
a straw-colored and often bloody dis-
charge that attracts more flies, resulting
in multiple infestation by hundreds to
thousands of maggots of all sizes. Death
is inevitable unless the animal is found
and treated.

The maggots feeding in wounds be-
come full grown in about five days,
reaching a length of about 2/3 inch.
Then they drop out of the wound, burrow
into the ground and change to the pupal
or resting stage in about one day. The
adults emerge from the pupal case after
about eight days during the summer
months, live for two or three weeks and
range for many miles, feeding on plant
nectars, pollen, carrion, secretions of
animal wounds and so on. They mate on
about the third day after emergence, and
the females are ready to lay eggs four
days later, at which time they begin
searching for suitable hosts on which to
lay eggs and start the next generation.
The generation period may thus be as
short as three weeks and, in areas where
the insect survives the year around, there
may be from 10 to 12 generations dur-
ing each year.

Fortunately the range in which the
species may overwinter in the U. S. is




limited. During years of average winter
temperatures, the survival area for the
insect is in the lower quarter of Texas
and in smaller areas in the southern parts
of New Mexico, Arizona and California
—and, until recently, lower Florida. The
population density of the insect in the
overwintering areas is greatly reduced.
During the spring and summer the insect
increases in numbers and spreads north-
ward from the overwintering area, great-
ly extending its range of destruction.
Much of the spread is by its own flight,
but the shipment of livestock infested
with undetected eggs or larvae often
spreads the screw-worm fly to distant
areas in the spring, when it can cause
considerable damage to livestock before
cold weather arrives.

In 1937 it occurred to me that it might
be economically feasible to rear and re-
lease screw-worm flies in sufficient num-
bers to exceed the natural population.
The idea was suggested, in fact, by the
observation of my colleague A. W. Lind-

quist, of the Uvalde, Tex., station of the
Department of Agriculture, that the
number of screw-worm flies trapped
during the winter in that region is ex-
ceedingly small. If some method could
be devised to cause the artificially reared
and released insects to destroy those in
the natural population, I thought, this
might provide a means for annihilating
the insect. The development of a genetic
strain carrying a factor that would be
lethal under natural conditions was one
possibility. Development of a chemical
that would induce sterility in the flies
before release was another. However, the
most promising approach seemed to be
the sterilization of the flies by X- or
gamma-rays. As long ago as 1916 G. A.
Runner of the U. S. Department of Agri-
culture had shown that cigarette beetles
produce infertile eggs after exposure to
X-rays, and at the University of Texas in
1928 H. J. Muller had demonstrated
similar effects in fruit flies. Significantly
for my purpose, it had been found that

such exposure at the right stage in the
insect’s development had no other ad-
verse effect.

The self-destruction approach to
screw-worm control was discussed
with a number of biologists during the
next 12 years. The reaction was general-
ly pessimistic. However, the possibili-
ties, as determined by theoretical calcu-
lations, seemed too impressive to ignore.
They indicated that, with the screw-
worm population at a reasonably con-
stant level, the sustained release of sterile
males, initially outnumbering the natural
population by two to one, could eradi-
cate the population in four generations
[see illustration on page 61]. Under
favorable circumstances an insect popu-
lation generally has a high potential for
increasing in number from one genera-
tion to the next. But even under condi-
tions that are favorable to a fivefold in-
crease per generation, calculations
showed that the release of sterile flies

SCREW-WORM FLY (Callitroga hominivorax) is about three
times larger than a housefly, and has a metallic blue color. It lays
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its eggs in the wounds of warm-blooded animals such as livestock
and game. The larvae that hatch from the eggs feed on the wound.
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LIFE CYCLE OF SCREW-WORM FLY is depicted in these draw-
ings. The female fly lays a compact mass of 200 to 300 eggs in the

in an initial nine-to-one ratio to the natu-
ral population could eliminate the fly
in five generations.

In 1950 I sought the counsel of
Muller, as an authority on radiation ef-
fects on genetic material. With his en-
couragement the Department of Agri-
culture initiated research at the Kerr-
ville, Tex., station, under the direction of
R. C. Bushland. In a series of well-exe-
cuted experiments Bushland and his
assistant D. E. Hopkins developed the
promising information that exposure of
screw-worm pupae to 2,500 roentgens or
more of ionizing radiation caused sexual
sterility in the males without serious side

SCREW-WORM FLIES WERE BRED in an airplane hangar at
Sebring, Fla. The brood flies roosted on strips of cloth in screened
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effects. A dosage of 5,000 roentgens
caused sexual sterility in the females.
Sexually sterile males were then
placed in cages with normal males to test
their ability to compete with normal
males in mating with normal females.
The results were extremely favorable.
When the ratio of sterile to fertile males
was one to one, about half the normal
females produced sterile eggs. When the
ratio was stepped up to nine to one, the
sterility in the females was 83 per cent,
sufficiently close to the theoretical ex-
pectancy of 90 per cent. The investiga-
tors showed that females of the screw-
worm fly mate only once and do not
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wound of a warm-blooded animal (left). Within a day the eggs
hatch into larvae, and five days later the larvae leave the wound,

discriminate between irradiated sterile
males and normal males. The presence
of irradiated sterile females in the caged
population did not alter the results,
which meant that it would not be neces-
sary to separate the sexes before releas-
ing the flies in the field.

These findings clearly suggested that
the sterile-male method was technically
feasible. However, extensive field experi-
ments would be required to demonstrate
actual eradication.

In view of the long flight-range of the
adult screw-worm fly it was not possible
to conduct a valid experiment on a small
scale within a large area infested with

cages (left). After the flies had laid their eggs and the eggs had
hatched into larvae, the larvae were fed in trays of ground meat,



burrow into the ground and metamorphose into pupae (second
from left). Some eight days later the pupae metamorphose into

the insect. It would be necessary to re-
lease millions of sterile flies to achieve
results in an area of several thousand
square miles. The only hope was to find
a small infested island where the total
population could be exposed to a less
astronomical number of sterile males.

We chose Sanibel Island, off the west
coast of Florida near Fort Myers, as the
site for field studies. It has an area of
only 15 square miles and was found to
harbor a natural population of screw-
worm flies. Since it lies only two miles
from the mainland, it did not afford the
desired degree of isolation, but still it
served our purpose.

blood and water (second from left). Larvae were then permitted
to burrow into sand, and after they had metamorphosed into

Irradiated sexually sterile screw-worm
males were released on the island at the
rate of 100 per square mile per week for
a period of three months. Goats that had
wounds susceptible to screw-worm at-
tack were placed in pens on the island
to collect egg masses deposited by the
female flies in the natural population.
Sterile egg masses showed up about a
week after sterile-male releases were
started. Within two months 80 per cent
of the egg masses were sterile. By the
third month the natural population of
the insect virtually vanished. It was not
possible, however, to demonstrate eradi-
cation, because some already mated fer-
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flies (third from left). About three days later the flies mate, and
four days after that the female deposits her eggs (fourth from left).

tile females had migrated to the island
from the mainland.

The next problem was to find a site

where a valid eradication experiment
could be conducted with the financial
resources available. That problem was
solved by a routine inquiry from B. A.
Bitter, a veterinary officer on the island
of Curacao in the Netherlands Antilles,
who reported that the screw-worm fly
was causing severe losses of goats on the
island. A survey by A. H. Baumhover,
who had supervised the Sanibel experi-
ment, showed Curacao to be an ideal
site; among other things it has an area

pupae, the pupae were screened from the sand (third from left) . Pupae
were exposed to radiation from a cobalt-60 source (fourth from left).

57



PRETREATMENT LEVEL

1,000
800

zZ

O

2

<

)

(a9

o)

= 600

Z

)

<

D

[a)

>

o

n 400

o)

[a'4

wi

o

s

D

4
200

2 3 4

—
~—
-‘-
- -

5 ¢ 7 8 9 10

GENERATION AFTER TREATMENT

CONVENTIONAL TREATMENT
== STERILITY METHOD

STERILITY METHOD of animal-pest control is compared with conventional treatment
of merely killing the pest. The chart assumes a monogamous population of 1,000 with a rate
of increase of 1.5 per eent per generation. If 95 per cent of the population are killed by con-
ventional treatment, the remaining 5 per cent reproduce to equal or exceed the original
population within eight generations (solid curve). If 95 per cent of the males in the popula-
tion are sterilized, the population is eliminated within eight generations (broken curve).

of 170 square miles, and it is separated
from other land areas by 40 miles. The
Netherlands Antilles Government agreed
to join in the experiment.

The insects were reared at Orlando,
Fla., under the supervision of A. J.
Graham. A cobalt-60 gamma-ray source
loaned by the Oak Ridge National Lab-
oratory irradiated the flies, and regular
commercial airlines delivered them to
Curacao, where crop-duster airplanes
distributed them at the rate of 400 ster-
ile males per square mile per week. In
view of the large number of flies no at-
tempt was made to segregate the males
from the females. Since irradiated fe-
males are incapable of producing eggs,
any sterility observed in the egg masses
collected could be attributed to the ster-
ile males only. As on Sanibel Island,
daily collections of egg masses on
penned goats provided a measure of the
results accomplished. Before fly releases
started, more than 99 per cent of egg
masses were fertile.
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The results on Curacao—100 per cent
sterility of egg masses by the third gen-
eration and total eradication of the fly
by the fourth—were more spectacular
than any of the investigators had dared
hope. The actual population trend com-
pletely confirmed the theoretical trends
projected years before on paper.

When the success of the Curacao
eradication experiment was announced
in the press, the livestock industry virtu-
ally demanded that an eradication pro-
gram be initiated in Florida. However,
the Curacao experiment had required
the production of only 170,000 screw-
worm flies per week (including brood
flies). To achieve a similar saturation of
the 50,000 square miles of the south-
eastern U. S. would require the produc-
tion of about 50 million screw-worm flies
per week. Insect-rearing on such a scale
had never been undertaken.

Nonetheless the Department of Agri-
culture set the Sanibel-Curacao experi-
mental group to work on projecting the
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expansion of screw-worm fly production
from pilot plant to full factory scale. In
1957 the Florida livestock industry ob-
tained state appropriations to match
Federal funds, and the project got under
way. Construction of a screw-worm rear-
ing plant in an airplane hangar at Se-
bring, Fla., was started by the Florida
Livestock Board early in 1958, and was
scheduled to go into operation in July of
that year.

The winter of 1957 and 1958 proved,
however, to be one of the coldest on
record in Florida. Since the cold virtually
destroyed all screw-worm flies as far
south as central Florida, the pilot plant
at Bithlo, Fla., which had been used for
research purposes, started releasing ster-
ile flies in January, 1958. Even though
the initial capacity of the Bithlo plant
was only two million flies per week, this
was hopefully sufficient to establish a
barrier north of the overwintering area.
The opportunistic strategy proved de-
cisive, because it prevented the usual
northward movement of the pest in the
spring and held its numbers down until
the Sebring plant realized its capacity in
August.

Production of the flies in the factory

proceeded on an orderly schedule
fixed by the life cycle of the species.
The insects received the best of care in
an air-conditioned, humidity-controlled
room; thousands of flies roosted on cloth
strips in each of a large number of screen
cages. They were fed a diet of honey
and extracts of ground meat, and after
about eight days were induced to lay
their eggs in a slurry of ground meat,
blood and water in which pupae had
previously been raised. The larvae gen-
erated factors in this medium that
proved highly attractive to females ready
to deposit their eggs, especially when
the medium was heated to the body tem-
perature of livestock (approximately 100
degrees Fahrenheit).

After hatching and five days of feed-
ing, the larvae crawled out of the feed-
ing vats into a large funnel, where they
were collected in trays of moist sand.
There they changed to pupae in about
24 hours. Screened from the sand into
special screen baskets, the pupae were
held at a controlled temperature of about
80 degrees. On the sixth day they were
placed in cylindrical metal containers
and exposed to 8,000 roentgens of gam-
ma radiation from a cobalt-60 source,
enough to assure the complete sterility
of both male and female flies. The pro-
duction line required six 500-curie co-
balt-60 sources. After irradiation the pu-
pae were packaged in small cardboard




boxes in readiness for delivery to the
field when they emerged as adults about
two days later.

Air-conditioned trucks transported
each day’s output to the airstrips. The
airplanes, provided with special equip-
ment to break open each box as it was
released, dropped from 100 to 3,000 flies
per mile as they flew their courses.

When the Sebring plant reached full
capacity, it was rearing, irradiating and
releasing more than 50 million screw-
worm flies each week. More than two
billion flies were released over a period
of about 18 months in Florida, and parts
of Georgia and Alabama. The area in
which flies were released totaled about
70,000 square miles. More than 40
tons of ground whale- and horse-meat
were required to feed the larvae, and
a fleet of 20 airplanes handled the task
of distribution. Without doubt this
was one of the most extraordinary pro-
grams ever undertaken in the field of
applied biology.

By February 19, 1959, or approxi-
mately a year after initiation of the pro-
gram and six months after all areas were

receiving sterile-fly releases, the insect
appeared to be eradicated. Releases were
continued, however, until November,
1959, when the screw-worm-fly rearing
plant was at last shut down.

With the insect eradicated from its
overwintering habitat in Florida, the en-
tire Southeast is now free of the fly. The
area between eastern Texas and north-
ern Florida is unfavorable for screw-
worm-fly survival throughout the winter
and thus furnishes a barrier against natu-
ral re-establishment of the fly in Florida.
To prevent the reintroduction of the in-
sect into the Southeast by livestock
shipped from the Southwest, the De-
partment of Agriculture maintains ani-
mal inspection and treatment stations at
all crossings on the Mississippi River.

Naturally livestock growers in the
Southwest now want to see the same
service performed for them. However,
elimination of the insect from this region
poses special problems that did not exist
in the Southeast. In the Southwest con-
tinuous year-round survival areas for the
insect extend from the southern part of
Texas and parts of New Mexico, Arizona

ERADICATION
AVERAGE OVERWINTERING

and California deep into Mexico and
possibly into Central and South America.
It is probable that the insect could be
eradicated in the Southwest—but only
for a time. There is as yet no known way
to prevent reinfestation from Mexico. It
may be economically feasible to estab-
lish a barrier zone 100 miles or so deep
by making continuous releases of rela-
tively few sterile flies. An animal in-
spection and treatment program such as
that along the Mississippi River would
have to be set up to prevent reintroduc-
tion of the insect through the shipment
of infested animals. The Department of
Agriculture, in co-operation with officials
in Mexico, is studying these possibilities.

he screw-worm-fly precedent has

now inspired workers in various
countries to investigate the possibility
of using equivalent methods to control
many other varieties of pest: the oriental,
melon, Mediterranean and Mexican fruit
flies, the pink bollworm and the boll
weevil, the sugar-cane borer, the Euro-
pean corn-borer, the gypsy moth and the
codling moth. The laboratory phase of

RANGE OF SCREW-WORM FLY originally included the entire southern part of the U. S.
Release of sterile males in area indicated by broken line eliminated the fly from the south-
" ern states east of the Mississippi in 1958. The fly persists west of the Mississippi because it
winters in areas adjoining vast areas of infestation in Mexico. Inspection stations along the
Mississippi guard the southeastern states against reinfestation by cattle from the Southwest.
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the fruit-fly effort has already been com-
pleted by the Hawaii Fruit Fly Labora-
tory of the Department of Agriculture.
In co-operation with the U. S. Navy and
the trust territories administration, the
Department is now planning a pilot
eradication campaign on the island of
Rota in the southwestern Pacific. Of the
insects that bother and menace man
more directly, the mosquito is under
study as a candidate for self-eradication
in the Department of Agriculture center
at Orlando, Fla.,, and the tsetse fly is be-
ing studied by the British and Dutch in
Africa with this end in view.

In every case the same set of four
criteria will determine the feasibility of
the effort: Sexual sterility must be
achieved without adverse effects on mat-
ing behavior, the insects must be rear-
able in large numbers, the sterile insects
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must be readily dispersable in a manner
that will bring them into effective com-
petition with normal males, and the huge
(even though temporary) increase in the
population of the species must create no
serious harm to crops, animals or man.
The screw-worm fly was plainly an ideal
subject. With respect to the last crite-
rion, for example, the release of sterile
males brings immediate diminution in
the harm done by the insect, since sterile
eggs are no bother to animals in which
they are laid. Because the natural popu-
lation of many species is so large, it may
be necessary to reduce its size by con-
ventional methods before attempting
eradication by use of sterile males. Con-
trary to popular belief, monogamous
mating by the female is not a require-
ment, providing the sterile sperm are
fully competitive with normal sperm

| EE—

~ —— UL
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GENERATIONS

CONTROLS AND NO CONTROLS on insect population that starts from low level and
increases fivefold per generation result in trends depicted. Without controls, population
would saturate environment and level off (solid colored line) . Conventional controls (black
line) which killed 90 per cent of each generation would require 20 generations to eliminate
pest (b).Premature suspension of controls would lead to upsurge of population (a). Same
effort with sterility method would eradicate pest by fifth generation (broken colored line).
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when planted in the female genital tract.
Since the release of large numbers of
certain organisms might be costly and
also create damaging side effects, a more
desirable way to utilize the sexual-steril-
ity principle would be to induce sexual
sterility in the natural population. A
chemical agent that induced sterility in
an insect species as readily as conven-
tional insecticides destroy them would
yield a very much greater return for the
same effort. As the chart on this page
shows, the conventional poison that kills
90 per cent of thepopulationin each gen-
eration achieves a much slower popu-
lation reduction from one generation to
the next, and still leaves a significant
breeding population in the fifth genera-
tion, the point at which the equivalent
sexual-sterility agent would achieve
eradication. The difference is easily ex-
plained. The sterilized insects do not
themselves reproduce; this is the equiv-
alent of death from the vantage of the
survival of the population. But since the
sterile males would nullify the reproduc-
tive capacity of 90 per cent of the fe-
males that escaped exposure to the ster-
ilizing agent, the total effect would be a
99-per-cent population depression each
generation instead of the 90 per cent
produced by the killing agents.

The Entomology Research Division of
the Department of Agriculture has
initiated exploratory investigations in a
search for sexual sterilants for insects.
Norman Mitlin, insect physiologist, has
shown that several compounds will pre-
vent ovarian development in the house-
fly. Research workers at the fruit-fly
laboratory in Mexico City have shown
that certain compounds will produce
sterility in the Mexican fruit fly. Similar
effects have been produced in the house-
fly with certain compounds under inves-
tigation at the Orlando, Fla., laboratory.
To achieve the bonus effect over killing
agents, the chemicals must produce irre-
versible sexual sterility in both sexes,
and the males so affected must be fully
competitive with normal males in mating
with normal females in the population.
The potential advantage of the sexual-
sterility approach over killing agents for
population control is not limited to in-
sects. Theoretically it can be shown that
the relative effect would be equally or
more dramatic when applied to higher
animals. Under certain circumstances it
may be desirable to eliminate noxious
animals, such as rodents, predators, de-
structive birds or aquatic animals from
certain areas, or merely to regulate the
population of desirable animal species,



such as certain large predators or large
game species.

In the case of higher animals the as-
sumptions applied to the reduction of
insect populations need be modified only
to take account of the relatively longer
lifetime of the individual and the lower
reproductive rate of mammals as com-
pared to insects. A typical net increase
for mammals may be taken as 50 per cent
per generation. The contrast between
the effects of the killing and of the steril-
ity agents is drawn most sharply when it
is assumed that the object is to eradicate
the population. Assuming that the killing
agent reduces the population by 95 per
cent at the outset and that there are
1,000 animals in the initial population,
then the 50 survivors and their descend-
ants would restore the original number
by the eighth generation. If the same
population were exposed to an equally
effective sterility agent, none would be
killed, but 95 per cent would be de-
prived of their reproductive capacity.
This 95 per cent would in turn nullify the
reproductive capacity of those that es-
caped the effect of the agent. The cumu-
lative impact on the population would
be drastic. By the ninth generation the
original 1,000 animals would have no
survivors. Reproduction would have
ceased by the sixth or seventh genera-
tion, and only a few sterile individuals
would survive through the ninth [see
illustration on page 58]. Theoretically
the same relative effect could be
achieved by trapping and removal if,
instead of removing both males and fe-
males, the males were appropriately
sterilized and returned to the environ-
ment. Such calculations do not require
monogamous mating habits even in the
higher animals; the sterilization pro-
cedure need only leave the sterilized
male or his sperm fully competitive with
the normal.

At present the basic information and
experience are inadequate to determine
the extent to which the self-eradication
procedure can be developed and ap-
plied for controlling insect and other
animal populations. It is a biological
axiom, however, that the introduction of
sexually sterile but otherwise sexually
competitive individuals into the natural
population of an animal species has a
greater influence in reducing the biotic
potential of the population than does the
elimination of the same number of in-
dividuals by destruction or removal.
That axiom has been amply demon-
strated by the eradication of the destruc-
tive screw-worm fly from the south-
eastern states.
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DECLINE OF INSECT POPULATIONS during sustained release of sterile males is pro-
jected. Graph at top applies to a normally stable population. Constant number of sterile
males released (solid colored bars) exceeds the original number of fertile males (shaded
colored bars) by aratio of two to one. Result is an increasing ratio of sterile to fertile males,
and the decline of the natural population (black curve). Graph at bottom applies to a popu-
lation that normally increases fivefold per generation. Constant number of sterile males
released in this case exceeds original fertile male population by a ratio of nine to one.
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A Forgotten Civilization
of the Persian Gulf

On the island of Bahrain lie the grave mounds and buried cities

of a culture contemporary with those of Sumer and ancient India.

Recent excavations indicate that it was a link between the two

ahrain Island, halfway down the
B Persian Gulf from the delta of the
Tigris and Euphrates rivers, has

been known to archeologists and grave
robbers as an island of the dead. The

yellow sand of the island is covered with
uncounted large grave mounds—an esti-

GRAVE MOUNDS in this photograph are some of the estimated
100,000 that lie on Bahrain Island. Each of the mounds covers one
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by P. V. Glob and T. G. Bibby

mated 100,000 of them. They rise in
such weird profusion that they give the
impression of some natural cataclysm, as
though a boiling, bubbling wasteland
had suddenly solidified at the dawn of
time. Yet all is the work of man: each
of the mounds covers a stone chamber

© 1960 SCIENTIFIC AMERICAN, INC

(often two chambers one above the
other), and each contains a human
burial.

The wonder of the grave mounds be-
came a mystery when several archeo-
logical expeditions came to the island
after the turn of the century and found

or two stone chambers. The chambers contain human burials and
objects of gold, copper and ivory that are more than 3,000 years old.



no trace of towns or cities. Inevitably
the expeditions tended to concentrate
on the excavation of the larger mounds.
These proved to have been already
visited by robbers in remote antiquity.
But the gold, copper and ivory objects
that still remained here and there in
the massive tomb-chambers bore witness
to the wealth they once contained, and
indicated that the graves were at least
as old as the Bronze Age—earlier than
1000 B.C. The fact that no settlements
were discovered gave rise to the theory
that Bahrain was solely a burial island,
a cemetery for peoples dwelling on the
mainland of Arabia.

This theory had an essential weak-
ness: The island has a plentiful water
supply and a soil that is productive
where it is watered, while nearby Arabia
is sandy and waterless. Accordingly in
1953 the Prehistoric Museum of Aarhus
in Denmark dispatched a small expedi-
tion, comprising the two authors of this
article, to Bahrain. Our objective was to
reconnoiter the island as a whole and to
resolve the mystery of the grave mounds
by locating, if we could, the settlements
of their builders.

This limited objective was achieved
in the course of the first season’s work.
We discovered one large city, a number
of smaller settlements and an extensive
temple-complex, all dating to the period
of the grave mounds and representing a
hitherto unknown civilization. From this
auspicious beginning, the work has con-
tinued on an expanding scale for the
past seven years. While excavations have
yielded an increasingly complete revela-
tion of the center in Bahrain, reconnais-
sance has extended the outer marches of
this civilization ever farther to the north
and east along the curving coastline of
Arabia. In the 1960 season the expedi-
tion consisted of 27 Scandinavian
archeologists and was operating over a
front of 600 miles, from Kuwait at the
head of the Persian Gulf to Abu Dhabi
and Buraimi in the east. Bahrain has
proved to be the legendary Dilmun re-
ferred to in the cuneiform texts of
Sumer, the bridge between that primary
seat of the urban revolution and the
civilization of the Indus Valley in what
is now Pakistan.

hat we were the vanguard of one of

the largest archeological expeditions
ever to operate in the Middle East was
not to be guessed when we landed at
Moharraq airport on the northern island
of the Bahrain archipelago and negoti-
ated for the ancient station wagon that
was to take us on our reconnaissance of

LARGE MOUND in this photograph is about 35 feet high. Most of the large mounds lie at
the edge of the desert. Their size probably explains why they were robbed centuries ago.

the main island. Bahrain itself is a small
island about twice the size of Manhattan.
It is widest in the north, where most of
the grave mounds lie, and tapers in the
south to a sandy spit pointing to the
head of the deep bay that lies between
the peninsula of Qatar and the Arabian
mainland, clearly visible on the western
horizon. Along the north and north-
western coastal strip of Bahrain lie
extensive plantations of date palms, in-
terspersed with fields of alfalfa that pro-
vide fodder for humped Indian cattle,
for goats and donkeys. The rest of Bah-
rain consists of open, windswept desert,
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plains of gravel and eroded limestone
buttes, with the 440-foot Jebel Dukhan
—the Mountain of Smoke—rising in the
center. Of the 150,000 Arabic-speaking
inhabitants of the archipelago, a third
live in the capital city of Manama on
the northeastern coast, a close-packed
town of narrow streets, slender minarets
and tall, windowless, whitewashed mer-
chants’ palaces. Another third live on
the northern island of Moharraq, and
the remainder in the villages strung
out along the coasts. Here, in houses
of interwoven palm fronds, the villagers
live a life that can have changed little
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over the centuries, working in the date
and vegetable gardens, tending the fish
traps that line the tidal channels around
the coast and in the summer months
sailing to the oyster banks to dive for
pearls.

Pearling, however, is a dying occupa-
tion. A new source of wealth has come
to Bahrain, the first state in the Persian
Gulf in which oil was discovered. Now
in increasing numbers the new genera-
tion is leaving its fish traps and gardens
to work in the machine shops and of-
fices of the oil company and at the huge
refinery that dominates the east coast.
In the center of the island, north of
Jebel Dukhan, in a town of pastel-
colored bungalows and green gardens,
live the American and European oilmen
and their families, in an area that 30
years ago was desert.

It was in this desert that the first
traces of prehistoric settlements were
discovered. These settlements, however,
dated back to a time long before the
burial mounds. Where the wind had ex-
posed the ancient surface of the desert
lay hundreds of chipped flakes of flint.
They marked the chipping floors and
settlements of men of the Stone Age, and
they followed closely an ancient coast-
line now lying some two miles inland. A
small number of finely chipped barbed

and tanged arrowheads and toothed
flint sickle-blades belonging to the first
agriculturalists of the Neolithic period
turned up among these artifacts, but the
vast majority were the points and scrap-
ers of the hunters of the Middle Paleo-
lithic. These evidenced clear relation-
ship with the early Stone Age cultures
of northwestern India. The work in this
realm of Middle East archeology has
since been advanced with the finding on
the Qatar peninsula of a succession of
artifacts that lead back to the hand axes
of 100,000 years ago. But these works
of primitive, perhaps pre-sapiens, cul-
ture were scarcely clues to the mystery
of the grave mounds.

he first month’s wandering over the

island also resulted, however, in the
discovery of a large number of settle-
ment sites: sand-covered ruins with
scraps of pottery of many different types.
Clearly it was necessary to determine
whether the grave mounds contained
the same types of pottery. We according-
ly excavated two grave mounds and ex-
plored the slab-roofed burial chambers
within. These are of a shape unknown
outside Bahrain, with two alcoves at the
western end giving the chamber a T-
shaped plan. While both proved to have
been robbed, they produced, in addition

to copper spearheads and a drinking cup
formed of an ostrich eggshell, a small
quantity of distinctive red pottery.

With this encouragement we began to
dig at a site where a large number of
squared stone blocks, lying on the sur-
face, argued an important building be-
low the ground. A small underground
well-chamber was found, with a flight
of steps leading down to the wellhead,
formed of a single square block pierced
by a hole. Two decapitated statues of
seated rams, which originally had stood
at the head of the stairs, showed that
this site was pre-Islamic. Further work
was stopped, however, by water from
underground and by the discovery in
the meantime of a site of much greater
importance.

This was a large mound near the vil-
lage of Barbar on the northwestern coast.
There a large block of hewn stone, pro-
jecting above the surface, tempted in-
vestigation. A trial trench laid bare a
stone-flagged court surrounded by the
lowest courses of a wall of cut limestone.
In the center of this court the trench
exposed part of a double circle of curved
blocks. A widening of the trench showed
these to be a plinth that must have borne
statues or cult objects. To the east of the
plinth two stone slabs stood upright,
with a recess in the upper edge to take
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ANCIENT SITES are located on this modern map of the Middle
East. Bahrain Island lies halfway down the Persian Gulf from the
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joint mouth of the Tigris and Euphrates rivers. Cuneiform texts
describe the island as being some two days’ sail from Mesopotamia.



a seat top, and before them was a square
libation altar with a hollowed top, served
by a stone-lined drain passing through
the walls. To the north a square pit in
the flags of the courtyard proved to con-
tain a wealth of objects: lapis-lazuli
beads and pendants, alabaster jars and
objects of copper, including a figure of
a naked and shaven priest in an attitude
of prayer. We had uncovered the holy
of holies of a temple. The statuette evi-
denced unmistakable Sumerian affinities
—secure evidence for an early date.
Moreover, several of the lapis-lazuli
pendants were of a type found in the
cities of the Indus Valley.

Now, after seven seasons of work on
the temple of Barbar, the central area
has been completely cleared. The square
temple has been shown to stand upon a
terrace supported by walls of finely cut
and fitted limestone. A ramp leads down
to the east to an oval enclosure full of
charcoal from extensive and repeated
burnings and containing stone founda-
tions, perhaps blocks on which animals
were sacrificed. To the west a flight of
steps leads down from the terrace to a
small tank or bathing pool. The temple
is thus reminiscent in its layout of the
temples of Early Dynastic Sumer, but,
with its bathing pool, it also recalls the
ritual baths of the Indus Valley cities.
We have found the structure to be only
the final stage of three successive build-
ing phases, each representing additions
to the terrace and to the temple above it.

A wealth of small objects has been
discovered within the complex—axes and
spears of copper, a magnificent bull’s
head that calls to mind those that
adorned the harps in the Early Dynastic
royal graves at Ur of the Chaldees and
eight circular soapstone seals. These
seals are of a type well known to archeol-
ogists and much discussed. Among the
thousands of cylindrical seals found in
Mesopotamia there are a mere 17 of
these round seals. They were not native
to Mesopotamia, and appeared to date
to the period between 2300 and 2000
B.C. Several bore inscriptions in the
unknown language of the Indus Valley
civilization. Moreover, three examples
of the same type of seal had actually
been found in the prehistoric Indus Val-
ley city of Mohenjo-Daro. But they were
obviously not native to the Indus Valley,
where large square seals, found by the
hundreds, had been shown to be the na-
tive type. It was now apparent to us that
the round seals were native to Bahrain.
The temples at Barbar could thus be
placed in the third millennium B.C;
they belonged to a people who traded

BAHRAIN ISLAND is about twice the size of Manhattan. Most of the grave mounds lie in
the northern part of the island. The cross at center marks the 440-foot Jebel Dukhan (Moun-
tain of Smoke). Shaded areas are modern towns; double lines represent modern roads.
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with both Mesopotamia and India and
had a culture distinct from both.

FF he temples of Barbar have also yield-

ed a large quantity of pottery. It is
of a distinctive type—round-bellied jars
of a red ware, decorated with horizontal
ridges and often bearing a short spout.
Further excavation of several more grave
mounds with the distinctive T-shaped
chambers has produced jars of precisely
the same type. The link between the
grave mounds and the temple-complex
at Barbar is thus established beyond
doubt.

Still another large site, discovered
during the first season, has revealed the
same Barbar pottery, and has at the
same time greatly extended our knowl-
edge of this forgotten civilization. Some
miles to the east of Barbar, at a bend in
the coast known as Ras al-Qala’a, a huge
CLOSE-UP OF A MOUND shows the ruins of the circular stone walls that ring it. The low mound is crowned by the ruins of a
stone-lined entrance shaft at top center leads to two T-shaped burial chambers within.  fort built by the Portuguese during their
100-year domination of the Gulf in the
16th century. The excavations of the first
year showed this mound to be composed
of the debris and ruins of a large city.
The work of the subsequent years has
laid bare a large area (though small in
relation to the 200,000 square yards cov-
ered by the mound), and has shown that
here lie seven cities, one buried below
the other. The city second from the bot-
tom has yielded the red-ridged pottery
and round stamp-seals characteristic of
the Barbar period. In the same levels are
ruins of stone houses and a rectangular
layout of streets, all surrounded by a
massive wall of hewn stone, 14 feet
thick. The city that lies below the Bar-
bar city also yields round stamp-seals.
But these are more primitive, with de-
signs resembling more closely those of
the Indus Valley cities than those found
in Mesopotamia. The pottery, too, is re-
lated, but bears ridges pressed into a
chainlike pattern.

The five successive cities that over-
lie the two third-millennium cities give
a broad panorama of the history of Bah-
rain almost up to our own day. After
the great days of the third millennium
there comes a clean break in the style
of pottery and other artifacts. It would
seem that a different people now oc-
cupies the island. In many ways they
are poorer and less artistic, and they
seem to have deserted part of the city.
And yet it is to their time that the most
magnificent phase in the construction of
a colossal building apparently belongs.
This building was discovered at Ras al-
Qala’a during the closing weeks of the
BURIAL CHAMBERS within the mounds are roofed with slabs of stone and sealed with  first campaign. Built of squared stones a
large rocks. Although robbed, chambers contained spearheads, shell cups and pottery. yard in length and more, it still stands
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STONE TOOLS of Paleolithic man (top) and the barbed and wind had exposed ancient surface of desert. The Paleolithic tools
tanged arrowheads of Neolithic man (bottom) lay scattered where are related to those of the Stone Age cultures of northwestern India.

OBJECTS FROM TEMPLE at Barbar include a copper figure of a graves of the Early Dynastic Period at Ur; circular seal is evi-

naked and shaven priest (left), a copper bull’s head (center) and a dence of trade connections between Bahrain, Mesopotamia and
circular seal (right). Bull’s head is similar to those found in the India. The three objects are not reproduced to the same scale.
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to a monumental height of 16 feet, with
imposing doorways and sheer walls. Be-
gun perhaps at the close of the Barbar
period, it was completed and occupied
by the new invaders. Some time in the
second millennium this third city was
destroyed and left desolate.

Nter a lapse of years a new people

with new fashions of pottery and
implements reoccupied the site. The
ruins of the immense building were now
cleaned out, repaired and partially re-
built of inferior materials, apparently as
a temple to a snake goddess. In the huge
entrance hall two mighty square pillars
had originally borne a roof. But in this
period the hall was roofless; one pillar
had disappeared, and of the other only
the bottom block, a yard square and two
feet high, still stood like an altar. In
front of this block we found 14 offerings
in pottery bowls deposited in shallow
holes in the floor. In seven of the bowls
lay the skeletons of snakes, some up to
five feet in length. With the skeletons in

e, 1

—r

.

EXCAVATIONS AT BARBAR uncovered a stone-lined pool
(center) similar to the ritual baths of the ancient cities of the Indus
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some cases were beads, while one of the
offerings consisted entirely of a neck-
lace of 26 beads of agate, amethyst, glass
and porcelain, held by a silver clasp.
Clearly these gifts of snakes and jewelry
were either the offerings of women or
were offerings to a female deity (or,
most probably, both). They call to mind
the snake goddess of fertility worshiped
in the second and first millennia over a
wide area, from India to Scandinavia,
and best known from the Cretan statu-
ettes of goddesses holding snakes.

Early in the first millennium the build-
ing was again abandoned, though it was
for some time used as a burial vault. Its
rooms now lay entirely below ground.
Adults were buried in clay coffins, bath-
tub-shaped and painted with bitumen
inside and out, while babies were buried
curled up in large bowls. Most of these
graves had been robbed, but in one lay
a fine bronze wine-service, consisting of
pitcher, bowl, strainer and ladle, to-
gether with an agate seal that securely
dates the grave to about 700 B.C.
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Outside the abandoned building the
city extended its area, and its surface
rose with the accumulation of rubbish
and the demolition and rebuilding of
houses. In these late levels we suddenly
find sherds of black-painted pottery, the
products of Athens in the fourth century
B.C. Terra-cotta figures and a Greek
name scratched on a potsherd show that
not only Greek trade goods but also
Greek art and speakers of Greek traveled
the Persian Gulf before the time of
Alexander the Great.

With the beginning of the Christian
era and the fall of the successors of
Alexander, the city of Ras al-Qala’a ap-
pears to have been once more deserted
for some centuries. The two uppermost
building levels of the city are Islamic,
dated very neatly by Chinese pottery of
the Sung and Ming dynasties to the 10th
and the 16th centuries A.D. respective-
ly. The last city is therefore contempo-
rary with the 16th-century Portuguese
fort that crowns the mound and with-
in which the Danish archeological expe-

Valley. In the background is the terrace of a temple. The layout of
the temple resembles that of Sumerian temples of the Early Dynas-



dition has pitched its camp these last
five years.

It now seems clear that Bahrain was a
center of urban life for at least 3,000
years before the Christian era. In the
centuries around 2000 B.C. it was a
place of considerable wealth and power.
Its unique civilization was in close cul-
tural contact with the Sumerians of Mes-
opotamia 150 miles up the Persian Gulf
to the north and with the cities of the
Indus Valley, 1,000 miles across land
and sea to the east.

References to such a center of civiliza-
tion turn up again and again in the ex-
tensive literature dug up in the cities of
Mesopotamia over the past century.
Commercial documents describe trading
voyages down the Persian Gulf from the
cities of Ur, Larsa, Lagash and Nippur.
The historical accounts of the campaigns
of the kings of Sumer, Babylon and As-
syria tell of tribute and submission re-
ceived from the countries of the “lower
sea.” Three lands down the Gulf are
named with particular frequency: the

tic Period. Another view of this
temple appears on next page.

kingdoms of Dilmun, Makan and Meluh-
ha. They are always named in that order,
presumably the order of their distance
from Mesopotamia.

Henry Rawlinson, the British colonial

official and scholar who deciphered
cuneiform more than a century ago, was
also the first to suggest that Bahrain
might be the site of Dilmun. He based
his theory on the discovery on Bahrain
of a cuneiform inscription naming the
god Inzak, who is cited in the god lists
of Mesopotamia as the chief god of Dil-
mun. With the discovery of the rich
cities and temples of Bahrain this theory
may now be regarded as confirmed. Dil-
mun is described in the cuneiform rec-
ords of Mesopotamia as an island with
abundant fresh water lying some two
days’ sail, with a following wind, from
Mesopotamia. Ships are frequently re-
corded as sailing to Dilmun with cargoes
of silver and woolen goods to be ex-
changed there for the products of Ma-
kan (copper and diorite) and those of
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Meluhha (gold, ivory and precious
woods) . This would suggest that Meluh-
ha was none other than the Indus Valley
civilization, and that Makan must be
sought between Bahrain and India. Dil-
mun is also named as supplying products
of its own: dates and pearls. Clearly,
however, Dilmun’s main importance was
as a clearing house for goods from far-
ther east, the abode of merchants and
shippers engaged in widespread com-
merce. This view agrees closely with the
new archeological evidence.

But Dilmun was more than this. The
Sumerian poems and epics of gods and
heroes tell of another Dilmun, a land
that before the creation of man was the
abode of the gods, the home of immor-
tality, a paradise of gardens and fresh
water in which neither sickness nor old
age was known. It was to Dilmun that
Zius-udra, the sole survivor of the Del-
uge, retired when the waters subsided
and he had been granted immortality.
And it was to Dilmun that the greatest
hero of ancient Sumer, Gilgamesh, came

EXCAVATIONS AT RAS AL-QALA’A unearthed the ancient water closet in center foreground.
Dating back to first millennium B.C., water closet was complete with tank and running water.
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in his vain quest for immortality. But of
that golden age of Dilmun no traces have
yet been found in the record.

In order to follow the ancient trade
routes to the east and to the west the
Danish archeologists have extended
their research far beyond Bahrain to
cover 600 miles off the coast of Arabia
from Kuwait to the Trucial Oman on the
Strait of Hormuz, the eastern entrance
to the Gulf. Near Kuwait three seasons’
work on the little island of Failaka, a

Fears

P

WALL OF TERRACE of the latest of the ancient temples at Barbar
(bottom) masked the wall of the earlier terrace and its stone
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three-hour sail from the coast, has un-
covered two adjacent sites of unusual
importance. One is an outpost of the
Dilmun culture, a small but very rich
settlement, producing the typical ridged
red pottery so well known from the Bar-
bar temples of Bahrain, as well as frag-
ments of soapstone bowls carved with
figures of animals and men, amulets
bearing cuneiform inscriptions, and al-
most 200 round seals identical with those
of the Barbar period of Bahrain. The
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other site, a fort, was built almost 2,000
years later by veterans of the army of
Alexander the Great on their return from
India. In and near it have been found
Rhodian wine jars and molds for cast-
ing statuettes of Greek goddesses and
even of the divine Alexander himself.
And the campaign just completed has
laid bare a pillared temple of Greek
style. Standing before it is a slab that
bears a long Greek inscription giving the
instructions issued by the Greek king for

staircase (top). Three pierced stone blocks at extreme upper left
were possibly tethering poles for animals awaiting sacrifice.



the foundation of this colony so far from
the Greek homeland.

But perhaps the greatest perspectives
are opened by the work that has now
been going on for two years in the
Trucial Oman. There, on a little island
off the coast, and again at the oasis of
Buraimi, three days’ camel journey into
the interior, groups of grave mounds
have been found. The graves are of a
completely new and imposing type, with
perpendicular circular walls built with

stones cut to fit the curve and standing
to above the height of a man. Squeezing
through tiny “porthole” entrances, one
finds within cross walls supporting
arched roofs. Unlike the single burials
of the Bahrain mounds, these burial
chambers each contains up to 50 skele-
tons, lying in disorder as they were suc-
cessively pushed aside to make room for
more bodies. Among them lie thou-
sands of beads and a wealth of finely
made painted pottery. This pottery re-

sembles the pottery found in the Dilmun
levels of Bahrain closely enough to de-
termine that the burial vaults are of the
same date as the Dilmun civilization.
But it resembles even more closely the
pottery of the Kulli culture of India,
which is believed to have preceded the
Indus Valley civilization. In this new
culture, with its unique burial practices,
we may be touching the fringe of the
next great civilization toward the east,
the kingdom of Makan.

GREEK TEMPLE at Kuwait, 250 miles north of Bahrain, was built
at the order of Alexander the Great. A stone slab found in front
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of the temple contains a long inscription in Greek giving the in-
structions issued by Alexander for the founding of a Greek colony.
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OPTICAL PUMPING

In this new technique of experimental physics light 1s used

to “pump” electrons to higher energy-levels. The method 1s

employed to study the interaction of atoms and radio waves

he rather odd term optical pump-
I ing means just what it says. In
general “pumping” is a process of
raising matter from lower to higher en-
ergy; for example, raising the potential
energy of water by moving it from an
underground well to an elevated tank.
In this article we shall be concerned
with the pumping of individual atoms
from lower to higher states of internal
energy. The word optical refers to the
light energy that is the source of power
for the pump.

Why pump atoms? The purpose is to
prepare them for a special kind of spec-
troscopic analysis. When we think of a
spectrum, we usually visualize bands of
color. Actually atomic spectra extend far
beyond the wavelengths of visible light
(a few hundred thousandths of a centi-
meter) in both directions. Atoms can
emit and absorb electromagnetic radia-
tion ranging from radio waves (whose
length is measured in hundreds of me-
ters) to X-rays (a thousandth as long as
light waves). The visible spectrum has
been intensively studied for a century,
and the X-ray spectrum for about 50
years. Among the results of these investi-
gations is the quantum theory of atomic
structure. But spectroscopy in the radio-
frequency region is a very recent devel-
opment, in part made possible by the
technique of optical pumping, and only
now beginning to be exploited. Para-
doxically, long-wave studies are now re-
vealing fine detail in the structure of
atoms that is invisible at shorter wave-
lengths. And optical pumping has al-
ready led to a number of practical ap-
plications.

The reason for both the effectiveness
and the difficulty of using radio waves
for spectroscopy lies in their low energy.
Like all other electromagnetic radiations,
radio waves are divided into discrete
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by Arnold L. Bloom

packets, or photons, the energy of which
varies directly with their frequency, or
inversely with wavelength. Having fre-
quencies millions or even billions of
times lower than the frequencies of
visible light, their energy is less in the
same proportion.

When photons are absorbed or emit-
ted by an atom, the atom gains or loses

the energy they contain, changing its
physical state in some way. The photons
of light, with their comparatively high
energy, involve the transition of an elec-
tron from one orbit to another. The pho-
tons of radio waves merely shift the axes
of spinning electrons within an orbit.
Since the electrons are tiny magnets with
fields aligned along their axes, such a

RUBIDIUM IS PUMPED by beaming light from a rubidium-vapor lamp (far left)
through a circular polarizer (square at left center) and a plastic condensing lens into an
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shift produces a small change in the
magnetic energy of an atom.

The transition between energy states,
or levels, is a two-way street: atoms at
a higher level tend to fall spontane-
ously into the lower one; those at the
lower level will jump to the higher one
if the requisite quanta of energy are
available. If a transition is to be detected
spectroscopically in a sample of matter,
there must be a net excess either of up-
ward or of downward jumps among its
atoms. In jumping up, the atoms subtract
photons from a transmitted beam of ra-
diation, producing an absorption spec-
trum; in jumping down, they send out
photons, producing an emission, or
“bright line,” spectrum. Generally
speaking, matter must be in the form of
a gas or a vapor to exhibit sharp emis-
sion or absorption lines. In solids and
liquids interactions of neighboring
atoms broaden the energy levels, so that
the spectra consist not of lines but of
wide bands of frequencies.

Now the energy associated with a
quantum jump can be exchanged
through the direct collision of atoms as
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absorption cell (center). Coil around cell sets up a fluctuating
magnetic field. Some of the energy of the light beam is absorbed to

well as by radiation. At room tempera-
ture atoms are not moving fast enough
to raise one another up to the levels re-
quired for the emission of visible light.
Therefore they are in a position to ab-
sorb energy from an external light
source. On the other hand, by raising
the temperature of a substance, colli-
sions between its atoms can be made
sufficiently energetic to excite them so
that they emit light.

The situation is otherwise for the
radio-wave spectrum. The minute quan-
tity of energy necessary to shift atoms
between the closely spaced levels is
available many times over in thermal
motion at room temperature. As a re-
sult the atoms continually shift back and
forth, and those in the emitting state are
almost exactly counterbalanced by those
in the absorbing state. In order to do
spectroscopy some way must be found to
put a majority of atoms into one state or
the other.

There are a few ways to accomplish
this. The most direct is to cool a material
to a point where it no longer has enough
thermal energy to produce transitions
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even between closely spaced levels. Nor-
mally this means bathing the material in
liquid helium. Another rather difficult
technique is to pass a beam of atoms
through a magnetic field, which sepa-
rates them according to their energy
states. More recently experimenters have
been reluctant to use these relatively
cumbersome approaches and have de-
veloped extremely sensitive radio receiv-
ers to detect emissions or absorptions
arising out of the tiny differences in en-
ergy population (measured in parts per
million) that exist naturally.

_Xbout 10 years ago A. Kastler and J.
+ A Brossel of the Ecole Normale Su-
périeure in Paris and Francis Bitter of
the Massachusetts Institute of Technolo-
gy hit upon a better idea, which Kastler
named optical pumping. To understand
the principle, consider a simplified atom
with only three energy levels, which we
shall call A, B and C [see illustration on
next page]. Levels A and B are low-lying
and very close together; the energy dif-
ference between them corresponds to a
radio-frequency spectrum line, and ini-

pump atoms in cell to higher energy-levels; the rest passes through
the absorption cell and is measured by the photocell at far right.
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PUMPING PROCESS is depicted schematically in this diagram of the energy states of
atoms. Before pumping, the atoms are divided evenly between energy levels A and B, as
in 1. After absorbing photons from a beam of light (2) and being raised to energy level
C, atoms drop back in equal numbers to energy levels A and B (3). As the process con-
tinues, only one atom is left inlevel A (5) ; finally it, too, ends up in level B (7). The atoms
are then completely pumped. Pumping can be removed by a radio-frequency signal (8).
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tially all the atoms are distributed equal-
ly between them. Level C is much high-
er; the transitions A-C and B-C corre-
spond to lines in the optical part of the
spectrum. Suppose we irradiate a sam-
ple of these atoms with a light beam
from which the spectral line BC has been
filtered. The beam contains photons that
can excite atoms in level A but not in
level B. Atoms excited out of A absorb
energy and rise to C. They will remain
there for a short time (as little as a ten
millionth of a second) and then emit
energy, dropping back either to the A or
B state.

The proportion going to each state
depends on the structure of the atoms,
but the important thing is that occasion-
ally an atom drops into B. When it does,
it can no longer be excited by the inci-
dent light. If it returns to A, the light
will raise it to the C state again, and
again it will have some probability of
dropping to B. Given enough time,
every atom must end up in the B state,
and the material is then completely
pumped.

Once this condition has been attained,
there are a number of ways to detect it.
The simplest and most effective is the
method developed by H. G. Dehmelt of
the University of Washington. It de-
pends on the fact that the transparency
of the sample to the light beam varies
with the degree of pumping. As atoms
are removed from the A state, the ma-
terial can absorb less and less of the
pumping light, and more of it passes
through, reaching a maximum when
pumping is complete. Now if some atoms
are suddenly returned to the A state,
light will again be absorbed, and the
brightness of the transmitted beam will
drop sharply.

This can be accomplished by irradiat-
ing the atoms with radio waves at the
frequency corresponding to the energy
of transition between levels A and B.
The effect is rather complicated in its
details, but roughly speaking the radio-
frequency photons cause the atoms to
shuttle back and forth between the two
states, thus effectively transferring some
of them from B to A.

The technique is extraordinarily sen-
sitive. A sample of vapor at a pressure
of a ten millionth of a millimeter of mer-
cury can reduce the transmitted light in-
tensity by as much as 20 per cent when
the correct radio frequency is applied.
In effect every photon of radio-frequen-
cy energy undoes the pumping of at
least one optical photon. Since the lat-
ter’s energy is perhaps a billion times
greater than that of the radio-frequency
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EFFECT OF PUMPING on the transmission of a beam of pumping
light is depicted schematically. Rectangles at center represent
absorption cells; circles above them show energy levels of atoms
within them. Little light gets through unpumped cell in row a,

as is shown by the reading on meter connected to photocell at
right. Completely pumped cell in row b is optically transparent;
when pumping is removed by applying magnetic field that fluc-
tuates at radio frequency, cell again becomes almost opaque (c).
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MACNETIC gy SPIN . ,
FIELD photon, we have in effect an amplifier
whose gain is a billion!

a
T Our description thus far has glossed

over a complication that accounts

( \ for the fact that this basically simple

Q effect was not discovered long ago.

When atoms arrive in the B state, they

are not firmly caught there, but “leak”

OPEN SHUTTER back into theyA st§te through collisions

with one another or with the walls of

the container. To be effective, pumping

must be faster than the leaks. Even in

extremely dilute gases, where collisions

b between atoms are infrequent, each

atom will bump into the walls of the

container perhaps 10,000 times a sec-

ond. Since an atom can absorb no more

than about 1,000 photons per second

from existing spectral lamps, the leak is

clearly much too fast. Successful optical

CLOSED SHUTTER  pumping had to await the discovery of
methods for slowing down the leak.

The discovery came through one of

those happy accidents that every scien-

tist hopes for. Kastler and his associates

did their early experiments on sodium

vapor contained in highly evacuated

glass bulbs. They were barely able to

keep ahead of the leaking, but they did

observe a very small pumping effect.

Then one day in 1955 a defective vac-

uum system filled one of the bulbs with

STEADY . hydrogen instead of evacuating it. When
FIELD j\ this bulb was tested, it was found, to
I everyone’s amazement, to show a much

e e —m PARTIALLY larger pumping effect. The investigators

. OPEN SHUTTER  had known that a foreign gas could act
ALTE;IEISTING as a buffer and slow the drift of sodium
atoms to the walls. What they had failed

to realize was that collisions between the
sodium atoms and the buffer atoms
would not undo the pumping. The rea-
son is that the shapes of the electron
orbits of the sodium atoms and the buf-
fer atoms prevent the magnetic interac-
tion of their electrons. And it is by this
interaction that pumped atoms leak back
to the unpumped state.

Capitalizing on the lucky error,
Kastler began to try hydrogen and heli-
um as buffers, and was able to use them
at pressures as high as one millimeter of
mercury. Further he could not go, be-
cause the buffer interfered with the proc-
FLUCTUATING ess by which he detected the pumping

SHUTTER effect. At about that time Dehmelt was
developing his method of monitoring
transmitted light, which is much less
sensitive to the presence of buffer gas.

ELECTRON SPIN determines whether absorption cell will act as an “open shutter” that
R . . « . . . .

Eransmlts pumping light or as a closed shutter” that blocks it. When.splfl axis of elec.tron Thus he was able to work at much high-

is parallel to that of magnetic field across cell, and to the polarization of the light, R X
S . - er pressures. In a sodium experiment

as in diagram a, electron acts as a miniature open shutter. When spin is reversed, electron . f L

acts as closed shutter (b). When an alternating magnetic field is applied (c), electron with an argon buffer at 40 mlllfmetels

precesses and acts as partially open shutter. When polarization of light is changed, the of mercury, he found that the time re-

presence of the alternating field causes electron to act as a fluctuating shutter (d). quired for the pumping to leak away
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could be made as long as a 10th of a
second. Thus he had achieved a “relaxa-
tion time” 100 times longer than the
time between photon absorptions.

This was a remarkable result, but
Dehmelt then proceeded to do even bet-
ter without the buffer gas! He reasoned
that, since the gas does not completely
stop atoms from hitting the walls, a bet-
ter solution would be to coat the walls
themselves with a buffer. The coating
should resemble argon in its electronic
structure, but should remain solid near
130 degrees centigrade, the temperature
at which sodium is pumped. Dehmelt
concluded that the requirements could
best be met by hydrocarbons with long,
straight-chain molecules. Using sub-
stances with as many as 40 carbon atoms
per molecule, Dehmelt and others have
obtained relaxation times as long as two
seconds. These experiments are per-
formed with rubidium and cesium,
which behave like sodium but which
can be pumped at lower temperatures.
Apparently the only reason relaxation
occurs at all is that once in every 20,000
collisions or so an atom hits the tiny
spot of rubidium or cesium metal placed
in the vessel to maintain the vapor.

The actual pattern of energy states in
sodium, cesium and rubidium that
makes them suitable for optical pumping
is a bit more complicated than that of
our example. Their atoms contain a sin-
gle, unpaired electron in their outermost
electron shells. According to the rules of
quantum mechanics the magnetic field
of the electron (and therefore its spin
axis) can take only two directions with
respect to an external field: parallel or
antiparallel. The two conditions corre-
spond to our levels A and B. They are
distinguished not only magnetically, but
also in terms of the “angular momen-
tum” associated with the spin. When the
electron’s axis points one way (the B
state, say) the atom as a whole has one
more quantum unit of angular momen-
tum than when the direction is reversed
(the A state). In many of their excited
states the atoms can have still greater
angular momentum than in the B state.
The important point, as we shall see in
a moment, is that at least one level (our
level C) can have no more angular mo-
mentum than the B state.

It is important because light photons
also have one unit of spin or angular
momentum. In an ordinary light beam
the spins take on all directions. How-
ever, it is possible to restrict them to a
single direction, in which case the light
is said to be circularly polarized. When
atoms absorb photons from a polarized

POLARI
AND Fl

OPTICAL
SPECTROMETER

MICROWAVE
SPECTROMETER

RUBY IS PUMPED by red light from another ruby. First ruby (left) fluoresces in the red
(R) region of the spectrum when illuminated by intense white light. Pumping effect was de-
tected by the optical spectrometer at right, but not by the microwave spectrometer at bottom.

beam, their angular momentum neces-
sarily changes by one unit, increasing or
decreasing depending on the direction
of polarization.

Suppose we have a mixture of atoms
in the A and B states and illuminate
them with light of the proper wave-
length to raise them to C. If the light is
polarized so as to increase angular mo-
mentum, then the atoms in A can ab-
sorb it. They move up to C, gaining one
unit of angular momentum in the proc-
ess. But the atoms in B already have as
much angular momentum as the maxi-
mum allowable in state C. Hence they
cannot absorb the light. This is precisely
the condition for optical pumping.

In Dehmelt’s classic sodium experi-
ment [see top illustration on next two
pages] pumping light is obtained from a
sodium-vapor lamp. Its beam is directed
parallel to the earth’s magnetic field,
which serves as the external field to dis-
tinguish the A and B states. After pass-
ing through a circular polarizer, the
light enters the sample cell: a glass bulb
containing sodium metal and a trace of
vapor plus argon as a buffer gas. Around
the bulb are two sets of coils, one to
feed in radio waves and the other to
vary the strength of the earth’s field
slightly. Light transmitted by the bulb
falls on a photocell, the output of which
is amplified and displayed on an oscillo-
scope.

When the experiment begins, com-
paratively little light reaches the photo-
cell because half the sodium atoms are
in the light-absorbing state. As pumping
proceeds, the vapor rapidly increases in
transparency, giving rise to a sharp up-
ward curve on the oscilloscope. The
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trace soon levels off, showing that pump-
ing is complete. Now the pumping can
be undone by applying radio-frequency
energy to flip the electrons over. The ex-
act energy, and hence frequency, re-
quired to do this depends on the strength
of the magnetic field; in a field of one
half gauss, typical of the earth’s mag-
netism at middle latitudes, the frequency
at which sodium resonates between the
A and B states is about 350 kilocycles
per second. The most convenient way to
observe the resonance is by varying the
earth’s field a little in recurrent cycles,
or “sweeps.” Each time the field passes
through the correct value for the radio
frequency the brightness of the trans-
mitted light drops sharply, and the drop
registers as a dip in the oscilloscope
trace. If the field strength is known, the
resonance serves as a measure of the
radio frequency. Conversely, if the fre-
quency is known, the experiment can be
used to determine the earth’s magnetic

field with high accuracy.
A still more sensitive method of meas-
uring the geomagnetic field takes
advantage of an auxiliary resonance-
effect. Dehmelt had predicted that, un-
der certain conditions, resonance would
not only decrease the over-all intensity
of the transmitted light, but would also
make it flicker at the radio frequency.
The effect was soon observed experi-
mentally by W. E. Bell and the author
at Varian Associates in Palo Alto, Calif.
It can best be understood in terms of
the classical picture of electrons in a
magnetic field. On this view the radio
waves do not flip the electrons back and
forth, but cause them to wobble, or
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precess, around the field direction at the
radio frequency, much as a top precesses
around the gravitational field. With re-
spect to the pumping light, the wobbling
electrons act as a shutter that is open
widest when the axes tip one way and
almost closed when they tip the other
way [see illustration on page 76]. Since
the shutter opens and closes about 350,-
000 times a second, it produces a flicker
at the same rate in the transmitted light.
This flicker allows us to “watch” the
electrons precess in more than a figura-
tive sense.

When the flickering light strikes the
photocell, the electrical output pulsates
at the same frequency. Suppose this os-
cillation is suitably amplified and fed
back into the radio-frequency coils
around the bulb. Now the circuit can
produce its own radio waves. In other
words, it is an atomic oscillator. As we
have said, the resonant frequency of the
electrons depends on the strength of
the external field. Hence the frequency
of our oscillator, which can be deter-
mined very accurately, is a direct meas-
ure of the earth’s magnetic field.

Magnetometers using pumped rubidi-
um as an atomic oscillator have been
built in the author’s laboratory. They are
more sensitive than any previous instru-
ment, and yet the entire electronic cir-
cuit, aside from the lamp, consists of one
amplifier. Installed in satellites and rock-
ets, they should be able to measure fields
in outer space as weak as a hundred
thousandth of a gauss.

rI‘he second important application of
optical pumping to appear thus far
is in atomic clocks and frequency stand-
ards. Here the magnetic field that distin-
guishes the energy levels is supplied not
from the outside, but by the nucleus of
the atom itself. Until this point in the
discussion we have been able to ignore
the fact that the nucleus has a spin and
a magnetic field. In an alkali atom, such
as that of sodium or rubidium, the mag-
netism of the nucleus and of the outer
electron are strongly coupled, and the
two precess about an external magnetic
field as though they were a single par-
ticle. By exciting the atom with micro-
waves, however, it is possible to un-
couple them and make the electron
precess about the nucleus. Since the
strength of the nuclear magnet is a con-
stant of nature, the frequency at which
the electron resonates is precisely de-
termined.
Atomic clocks employing cesium
atoms in a beam had been in existence
for several years when it occurred to
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Robert H. Dicke of Princeton University
that pumped rubidium vapor in a glass
bulb might provide a more convenient
and stable standard. However, if the
container held only rubidium atoms,
their irregular thermal motion would
cause Doppler effects, shifting the res-
onant frequency by a different amount
for each atom, and thus smearing out the
resonance line. Dicke proposed that the
effect might be reduced by adding a
buffer gas. (At the time the effectiveness
of a buffer in enhancing optical pumping
had not been discovered.)

Trying out various gases and using
the monitoring technique that Dehmelt
had recently developed, a number of
workers soon discovered that a buffer
did sharpen the resonance line, and that
it also shifted the resonant frequency by
a small amount. The shift turned out to
be directly proportional to the pressure
of the buffer gas, and to be upward in
light gases such as hydrogen or helium,
and downward in heavy gases such as
krypton. Because of the pressure shift,
an optically pumped atomic clock is not
an absolute standard, as is an atomic
beam. Instead it is a highly accurate
secondary standard that can be precise-
ly tuned, within a narrow range, by ad-
justing the gas pressure.

In the past few years a number of
workers, notably Peter L. Bender of the
National Bureau of Standards, have
built optically pumped atomic clocks.
Bender’s rubidium cell, pumped with
light from a rubidium lamp, resonates to
a microwave-resonance signal at about
6,834 megacycles per second that is
stable to within one part in 100 billion.
The device is sufficiently compact to be
carried in a satellite, where it could be
used to check the gravitational red-shift
predicted by the general theory of rela-
tivity.

In addition to its practical usefulness,
optical pumping offers considerable
promise as a research tool. Studies of the
pressure shift itself, which is not too well
understood, should tell a good deal
about the forces between atoms when
they collide. A variety of substances
other than the alkali metals can be
pumped. Experiments on mercury va-
por, applying the combined techniques
of optical and radio-frequency reso-
nance, have yielded information about
details in the optical spectrum that are
too fine to be resolved by the best optical
spectrograph. Helium atoms, although
they do not have the proper structure
for optical pumping in their normal
state, can be raised to a long-lived, or
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metastable, excited state that is ame-
nable to pumping. As shown by Peter
Franken of the University of Michigan,
low-frequency spectroscopy can then be
used to measure the lifetime of the meta-
stable state. Here again, as with sodium,
the frequency of the resonance is directly

\_ \

SODIUM LAMP LENSES

SODIUM IS PUMPED by light from a
sodium-vapor lamp (left). Absorption cell
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RUBIDIUM MAGNETOMETER is actually
an atomic oscillator. Feedback circuit that
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proportional to the strength of the ap-
plied magnetic field, and very sensitive
measurements of the earth’s field can be
made in this way.

It is also possible to do low-frequency
spectroscopy on vapors that cannot
themselves be optically pumped. This is

RADIO FREQUENCY
GENERATOR

accomplished by mixing them with
atoms of a pumpable substance and tak-
ing advantage of a process known as
“spin exchange,” in which angular mo-
mentum is transferred between the ma-
terials. Nitrogen and hydrogen have al-
ready been investigated, and there is no
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reason why the method cannot be ex-
tended to many other vapors.

A particularly interesting develop-
ment is the recent discovery that optical
pumping can be applied to certain solids.
It has been known for some time that a
ruby, stimulated by a strong white
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at center contains sodium that is vaporized by a heater. Light
(colored lines) transmitted by cell reaches photocell at right.

RADIO FREQUENCY

FEEDBACK COIL

Amplified signal from photocell is fed to oscilloscope. Coils at
center are used to vary the magnetic field across absorption cell.

connects the photosensitive detector to the amplifier and the coils
causes the light transmitted by the absorption cell to flicker at a
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radio frequency. The frequency of output signal at terminals at
bottom depends on the strength of the earth’s magnetic field.
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light, will emit a red glow, known as R
light, in a very narrow band of wave-
lengths. Irwin Wieder of the Westing-
house Research Laboratories has suc-
cessfully used the R light to pump a
second ruby in a conventional radio-
frequency resonance experiment.

Of much greater potential importance
is the first step, in which white light is
converted to R light. Again we can pic-
ture the process in terms of three energy-
levels, but now the large gap is between
A and B rather than B and C. Further-
more, C is not a single energy but a
rather broad band. Thus the atoms in A
can absorb photons of various energies
in the white light, and move up to the C
band. Thermal motions then cause them

FREQUENCY STANDARD is tuned by regulating the pressure
of buffer gas in a rubidium vapor cell (inside aluminum cylinder
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to leak, or rather spill, into the B level
almost immediately. From here they fall
to the A level far below, emitting light
photons of sharply defined energy and
frequency.

In this way the energy spread over a
wide range of frequencies has been
channeled into a narrow band. In effect
the energy in this band has been enor-
mously amplified. Moreover if the white
light is applied in extremely powerful
pulses, then all the atoms are pumped
at once to level B and fall back to
A almost simultaneously. When this
happens, a co-operative effect can take
place between the atoms that causes
them to emit their R photons in unison,
or coherently. It is as if the atoms, emit-

ting light waves, are so engulfed by the
waves produced by their neighbors that
they are forced to radiate synchronously
with them. Such coherent radiation in
the visible range, now available for the
first time, makes possible light devices
of unprecedented efficiency. For exam-
ple, coherent light can be focused into a
pencil beam that will not spread more
than five feet in 12 miles.

T. H. Maiman at the Hughes Aircraft
Company has already observed some de-
gree of coherent emission from a ruby,
and he as well as workers at several other
laboratories are trying to put R light to
practical use. Although a working light
amplifier may still be some time away,
its prospects now seem excellent.
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at center) while it is still connected to the vacuum system. Rubid-
ium lamp is in tube at right. Large coils control magnetic field.



~___ _Kodak reporis on:

our logical position in butyronitriles . . . 19 pages of savvy on schlieren ... the sweetest little old solid-state
amplifier and transducer known to man . . . how to straighten out the Eastman Organic Chemicals Dept.

Through a hot pipe

Firms requiring an efficient source of
supply of acetonitrile, propionitrile, or 2-
ethylhexylnitrile for chemical manufactur-
ing should inquire of Eastman Chemical
Products, Inc., Kingsport, Tenn. (Subsidi-
ary of Eastman Kodak Company).

The reason we think we can make
them is that we have been making iso-
butyronitrile and n-butyronitrile, and
the process runs smooth as silk.

The reason we are making the bu-
tyronitriles is that one customer asked
us to make one and another customer
asked us to make the other. (We think
one of them is making an insecticide,
but we’re not sure and don’t pry.)

The reason the process runs so
smooth is that through a hot pipe
packed with the appropriate catalyst
we run butyraldehyde, ammonia, and
air, viz.

2 RCHO + 2 NH3 + Oy —>
2 RCN —+ 4 H>0.

The reason we used this method is
that we have a lot of butyraldehyde in
Texas.

The reason we have a butyraldehyde
plant is to make butyric acid.

The reason we need butyric acid is
to make cellulose acetate butyrate.

The reason we make cellulose ace-
tate butyrate is that it is a better plastic
for many purposes than plain cellulose
acetate.

The reason we became involved with
cellulose acetate was that it made a
safer base for movie film than cellu-
lose nitrate.

The reason we began making film in
1888 was that it made photography
easier than with plates.

The reason George Eastman began
making photographic plates was that
banking failed to intrigue him.

Thin air can be photographed

The technique of schlieren photog-
raphy has now been debased to the
point where a man can send in to
Kodak for a free booklet on how to
do it, can carefully read all 19 pages,
and can set himself up as a schlieren
man. Yes, and perhaps a case can be
made that it is not necessarily immoral
to go at it just that way.

Though the schlieren method of
photographing refractive index gradi-
ents in gases and liquids has been
around for quite a while, general lit-
erature about it is scant; most of what
has been published about it dwells on

some particular application. You can
find packaged schlieren outfits adver-
tised, but the advertisements are low-
pressure. Everybody who is doing
schlieren now learned the hard way and
is entitled to respect. One such savvy
schlieren group works at Battelle Me-
morial Institute and another at Cor-
nell Aeronautical Laboratory, Inc.

Here is an enchanting display item
from Battelle’s gallery—a turbulent
Bunsen flame, frozen in a 13-micro-
second schlieren portrait. Areas lighter
than background represent decreasing
index in an arbitrary direction within
the plane of the picture; darker areas
represent change in the opposite di-
rection. To measure the quantitative
rate of change with distance demands
the very considerable elaboration of
interferometric technique. A third
method, called shadow photography,
delineates the second derivative of re-
fractive index with distance. Our slim
volume merely hints at the existence
of these other methods. Given enough
encouragement to expand it some day,
we might cover them in useful detail.

To start encouraging us, send for *Schlie-
ren Photography” to Eastman Kodak
Company, Sales Service Division, Rochester
4, N. Y.

Rapid-access photography

The silver halide crystal of suitable
size and suitable dislocations, with a
suitable organic compound or two
clinging to it, makes the sweetest little
old solid-state amplifier and trans-
ducer known to man. It is doing just
fine, despite a few misconceptions that
have arisen due to the following cir-
cumstances:

1) The idea was developed by artists
before words like ‘‘solid-state physics,”
“amplifier,” and ‘“transducer” were

This is another advertisement where Eastman Kodak Company
probes at random for mutual interests and occasionally a little
revenue from those whose work has something to do with science
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coined and even before science was
recognized as profitable.

2) The crystal is employed in very
large numbers, dispersed in a dried-
down broth from hides and bones.
Superficially regarded, this seems ar-
chaic. By referring to the preparation
as a ‘“‘photographic emulsion,” the no-
tion is dispelled.

3) Memories from childhood suggest
that after a photographic emulsion is
exposed, one must wait until Dad
brings the results home from down-
town the week after next. This is no
longer true.

Purpose of this message is to make it
perfectly clear that today the delivery
of photographic results within virtu-
ally any desired time interval after
exposure is wholly feasible technologi-
cally. There are many ways of accom-
plishing quick delivery, some currently
on the market and others on the way.
The manufacturer wagers on what the
public will buy. As far as goods for
the general public are concerned, that’s
the way it has to be. But on goods for
the professionally technical public—
rational, organized, deliberate, arti-
culate—must the betting be so blind?

We have had a flash of genius. Let’s
ask them first what they want! Then,
as patterns appear in the answers,
markets can be defined and gauged.
If this works, rapid-access and simpli-
fied technical photography will en-
counter fewer custom problems to be
solved at custom prices or else given
up for less satisfactory alternatives.

Responsible  organizations confronted
with technical problems, major or minor,
where rapidly or instantareously available
photographic images would be helpful, are
invited to describe their wants to Eastman
Kodak Company, Special Sensitized Prod-
ucts Division, Rochester 4, N. Y.

Only the green is up-to-date

A new catalog of some 3800 Eastman
Organic Chemicals for laboratory use
has now been mailed out to every liv-
ing soul of whose interest we are cur-
rently certain. It has a green cover and
is marked “No. 42.” If you have not
received it by now, its absence indicates
we don’t know you want it. A note to
Eastman Organic Chemicals Depart-
ment, Distillation Products Industries,
Rochester 3, N. Y. (Division of East-
man Kodak Company) will
straighten us out.
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Hayes Furnace Division
Manager, explains . . .

WHY ELECTRONICS
TURN TO HAYES

Extremely Close Process Control is
vital in manufacturing semi-con-
ductors and other electronic parts.
Without this control, costs and
scrap rates go up, product perform-
ance becomes unpredictable, and
product life is drastically reduced.
The Trend Is To Hayes— More and
more electronic firms are looking
to Hayes for consulting assistance
and for equipment to solve complex
and exacting heat treat jobs. Here
are some “for instances” of the
advanced equipment Hayes is
offering:

HAYES BA-19D DIFFUSION
FURNACE Highly precise
unit assures even diffusion
on silicon or germanium
wafers. Extremely critical
temp. control (reactor
type). Uniform “flat” zone
in depositing chamber
totally free from temp.
“ripples”. Engineered at-
mospheres and distribution. Built-in pro-
gram controller and instrument panel.
Silicon carbide heating elements — temps.
to 1350°C. Easy to maintain. Shipped
complete, ready to operate. Type LA-
19D furnace with nickel-chrome ele-
ments — temps. to 1000°C.

HAYES LAC-55M
ALLOYING FURNACE
Now used by many
major electronics firms
for alloying, metal
bonding, soldering,

other applications
requiring close temp.
== g control through 300°C
10 1100°C. Unusual flexibility. 5-zone
temp. control . . . maintain temps. within
~142°C,
HAYES MS-31R RECIRCU-
LATING DRYER Molecu- N \\
Dryer complete with gas/ [
air recirculating unit, for 7‘2,/
“dry box” atmospheres [, )
for assembly of transist- [
ors diodes, other elec-
tronic parts. Dew points A )
to —100°F or lower, Eco- =
nomical — replaces expensive tank nitro-
gen. Simple controls. Easy maintenance.
Standard units caps. to 16,000 CFH.
Higher caps. on special order.
Hayes equipment covers every elec-
tronics requirement: zone refining,
crystal growing, alloying, metal
bonding, glass (or ceramic)-to-
metal sealing, vacuum heat treating,
high temp. outgassing, air/gas dry-
ing, atmosphere generation (hydro-
gen, nitrogen, dissociated ammonia,
forming gas, endo and exo gases.)
With theoretical development work
in the lab backed-up by a double-
check on actual production-scale
equipment . . . Hayes can help you
improve quality, cut costs, increase
production. Write for Bulletin
5711C.
C. L HAYES, inc.
835 WELLINGTON AVE., CRANSTON 10,R.1.
Established 1905

It pays 1o see Hayes for metallurgical

< guidanze, lub lacilities, Yurhaces, atmes.

generators, gos/liquid dryen.
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Satellites

wo mileposts in the evolution of

space technology have recently

been passed. Artificial satellites,
placed in orbit around the earth, have
been returned safely to the ground. One
carried a pair of dogs as passengers, the
first true space travelers to negotiate a
round trip. And an aluminum-coated
plastic balloon is now in use as a com-
munications relay station, reflecting sig-
nals between points as far apart as New
Jersey and California.

The distinction of recovering the first
object ever retrieved from an orbit
around the earth fell to an unnamed
U. S. Navy helicopter pilot. On August
11 he fished out of the sea north of
Hawaii a 300-pound capsule ejected not
many minutes before from Discoverer
X111, a satellite launched 29 hours earli-
er from Vandenberg Air Force Base in
California. Twelve previous U. S. at-
tempts to eject and recover a re-entry
capsule from orbit had ended in failure.
Discoverer XIII's capsule was started
back to earth on the satellite’s 17th cir-
cuit of the globe.

A more resounding success was scored
on the next U. S. try. On August 19 a
capsule ejected by Discoverer XIV was
caught in mid-air by a trapeze-trailing
Air Force cargo plane as the capsule,
its fall through the lower atmosphere
slowed by a parachute, descended 300
miles south southwest of Honolulu. Dis-
coverer XIV was also launched from
Vandenberg Air Force Base and also
ejected its re-entry capsule on the 17th
trip around the earth.

Hardly a day later a five-ton Soviet

© 1960 SCIENTIFIC AMERICAN, INC

SGIENGE AND

“space ship” landed on a collective farm
near the Caspian Sea at the start of
what would have been its 18th orbit of
the earth. A capsule, separated from the
main vehicle after re-entry into the
earth’s atmosphere, made a separate
landing with a cargo of experimental
plants and animals, including two dogs.
The dogs—white for easier visibility over

the television equipment that was
among the monitoring instruments
aboard, and named Strelka (Little

Arrow) and Belka (Squirrel) —were re-
ported to have endured the journey with
no ill effects.

The radio-reflector satellite Echo was
fired from Cape Canaveral on August
12. Two minutes after reaching orbit,
explosives split the casing of the pay-
load container, permitting the release
and inflation of a 100-foot balloon in-
side. Whenever the balloon satellite was
above the horizon, engineers in Holm-
del, N.J,, and Goldstone, Calif., were
able to carry on a two-way conversation
via microwaves reflected from its sur-
face. The success aroused particular in-
terest among telephone engineers be-
cause of the importance of microwaves
in long-distance telephony, and because
a system of Echo satellites could prove
less expensive than the system of relay
towers and coaxial cables now required
for transmitting microwaves over long
distances. At the end of August the total
number of satellites still in terrestrial or
solar orbit stood at 17 out of a total of
34 launched.

Live-Virus Polio Vaccine

y next spring a live-virus vaccine
against poliomyelitis will be in limit-
ed but regular use in the U. S. Leroy E.
Burney, Surgeon General of the U. S.
Public Health Service has announced
that licenses will be granted to manu-
facturers, as each qualifies, for com-
mercial production of the vaccine de-
veloped by Albert B. Sabin of the Uni-
versity of Cincinnati. The Sabin vaccine
is to be employed in community immu-
nization programs only; for the present
the Public Health Service is not recom-
mending it for individual immuniza-
tions by private physicians.
The licensing of the Sabin vaccine
caps 10 years of heated controversy
between supporters of live-virus vac-
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cines and those who have favored
killed-virus vaccines of the Salk type.
Advocates of live-virus vaccines have
contended that a vaccine containing
living polio viruses attenuated to elimi-
nate risk of paralysis would give longer
lasting, more certain protection against
paralytic polio than a killed vaccine,
and that live-virus vaccine would be sim-
pler to administer because it can be
given by mouth. (The Salk preparation
must be injected.) Extensive trials, con-
ducted chiefly abroad, have made it
clear that there is actually little to choose
between killed-virus and live-virus vac-
cines in the percentage of “takes” or in
protection against paralysis. The Public
Health Service was led to approve a live-
virus vaccine primarily by the greater
effectiveness of such a vaccine in pre-
venting inapparent infections of the di-
gestive tract with polio virus (an im-
portant pathway for spread of the
disease), and the hope that the oral
vaccine would make it possible to reach
persons who have not yet been immu-
nized. Recent outbreaks indicate that
immunization must be extended to many
more than the 70 million persons under
40 years of age (out of the 116 million
in that age group) who have had three
or more Salk shots, in order to elimi-
nate paralytic polio.

Although the Sabin vaccine is more
effective when the three types of
vaccine—one for each type of polio
virus—are given separately, all three
types will probably be given together.
Three or more doses will be needed. The
winter will be the preferred season for its
use, because of the low prevalence of
polio and of infections that could inter-
fere with the vaccine’s action. Two other
live-virus polio vaccines—those devel-
oped by Hilary Koprowski of the Wistar
Institute and Herald R. Cox of Lederle
Laboratories—were excluded from li-
censing because tests of these prepara-
tions in the laboratories of the Public
Health Service have indicated that they
are not always so low in virulence as is
the Sabin vaccine.

Antarctic Treaty

The U. S. has become the sixth nation
to ratify the Antarctic Treaty. The
pact reserving the frozen continent for

peaceful scientific pursuits and prohibit- |

SETTING NEW STANDARDS

at 99.98% of the speed of light.

A 100 million electron volt, 40 kilowatt
microwave linear accelerator.

One of the world’s most powerful when completed, this
high-energy electron accelerator will enable the U. S.
National Bureau of Standards to carry out extensive
programs in;

® Nuclear Physics Research
® Radiation Effects

® Dosimetry Standards

... to meet the need for new data in the growing field of
applied radiation.

The linear accelerator (Linac) is under construction at the
manufacturing and test facility of Applied Radiation
Corporation, Walnut Creek, California.

Particle accelerators for science and industry.

D&
HiGH VoLTAGE ENGINEERING

CORPORATION

BURLINGTON, MASSACHUSETTS = U, S, A.
APPLIED RADIATION CORPORATION HIGR VOLTAGE ENGINEERING (EUROPA) N.V.
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Training simplified
at Shepherd Industries
with StereoZoom® Microscopes

With two B&L StereoZoom Microscopes you have a training
set-up you couldn’t duplicate at twice the low B&L price.
Use of a B&L Vertical Illuminator as a beam splitter permits two
people to see the same 3-D view of the work on the stage.
Trainees learn faster from step-by-step instruction. Supervisors can
monitor work without interruption. Shepherd Industries, Inc.,
Nutley, N. J.—manufacturer of micro-miniature magnetic heads for
computer systems finds this set-up “invaluable for training
personnel in assembly and inspection, and for consultation
in design, development and production.”

And, of course, you get all the advantages that have made
the B&L StereoZoom line the best-selling microscopes of all time:
continuously variable magnification at the touch of a dial; constant
working distance, ample for assembly operations; self-contained
optical systems, inter-changeable in any of 6 basic stands.
Find out how B&L StereoZoom Microscopes can solve
your assembly and inspection problems.

A |

| BAUSCH & LOMB INCORPORATED

| 69410 Bausch St., Rochester 2, N.Y.

|

| [0 Send me B&L StereoZoom Catalog D-15.

| [0 Send data on training set-up.

| O Schedule a demonstration at my convenience. BAUSCH & LOMB
| Name Y !?
= Company G

| Address

| Ciy Zone ...... State ..........

L - - —_—————
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ing military activities within its confines
won Senate approval late in August by a
66-21 vote, eight votes more than the re-
quired two-thirds majority. The Treaty,
which also shelves all territorial claims
in the Antarctic for 34 years (the life of
the Treaty), was proposed and largely
carried through by the U. S., and will
come into force as soon as it has been
ratified by all 12 signers. Among coun-
tries ratifying ahead of the U. S. were
Great Britain and Japan. Among those
whose ratification was still awaited were
Australia and the U.S.S.R.

On the day the Senate voted to ratify
the Antarctic Treaty, the Atomic Energy
Commission announced the award of a
$4-million contract for a 1,500-kilo-
watt atomic power plant for the U. S.
base at McMurdo Sound. Similar plants
have also been authorized by Congress
for Little America and the U. S. South
Pole station as a result of a study show-

| ing that nuclear plants could produce

heat and electricity in the Antarctic at
one fourth the cost of plants using con-
ventional fuel. In accordance with the
Antarctic Treaty, no radioactive wastes
from the new plants will be deposited
in Antarctica.

Meanwhile Australian and Soviet
glaciologists report that the antarctic
icecap is growing in volume at a rate
of nearly 300 cubic miles a year. Ac-
cording to Pyotr Shoumsky, a Soviet
glaciologist, studies during and since the
International Geophysical Year indicate
that Antarctica has an annual snowfall
equivalent to more than 600 cubic miles
of ice, but at least half the annual fall
is lost or offset in several ways, es-
pecially by the formation of icebergs.
Similar estimates have been made by
Malcolm Mellors of Australia. The in-
crease in antarctic ice is not considered
incompatible with the warming of the
climate and the retreat of glaciers that
have been occurring in other parts of the
world. Meteorologists point out that the
warming could contribute to the growth
of antarctic ice by making more atmos-
pheric moisture available for antarctic
snowfall.

Soviet Ore Find

4&1 iron-ore deposit believed by Soviet
+ % officials to contain nearly as much
high-grade ore as is known to exist else-
where in the world has been found in
the heart of European Russia. Located
300 miles southwest of Moscow, the de-
posit is part of the Kursk magnetic
anomaly, a region known since 1784 for
aberrations of the magnetic compass.
Efforts to find the magnetic ores re-



AT RAYTHEON-

Scientific imagination
focuses on FERROMAGNETICS

Ferrites, ceramic materials derived mainly from magne-
tite, combine high electrical resistivity with ferromagnetic
properties. These characteristics make possible microwave
devices such as isolators—units which conduct radio waves
in one direction, but not the other—modulators, phase
shifters and microwave switches. Unlike conventional
microwave hardware, ferrites are simple, highly efficient
solid-state devices.

New types of microwave tubes require ferrites capable
of operating at multi-megawatt levels. However, at high
power, heat generated within the ferrite may cause a grad-
ual loss of magnetic properties. And at low frequencies,
interaction among microwave, external and ferrite mag-
netic fields may seriously attenuate the transmitted signal.

Excellence in Electronics

Through design innovations, new material formulations
and special ceramic production techniques, Raytheon
scientists and engineers have successfully minimized these
effects in developing the first commercially-available UHF
(350 to 400 mc) isolator for high-power—10 megawatt
peak—radar.

Out of the combined efforts of many professional discip-
lines—mathematical physics, metallurgy, physical chemis-
try—have come major contributions to fundamental
understanding of ferromagnetics and microwave behavior.
Dr. M. H. Sirvetz of the Research Division, Dr. H. Scharf-
man, head of the Special Microwave Devices Operations,
and Dr. S. L. Blum also of Research are among the many
Raytheon personnel contributing to these fields.

RAYTHEON COMPANY, Waltham, Mass,
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AR I OC THE COMMANDER’S ‘ELECTRONIE ASSISTANT

"% ARTOC...the Army Tactical Operations Center
...mobile electronic command post geared to

the stepped-up pace of tomorrow’s battleground.
ARTOC...a synthesis of the newest techniques

in communications, electronics and data processing

... gives the field commander a comprehensive,
up-to-the-minute visual display of the battle situation
... helps him make the right decision at the right time.
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ARTOC...isbeing developed
by Aeronutronic Division

of Ford Motor Company for
the U.S. Army Signal Corps. It
is one of many Aeronutronic
programs aimed at simpli-
fying military and industrial
problems through the use

of an advanced computer and data processing
technology. These programs—and many

others related to advanced weapon and space
systems—are underway at Aeronutronic’s
Engineering and Research Center in Newport
Beach, California. They demonstrate Ford Motor
Company’s rapidly-growing capability in
meeting the needs of science and

defense in the changing world.

A booklet describing Aeronutronic’s
accomplishments and capabilities is available
to you on request.

AERONUTRONIC
AERONUTRONIC DIVISION %%M?Oﬂlﬂ% DEFENSE PRODUCTS GROUP

Ford Road, Newport Beach, California

WEAPON AND SPACE SYSTEMS ¢ COMPUTERS AND DATA PROCESSING SYSTEMS
MISSILE RANGE SYSTEMS AND INSTRUMENTATION e ADVANCED ELECTRONICS

Career opportunities are open for engineers and scientists

| sponsible for the aberrations had pre-
viously led only to the discovery of low-
grade ferrous quartzites requiring exten-
sive upgrading to suit them for the blast
furnace. The high-grade ores were
found far below the surface, at a depth
of about 3,000 feet.

Preliminary estimates based on mag-
netic surveys and the drilling of some
100 test holes put the size of the deposit,
which consists of magnetite, at 30 billion
tons or more. Surveyed reserves of high-
grade ore in other parts of the world
total approximately 40 billion tons. The
high-grade Kursk deposit is described,
moreover, as comparing favorably with
high-grade Swedish ore, both in iron
content (56 to 69 per cent) and in free-
dom from troublesome impurities, espe-
cially sulfur. Mining of the ore has al-
ready begun and is to reach 36 million
tons a year by 1965.

Strontium-90 Peak

D rovided nuclear-weapons tests are not

resumed, the worst of the strontium-
90 fallout problem appears all but over.
New measurements, reported in Science
by ]. Laurence Kulp and his associates
at the Lamont Geological Observatory of
Columbia University, indicate that the
peak concentration of the hazardous fis-
sion product in the human diet occurred
in 1959, and that the peak in the grow-
ing bones of children occurred this year.
Moreover, equilibrium levels in bone—
the amount that can be considered per-
manently incorporated in the skeleton—
will be five to 10 times lower than had
been expected.

The new Lamont estimates stem from
a continuing study of strontium-90 con-
centrations in human bone, plus new in-
formation on the behavior of the bomb
product in the atmosphere and on the
ground. Strontium 90 had been expected
to settle out of the air very slowly after
nuclear-bomb explosions and to enter
crop plants via the soil over a period of
many years. Recent studies show that
the isotope actually settles out of the air
quickly—half reaches the ground with-
in six to 12 months after a bomb is fired
—and that at least 80 per cent of the
strontium 90 in plants comes from con-
taminated rain, chiefly during the period
of heavy fallout, rather than from the
soil. Hence strontium 90 poses less of a
long-term hazard than had been feared
previously.

Actual concentrations of strontium 90
in bone from individuals in the U. S. and
western Europe in 1959 were found to
range from 2.6 micromicrocuries (mil-
lionths of millionths of a curie) per gram
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A CRITICAL LOOK AT THE PROBLEMS OF EFFICIENTl
ELECTRONIC COOLING UN ITS. There's a lot of solid engineering in the

business of cooling electronic equipment efficiently, quietly, to precise requirements.

It takes more than a catalog and the best wishes of the supplier.

Torrington capabilities in this highly specialized field of air moving requirements offer
the most extensive experience and the finest facilities available... plus service. THIS
MEANS Torrington technical service representatives in the eastern, central and western
areas —at your beck and call. IT MEANS upward of a million dollars of investment in
laboratory, design and experimental facilities — yours to utilize. AND IT MEANS a
complete engineering approach to your problem of tailoring the right cooling unit to
the total electronic system design.

¥MSA-7861 centrifugal blower unit used on B52 bomber and Boeing 707 transport

THE TORRINGTON MANUFACTURING COMPANY
SPECIALTY BLOWER DIVISION Torrington, Connecticut
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of calcium in one-year-olds down to just
over .3 micromicrocurie in persons over
20 years of age. Peak values, to be at-
tained this year, are expected to be less
than 2.7 micromicrocuries in one-year-
olds and .4 micromicrocurie in adults.
The National Committee on Radiation
Protection estimates the maximum per-
missible bone concentration in man as
33 micromicrocuries.

But if strontium-90 fallout is not so
great a long-range threat as anticipated,
the short-term hazard, especially in the
event of a nuclear war, is that much
greater. Kulp and his group point out
that the explosion of 3,000 megatons of
fission bombs in the Northern Hemi-
sphere would raise the long-term bone
concentration to an average of only 45
micromicrocuries, a level easily com-
patible with prolonged survival. But the
rapid fallout would add greatly to the
problem of short-term survival.

Tsunami W arning

rF idal-wave experts from Australia,
Chile, Japan, the U.S.S.R. and the
U. S. have agreed to expand the U. S.
tidal-wave warning system in the Hawai-
ian Islands into a network serving the
entire Pacific Basin. Under the agree-
ment, scientists from each participating
country will ask their government to
designate a seismological station to for-
ward earthquake data to the Honolulu
Magnetic Observatory of the U. S. Coast
and Geodetic Survey, which has operat-
ed the Hawaiian warning service since
its inception 13 years ago. Additional
tide-observation stations will also be
sought. The Coast and Geodetic Survey
alone hopes to establish 12 new tide-ob-
servation stations.

The agreement is an outcome of the
destructive tidal waves, or tsunamis,
that sped across the Pacific last May
following the Chilean earthquake. Fifty-
seven deaths occurred at Hilo, Hawaii,
where, largely because of previous false
alarms, the tsunami warning was widely
ignored. In Japan 139 persons died, ap-
parently because a warning message
from Honolulu did not reach the proper
officials in time. In informal discussions
held during scientific congresses in
Geneva and Helsinki, tidal-wave special-
ists decided upon the expansion and im-
provement of the Hawaiian warning sys-
tem, rather than the establishment of a
new international service, as the simplest
means of providing more effective warn-
ing of tsunamis. Special arrangements
will be made, however, to send warnings
from the Alaska-Aleutians-Ryukyus area



Ultra-thin uranium foil is a vital tool
for nuclear research and metalworking.
But its protective film imposed a width
and minimum thickness limitation.
Then, a 3M fluorochemical film was
used that broke the barrier.

The chemical: 3M Brand fluoro-
chemical FC-144. It was specially
developed to be the protective film
for uranium foil. It permitted a de-
crease in minimum thickness and an
increase in width of the uranium foil.

The film is essential to protect per-
sonnel by preventing their direct con-
tact with the uranium. It also prevents
and/or retards oxidation of the ura-
nium foil when in contact with water.
FC-144 meets these needs and more.
It does not degrade when exposed to
radiation. And it is hydrogen-free.
Thus, FC-144 neither absorbs neu-
trons, nor interferes with the radiation
and chain reactions of the foil. And it
is readily applied by the dip technique.

One of Many Specialty Chemicals

Another member of the 3M family of
fluorochemicals—KEL-F® Brand
Plastic—is now under consideration
in the nuclear field for use as the con-
tainer for radiation dosimeters. These
plastic ampoules contain water satu-
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rated with trichloroethylene. The con-
tainer must remain transparent to
permit observation of even the slight-
est color change induced by a very
low level of radiation. The container
must also be so stable that the pH of
the solution remains constant to the
third decimal point for a period of at
least one year.

KEL-F Plastic should serve this pur-
pose well. It is transparent, chemically
inert, and has zero moisture absorp-
tion. Its excellent thermal stability
permits its use in a temperature range
from —420°F. to +400°F. And it has
high impact, tensile and compressive
strength.

A Plastic of Many Uses

In many diversified industries, you’ll
find KEL-F Plastic at work in literally
hundreds of applications.

In the aireraft and missiles field, for
example, KEL-F Plastic is in use as
gaskets, lip seals and valves for fuel

flow systems. It is impervious to such
hard-to-contain materials as liquid
oxygen and fuming nitric acid.

In the electronics and chemical proc-
essing industries, KEL-F Plastic is
used in printed -circuits, electrical
switches, tubing, wire coating and
coil forms.

In packaging, this flexible and trans-
parent plastic offers positive, heavy-
duty protection for such products as
paint, cosmetics, pharmaceuticals and
chemicals.

More Than 300 Chemicals

Learn what 3M specialty chemicals
can do for you! More than 300 are at
work today in the packaging industry,
in electronics, textiles, plating, rubber,
plastics, aircraft and missiles. For
detailed information, write today on
your company letterhead, specifying
area of interest, to: 8M Chemical
Division, Dept. KAM-100, St. Paul 6,
Minnesota. “KEL-F” is a reg. T.M. of 3M Co.

CHEMICAL DIVISION
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abrading « cutting « deburring « stripping « drilling « cleaning « scribing
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Another “impossible” job
done by the Airbrasiver..

|

Hughes cuts facy figures in silicon,
Reports “Airbrasive is the only fool
capable of handling the process!”

Hughes Aircraft uses the Industrial Airbrasive linked to a pantograph
to cut intricate patterns and shapes in semiconductor wafers. And
what’s more they are doing it accurately and with complete safety
to the fragile part.

The secret of this unique tool is a superfine jet of abrasive particles
and dry gas, directed through a carbide nozzle. The resulting cutting
action in hard brittle materials is cool, rapid, precise, and completely
shockless.

The Airbrasive is being used to solve hundreds of seemingly
impossible jobs . .. precision deburring. . .to remove surface deposits
...form and adjust microminiaturized circuits...cut glass, germa-
nium, tungsten, ferrites, and others.

Low in cost too. For under $1,000.00 you can set up your own
Airbrasive cutting unit!

Send us samples of your “impossible” jobs and we will
test them for you at no cost.

SEND FOR BULLETIN 6006...complete information.

It

White Industrial Division
SA 10 East 40th Street, New York 16, N.Y.
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direct to Tokyo as well as to Honolulu.
Tsunamis travel at such high speeds that
destructive waves originating in that
area can be expected to reach Japan in
an hour or less.

Foreign-Doctor Problem

A sizable proportion of the 5,800 com-

munity hospitals in the U. S. may
soon be without house physicians as the
latest development in a perplexing prob-
lem that has harassed U. S. medicine
since before World War II. During Sep-
tember foreign physicians serving as in-
terns or residents in U. S. hospitals had
a last chance to take an examination
testing their knowledge of medicine and
of English. Those who failed must be
I discharged from their posts by Decem-
ber 31. Hospitals that keep them on or
after that date will become subject to a
variety of penalties, including loss of
approved status.

Officials of the American Hospital As-
sociation estimate that about 4,000 of
the 12,000 foreign doctors now believed
to be serving in U. S. hospitals in one
capacity or another will be forced out.
This will accentuate an already acute
shortage of hospital physicians arising
from the financial stringency under
which most hospitals operate and the
traditional practice of meeting the need
for house physicians with interns and
residents (doctors undergoing special-
ized training), who are paid much less
than regular physicians. During recent
years, partly because of the growing
need for house doctors, the number of
internships and residencies has grown
beyond the ability of medical schools to
turn out young men and women ready
to fill them. Many hospitals have sought
to bridge the gap by the expedient of
recruiting interns and residents abroad.
The practice has led to difficulties in-
volving both differences in training and
the patient-doctor language barrier. The
American Medical Association and other
agencies accordingly set up the Educa-
tional Council for Foreign Medical
Graduates to administer examinations to
check the training and the knowledge
of English of foreign medical graduates
serving in U. S. hospitals. After this year
foreign graduates will be required to
take the examination, which is given
twice a year both in the U. S. and
abroad, before appointment to a U. S.
hospital.

The weeding out of foreign doctors
will have the greatest impact on me-
dium-sized community hospitals, which
treat many hundreds of thousands of
patients. A few of these hospitals plan




put the target
in the cockpit

As a result of development by the
Magnavox Company in conjunction with
the Navy Department, every Chance
Vought F8U-2N Crusader Fighter Pilot
sees the target at a glance—day or night,
in any kind of weather.

Here are the eyes of a modern weapons
system . . . a component that delivers
the range, weight and reliability so abso-
lutely necessary to successful tactical
operations.

This airborne radar system is just one
of many systems which have been and are
being designed and produced to satisfy
the tactical requirements of the military
services in the fields of Communications,
Airborne Radar, ASW, Navigation, Fus-
ing and Data Handling.

— ) ,\ :
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COMMUNICATIONS RADAR DATA HANDLING ASW

THE MAGNAVOX CO. ¢ DEPT. 310 e Government and Industrial Division ¢« FORT WAYNE, IND.
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REYNOLDS METALS COMPANY, REYNOLDS
INTERNATIONAL, INC., AND THEIR U. K. AFFILIATES
THE BRITISH ALUMINIUM CO. LTD.,

AND REYNOLDS T. |. ALUMINIUM LTD. OPERATE:

Bauxite or Fluorspar Mines in British
Guiana, France, Ghana, Haiti,
Jamaica, Mexico, and the

United States

Alumina Plants in the United
Kingdom, and the United States
Reduction Plants in Canada, Norway,
the United Kingdom, and the

United States

Fabricating Plants in Australia, Canada,
Colombia, Cuba, West Germany, India,
Mexico, Philippines, the United
Kingdom, the United States,

and Venezuela

Sales Offices and Sales Agents
throughout the world

Watch Reynolds new
TV show ‘“‘Harrigan &
Son", Fridays; also
“All Star Golf”’,
Saturdays—ABC-TV.

There’s a new kind of architecture
shouldering aside old ideas on today’s
skyline. It uses Reynolds Aluminums
—many of them—to armor buildings
against the ravages of time and
weather. Yousee Reynolds Aluminum
curtain walls, mullions, trim, win-
dows and other components in a
growing number of important build-
ings, including New York’s newest
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skyscraper, shown above: the First
National City Bank building. The
Reynolds Aluminums—strong, light-
weight, and rustfree—give lasting
beauty, reduce construction costs,
provide more usable floor space, keep
maintenance costs to a minimum.
These same sense-making advan-
tages of Reynolds Aluminums are rev-
olutionizing residential building, too.




ALTMIINUMS*

armor a vehicle...armor a breakfast

Reynolds Aluminum armor plate gives comparable bal-
listic protection with less weight than steel armor.
Concentration on airborne equipment—light-weight,
low-maintenance equipment — puts many Reynolds
Aluminums to hundreds of new military uses. M 113
armored personnel carrier, shown above, wears military
olive drab colors in active service.

The bright, shining armor of aluminum foil protects
breakfast cereals and hundreds of other foods—from
soup to nuts—against the effects of harmful moisture
and air and light. Reynolds Metals Company is the
world leader in development of better packaging with
aluminums—modern packaging that makes many
modern food marvels possible.

WHY REYNOLDS ALUMINUM®?

In the skilled hands of Reynolds, aluminum becomes
a material of boundless versatility—many metals, offer-
ing a complex of physical properties and forms for a
variety of functions —‘“the singular metal that is very
plural indeed.”

Each Reynolds Aluminum is designed to serve its pur-
pose better than any other metal. And Reynolds imple-
ments this advantage with invaluable customer services:
Styling and design services, engineering and technical
services, merchandising and sales services.

The record sparkles with successes.

Example: Reynolds Wrap, a product of Reynolds Metals
Company, is America’s original household aluminum
foil—outsells all other brands combined.

Example: America’s first mass-produced aluminum auto-
mobile engine block is exclusively Reynolds Aluminum.
An example of leadership in a product produced by a
Reynolds customer.

Example: More products by far are packaged in Reynolds
Aluminum foil than in any other aluminum foil, for both
sales appeal and protection. An example of leadership in
packaging research and development.

Example: More new aluminum applications for homes,
farms, commercial and industrial buildings have been
developed by Reynolds than by any other company. Anex-
ample of leadership in building and architectural products.

Example: The use of this versatile metal in 1,200 new
railroad cars is a major break-through—exclusively
Reynolds Aluminum. Another example of the confidence
industry upon industry places in Reynolds.

Why Reynolds Aluminums? Because there is a difference
in aluminum. Your Reynolds Aluminum Specialists can
help you put this difference to work to improve your prod-
ucts and reduce your costs. Call on their help today by
contacting your nearest Reynolds office. Reynolds Metals
Company, Richmond 18, Virginia.

* Reynolds Aluminum: the singular metal that is very plural indeed
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WHEN YOU WANTTO PUT
AMAN INTHE MOON

You may design equipment for simulating space flight
. .. or recorders for satellites . . . or control systems
for missiles. Whatever you design, if it calls for pre-
cision ball bearings, Fafnir can help you. In Fafnir’s
miniature ball bearings, for example, bearing toler-
ances are equivalent to ABEC-7 standards — but bore
and bearing O.D. tolerances of 4+.0000 to —.0002 pro-

vide greater flexibility in selective assembly. All balls Fafnir Miniature Ball Bearings are equipped with

g 28 stainless steel retainers heat treated to Rockwell ‘‘C"
GRS la.lpped tO '90000.25 .ln' for SPherlmty and_ .000005 40 hardness. This insures springiness for resistance
for size variation within the lot. For more informa-

to bending or distortion. Precise quality control pre-
tion about Fafnir miniature ball bearings, write The vents brittleness, protects against retainer breakage.

Fafnir Bearing Company, New Britain, Connecticut.

#"_ - 5 =

MULTIPLE AXIS SPACE CONTROL AND ORIENTATION FACILITY (MASCOF)

FAFNIR

BALL BEARINGS
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to hire regular physicians. Hospital offi-
cials concede, however, that most can-
not afford them and will have to return
to the old system of having doctors on
the attending staff take turns at being on
call for emergencies.

Ocean-Bottom Meteorology

A new instrument has opened up the
£ X novel possibility of tracking and
forecasting storms at sea through micro-
seisms—minute vibrations of the earth’s
crust. The instrument, described at a

congress of the International Union of
Geodesy and Geophysics, is a seismo-

meter that can be dropped to the bottom |

of the sea and will record and report
movements of the earth’s crust below the
sea so long as its power supply holds out.

Shortly after World War II micro-
seisms were studied, under U. S. Navy
sponsorship, as a potential storm-track-
ing aid. The study was stimulated by the
belief that microseisms, which have
been appearing as “noise” on seismo-
graph records for years, were a result of
the transmission of storm disturbances
to the earth’s crust through ocean water.
The investigation was inconclusive,
largely because of lack of suitable in-
struments.

A pilot model of the new bottom seis-
mometer, which was developed at the
Lamont Geological Observatory of Co-
lumbia University after nearly a decade
of effort, was dropped in the sea near
Bermuda last year. The bottom was
found quiet enough to permit the use of
instruments 100 times more sensitive
than those that can be employed on
land. Such seismometers should be ade-
quate to record microseisms clearly, and
to settle the question of their connection
with the weather.

Maurice Ewing, director of the
Lamont Observatory, pointed out that
bottom seismometers may also offer a
highly effective means of detecting nu-
clear explosions, and may open up strik-
ing possibilities in undersea research.
One is the investigation of a curious
phenomenon noted at a number of seis-
mological stations in recent years. For
some reason some types of earthquake
wave originating below the oceans and
recorded at island stations fail to reach
land stations; similar waves originating
on land also fail to reach island seis-
mographs. If a barrier to the passage of
earthquake waves between land and sea
portions of the globe really exists, it will
constitute strong new evidence for the
division of the earth’s mantle, as well as
its crust, into distinct continental and
oceanic provinces.

doing something :’ v

useful with ¢

light beam interruptions

Qur affiliate, The Fisher-Pierce Co., is
in the photoelectric control business and
began fooling around with CdS photocells
as a replacement for phototubes some 6
or 7 years ago. We in turn are pretty well
into the electromagnetic relay business,
and have been tweaking springs and
whiffing magnets for about 20 years. It
shouldn’t surprise a soul thento learn that
we have a new line of photorelays, con-
sisting very simply of the respective prod-
ucts living inside a little can. Thisis a new
“line”, which gives you a choice in the
type of cell, relay contact arrangement,
packaging and operation under on-off,
slowly changing or high ambient light
conditions. The 8RCO1A, for example,
has a CdS cell, responds to “light —no
light” conditions, switches 3 amp. 120
VAC resistive loads with SPDT contacts,
and has an aluminum dust cover with
plug-in base. If your machinery or con-
trol circuit is already built, you might be
more interested in the complete “package
deal” consisting of both photorelay re-
ceiver and light source, whose application
requires bolting the units onto something
and plugging in the line cord.

There are all sorts of things these photo-
relays can do for you, coupled with a
small amount of ingenuity
and 120 volts. They can act
as the brains to prevent a
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process or machine from grinding on if
the feed is empty or the operator’s hands
are in the way; look at the level in a bin
or column, or “measure’ the level between
set points; turn on inside lights in response
to a night watchman’s flashlight; switch
display or sign lighting on at dusk, off at
midnight, on again from 6 A. M.to dawn,
in conjunction with a time switch (this is
the sort of thing in which Fisher-Pierce
shines); and all the familiar counting,
door-opening and 60-second hand-drying
applications.

If you’re interested in more exotic uses
and haveany hot nonincandescent bodies
lying around, we can build you a special
model with a cadmium selenide cell re-
sponsive to infrared rays (sources of infra-
red we cannot supply at the moment).
Other non-standard possibilities include
hermetically sealed units, special contact
materials and units with low or high foot-
candle turn-on points.

Be not faint of heart if your application
lies beyond the commonplace. One man
of vision found success and happiness by
using a Sigma Photorelay in his Chinese
fortune cookie machine . .. with a little
luck, you might be able to open a new
frontier in light-beam-actuated swiss
cheese manufacture. Bulletin with guiding
specs on request.

SIGMA INSTRUMENTS, INC.
40 Pearl Street, So. Braintree 85, Mass.

AN AFFILIATE OF THE FISHER-PIERCE CO. (Since 1939)
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Radar Signal Simulators now in full production at
Marquardt’s Pomona Division will soon be in place at
major USAF bases in the continental United States.
Designated as the AN /GPS-T-4, the training system
eliminates costly “real” flight operations and provides
highly accurate flight plan simulation of as many as a
dozen targets. Plug-in modules control flight character-
istics and fuel consumption of the aircraft under simu-
lation — assuring accurate computations. The system has
many current and potential applications:

The T-4 is now in use in classroom operation for radar
controlled interceptor simulation training by the USAF.
Pilot simulators (A) operate target generators and
trainees (B) man their usual stations and operate radar
indicators as they would under tactical situations, while
an umpire (C) controls the problem. Modular plug-in
controls deliver completely realistic information of the
particular aircraft’s flight, range, and fuel capabilities.
The T-4 system cuts both training time and costs to a
fraction of normal operating methods.

Simulation of every type of missile mission is only one
of a variety of potential military applications of the T-4

PRODUCTION FOR USAF

program. This aspect of training reduces costs and
operational hazards as no other method can.

Airport traffic control training is simple and realistic
with the T-4 concept. Modular plug-in operational char-
acteristics of conventional passenger aircraft can simu-
late approach, landing, and take-off patterns and the
system can be modified to acconmodate as dense traffic
conditions as desired.

Broad capabilities in radar simulation and training
have been developed by the Pomona Division of Mar-
quardt and even wider concepts are now in design stage.
Detailed information on these and many other applica-
tions are available by writing Dr. Wendell B. Sell, Vice
President-General Manager, The Marquardt Corpora-
tion, 2709 North Garey Avenue, Pomona, California.

Engineers and scientists experienced in these or re-
lated fields will find it rewarding to discuss their career
futures with Marquardt. Founded in 1944, Marquardt
today employs 4000 —of whom one-third are professional
people. The company’s growth is a parallel to the atmos-
phere of challenge and rewarding accomplishment that
has existed since the firm’s beginning.
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FOUR TARGET generator cabinets, each hous- THE
ing three target generators, form the heart of the r
T-4 Trainer. One man operates six targets. (?rquar

PLUG-IN MODULES accurately simulate flight
characteristics and fuel consumption of the F-89, CORPORATION
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TENSION CRACK, or gjd, within the Central Icelandic Graben article. The Graben is the extension of the mid-Atlantic rift
(depression) was photographed from the air by the author of this through Iceland and contains many active fissures such as this.|
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The Rift in the Ocean Floor

The discovery of a world-wide undersea mountain range that has

a deep fissure down its center has suggested to some geologists

that the earth mayv be slowly expanding rather than contracting

r I Yhe topographv of the earth has
three first-order features. Two of
them—the continents and the

ocean floor—come easily to mind. The
third is much less familiar. It is a sub-
marine mountain range that runs for
40,000 miles across the bottom of all the
oceans and covers an area equal to that
of all the continents. The existence of
this mid-ocean ridge is a recent discovery
of oceanography, and the mapping of it
is still far from complete. But the
stretches that have been charted show
a most curious aspect. Down most of its
length the ridge is split by a deep
canyon, or rift, in which many earth-
quakes originate. The ridge is apparent-
ly the locus of a crack in the crust that
runs nearly twice around the earth. The
discovery at this late date of the mid-
ocean ridge and rift has raised funda-
mental questions about basic geological
processes and the history of the earth,
and has even had reverberations in cos-
mology.

The segment of the ridge that under-
lies the mid-Atlantic has received far
more attention than any other. It came
to light in 1873 when investigators
aboard the British ship Challenger, on
its epoch-making three-and-a-half-year
oceanographic cruise around the world,
employed a 200-pound weight on a
hemp line to take laborious soundings
approximately every 100 miles. These
revealed that the middle of the Atlantic,
contrary to what had been expected, is
less than half as deep as two broad
troughs located about a third of the way
across from either shore. On the basis of
such widely spaced soundings it was not
possible to tell whether the central eleva-
tion was mountainous or simply a broad,
smooth rise. In 1925, 1926 and 1927 the
German ship Meteor, making the first
extensive application of echo-sounding

by Bruce C. Heezen

gear, produced detailed profiles of the
ocean bottom that showed the Mid-At-
lantic Ridge to be a rugged mountain
range. Temperature and salinity meas-
urements made from the Meteor indi-
cated that the water of the South Atlan-
tic is divided into eastern and western

masses, lending support to the idea that
some sort of barrier divides the ocean
into two basins.

At the turn of the century widely
spaced soundings made by Alexander
Agassiz from the Albatross had revealed
a relatively high elevation on the bottom

TOP OF WESTERN RIFT MOUNTAINS of Mid-Atlantic Ridge appears in this photograph
to consist of basaltic material. Branched growth is a coral, and other growths are sponges.
The photograph was made in the North Atlantic at a depth of 1,410 fathoms (8,460 feet).
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of the eastern Pacific southeast of central
Mexico. In 1929 echo soundings from
the oceanographic vessel Carnegie
showed that this so-called Albatross
Plateau is in reality a mountain range.
On a cruise during the late 1920’s the
Danish research vessel Dana discovered
a similar structure—later named the
Carlsberg Ridge—in the northern Indian
Ocean. Although the Mid-Atlantic
Ridge, the Albatross Plateau and the
Carlsberg Ridge resemble each other in
form and in their positions in the re-
spective oceans, they were long regarded
as isolated features.

Data from Earthquakes

It has only recently been suggested
that these undersea ridges belong to a
continuous world-wide system. Since
such a small part of the ocean bottom
has been sounded and mapped, this idea
would have carried little conviction
without the converging evidence pro-
duced by the study of earthquakes. Be-
fore the seismograph came into use late
in the 19th century, the determination of
earthquake epicenters depended upon
reports from earthquake-devastated
areas. As a consequence most earth-
quakes at sea went unrecorded. The
early seismograph networks in Europe
and America soon showed that earth-
quakes occur quite frequently in the
mid-Atlantic, and that they are appar-
ently associated in some way with the
Mid-Atlantic Ridge. With more accu-
rate location of epicenters, geologists
came to realize that most of the earth-
quakes occur within a 100-mile-wide
belt down the center of the 1,000- to
1,200-mile-wide ridge.

In 1953 Marie Tharp of the Lamont
Geological Observatory and I were mak-
ing a detailed physiographic diagram of
the floor of the Atlantic, based upon a
large number of echo-sounding profiles
[see illustration on pages 104 and 105].
As the preliminary sketch emerged, Miss
Tharp was startled to see that she had
drawn a deep canyon down the center
of the Mid-Atlantic Ridge. Detailed
study of the profiles confirmed the ex-
istence of this rift valley. It was dis-
covered, moreover, that the rift coincides
with the earthquake belt.

The floor of the rift valley ranges
from 9,000 to 15,000 feet below sea
level, and the crests of the mountains
flanking it are only 3,600 to 7,200 feet
down. The Grand Canyon of the Colo-
rado River averages perhaps 4,000 feet
in depth and four to 18 miles in width
along its most majestic 50 to 60 miles;
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the mid-Atlantic rift averages more than
6,000 feet in depth and ranges from
eight to 30 miles in width for hundreds
of miles. Almost all of the epicenters of
mid-ocean earthquakes lie within it. The
few outside usually lie within the limits
of error of the earthquake-detecting net-
work. The rift valley is undoubtedly an
active fracture in the crust of the earth,
and crustal movement along this frac-
ture generates the earthquakes.

The earthquakes of the mid-ocean rift,
like most of the earthquakes recorded,
occur at the relatively shallow depth of
30 kilometers below the earth’s surface.
Deep earthquakes, with epicenters as
much as 700 kilometers below the sur-
face, are associated almost exclusively
with the area of the highly seismic sub-
marine trenches and island chains that
surround the Pacific Ocean. In contrast,
and by way of evidence that tue mid-
ocean rift is a quite different kind of
structure, no earthquakes have been ob-
served there at a depth of more than 70
kilometers. The shallow depth of this
seismic activity may indicate that the
earth’s crust in the mid-ocean is quite
thin and weak.

Perhaps because a greater number of
seismograph stations are located around
the North Atlantic Basin, more earth-
(uakes have been detected and located
there than in any other ocean. By the
mid-1950’s, however, seismographs had
traced a 40,000-mile-long belt of mid-
ocean earthquake epicenters along the
bottom of the Atlantic, Indian, South
Pacific and Arctic oceans, with branches
reaching into the western Pacific and
into the continents at several places.
Because the Mid-Atlantic Ridge and its
rift valley are so closely associated with
the earthquake belt, Maurice Ewing,
director of the Lamont Geological Ob-
servatory, and I predicted in 1956 that a
continuous rifted ridge would be found
to coincide with the mid-oceanic epi-
center belt and its branches throughout
the world.

Confirmation by Soundings

During the past four years the Lamont
Observatory research vessel Vema and
other ships engaged in International
Geophysical Year studies have confirmed
the existence of the ridge and rift in
many parts of the earth. Early this year
soundings by the Vema across the epi-
center belt between Prince Edward
Island and Rodrigues Island in the
western Indian Ocean traced the ex-
pected profile [see illustrations on pages
106, 107 and 108]. This ridge meets the
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Carlsberg Ridge, which extends into the
Gulf of Aden. The Vema has also de-
tected the ridge and rift along the epi-
center belt southeast of New Zealand,
and an expedition from the Scripps In-
stitution of Oceanography has found the
same structure along the branch of the
oceanic earthquake belt that extends
from the vicinity of Easter Island to
southern Chile.

Since the epicenter belt runs across
the bottom of the Arctic Ocean, some
investigators were inclined to regard the
Lomonosov Ridge, the great Arctic
Ocean mountain range discovered by
Soviet oceanographers in 1948, as the
northward extension of the Mid-Atlantic
Ridge. But although the belt of earth-
quake epicenters parallels the Lomono-
sov Ridge, the belt lies about 200 miles

away from the ridge, approximately bi-
secting the basin formed by the ridge
and the Eurasian continental slope. This
puzzling situation was resolved when
soundings from the nuclear submarines
Nautilus and Skate revealed a rugged
formation along the epicenter belt. The
Skate profiles even showed a central val-
ley in the ridge, but the submarines did
not make enough echo-sounding pro-
files to demonstrate that the ridge is a
continuous feature.

From the sounding profiles and from
cores and samples brought up from
points along the mid-oceanic ridge and
rift, it is plain that this formation differs
in appearance and origin from the fa-
miliar mountains and canyons of the
continents. Gorges such as the Grand
Canyon are cut by rivers; no such agent
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fall within a narrow belt that coincides with the rift valley of the Mid-Atlantic Ridge. Open
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could have been at work in the mid-
ocean rift. Volcanic mountain ranges
consist of rows of volcanic peaks partly
buried in their own debris. While lava
has been dredged up from the mid-ocean
ridge, the structure of the ridge is quite
unlike that of known volcanic ranges.
“Folded” mountains such as the Jura of
northern France and the Appalachians
of the U. S. are huge wrinkles in strata of
sedimentary rock. These sediments are
five to 10 miles thick; the fact that the
sediments of the mid-oceanic ridge are
only half a mile thick seems to rule out
the possibility that it is a range of folded
mountains. The Rocky Mountains repre-
sent a type known as faulted mountains.
Great blocks of the earth’s crust tilted
upward along fracture lines, these moun-
tains have a shattered appearance and
are without a central valley. For more
than a century geologists attributed the
formation of folded and faulted moun-
tains to a compression of the earth’s
crust by the shrinkage of the planet’s
circumference that supposedly attends
its cooling.

The East African Rifts

There is one continental feature that
does bear resemblance to the mid-ocean
ridge and rift. This is the rift valley sys-
tem of the rugged East African Plateau.
Geologists who held with the shrinking-
earth theory were at a loss to explain this
formation when it was first entered on
topographic maps at the turn of the cen-
tury. The valleys appeared to be huge
tension cracks in the earth’s crust—as if
the crust had been stretched at right
angles to the axes of the valleys until it
had split. Unlike the Rockies, the Juras
and the Appalachians, the mountains
and valleys of the East African rift coun-
try have only thin layers of sedimentary
rock and much more lava than is found
in folded or even faulted mountains.

A typical cross section of the mid-
ocean rift and ridge has a profile that is
strikingly similar to that of the African
rift [see illustration on opposite page].
Indeed, the continental formation ap-
pears to be a landward extension of the
Carlsberg Ridge, which comes ashore in
EastAfricathrough the narrowingtrench
of the Gulf of Aden. Themid-oceanridge
and earthquake-epicenter belt also come
ashore in Iceland, cutting across the is-
land through the depression known as
the Central Icelandic Graben. All the
recent volcanic activity of the island is
limited to this valley, and almost all of
its earthquakes originate there. The
Graben gives every appearance of being
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a great tension crack. Studies of the long
cracks, called gjd, within the Graben re-
veal that it is growing wider at the rate
of 3.5 meters per 1,000 years for every
kilometer of its width.

The mid-ocean ridge probably also
has something in common with other
land features. From the Gulf of Aden a

branch of the Carlsberg Ridge runs up
the narrow channel of the Red Sea to
join the Palestine rift, in which the Dead
Sea and the Jordan Valley lie. In the
southwestern Pacific the mid-ocean
ridge connects with the Great Alpine
Fault of New Zealand. The eastern Pa-
cific segment strikes into the North

American continent through the Gulf of
California to join the San Andreas
Fault, goes out to sea again at Cape
Mendocino in northwestern California
and enters the continent once more
through the long riftlike Lynn Canal of
the Alaska panhandle. The San Andreas
Fault, however, shows evidence of slip-

BOTTOM OF THE NORTH ATLANTIC is shown in this topo-
graphic diagram by Marie Tharp and the author of this article. Tt
is reproduced by permission of the Geological Society of America.

The mid-Atlantic rift goes from about 28 degrees west longitude
at the top of the diagram to 45 degrees at the bottom. Miss Tharp
discovered the rift while making sketches for the diagram. It is
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page of the crust along its long axis,
rather than tension at right angles to
this axis.

The Continental-Drift Theory

Ever since the discovery of the Mid-
Atlantic Ridge, geologists have been de-

bating theories of its origin. Probably
the earliest explanation was “continen-
tal drift,” which postulated that the con-
tinents were originally joined together
in one or two large masses that broke up
and slowly floated apart. The familiar
jig-saw-puzzle fit of the Atlantic profiles
of Africa and South America was often

cited in support of this idea. One school
of drift theorists held that the Mid-At-
lantic Ridge is a fragment of the original
great continent, left behind by the edges
of the new continents as they moved
apart. Another group believed that the
ridge was formed by a mass of sediment
that filled the crack created by the

based upon many echo-sounding profiles; the unsounded portions
were filled in by extrapolation. Land areas are white. The Canary
Islands are visible as “mountain peaks” just off the coast of Africa.
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vertical dimension

Madeira is north of them, and the Azores lie northwest of Madeira,
near the rift. Underwater peaks are called seamounts. The

is exaggerated approximately 20 times.
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breaking up of the original single con-
tinent. However, rock fragments from
the slopes of the ridge, and the velocity
of earthquake waves through the ridge,
contradict both schools. If either of the
drift explanations were correct, dredging
should bring up the typical continental
granitic, acidic-volcanic and sedimentary
rocks. In actuality oceanographers have
found serpentine, peridotite and gabbro
—rocks generally thought to character-
ize the earth’s mantle—as well as quanti-
ties of basaltic lava. As for earthquake
waves, they travel through the Mid-
Atlantic Ridge much too fast for it to be
the abandoned fragment of a continent.

The seismic-wave velocity would be still
lower if the ridge were composed of sedi-
mentary rock. Moreover, the large num-
ber of earthquakes associated with the
ridge indicates that it is still an active
feature of the earth’s crust. Its form is
thus not only relatively new, but is con-
stantly changing. The rugged relief of
the ridge adds additional weight to the
view that it is young, and argues against
any idea that it is a long-abandoned rub-
ble pile. Further evidence of the youth
of the ridge comes from a large basalt
boulder recently dredged to the surface;
dating by the potassium-argon method
indicates that this rock crystallized out

of molten material somewhat less than
10 million years ago.

The theory of continental drift had
been put to rest and out of mind when
results from a new field of earth science
resurrected it. This field is the study of
paleomagnetism: the earth’s magnetism
during the geologic past. The investiga-
tion of paleomagnetism takes advantage
of the fact that magnetic particles in both
sedimentary and volcanic rocks were
oriented by the earth’s magnetic field at
the time that the sediment was de-
posited or the lava cooled. The method
is beset by technical difficulties, but in
general it appears to work, Paleomag-
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color denotes ocean-bottom depth greater than 12,000 feet; lighter
color is for depth less than 8,400 feet. Dark line is rift. Crossings
begin with 4, because the Vema made the first three crossings of



netic measurements going backward in

time show that the orientation of the |
magnetic particles in the rocks of the
continents differs from one geologic
period to the next. Put another way, the
measurements suggest that the North
Magnetic Pole must have “wandered” in
the course of geologic time. But the
measurements also show that, if the pole
did wander, it did so in various directions
with respect to various continents [see
illustration on page 110]. Since the earth
could not have had five or six North
Magnetic Poles simultaneously, it is nec-
essary to assume that movement of the
continents is responsible for the various
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the series in the South Atlantic. The Indian |
Ocean profiles made from echo soundings
during the cruise are shown on the next page.
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curves of polar wandering. On paleo-
magnetic evidence North America and
Europe have moved apart approximately
2,000 miles in the past 300 million years.
Similarly, paleomagnetic studies in In-
dia, Australia, South Africa, South Amer-
ica and Japan produce for each continent
its own relatively consistent but unique
polar-wandering curve, indicating that
each of these land masses has moved.

The Expanding-Earth Theory

There is, however, much evidence
against the idea that such changes in
the relative positions of the continents
could have occurred by continental drift
as it has been commonly imagined. If the
granitic continents have been drifting
through the basaltic floor of the ocean,
they should be causing immense defor-
mations in the floor. These deformations
are not found. Moreover, if the ocean
floor were being subjected to such de-
formation, one would expect to find new
crust forming somewhere on the floor.
But virtually the only part of the ocean
that is seismically active, aside from
certain islands, is the mid-ocean ridge.
The drift theory would argue that an
immense section of the earth’s crust,
from the rift valley in one ocean to the
rift valley in the next ocean, must be
moving as a body. But the movement
would be opening up the rift on the
trailing edge of the body and closing the
rift at its leading edge. There is no evi-
dence for such a reciprocal action. On
the contrary, the rift seems to be opening
up on all sides of every continent.

In an attempt to overcome this dilem-
ma I have recently suggested that the
earth is neither shrinking nor remaining
at the same size; rather, it is expanding.
If the earth were expanding and the
continents remained the same size, addi-
tional crust would have to be formed in
the oceans. This is apparently just what
is happening in the mid-ocean rift val-
leys. It can be shown, moreover, that
expansion of the earth wou'd change the
relative positions of the continents in a
way that would satisfy the different
polar-wandering curves—much as infla-
tion of a balloon changes the orientation
of points drawn upon it.

The idea of an expanding earth is not
new. The British physicist P. A. M. Dirac
first proposed 25 years ago, on cosmo-
logical grounds, that the force of gravity
decreases in proportion to the age of the
universe. R. H. Dicke of Princeton Uni-
versity has calculated that the decrease
of the gravitational constant would per-
mit the circumference of the earth to
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EVOLUTION OF OCEAN BOTTOM according to the expanding-
earth hypothesis is represented by these diagrams. Top layer of
material is sedimentary rock of continents. Below it is conti-
nental crust. Beneath that is the type of material that makes up
the crust of the oceans. Bottom layer (vertical hatching) is the

earth’s mantle. In top diagram continents are close together; rift
between is just opening up. Next, material from mantle comes
through rift, creating mid-ocean ridge seen in third diagram.
Bottom diagram represents Atlantic Ocean bottom as it is today,
with ridge and rift in center and continents at far right and left.
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WANDERING CURVES of North Magnetic Pole show where pole appears to have been
in past, as “seen” from different continents through studies of magnetic orientation of in-
creasingly older rocks. Some geologists interpret data to mean that continents have moved.

CONVECTION CURRENTS within the earth are basis for a theory of the origin of the
mid-ocean ridge and rift. As seen here, the currents flow up under the rift, push out new
material, move laterally under continents and compress them, making mountains rise up.
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grow 1,100 miles in 3.25 billion years.
J. Tuzo Wilson of the University of
Toronto has pointed out that an 1,100-
mile increase in the circumference of the
earth would increase the surface area
by an amount equal to the total area of
the mid-ocean ridge. Other investigators
have suggested that changes in the den-
sity of matter associated with phase
changes in the material in the interior
could have made the earth expand with-
out any decrease in the gravitational con-
stant. A decrease in the force of gravity
combined with internal density changes
would produce a very large expansion.
Thus it may be that the continents, con-
sisting of light rock that floated to the
surface early in the history of the earth,
once covered the entire surface of the
smaller earth with an unbroken shell
of granitic material. Expansion from
within would then have broken up this
shell into separate continental rafts. As
the ocean basins grew, the mid-oceanic
ridge would have become larger through
the upwelling of rock from the earth’s
mantle and the progressive formation of
new crust. The center of the mid-ocean
ridge would therefore be the thinnest
and youngest part of the earth’s crust.

The Convection-Current Theory

The expanding-earth explanation of
the ridge and rift is still quite specula-
tive and is far from being generally ac-
cepted. Maurice Ewing and others hold
that the ridge has its origin in convec-
tion currents within the earth. Heat-flow
measurements show, in fact, that heat is
flowing from the interior of the earth
much faster through the ridge and rift
than through the ocean basins and the
continents. Accordingly it is suggested
that convection currents in the viscous
material of the interior rise to the crust
just under the mid-ocean rift. The up-
ward and lateral movement of the cur-
rents would pull the rift apart and force
material out through the crack. The lat-
eral movement would add light material
to the underside of the continents and
would compress the continents in the
horizontal plane, creating mountains.
This theory ignores the paleomagnetic
data that indicate changes in the relative
positions of the continents.

The study of the mid-ocean ridge and
rift is still in its infancy. Nevertheless it
has already been partly responsible for
a new surge of deep-sea exploration and
for a reconsideration of the most funda-
mental geological theories. Continued
study of this world-wide feature is
bound to be one of the most rewarding
efforts of geology and oceanography.
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HOTSHOT

Westinghouse Capacitive
Storage System for
McDonnell's new Hotshot
Wind Tunnel Delivers
7,000,000 Joules in
3 Milliseconds with
a Peak Current of
4,000,000 Amperes
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The Trigger: Operator's
control panel by West-
inghouse activates tre-
mendous flow of energy
for new hypervelocity
impulse wind tunnel.
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The Hot Stuff: High-Voltage equip-
ment is tucked away in this enclosed
area. Westinghouse transformer-rec-
tifier—combined with a bi-stable am-
plifier regulator — charges capacitor
bank to predetermined level

The Cannon: Uniquely designed coaxial conduc-
tor delivers arc energy to compressed air, raising
pressures and temperatures several orders of magni-

-
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tude. Air explodes into the tunnel simulating
hypersonic re-entry speeds of aircraft and
missiles at altitudes above 100,000 feet.

The Supply Lines: 230 spaghett)
like cables converge in rear of can
non to deliver peak currents to
4,000,000 amps.

The Arsenal: Twenty-nine Westinghouse
custom-built racks, each containing 80 fused
capacitors, are bussed together in groups of
ten, and connected by coaxial cables to the
collector.

S

Within six months after receipt of contract Westinghouse de-
livered and installed this capacitive energy storage system for
McDonnell Aircraft Corporation’s new ‘‘Hotshot’’ wind tunnel

at St. Louis. This facility is now providing vital data at a small
fraction of the cost of actual flight testing. This same capability
for quickly providing reliable equipment can help you solve your
aerospace R & D problems. Contact your Westinghouse sales
engineer. Or write: Westinghouse Electric Corporation, P. O. Box
868, Pittsburgh 30, Pa. You can be sure. .. if it's Westinghouse.
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1. Creating outer
space environment on
earth starts with this
control station for Mc-
Donnell Aircraft Corpo-
ration’s new hyperve-
locity impulse wind
tunnel. Operator can
automatically or manu-
ally contro! the entire
facility from this West-
inghouse cabinet.

J-92506

Subcontractors to Westinghouse:

2.High-vo|tageequip-
ment charges the ca-
pacitors (Figure 5) to a
predetermined level up
to 12 kv, with +=19; ac-
curacy in 30 seconds.
At 12,000 volts, seven
megajoules of energy
stored in this bank is
delivered to the arc
chamber in just 3 milli-
seconds.

The Calvert Company, Rocky River, Ohio for the cannon.
The Phelps Dodge Copper Products Corporation, New

York for the coaxial cables.

3. In actual test, arc
chamber is filled with
compressed air and the
tunnel is evacuated.
Then, electric energy
surges into the heavy
walled arc chamber.
Pressure increases to
100,000 psi. Tempera-
ture to 14,000°F. Heat
vaporizes diaphragm
separating arcchamber
from the tunnel. High
pressure air races
through a converging-
diverging tungsten
throat to produce hy-
personic velocities in
test section.

4. The collector-can-
non — main artery of
the energy storage sys-
tem — is composed of
coaxially oriented con-
ductors connected to
the arc chamber. Car-
riage mounting permits
axial motion of the con-
ductors and simple con-
nectors allow discon-
nection from the arc
chamber. A lateral 45°
swing allows connec-
tion to a second tunnel.
Such flexibility permits
operation of either tun-
nel with only one power
pack, one capacitor
bank, andonecollector.

Westinghouse
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5. Twenty-nine racks
of capacitors, sprouting
230 coaxial cables, en-
able this system to dis-
charge electrical energy
at an average of 214
million kilowatts. That's
more than the com-
bined impuise power of
Grand Coulee and
Hoover Dams. Built-in
expandability allows for
a growth capability to
10,000,000 joules.



ELECTRIC FISHES

The electric eel 1s only one of a number of fishes that are capable

of generating a respectable electric current. These fishes Variously

use their electricity for purposes of attack, defense and navigation

Tervous, muscular and glandular
N tissue generate minute electrical
currents in the bodies of all ani-

mals high enough in the evolutionary
order to have such tissues. The human
heart, for example, induces .001 to .002
volt at the surface of the body; the brain,
with its 10 billion nerve cells, puts out
.00002 to .0001 volt which can be picked
up by electrodes affixed to the scalp and
recorded by the electroencephalograph.
Such outputs do not begin to suggest the
full electrical potential of physiological
processes. That potential is demonstrated

ELECTRIC RAYS are found in all the oceans and in the Medi-
terranean Sea. Shown here is a South Atlantic species, Narcine
brasiliensis. Light, kidney-shaped area, about 114 inches long,

by Harry Grundfest

in the seven families of fish that are
capable of delivering appreciable volt-
ages outside their bodies. The giant elec-
tric ray (Torpedo nobiliana), a denizen
of the North Atlantic, puts out pulses of
50 amperes at 50 to 60 volts, which can
electrocute a large fish. The African cat-
fish (Malapterurus), though much small-
er, produces up to 350 volts, depending
on its size. And the electric eel (Electro-
phorus) of the Amazon and other South
American rivers can put out more than
500 volts. Even the weakly electric
fishes, which generate a few volts down
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to a few tenths of a volt in the surround-
ing water, exceed by far the highest out-
puts recorded from other animals.
There now seems to be no doubt about
the survival value of the peculiar capa-
bility of the electric fishes. For the pow-
erfully electric species it serves obvious
offensive and defensive functions, and
recent work has shown that in the weak-
ly electric ones it serves as part of a sen-
sory guidance system for navigation in
murky waters and for the detection of
predators and prey. The advantages, in
fact, are such that natural selection

below two dark spots at top shows position of one of ray’s two
electric organs. Second organ is in other wing. Organs produce
electric discharges of 35 to 60 volts, depending on the species.
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brought about the development of elec-
tric organs quite independently in al-
most every one of the families. As
Charles Darwin was puzzled to observe,
electric species turn up among the an-
cient cartilaginous fish (which include
the electric rays and the less powerfully
electric skates) as well as among the
bony fish of more recent descent. Among
the bony fish there is a sea dweller, the
star-gazer (Astroscopus), found only on
the western Atlantic coast from Dela-
ware to Brazil. The freshwater knife
fishes (gymnotids) of Central and South
America bear no relation to Gymnarchus
and the mormyrids of Africa, and they
are equally unrelated to the electric cat-
fish of the Nile. In essaying the inde-
pendent development of these diverse
families natural selection arrived at cor-

respondingly different physiological so-

lutions for the generation of large
amounts of electrical energy and for the
shaping and timing of the electric pulses.

he electric fishes confront the biolo-

gist with many still-unanswered
questions. But they have also facilitated
progress on some of the most fundamen-
tal and universal questions of life. “Ani-
mal electricity” was first observed in the
electric fishes. Throughout the 19th cen-
tury they were the center of studies in
electrophysiology. Even today, when
sensitive amplifiers make it possible to
observe electrical phenomena in other
animals, the variety and virtuosity of de-
sign embodied in the electric organs of
these fishes provide ideal experimental
subjects for particular lines of investiga-
tion. Presently they offer the most prom-
ising lead to resolution of the processes

ELECTRIC FISHES and sectional views of their bilateral electric
organs are depicted in illustration on these two pages. Electric eel
(@) has three organs (stippled area at top left) : large main organ,
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of synaptic transmission: the induction
by the nerve impulse of the chemical
activity that relays an impulse from one
nerve cell to the next and from nerve
cell to muscle or gland.

The ancients knew and quite properly
stood in awe of electric fishes. The elec-
tric catfish is pictured on early Egyptian
tomb sculpture. The Romans are said to
have applied Torpedo, the electric ray,
for the cure of gout, headache and even
mental illness—an early, though unwit-
ting, use of electroshock therapy. Curi-
ously these fishes and the electric eel,
when it was described after the discov-
ery of America, were all colloquially
named “thunderer” or “shaker”: ra’ad in
Arabic, temblador in Spanish, trembleur
in French, Zitterfisch in German. Since
the connection between thunder and
electricity was then unknown, these
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smaller organ of Sachs behind it and organ of Hunter immediately
underneath. Main organ and organ of Hunter appear in cross sec-
tion below. Arrow indicates direction of current flow in body of



names undoubtedly referred to the con-
vulsive muscle contractions which the
fishes caused when they were stimulated
to discharge by handling.

Until the concept of electricity was
formulated about 1750, savants were
hard-put to explain these unpleasant
effects. Inevitably it was thought that
the fish produced some sort of venom. In
1685 Giovanni Borelli alternatively pro-
posed that the fish were equipped with
rapidly contracting muscles that deliv-
ered sharp blows in quick succession.
Soon after the Leyden jar was invented,
however, a Dutch West Indies admini-
strator, Laurens Storm van’s Grave-
sande, and a French naturalist, Michel
Adanson, independently suggested that
the fishes produced electric discharges.
John Walsh and Henry Cavendish in
England, Hugh Williamson in Philadel-

fish during electric discharge. In Mormyrus (b) organ is situated
near tail. Organ of Malapterurus (¢) forms a mantle just under
skin of fish. Electric skate (d) has organ in tail. Electric ray (e)

phia and Lazzaro Spallanzani in Italy
soon established that the fishes do pro-
duce electricity.

Thus it is not surprising that Luigi
Galvani suggested in 1791 a kinship be-
tween the electricity of “Torpedo and
cognate animals” and the “animal elec-
tricity” he thought he had discovered in
muscles and nerves. The electric fishes
played an important part in the dispute
that then arose between Galvani and
Alessandro Volta. The latter maintained
that Galvani had demonstrated not ani-
mal electricity but the production of
“metallic” electricity by the contact of
two dissimilar metallic surfaces. Volta
was correct in this: Galvani’s frog nerve-
muscle preparations were merely more
sensitive detectors of electricity than any
instruments available at the time and
for about 50 years thereafter. However,
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Volta was wrong in denying the exist-
ence of animal electricity. In trying to
prove his contention that the electric fish
contained some sort of metallic gen-
erator Volta discovered the electro-
chemical battery, or “galvanic” (!) cell.
The “voltaic pile” of cells in series he
called “an artificial electric organ”
which he thought “victoriously demon-
strated” his argument.

Despite Volta’s apparent victory, elec-

tric organs continued to be studied,
partly because they were at least as ef-
fective electrical generators as any that
were available for some time. When
powerful electrochemical and electro-
magnetic sources of electricity were de-
veloped, physicists began to lose inter-
est in “fish electricity.” By 1842, how-
ever, Carlo Matteucci and Emil Du Bois-

has a kidney-shaped organ in each wing. Cross-sectional view
shows columns of electroplaques in organs. The direction of the
discharge (arrow) is perpendicular to the broad surface of ray.
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DETAILS OF ELECTRIC ORGANS of electric rays (a), mormyrids (b) and electric eel
(c) are shown. Electroplaque columns are vertical in body of the ray (top right). Nerve
terminals (colored branching at top left) directly innervate column. Cranial nerves (heavy
colored lines at right) connect organs with electric lobes (solid colored area) of brain. Re-
cently discovered accessory organ is found only in ray genus Narcine. Among different mor-
myrid species electroplaques are indirectly innervated via three types of stalk. As in some
other fishes, uninnervated membranes of electroplaques in main organ of eel are convoluted.
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Reymond had demonstrated that a very
weak “animal electricity” really exists in
muscle and nerve. Physiologists and
anatomists then began to study electric -
organs most intensively, hoping to gain
knowledge about nerve and muscle.
Largely under the influence of Du Bois-
Reymond, the founder of electrophysi-
ology, these vigorous studies uncovered
much of the basic information about
electric fishes.

Embryologyv and comparative anatn-
my soon established that the electric or-
gans are derived from muscle. The com-
ponent cells, or electroplaques, in some
fishes show striations such as those o:
muscle fibers, vestiges of the contractile
machinery lost in the course of speciali-
zation. The electroplaques are thin
wafer-like cells, the two surfaces of
which differ markedly in their anatomi-
cal relations. In most of the fishes one
surface is innervated by a dense net-
work of nerve terminals; in others (but
including such unrelated forms as the
African catfish and the mormyrids and
one of the American knife fishes) the
innervation is established indirectly
through one or several stalks emerging
from one of the surfaces. In either case
only one surface of each electroplaque
is innervated (except, perhaps, in some
aberrant knife fishes). The uninnervated
surface invariably has deep folds and
convolutions that greatly increase its to-
tal area.

An electric organ consists of an
array of electroplaques stacked in col-
umns, with the innervated surfaces of
the cells in a column all facing the same
way. In the various species the organs
are differently arranged. The eel has
some 6,000 to 10,000 electroplaques in
each column and some 70 columns in
the organs on each side of its body.
These relatively huge organs run longi-
tudinally from just behind the anal vent
(about one sixth of the way back from
the head) to the tail; in an adult fish
they make up about 40 per cent of the
animal’s total bulk. In the electric ray,
on the other hand, the columns are ar-
rayed vertically, at right angles to the
spine, forming a large compact organ in
each of the animal’s wings. The African
catfish exhibits still another arrangement;
the organ forms a mantle of tissue just
under the skin which surrounds the
entire body from just behind the gills
to the tail.

However the organs are arranged, the
electrophysiologists of the 19th century
soon recognized that the electroplaques
in each column form a series array, like
the cells in Volta’s “artificial electric
organ”; the hook-up in series adds the



outputs of the electroplaques and builds
up the voltage. It was also plain to see
that the arrangement of the columns in
parallel serves to build up the amperage.
But the question of how the electro-
plaques produce their discharge was one
that called for a more detailed knowl-
edge of their electrophysiology than was
available at that time.

This question was essentially solved
in 1912 by Julius Bernstein, Du Bois-
Reymond’s foremost pupil. Bernstein
proposed that the cell membrane of the
electroplaque—like that of a nerve or
muscle cell—is selectively permeable to
potassium ions but not to sodium ions.
The higher concentration of potassium
ions inside the cell and of sodium ions
outside would create a “resting” poten-
tial across the cell membrane, the inside
of the membrane being negative and the
outside positive. Under the stimulus of
a nerve impulse the permeability of the
membrane changes, permitting ions, and
hence an electric current, to low across
it. According to Bernstein, only the in-
nervated membrane of the electroplaque
would be affected. The potential of this
membrane would fall to zero (depolar-
ize), while the resting potential of the un-
innervated membrane would remain the
same [see illustration on the next page].

Adequately sensitive amplifiers and
the microelectrodes necessary to meas-
ure the potential across the cell mem-
brane were not available to Bernstein
and his contemporaries. It was some 40
years before his deductions could be put
to conclusive experimental test. Then in
the early 1950’s Richard D. Keynes and
H. Martins-Ferreira at the laboratory of
Carlos Chagas in Rio de Janeiro, and
Mario  Altamirano, Christopher W.
Coates and I at Columbia University in-
dependently confirmed the essential cor-
rectness of Bernstein’s hypothesis. But
our experiments also amended it in an
important respect.

L. Hodgkin and his co-workers at
4 X+the University of Cambridge had
shown a few years earlier that the be-
havior of nerve and muscle fibers is more
complex than Bernstein had thought.
Instead of depolarizing, the inside of the
membrane temporarily reverses its
charge and becomes positive. That is,
instead of a response equal only to the
magnitude of the resting potential, the
response, or “spike,” has an overshoot.
Our measurements showed a similar
spike in the response of the electro-
plaque. Thus each electroplaque in the
electric eel, for example, contributes 150
millivolts rather than 80 millivolts (the
amplitude of the resting potential) to the

EEL ELECTROPLAQUES appear in these two sections. At left the electroplaques are closely
spaced in main organ, and widely spaced in organ of Sachs. At right, surfaces with projec-
tions are uninnervated membranes. Dark gray line behind them is innervated membrane.
The photographs were made by A. Couceiro of the Institute of Biophysics in Rio de Janeiro.

output of the organ. The reversal of po-
larity involves only the innervated mem-
brane. The opposite membrane remains
quiescent, maintaining its negative po-
tential, as Bernstein had suggested, and
offering remarkably little resistance to
the flow of electric current. Since the
current flows from plus to minus, the
orientation of the electroplaques deter-
mines the direction of the current in the
organ. In the eel the innervated surfaces
of the electroplaques all face the tail.
Current thus flows from tail to head in
the fish, and flows from head to tail in
the external medium to complete the
circuit.

The great number of electroplaques
in series enables the eel to produce the
voltage necessary to overcome the high
resistance of its freshwater environment.
The columns in parallel enable it to gen-
erate a current, in brief pulses, of about
one ampere, so that even in fresh water
the organ generates considerable power.
The electric rays, living in salt water,
show a corresponding adaptation to the
lower resistance of this medium. The
giant ray Torpedo nobiliana has up to
1,000 electroplaques in series, much
fewer than the eel, and so generates a
lower voltage. But it has some 2,000
columns in parallel in each organ, giv-
ing it its extraordinary amperage.

In the course of our study of the proc-
ess by which the electroplaque pro-
duces its discharge we made a discovery
that opened up a new line of inquiry—
into the process of synaptic transmission,
by which an impulse crosses from one
cell to the next. We had been stimulat-
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ing the electroplaques in two different
ways, by applying electric shocks direct-
ly to the cell, and indirectly by stimulat-
ing the nerve whose fibers innervated
the cell. Both kinds of stimulus produce
a spike, but the indirect stimulus evoked
a distinctly different pattern of response
in the cell. There was always a small
prepotential ahead of the spike, and it
seemed to trigger the spike. The pre-
potential had a number of peculiar prop-
erties. It, and the spike that followed,
appeared only after a measurable and
irreducible period of latency; it could
be elicited under conditions when a
spike could not be produced, and it
could be induced only by stimulation of
the nerve, never by a direct stimulus to
the cell.

Potentials of an apparently similar
kind had been described a short time be-
fore in two other systems. In 1951 Paul
Fatt and Bernhard Katz of University
College London had studied the electro-
physiology of the motor end-plate, which
forms the junction of the motor nerve
and a skeletal muscle fiber. This is the
site of an “end-plate potential,” pro-
duced by stimulating the motor nerve.
Fatt and Katz found that this response
was smaller than the spike that followed,
and it apparently represented no more
than the depolarization of the membrane
and the neutralization of its potential,
such as Bernstein had postulated for the
spike itself. A little later John C. Eccles,
then at the University of Otago in New
Zealand, and his colleagues had found
a similar potential running ahead of the
spike in the spinal motoneurons of the
cat. All these potentials are now known
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GENERATION OF ELECTRICITY by electric fishes can be ex-
plained by comparing electroplaque membranes (shaded areas) to
batteries. Resting potentials of membrane batteries, negative-
ly charged on inner surface and positively charged on outer,
are shown at left. In marine fishes nerve stimulus short-circuits
battery of innervated membrane (1b). Magnitude of discharge
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equals resting potential, and current (broken line) flows through
electroplaque, then through external medium. In eel, stimulus
reverses polarity of battery of electrically excitable membrane
(2b). Discharge exceeds resting potential. In species having two
electrically excitable membranes, discharge of one battery excites
discharge of other, producing oppositely directed currents (3b).
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as postsynaptic potentials (p.s.p.)—
synapse being the term for the junction
between neurons. More strictly they are
called depolarizing or excitatory p.s.p.’s,
to distinguish them from another kind of
postsynaptic potential, the so-called
hyperpolarizing or inhibitory p.s.p. Both
kinds of p.s.p. are found in neurons, in
the heartand in many invertebrate mus-
cle fibers, but only the depolarizing p.s.p.
occurs in electroplaques and in verte-
brate muscle fibers.

Since the electroplaques of the eel are
large cells, they provide particularly
favorable material for the study of the
ps-p.- Working with this cell, we were
thus able to show unequivocally that
the p.s.p. cannot be elicited by direct
electrical stimulus of the membrane.
The p.sp. must therefore originate in a
component of the membrane that is elec-
trically inexcitable. We were also able
to show that the spike involves the en-
tire surface of the membrane and were
thus able to conclude that the membrane
must also have an electrically excitable
component in parallel with the electri-
cally inexcitable generator of the p.s.p.
If the p.s.p. produced by a nerve stimu-
lus is large enough, it triggers a spike in
the electrically excitable component.

Wf'e suggested that this dual system

of membrane activity would prove
to be the general mode by which a spike
in one cell initiates the spike in another.
A few special cases of electrical (ephap-
tic) transmission have been found.
But the hypothesis that synaptic trans-
mission has an electrically inexcitable
link has now been confirmed in all other
cases that have been studied.

Some of the most clear-cut evidence
for electrical inexcitability has come
from recent studies on marine electric
fishes. The electric discharges of the ray
and skate had long been known to differ
from those of the eel. It seemed likely
that these marine fishes had electrically
inexcitable electroplaques. In other
words, we surmised, the conductile
mechanism in which the spike plays a
role was missing along with the con-
tractile machinery in these electro-
plaques. Studies by Michael Bennett
and myself on the giant ray and three
species of skate at the Marine Biological
Laboratory in Woods Hole, Mass., on a
South Atlantic ray (Narcine brasiliensis)
and—confusingly enough for the evolu-
tionary picture—on the bony fish As-
troscopus, fully confirmed these expecta-
tions. In England Lawrence Brock and
Rosalind M. Eccles also found that the
electroplaques in the skate are electri-

cally inexcitable. We showed that these
electroplaques put out between 50 and
80 millivolts, in the range of the resting
potential of the cell and, in contrast to
the overshooting 150-millivolt spike of
the eel electroplaque. The response of
these cells must therefore be classified as
a p.s.p. rather than as a spike.

The marine electroplaques are large
cells, as much as a centimeter in diam-
eter. Since their responses are unham-
pered by the confusing elements of
spikes, it has been possible to measure
the potential change accurately and to
confirm in their behavior a number of
theoretically predicted properties of the
electrically inexcitable response, prop-
erties which are totally unlike those of
the electrically excited spikes, but which
are important for the functioning of syn-
aptic transmission, and for an under-
standing of its mechanisms. For example,
the p.s.p. cannot be propagated, and the
potential change across the membrane
can differ in shape and size when re-
cordings are made simultaneously at
two sites only a millimeter or so apart.
The apparent sign of the response can
be inverted by changing the resting po-
tential of the cell. An appropriate drug,
such as acetylcholine, causes responses
similar to those produced by the nerve
impulse, but which last as long as the
drug is available. These properties can
also be demonstrated in the p.s.p.’s of
other cells. In the latter, however, spikes
tend to complicate the picture and have
long obscured the existence of electrical-
ly inexcitable potentials.

O ne of the important consequences of
the new data is that they render an
unambiguous decision about the nature
of synaptic transmission, which has been
in dispute for nearly 100 years. In the
1860’s Wilhelm Krause and Wilhelm
Kithne proposed that the current pro-
duced by the nerve impulse excited the
muscle fiber. “A nerve throws a muscle
into contraction only by its currents of
action,” they said. Du Bois-Reymond
in the 1870’s suggested, alternatively,
that the nerve might secrete some
chemical agent that excited the muscle.
But the electrical theory dominated the
field for a long time. Then in 1922 Otto
Loewi showed that the vagus nerve pro-
duces a substance, later identified as
acetylcholine, which affects the heart
in the same way as the activity of the
nerve itself. From that time on the
chemical theory of synaptic transmission
has gained vogue.
Direct evidence that a chemical trans-
mitter is released during activity of the
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nerve is difficult to obtain. It is even
more difficult to demonstrate its action
during the brief period of latency before
the p.s.p. appears and triggers the spike.
As a result there are still some neuro-
physiologists who uphold the electrical
theory. But that theory is no longer ten-
able in view of the clear evidence that
the synaptic processes are electrically
inexcitable. The only alternative is to
conclude that synaptic transmission is
chemically mediated.

The synaptic junction may be con-
sidered as representative of a more gen-
eral category of input terminals in the
nervous system. This would include the
receptor surfaces of the sensory cells. A
number of these have now been shown
to be electrically inexcitable, responding
only to specific stimuli: light, chemicals
or mechanical stimulation [see “Biologi-
cal Transducers,” by Werner R. Loewen-
stein; SCIENTIFIC AMERICAN, August].
The weakly electric fishes provide a
probable exception. Their electrical-
guidance sense-organs would seem to be
electrically excitable.

For a long time the organs of weakly
electric fishes seemed to have no
functional value, and some were clas-
sified as “pseudo-electric.” But in 1950
Coates at the New York Aquarium re-
corded low-voltage pulses, with a fre-
quency of about 25 per second, from an
eel as it cruised in its tank. He suggested
that the eel might use these pulses in
connection with an electrical guidance-
system. Later Hans W. Lissmann of the
University of Cambridge, and Coates,
Altamirano and I found that the African
Gymnarchus and the American knife
fishes emit pulses continuously. The
former emits about 300 per second; the
knife fishes, anywhere from five to more
than 1,500 per second, depending on
the species. The African mormyrids also
emi: pulses, somewhat less regularly
than Gymnarchus or the knife fishes,
and they probably also depend upon
their pulses for navigation.

These fishes are highly sensitive to
changes in the electric fields they pro-
duce. According to Lissmann, Gymnar-
chus can detect a potential gradient of
about .03 microvolt per centimeter. He
has trained fishes to detect a small sta-
tionary magnet, and to differentiate be-
tween waters of different conductivity.
The reactions of the gymnotid species
(which include the electric eel as well
as the knife fishes) to metallic objects
or even to large nonconductors seem
to vary. Most forms seek to escape
from the object distorting their electric
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fields. Others, however, attack it. Bits of
iron, probably ingested during such at-
tacks, have been found in the stomachs
of electric eels.

The sensory organs and their connec-
tions in the brain have not been identi-
fied, but Bennett and I have demon-
strated the presence of such connections
by cutting the nerve that carries im-
pulses from the receptor to the brain.
When the nerves of both sides are cut,
the body of the knife fish Gymnotus
carapo becomes insensitive to metallic
objects. When only one nerve is cut, the
fish reacts as though the object were
on its intact side. Once identified, the
system will open a new field of research
in sensory physiology.

The circuitry of these guidance sys-
tems embodies an extraordinary
variety of design and function. The
electroplaques of all the freshwater
fishes we have studied produce spikes.
As in the eel, neural excitation evokes
a p.s.p. that then triggers the spike.
But the simple combination of p.s.p. and
spike occurs only in the eel and a few of
its close relatives among the knife fishes
that generate monophasic (unidirection-
al) pulses. Some of the knife fishes, in-
cluding Gymnotus carapo (the eel’s
closest taxonomic relative), and many of
the African mormyrids emit diphasic or
polyphasic pulses. In these fishes, and
even in the monophasically discharging
African catfish, both membranes of the
electroplaques produce spikes.
The knife fish carapo produces the
simplest type of diphasic discharges in

ELECTROPLAQUE DISCHARGES of dif-
ferent electric fishes are depicted in right-
hand column of illustration on opposite
page. Fishes are identified by genus. One
membrane (shaded areas in second col-
umn) is directly innervated (colored
branching) in first seven genera. Uninner-
vated membrane is not shown. Other three
genera exhibit indirect, or stalk, innerva-
tion. Top curve in each pair (third column)
shows intracellular potential across uninner-
vated membrane during a response; bottom
curve, response of innervated membrane.
Electroplaque discharge (external re-
sponse) is algebraic summation of oppo-
sitely directed potentials of the two mem-
branes. In first six genera uninnervated
membrane does not respond, but in Raia
there is a voltage drop across membrane.
In other four genera this membrane is
electrically excitable and also contributes
a response (see illustration on page
120). Electroplaque discharges of the close-
ly related Eigenmannia and Sternopygus
last two and 10 milliseconds respectively.

pulses of about 50 to 60 per second. The
spike from the innervated membrane
triggers a spike in the uninnervated
membrane as well. Since the membrane
“batteries” are oppositely polarized,
there is considerable cancellation of
pulses. Each electroplaque contributes
about 25 per cent of its maximum vol-
tage to the total discharge. In fact there
would be no discharge if the two mem-
branes produced their spikes simultan-
eously.

The arrangement of electroplaques
in carapo presents an additional com-
plication. Its organ contains eight col-
umns, with the four columns on each side
of the spinal cord lying horizontally
one on top of the other. The rostral
membranes (toward the head) of elec-
troplaques in the top column are in-
nervated, while in the other three
columns the caudal (tail) membranes
are innervated, as in the eel. The top
column discharges first, and the head of
the fish thus becomes negative. Then,
as the innervated caudal surfaces of the
other three columns discharge, the head
becomes positive. (The caudal, unin-
nervated membranes of the top column
also contribute to this discharge.) Fi-
nally, the head becomes negative again
as the uninnervated rostral surfaces pro-
duce spikes. The result is a triphasic dis-
charge.

The mormyrids also generate pulses
from both surfaces of their electro-
plaques, the caudal surfaces being in-
nervated through stalks. (For a time
it was thought that stalked electro-
plaques occurred only in the African
freshwater families, but recently this
configuration has been found in one
of the American knife fishes.) Nerve
impulses elicit p.s.p’s in the stalk,
triggering a spike that propagates into
the body of the electroplaque. First the
stalked caudal surface and then the
rostral surface become active; the result
is a diphasic pulse. In many of these
fishes the spikes are remarkably brief,
about .3 millisecond in duration, and
the diphasic pulses rise and fall sharply.
This type of pulse might be especially
suitable for detecting objects in the fish’s
environment.

In at least one group of mormyrids
the spikes from the two faces vary in
duration. The spike of the rostral surface
lasts much longer than that of the cau-
dal. The resulting pulse is almost mono-
phasic and resembles somewhat the
pulses of the marine electric fishes, the
eel and some of the knife fishes. This
nearly monophasic pulse differs in one
aspect from the others: during discharge
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the uninnervated rather than the inner-
vated surfaces of the electroplaques be-
come negative. Around 1850 Filippo
Pacini, an Italian histologist, noted that
in the discharge of Torpedo the innerv-
ated surface of the electroplaques al-
ways became negative. The rule held
for all electric fishes except the African
catfish, and came to be known as Pacini’s
rule. Bennett, Keynes and I have recent-
ly shown that the failure of Pacini’s rule
in the case of the catfish arises from the
same mechanism as in the mormyrid
forms. The spike of the rostral mem-
brane in the catfish electroplaque starts
earlier, is larger and lasts longer than
the spike of the caudal, stalk-innervated
membrane.

In all of the species the firing of the or-

gans appears to be regulated by a
“command center” in the brain. But this
center takes different forms and delivers
its orders in different ways. Efficient out-
put, especially in the powerfully electric
fishes, requires the highest possible in-
stantaneous current. The electroplaques
in the series-parallel arrays must, there-
fore, discharge synchronously. This is a
formidable matter, for the organs of
powerfully electric fishes contain several
hundreds of thousands of electroplaques
dispersed over a considerable distance
and so reached by nerve conduits of dif-
ferent lengths. Inside the electric organ
itself the resistance of inactive surfaces
and the dissipation of current by internal
shunting must be minimal.

The least complicated system is prob-
ably that of the rays and Astroscopus.
Only one surface is active, and the pulses
are unidirectional. Dense innervation
of the reactive membrane eliminates in-
ternal shunting and excites activity in
different parts of the electroplaque all at
once. The inactive membrane has a
negligibly small resistance. Even the
skin above and below the organ has been
suitably adapted, offering much lower
resistance than the skin elsewhere on the
body surface. The compactness of the
organs in each species (in Astroscopus
they occupy a well in the skull behind
each eye) minimizes delay in the deliv-
ery of the nerve impulse to different
parts. Some delay does take place, of
course, resulting in a total organ dis-
charge half or once again as long as the
pulse of a single electroplaque. Syn-
chronization of the nerve impulse to the
cellsinvolves an elaborate nervous mech-
anism. In the brain of the rays the
command center has a relatively few
well interconnected cells that fire syn-
chronously upon receipt of the sensory
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information that presumably initiates
the entire process. The command center
discharges into a much larger number of
cells in the electric lobes of the brain.
From the lobes several of the major
cranial nerves, forming thick nerve
cables, carry the impulses to the elec-
troplaques.

The electric catfish operates its organ
on a rather different principle. A single
nerve fiber, or axon, emerges from each
side of the spinal cord, branching several
hundred thousand times to reach all the
| electroplaques of one side of the fish.
The delays necessary for synchroniza-
tion must occur in the nerve branches
and synaptic junctions. An apparently
systematic variation in the length of the
stalks may also play a part in synchron-
ization.

In the eel the impulses from the small
command nucleus in the brain must
travel down a spinal cord that may be
two or three meters long. Without some
means of synchronization, the electro-
plaques near the head would receive im-
pulses much earlier than those at the tail.
In an electric organ one meter long, and
with the nerve impulse traveling at a
speed of 40 meters per second (a high
value in cold-blooded animals), the time
difference would be about 2.5 millisec-
onds. That is approximately the duration
of the discharge of a single electroplaque.
Thus the cells at the head would be com-
pleting their activity when the cells at the
tail were beginning to fire. Actually the
discharge of the whole organ has about
the same duration as that of a single cell.
| The impulses from the command nucleus

arrive at the different points along the

spine with the expected delays. But the

synapses of the motoneurons near the
f head stall the delivery of impulses to the
electroplaques they excite. As a result
impulses reach the electroplaques at the
head- and tail-ends at the same time.

The control system of the repetitively
discharging knife fishes represents a re-
markable biological adaptation. A pace-
maker, probably the command nucleus
itself, sends impulses to the spinal mo-
toneurons at the same frequency as that
at which the organ discharges. This
means that the whole pathway operates
at the high frequency of 50 to more than
1,500 pulses per second, depending on
the species. Even in warm-blooded ani-
| mals similar rates of continuous nerve

activity are unknown. Some species of
knife fish maintain a steady frequency
to within about .5 per cent (a high
degree of stability for most laboratory
oscillators), even when violently upset
by strong electric stimuli. In others stim-
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ulation of the fish or changes in the con-
ductance of the external medium may
affect the frequency to some extent. The
scant data available suggest that the
pacemaker in the highly stable fish does
not receive any sensory input, but that
those of the less stable fishes do. In all
species, however, cooling the head slows
the frequency, as would be expected
from the presence of a pacemaker center
in the brain.

The picture of both the taxonomic

and functional relations among elec-
tric fishes is now fairly complete, though
tentative. It is complete in the sense that
the major functional varieties among the
organs appear to be known. But of the
500 or so species of fish with electric or-
gans, only about 20 species have been
examined thus far. Further research may
bring some surprises. For example, T.
Szabo, working at the laboratory of Al-
fred Fessard in Paris, has recently found
an exception to the rule that only one
membrane of an electroplaque is innerv-
ated. In some carapo the electroplaques
of one column are innervated on both
surfaces. It will be interesting to see
what results from studies of the electro-
physiology of these electroplaques.
Moreover, we have yet to examine
thoroughly the single species of Gym-
narchus. Though the airplane and the
plastic bag have made transportation of
fish quite easy, and New York has be-
come the world center for the tropical
fish industry, Gymnarchus is apparently
too large and too ugly for fish fanciers
and none has been seen in New York.
Lissmann brought several back from
Africa for his studies of sensory guid-
ance-systems. One of them is still alive,
and when Lissmann completes his work,
perhaps he and Keynes will study the
electrophysiology—unless we get a Gym-
narchus first.

In respect to their evolutionary as-
pects the zoological and physiological
relations among electric fishes are curi-
ously confused. The several different
types that occur in each geographical
group present clear cases of convergent
evolution. But of all the electric fishes
thus far studied, only the electric skates
remain an evolutionary puzzle. Their
organs, located in their whiplike tails
and producing low voltages at low cur-
rent, discharge only after great provoca-
tion, and they would seem to have little,
if any, adaptive value. Considering the
vast number of electrical experiments
tried by natural selection, however, it is
not surprising that one of them should
be inconclusive.
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What price automation?

In view of today’s rising costs, the need for automation in the
processing of engineering drawings is recognized as necessary.
However, in the welter of claims and counterclaims for vari-
ous miniaturization processes, a good deal of confusion has
arisen around the relative merits of the 35mm and 105Smm
systems.

These facts need stating: Automation should not dictate film
size; conversely, film size should not dictate whether or not
automation is possible.

To clarify these points: One should not necessarily install a
35mm system on the assumption that it is the sole answer to
high speed automated reproduction. To do this is to overlook
the fact that the 105mm system is also capable of automation.
And 105mm can often be automated without the expenditure
of large sums of money for new processing equipment.

35mm

Both systems —35mm and 105mm — have their place in the
modern enginzering reproduction department. (The K&E
MICRO-MASTER® Camera-Projector takes and projects
both film sizes.) However, if automation is the only basic
consideration, the case for 105mm needs further emphasis.

For example: 35mm aperture cards for information retrieval
are designed to deliver negatives quickly and automatically.
General practice, however, is to key-punch both the aperture
card and a companion “tracer” card to prevent excessive
negative wear in sorting. Selection of the aperture card is
manual. (Tracer cards also provide 23 additional key-
punch positions.)

Tracer cards can also be successfully used with a 105mm
system. And only one card need be punched. Selection of
negatives, as with aperture cards, is manual.

From start to finish, let’s see how the two systems compare:

105mm

o Negatives in aperture cards
o Punch-card retrieval
e Automatic ‘‘dry-process’’ reproduction

o Negatives in archival envelopes
o Punch-card retrieval
e Standard diazo reproduction

PREPARATION AND FILING

Tracer card key-punched

Aperture card key-punched, negative ins;rted in card

Tracer cards and negatives filed

Original drawing photographed to yield master negative

Same
Same
Archival enveiope machine numbered, negative inserted

Same

SEARCH AND DELIVERY

Tracer card sorted to find location of negative Same
Negative selected manually from file - Same
REPRODUCTION

“‘dry-process’’ printer at rate of 20 ft. per minute.

SUMMARY:

e Despite minor differences in procedure, preparation and filing take

almost equal time (a matter of minutes).
e Search and delivery take exactly the same time.

e In production, printing speed using 105mm negative and standard

diazo is as fast as automatic “dry-process”, or faster.

Distribution prints made from negatives on automatic

Prints made from photographic intermediates on diazo
machines at 60 ft. per minute. (Time spent in preparing
intermediate offset by faster print speed of diazo.)

Undoubtedly, if you are at all involved in engineer-
ing reproduction, you will require more facts than
could be furnished in this brief message. We have
them —complete with cost comparisons —and will be
pleased to furnish them if you will return the coupon
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““The Burroughs 220 Computer is a

Potent Tool in Advancing Our Technology?’

Dr. Charles D. Alstad, Acting Director, Computations Research

Laboratory, The Dow Chemical Company

Why do it? There are many
common denominators between the
global Dow of 1960 and the infant
Dow of 1897. Perhaps the most im-
portant one is a business philosophy
stated by founder Herbert Henry
Dow. He put it this simply: “If you
can’t do a thing better than it’s already
being done, why do it?”

Under this pervading philosophy,
Dow places heavy emphasis on new
product research and operations re-
search. And to help push advances
in these areas farther and faster at
less cost, Dow uses a Burroughs 220
Computer System.

THE BURROUGHS 220
AT DOW

This 220 system consists of the data
processor with 5,000-word core stor-
age, two supervisory printers, photo-
reader, two paper tape punches,
three magnetic tape storage units,
and a Cardatron sub-system for con-
trolling punched card input and out-
put. Selected for its greater capacity
and speed, the 220 is one of two
Burroughs Computers at Dow. The
other:a Burroughs 205 Computer at
Dow’s Freeport, Texas, operation.
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The 220 computer is at work in
Dow’s Computations Research Lab-
oratory in Midland, Michigan, head-
quarters for the firm. As Acting
Director Dr. Charles D. Alstad puts
it, “Our use of the 220 is in scientific
and engineering applications, where
it is an important adjunct to all the
scientific talents available at Dow.”

Super screener. For example,
Dow uses the computer as a screening
tool in the development of higher
energy solid rocket fuels under its
contract with the Advanced Research
Projects Agency. In pursuit of project
goals, Dow chemists can envision
many fuel combinations. But they
can’t, of course, subject each combi-
nation to exhaustive laboratory tests.
Through the Burroughs 220, Dow
gets all data necessary for preliminary
evaluation of a fuel and gets it in
anywhere from two minutes to a half
hour. In this way, Dow scientists can
select only the most promising com-
binations for laboratory evaluation,
development and testing.




Turbine tamer. In another ap-
plication, Dow uses the 220 in cal-
culating turbine efficiency tests. The
calculations, which were formerly
performed by hand, took at least two
weeks but now require less than five
minutes on the computer.

Designing for profit. Plant
design is another function of the 220.
In today’s hotly competitive chemical
industry, it’s essential to keep the cost
per pound of product minimized.
Consequently, a plant must be care-
fully designed for a specified capacity,
minimum capital investment, and efhi-
cient operation. The computer is a
useful tool in striving for these objec-
tives.

Care and feeding of pro-
duetion. In an extension of plant
design, Dow uses the 220 for plant
simulation, using either a derived
statistical model or a theoretical
model to study an existing plant. The
information obtained is valuable to
Dow in maintaining quality of prod-
uct and efficient use of facilities,

Burroughs Corporation

Dr. Charles D. Alstad

Masterminding molecules.
The 220 at Dow is busy in pure re-
search, too, where it is helping to
advance the frontiers of science. For
instance, Dow is investigating the
bonding forces and links between the
atoms in a molecule. And the
Burroughs 220 performs the Urey-
Bradley Force Constants Calculations
that are required. These studies will
supply the knowledge which will allow
Dow scientists to make predictions on

Burroughs
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how a given chemical will behave in
a reaction.

Long and sheort of it. There
are many other aspects of the 220’s
work at Dow, such as its evaluation
of pilot plant projects, information
retrieval and other routine mathe-
matical calculations. “Fundamen-
tally,” says Dr. Alstad, ‘‘our

FROM LITTLE, MUCH

Take five basic raw materials: sea
water, brine, coal, petroleum, oyster
shells. Add the talents, skills and
knowledge of 29,000 people. Add
generous helpings of research and
progressive management attitude.
Apply plants located throughout the
world.And you getover 700 products
in five categories: industrial chemi-
cals, plastics, metals, agricultural
chemicals, textile fibers. That, in
brief, is Dow, the nation’s fourth
largest chemical company (1960
sales: $781 million).

Burroughs 220 computer is a potent
tool in advancing our technology.
From the range of applications, you
can get an idea of the computer’s
value to us. And you can see why we
are most enthusiastic about the results
and the potential of the digital com-
puter in research and engineering
applications.”

The hundreds of other scientific and
commercial users of Burroughs com-
puters are getting equally impressive
results, too. One reason is the capa-
bility of the equipment in Burroughs
complete data processing line. Another
reason is that the equipment is backed
by a coast-to-coast team of computer
specialists, who are primed to show
you how thoroughly and efliciently
they can help you. For information,
write Burroughs Corporation, Detroit
32, Michigan.

“NEW DIMENSIONS |/ in electronics and data processing systems”
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HIGH-SPEED IMPACT

What happens when a projectile strikes a target at extremely high

Velocity? Experiments indicate that impact at speeds

greater than

about 8,000 feet per second causes metals to flow like liquids

f the many unknown areas into
O which our technology is taking us,

one is the realm of sheer speed.
The sound barrier was crossed so long
ago that the term is taking on a faintly
old-fashioned ring. It has now become
necessary to study the laws of nature as

by A. C. Charters

they apply to objects pushed to veloci-
ties of tens of thousands of miles per
hour. Not the least interesting questions
have to do with what happens when
two bodies collide at extremely high
velocity. This is the problem of high-
speed impact.

In the past the incentive to study the
most violent collisions, as well as the
risk of encountering them, arose out of
warfare. One of the main themes of mili-
tary history is the contest between
stronger armor and faster projectiles.
During World War IT it looked as though
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EFFECT OF VELOCITY on the process of impact is depicted by
photographs and graph. Upon impact at low velocities the pro-
jectile remains intact and punches a narrow, deep cavity in the
target (top left). At higher velocities the particle is deformed or
shattered (center) ; at still higher velocities both the projectile
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and the particle flow like fluids (right). The low-velocity pro-
jectiles in this experiment were spheres of tungsten carbide; the
high-velocity projectiles were steel. Black balls show size of the
projectiles and are reproduced to the same scale as the photo-
graphs. The targets consisted of massive blocks of soft lead.



defense had finally won. Armored tanks
withstood the heavest projectiles a prac-
tical antitank gun could fire, at speeds
of 3,000 feet per second (about 2,100
miles per hour). The muzzle velocity of
the guns could have been increased, but
it would have done no good. At higher
speeds projectiles of the strongest mate-
rials simply shattered upon impact, and
their penetrating power failed to in-
crease, or even decreased.

We shall see presently that the bal-
ance subsequently tipped the other way
again. But war is no longer at the
frontier of the impact problem. Today
the artificial satellites circling the earth
are traveling through a hail of tiny me-
teoroids, bits of stone and iron that move
at relative speeds estimated to average
50,000 feet per second, and to go as high
as 210,000 feet per second. Tomorrow’s
vehicles will carry men as well as instru-
ments. The cosmic projectiles will im-
partially bombard soldiers, scientists or,
if it comes to that, plain tourists.

What happens to penetrating power
at projectile speeds of 50,000 feet per
second and up? How much weight will
the designers of space ships have to
waste on armor against meteoroids® No
one knows precisely. Judging from the
latest experimental data, a meteoroid
of average speed weighing a few hun-
dred millionths of an ounce could pierce
a metal skin thick enough to contain air
at normal pressure for space travelers.
The experiments, which as yet extend
only a little past 20,000 feet per second,
show that high-speed impact differs
sharply from the process at lower
speeds. But how the results should be
applied to still greater velocities is a
matter of guesswork.

Changes in the phenomena of impact

over the known range are nicely
illustrated by an experiment carried out
at the Ames Research Center of the Na-
tional Aeronautics and Space Adminis-
tration by James L. Summers and the
author. We simply fired projectiles into
targets and observed the craters pro-
duced by the impact. At low velocities
the projectiles were spheres of tungsten
carbide; at high velocities, hard ball-
bearing steel. The targets were massive
blocks of soft lead. Speeds varied from
a few hundred feet per second to
20,000.

At low speeds the projectile pene-
trated the target intact and made a deep,
narrow cavity like a nail hole. The pene-
tration increased steadily with the four-
thirds power of the velocity; that is,
doubling the velocity of the projectile
increased its penetration by a factor of

FLASH OF LIGHT accompanies impact at high speed in a helium atmosphere. Target is
seen almost head-on (top) and from side (bottom). Dark spot in top photograph is impact
crater. Photographs show a steel sphere striking a copper target at 10,000 feet per second.
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about 2.5. This relationship, which holds
for a number of different materials, is
embodied in the classic formula for ar-
mor-plate penetration discovered by a
French army officer, Jacob de Marre. A
second distinguishing feature of low-
velocity impact is that the sphere retains
its shape as it forces its way into the
target.

At some velocity, depending on the
strength of projectile and target, the
projectile no longer withstands the
forces of impact and starts to deform or,
if it is brittle, to break into pieces. In our
experiment this happened at 1,500 feet
per second. As the velocity is increased
beyond the critical point, a ductile pro-
jectile mushrooms in front, as though it
were trying to turn inside out, and the
rate at which the penetration increases
with velocity begins to fall off. A brittle
projectile fragments into finer and finer
pieces; its penetration first increases
slightly, then falls off a bit, and finally
starts to increase again. In both cases
the crater widens and begins to ap-
proach a hemispherical shape. An in-
creasing part of the projectile’s kinetic
energy is being used in widening the
crater rather than in increasing the
penetration.

Eventually (at about 8,000 feet per
second in our experiment) the shape of
the crater becomes almost exactly hemi-
spherical. At still higher speeds, the
penetrating power of the projectile again
increases with velocity at a constant rate,
although more slowly than in the un-
broken-projectile region. It now varies
with the two-thirds power of velocity;
doubling the velocity increases penetra-
tion by a factor of about 1.6. Clearly a
transition zone has been crossed, and
we are in a new region of impact [see
illustration on page 128].

One characteristic of this region
stands out quite clearly: In the early
stages of impact, when the pattern of
the process is determined, the forces,
or stresses, set up are very much greater
than the mechanical strength of either
projectile or target. For example, when
a steel ball hits a lead target at 20,000
feet per second, the pressure in the ball
at the start of the collision is greater than
30 million pounds per square inch, more
than 100 times the ultimate strength of
the steel. Under such conditions the ma-
terials must behave as though they had
virtually no strength at all.

Now a material with little or no
strength to resist a change in shape is a
fluid. Thus one might expect the projec-
IMPACT CRATER was made by 1/8-inch steel sphere like the one in the photograph at top. tile and target to flow under the stresses
Sphere struck copper target at 18,700 feet per second. Fragments of the sphere can be seen ~ 0f impact as though they were fluids.
lining the interior of the crater. Photograph at bottom shows same crater in profile view. This is in fact what the experiments
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FLUID IMPACT is depicted in a sequence of high-speed photo- At top right, .0025 second later, a sheath of water rises from the
graphs of a colored drop of water falling from a height of eight edge of the crater. At bottom left, after .015 second, a bubble forms.
feet into colorless water. At top left the drop enters the water. At bottom right, after .025 second, the bubble begins to collapse.

DROP REFORMS in the last photograph of this sequence, made photograph at top left followed impact by .003 second; the photo-
from above the surface of the water. Here the drop fell only 18 graph at top right, by .035 second; the photograph at bottom left,
inches, and the water into which it fell was colored white. The by .05 second; the photograph at bottom right, by .065 second.
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NEW CAM ACTION BRAKE

STOPS PRECISION MOTORS 10 TIMES FASTER

American Electronics is first to
produce a cam-action brake for mini-
ature precision motors with a
stopping force that is faster by a
ratio of 10 to 1 over ordinary units of
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comparable size. This new brake is
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The advanced engineering capability demonstrated
in this brake design is typical of the many advance-
ments at the Electro-Mechanical Division. Creative
design and years of manufacturing experience have
won the Division nation-wide respect for its stand-
ardized AC and DC motors, as well as its actuators
and electro-mechanical assemblies. The Division is
one of nine American Electronics’ Divisions, which
offer over 50 product lines and services for military,
industrial and consumer use. For a comprehensive
picture of the corporation, write for the new brochure
—THIS IS AMERICAN ELECTRONICS —available
through the Product Information Department at the
general office of the Corporation in Los Angeles.

applications.

When the brake is actuated, four
precision cams register in perfectly
mated grooves. The cams eliminate
the need for heavy actuating coils
and springs, cut excessive wear on
brake linings from slippage. They
also serve to locate and center the
brake shoe without more expensive
locating devices. This simplified
brakedesignadds greatly to the effi-
ciency and life of the motor-brake
package. Write the Electro-Mechani-
cal Division, 4811 Telegraph Road,
Los Angeles 22, California, for evalu-
ation of your motor-brake problems.

AmericanElectronicsproductsandservices !

include: ACTUATORS ¢ ELECTRO-MECHANICAL
ROTARY COMPONENTS AND ASSEMBLIES ¢ ELEC- |
TRONIC SUB-SYSTEMS ¢ GROUND SUPPORT [
. EQUIPMENT - PORTABLE POWER, AIR CONDITION- g
| ING, ELECTRONIC & MECHANICAL SUPPORT I
| SYSTEMS e LEAK DETECTION EQUIPMENT AND [
! TESTING SERVICE ¢ MEASURING AND READOUT :
EQUIPMENT ¢ PERIPHERAL DATA PROCESSING I
EQUIPMENT ¢ PRECISION BORING AND TURNING !
MACHINES ¢ RELIABILITY AND ENVIRONMENTAL :
TESTING SERVICE e RESEARCH AND DEVELOPMENT [
= NUCLEAR APPLICATIONS * REVENUE AND TRAF- ;
FIC CONTROL SYSTEMS ¢ ROTARY POWER EQUIP- \
MENT ¢ SERVO ROTARY COMPONENTS AND ASSEM- [
BLIES * STANDARDIZED MINIATURE AC & DC :
MOTORS ¢ STATIC AND SOLID STATE DEVICES

AMERICAN ELECTRONICS, INC.

1725 WEST SIXTH STREET, LOS ANGELES 17, CALIFORNIA

MANUFACTURING AND SERVICE PLANTS IN LOS ANGELES, CULVER CITY, EL MONTE
AND FULLERTON, CALIFORNIA;
TECHNICAL REPRESENTATIVES LOCATED THROUGHOUT THE UNITED STATES.

BROOKLYN, NEW YORK, AND NORWOOD, MASS.
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IN ASTRONAUTICS ...

The avenues to outer space are paved
with products from the earth’s rich
natural resources. Today rocket pro-
pellants get their thrust from petroleum
hydrocarbons combined with liquid
oxygen. And tomorrow from polysty-
rene-butadiene polymers, butyl rubber,
resins and nitroglycerin compositions.
Heat-resistant phenolic plastics hurtle
through the ionosphere as nose cones,
rocket fins, body panels. And as man
himself takes his first tentative steps
into space, the need grows for high-
temperature transparent plastics for
use in cockpits, portholes and windows.
Someday, the astronaut will be able to
leave his ship in outer space, in a pres-
sure suit of nylon and neoprene.
Many of the answers to interplane-
tary travel have been found through
chemistry. Still hundreds more—per-
haps thousands—must be found. If
you have made this your challenge,
Gulf would like to supply you with the
pure, high quality petrochemicals you
need. For further details, write Petro-
chemicals Department Sales Office,
Gulf Oil Corporation, 360 Lexington
Avenue, New York 17, New York.

Quality Petrochemicals to Begin With

Benzene * Cyclohexane -
Ethylene * Isooctyl Alcohol «
Propylene * Propylene
Trimer and Tetramer «
Sulfur - Toluene



ALLOA offers & new borizon
@Y AmimIES ]Mmsm

ASK JIM MALONEY, THE ALUMINUM ANSWER MAN

Have you written to Alcoa lately? Be-
fore today is over, Jim Maloney will
have sent out an average of 90,000
pieces of literature to people who want
to know something about aluminum.
Jim heads up the world’s largest
storehouse of information on alumi-
num—the Alcoa Library. What’s new
in aluminum research? Jim can send
you more than 1,000 different technical
papers prepared by Alcoa’s scientists

and technicians. And if none of these
answers your query, he’ll have some-
one dig into Alcoa’s research library of
10,000 aluminum reference volumes.
But perhaps your interest in alumi-
num is confined to barn roofs, auto
trim, engine castings, high-purity alu-
minas or architectural extrusions—
what then? Alcoa has over 1,300 publi-
cations on these and kindred subjects,
with another 325 to 350 new publica-

tions due this year. To supply your
needs, in any quantity, Jim carries
more than 55,000,000 copies in his
warehouse—and is geared to answer
your request within 24 ‘hours.

The world’s greatest fund of alumi-
num knowledge is another added value
we provide with every pound of Alcoa®
Aluminum you buy. Aluminum Com-
pany of America, 2019-K Alcoa Build-
ing, Pittsburgh 19, Pa.
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Alcoa has hundreds of
Jim Maloneys to help you
design it, make it, sell it

All of Alcoa’s skills are mobilized to a
single purpose: To put more than just
16 ounces of metal in every pound of
Alcoa Aluminum you buy. Here are 12
of the dozens of ways to do it:

1. Research Leadership, bringing
you the very latest in aluminum alloys
and applications.

2. Product Development by special-
ists in your industry and your markets.

3. Process Development Labs for
aid in finishing, joining, fabricating and
packaging.

4. Service Inspectors to help solve
production problems at your plant.

5. Quality Control to meet top stand-
ards or match your special needs.

6. Complete Line including all com-
mercial forms, alloys, gages, tempers.

7. Availability via the nation’s best
stocked aluminum distributors.

8. ForemostLibrary of filmsandbooks
to help you do more with aluminum.

9. Trained Salesmen with a wealth
of on-the-spot information.

10. Sales Administrators constant-
ly on call to service your orders.

11. Year-Round Promotions exparnd-
ing your old markets, building new ones.

12. The Alcoa Label, leading symbol
of quality aluminum,to mark your goods.

Added Values
With Alcoa
Aluminum

ADDED |
VALUES

. is a case book of Alcoa special
services and a guide to their availabil-
ity in design, manufacture and sales.
Your copy, with some of the most re-
warding information you may ever
read, is waiting and it’'s FREE. Write:
AluminumCompany of America,2019-K
Alcoa Building, Pittsburgh 19, Pa.

seem to show, and the new region has
been named the fluid-impact region.

In ductile metal targets such as lead
or copper the material continues to flow
as a fluid throughout the entire cratering
process, so that the craters provide a
convincing demonstration of fluid im-
pact. Around their circumference rises
a thin wall of metal that looks as though
it had been splashed up. If the projec-
tile is also ductile, it flows over the tar-
get material and remains as a plating
covering the surface of the crater. Even
if the projectile is brittle, the result is
much the same; the projectile breaks in-
to small pieces at the start, and, as the
crater opens up, the pieces float out on
top of the flowing target material.

This conception of the impact process

stimulated H. Julian Allen and Don-
ald E. Gault, also at the Ames Research
Center, to investigate impact in true
liquids. In one experiment their target
was a tank of clear water, and their pro-
jectile a falling drop of colored water.
A sequence of flash photographs [see
page 131] shows the course of the
impact in elegant detail. The crater
forms, the drop flows out over its surface
and a cylindrical sheath of water jets up
around the crater’s edge. When the
crater has opened to full size, it looks
much like the craters in lead and copper,

with a raised rim around it and the drop
spread out over its surface.

Toward the end of the cratering the
inertia of the flow dies away, and the
forces of gravity and surface tension
take control of the motion, since water
is a true liquid and has no structural
strength. At this point the analogy with
the fluid impact of solid bodies breaks
down. But the subsequent events are so
pretty that it would be too bad not to
describe them. In some cases the crater
collapses, and a spout of water rises far
up out of its center with its very tip
capped by a drop. To our amazement
we find that this new drop contains near-
ly all the colored water of the original
drop that produced the crater. In other
cases the sheath of water around the
edge of the crater rises so high that sur-
face tension draws the top of the sheath
together, like a drawstring closing a
sack, and the crater “bubbles over.”
When heavy rain falls on a quiet pond,
the surface is often covered with bub-
bles formed in just this way.

The water-drop experiment is instruc-
tive as well as beautiful, but its condi-
tions are a far cry from the extreme vio-
lence of high-speed impact. Although
the final craters look much alike, the mo-
ment-by-moment process of their forma-
tion must be quite different in detail.
A year ago there was no experimental

TRANSPARENT TARGET of epoxy resin shows extensive region of fracturing after being
struck by nylon sphere. The sphere was about 1/4 inch in diameter and was fired at a veloe-
ity of 21,000 feet per second. The crater shown in this profile view is about 2/5 inch deep.
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HIGH-SPEED PHOTOGRAPHS show the spray of metal frag-
ments ejected during the formation of an impact crater. The pro-
jectile was a steel sphere 1/8 inch in diameter and was fired at a

information about these details, but
since then some really remarkable
photographs of high-speed impact have
been made. Two research teams, one di-
rected by Alan S. Galbraith at the Eglin
Air Force Base and the other by Robert
]J. Eichelberger of the Army Ordnance
Department, photographed impacts in
metals and transparent plastics with a
motion-picture camera that has a rate
of 1.2 million frames per second.
Eichelberger’s group also used flash
X-ray photography to record cratering
in aluminum.

Let us look at the results of a typical
experiment: the impact of a steel sphere
in a massive aluminum target at a speed
between 10,000 and 25,000 feet per
second. The impact is announced by a
brilliant flash of light. As the front of the
sphere moves into the target, a spray of
fine particles squirts out to the side at
very high speed, about twice the veloc-
ity of impact. Next a shock wave radi-
ates out from the point of impact, com-

pressing and accelerating the material
of the target to make room for the on-
rushing sphere. Another wave backs up
into the sphere, decelerating it so that
the materials of sphere and target move
in unison along a common boundary.
Heat generated by the waves may cause
momentary melting.

The crater now starts to form. The
target substance flows radially away
from the point of impact, opening up a
hemispherical cavity. The projectile’s
material flows on top of the crater,
stretching itself thinner and thinner.
Most of the flow is in a radial direction,
but some material moves around the
crater edge and is ejected in a sheath-
like jet. As the crater grows, the angle
of the jet steepens, the velocity of ejec-
tion decreases, and the sheath takes the
shape of a graceful flower vase.

Meantime the front of the shock wave
rushes ahead. The expanding crater fol-
lows close behind, and between the two
is a hemispherical shell of hot matter,

velocity of 15,000 feet per second. Sphere is visible in frame at far
left. The target is a massive block of duralumin; its surface
appears as a dark band at the bottom of each frame. Parallel lines

which is compressed by the shock wave
and stretched by the expansion of the
shell. The shock wave weakens as its vol-
ume of action increases, and as it is over-
taken by tension waves connecting free
surfaces with the material moving away
underneath.

At length the strength of the target
material takes over, and all flow stops.
At this point the crater’s surface re-
bounds slightly as the elastic stresses in
the main body of the target relax. The
final volume is about 15 per cent less
than the maximum reached before the
rebound.

Now that these details are known, it
would be nice to build from them a
comprehensive, accurate theory of fluid
impact. Among other things, the theory
would enable a space-craft designer to
anticipate the effects of meteoroid bom-
bardment. Here, however, there is a
long way to go.

Some empirical formulas have been

HIGH-SPEED X-RAY PHOTOGRAPHS show formation of impact

crater in soft aluminum. Projectile visible in frame at left is a
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disk weighing .006 ounce; it was fired at a velocity of 16,400 feet
per second. Frames show sequence of events during interval of



in background are reference marks one inch apart; arrows and
numerals are marks in the optical system of the camera. Although
target was illuminated by a flash lamp, the light produced by the

developed that represent the experi-
mental measurements fairly well over
restricted regions. In my opinion they
are all we have in the way of reason-
ably reliable engineering data. Then
there is a spate of theories deduced
with the utmost rigor from various sets
of rather arbitrary assumptions. Every-
one in the field (including Summers and
the author) has come forward with at
least one theory, but they are all sus-
pect. The only full-fledged theoretical
attack, starting with basic physical equa-
tions, has been made by Robert L. Bjork
of the Rand Corporation. Unfortunately
his first calculations, at least, do not
agree well with the experimental data.

Almost everything that has been said
thus far applies to impact in ductile
materials. Before leaving this part of the
story we should mention the remark-
able invention known as the shaped
charge. The device consists simply of a
thin cone of metal, called a liner, em-
bedded in a cylinder of high explosive,

with the open end of the cone at one
end of the cylinder. When the charge
is fired, the detonation is started at the
end opposite the cone. The detonation
wave travels along the cylinder of ex-
plosive, collapsing the cone as it goes.
As the cone collapses, a thin, long jet of
liner metal squirts out of the open face
at very high velocity, ranging from
26,000 feet per second at the front of
the jet to 10,000 at its rear. This jet is
used as a projectile.

With a speed well within the fluid-
impact region, the jet penetrates a target
by means of fluid flow, just as a high-
speed sphere does. The crater it produces
is a deep, narrow hole, the volume of
which is very nearly the same as that
of the hemispherical crater made by a
sphere of equal weight. A shaped charge
with a cone two inches in diameter can
pierce 10 inches of armor, and can thus
knock out the largest tank yet built.

The biggest impact craters we know
of, dwarfing anything that man-made

impact is bright enough to be seen in the second frame from left.
These frames were selected from a film made at 1,200,000 frames
per second by Alan S. Galbraith at the Eglin Air Force Base.

projectiles can produce, are those left
on the surface of the earth and of the
moon by large meteorites. In order to
learn something about the formation of
these huge scars a number of investi-
gators have studied impact on labora-
tory samples of rock. The craters are
entirely different from the smooth hemi-
sphere described earlier. A rock crater
is wide, shallow and almost circular,
with minor serrations around the edge,
but no raised rim. Its surface is rough
and jagged, sloping flatly from the edge
to the center. No pieces of the projec-
tile can be found in the hole. A vertical
cut through the sample shows that the
central part of the crater is underlain
with a lens of finely crushed rock, simi-
lar, on a small scale, to what the geolo-
gists call a breccia.

Trying to guess the processes of im-
pact from an examination of a crater is
a little like trying to write a man’s biog-
raphy from his post mortem, but these
distinctive features are probably due

45 millionths of a second. Dark band around crater in second frame
from right is hemisphere of compressed aluminum. Photographs
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were made at the Ballistic Research Laboratories of Army Ord-
nance Department under supervision of Robert J. Eichelberger.
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METEOR CRATER in Arizona is a bowl-shaped depression 4,000 experimentally in ductile metals, this crater has a raised rim;
feet in diameter and 400 feet deep. As in the impact craters formed otherwise its shape resembles that of experimental craters in rock.

LUNAR CRATERS such as Tycho (the bright crater above the by the impact of a giant meteor, this crater measures 54 miles across
large dark area at lower right) dwarf those on the earth. Formed  and is 12,000 feet deep. The rim that surrounds it is 7,000 feet high.
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primarily to the very low tensile strength
of rock. Tensile forces can break rock up
completely throughout a considerable
volume. Tension waves and elastic re-
bound would then throw the broken
rock out of the target block, leaving only
the small lens of compacted breccia at
the bottom. A motion picture of a shot
in granite shows that the material
ejected from the crater starts in a high-
velocity, conical spray of finely divided
material similar to the first splash from
a metal target. By the end of the im-
pact the spray of fine rock particles has
changed to a low-velocity cylindrical
column composed of larger fragments
and pouring back out of the crater along
the flight path of the projectile. The
sequence suggests that cratering starts
in the same way regardless of the tar-
get material, but that its subsequent
progress is strongly affected by the
material’s properties.

Comparing the tiny cavities we can
make in the laboratory to the magnifi-
cent geological features formed by the
impact of great meteorites may seem a
considerable stretch of analogy. For ex-
ample, the famous Meteor Crater in
Arizona is a bowl-shaped depression
4,000 feet in diameter and 400 feet
deep. It has a raised rim 200 feet high
around its circumference. The Arizona
crater is dwarfed by lunar craters such
as the one called Tycho, situated in the
southern uplands of the moon. This
giant hole measures 54 miles across, its
depth is 12,000 feet. Its surrounding
rim is 7,000 feet high, and the crater has
a small group of 5,000-foot mountains
in its center.

Obviously experimental craters in
rock are distinguished from natural
ones by more than mere size. The natu-
ral structures have raised rims, like
craters in ductile metals, but are wide
and shallow, like craters in rock. The
Arizona crater is underlain with a deep
lens of breccia. On the other hand, the
central mountains of large moon craters
have no counterpart in either the Ari-
zona crater or the laboratory types. It
seems probable that gravity is partly
responsible for the differences, because
it is one element that our experiments
do not scale correctly. At least it can
account for the raised rims. Assuming
that the volume of rock crushed by im-
pact is proportional to the kinetic en-
ergy of the projectile, natural or arti-
ficial, and that a fixed fraction of the
energy goes into throwing the crushed
material up out of the crater, calcula-
tion shows the height to which this rock
will be lifted to be the same regardless

The Rosetta Stone unraveled secrets that had been buried for centuries. It

bridged the gap between known civilization and unknown, ancient Egypt. The
discovery of the Stone was an accident, one of those curious events that
sometimes happen. § Modern science faces a language problem much more
complex than deciphering of hieroglyphics. And once again a Rosetta Stone is
needed. But science cannot wait for an accidental discovery. § Each branch of
science has its own language which it uses to state problems. But electronic
computers can solve problems only if they are posed in the language of the
specific computer. Translating science languages into computer languages is
enormously costly in time and money. UNCOL (Universal Computer Oriented
Language) is a possible solution. The development of UNCOL will bridge the gap
between a multitude of Problem Oriented Languages and an increasing number
of Computer Languages. UNCOL is one task which occupies scientists at System
Development Corporation. § SYSTEM DEVELOPMENT CORPORATION.

A non-profit scientific organization developing large-scale

computer-based command and control systems. Staff

openings at Lodi, New Jersey and Santa Monica, California.

11-169
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CRATER IN ROCK is shown in head-on view (top) and side view (bottom). It was made
by firing a nylon sphere about a quarter of an inch in diameter at a block of granite. Veloc-
ity of sphere was 17,500 feet per second. Impact craters in rock are wide and shallow.
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of the size of the projectile. This means
that a fragment of rock thrown far away
from a laboratory target would have
moved an insignificant distance com-
pared to the 500-foot depth of the Ari-
zona crater or the 12,000-foot depth of
Tycho. What probably happened is that
some material was thrown out sideways
over the edge of the natural craters.
This material was piled up to form the
rims. In addition some upthrustingof the
surrounding terrain during the impact
very likelv helped build up the rims,
particularly in craters as large as Tycho.

\Y'hy are lunar craters shallower with
'V respect to their diameter than the
Arizona crater? And what about their
central mountain peaks? Eugene M.
Shoemaker of the U. S. Geological Sur-
vey suggests that gravity effects also ex-
plain these features. According to his
analysis, a fixed fraction of the impact
energy goes into crushing rock, and the
volume of breccia produced increases
proportionately with the size of the
crater. But less and less of this rock is
thrown out of the hole as the size in-
creases, because, as we have said, the
distance it travels remains constant.
Consequently most of the breccia in
large craters settles back after impact,
resulting in a relatively shallow profile.
The central peak is then presumably
formed by breccia slumping down the
sides of the crater, in the same way that
the central spout in the water-drop
crater is formed by the collapse of the
cavity. The reasoning is persuasive. But
its assumptions need checking by high-
speed movies and flash X-rays of labora-
tory experiments in rock, and these have
yet to be made.

Let us close our story by playing a
popular guessing game: How big was
the meteorite that made the crater in
Arizona? “Educated estimates” range
from 10,000 tons to five million. Using
the Charters-Summers theory of impact,
and making plausible assumptions about
the speed and direction of the meteorite
and the strength of the rock, I shall en-
ter two guesses. If the proper value to
take for the depth of penetration is 500
feet (to the top of the breccia layer),
then the meteorite weighed 10,000 tons.
If penetration must be considered to ex-
tend to the bottom of the layer, 400 feet
lower, then the weight was 60,000 tons.
By means of a quite different approach
Shoemaker arrived at an answer of
63,000 tons. The agreement is encourag-
ing, but we need a much firmer base of
fundamental knowledge to be confident
that it is not just a happy coincidence.



Westinghouss bistable multivibrator

PROGRESS IN SEMICONDUCTORS:
FROM WESTINGHOUSE AT YOUNGWOOD

Conventional amplilier circuil components

Conventional bestable multivibrator
circuil components

Merger of function and material achieved
in new Westinghouse functional electronic blocks

Because of their solid monolithic structure, Westinghouse func-
tional electronic blocks are many times smaller and lighter than
conventional ‘“‘miniaturized’ circuits. Complete circuit or sub-
system functions are accomplished within a single semicon-
ductor block. This not only saves valuable space and weight,
but can also improve reliability.

These advantages can be illustrated with the bistable multi-
vibrator shown above. This unit provides a “flip-flop’’ function
needed in computers and similar equipment. With conventional
components, this requires six resistors, two transistors and
two capacitors. But the functional electronic block provides the
“flip-flop” in a single element, thus eliminating all ten separate
circuit components. Comparable circuit simplification is achieved
with the two-stage power amplifier (also shown) which replaces a

power transistor and its associated driver circuit. The only con-
nections required are for input, output, and power supply.

In addition to the bistable multivibrator and two-stage power
amplifier, Westinghouse also offers sample pulse generators,
ten-position multiple pnpn switches and a three-stage power
amplifier. The availability of other types will be announced in
the coming months.

Your inquiries are invited on functional electronic blocks pres-
ently available, or on the development of other types for your
specific applications.

For more information—and a copy of the brochure “‘Functional
Electronic Blocks’’—call or write: Westinghouse Electric Corp.,
Semiconductor Dept., Youngwood, Penna. scio0s

You can be sure...if it's westinghouse
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WHICH COMPUTER?

Before you make the decision
here are 9 significant facts
about Control Data’s Customer Services

From the very beginning
of your studies...
these services
are provided:

i. SYSTEM PLANNING
Control Data provides system
analysts to assist your personnel in
determining system procedures, tech-
niques, and operations.

142

2. FEASIBILITY STUDIES
Control Data’s technical representa-
tives present the facts and answer
questions for your feasibility commit-
tee about the capabilities of the 1604
Computer and its use in your system.
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3. APPLICATION STUDIES
Control Data’s application analysts
assist you in making the necessary
timing analyses, in perfecting optimi-
zation techniques, in obtaining sub-
system utilization, in performing op-
erational evaluation for your system.



After you have selected
the 1604 Computer...
these complete
customer services are
also yours:

4. PROGRAMMING ASSISTANCE

Control Data provides programming assistance to
help you obtain the most efficient programs possible.
Of course, large numbers of 1604 programs are
automatically yours. These include standard service
library routines, debugging routines, mathematical
functions written in both fixed and floating point
arithmetic, input-output routines, tape handling
routines—as well as assemblers and simulators.

5. FORTRAN |l COMPATIBLE COM-
PILER—Control Data provides the Fortran II
Compatible Compiler, which will accept any prob-
lems written in Fortran language.

6. COMPUTING CENTER FACILITIES
Control Data provides your programming personnel
the facilities of a high-capacity computing center
while your 1604 Computer is being built. The center
includes the large-scale 1604, the desk-size 160, and
complete line of peripheral equipment. Your person-
nel are also assisted as they assemble, check-out, or
time your system programs.

7. CUSTOMER TRAINING COURSES
In Control Data’s regularly scheduled classes, your
personnel are trained in programming, maintenance,
and operation of the 1604 Computer. Equipment in
the computing center is used by customer trainees
as a regular part of the course work.

When your 1604 is
installed...

8. INSTALLATION—Installing the 1604 Com-
puter and associated equipment is the responsibility
of the same project engineer and team who ““lived”
with the computer during its assembly, check-out,
and pre-delivery acceptance tests. Average installa-
tion time is 5 days.

9. MAINTENANCE—Control Data provides
comprehensive maintenance with either the rental or
purchase of the 1604 Computer. If you elect to rent
a 1604, Control Data places a maintenance team on
your site—on call 24 hours a day. Where the 1604
is purchased, Control Data provides complete main-
tenance under contract, or a technical representative
to assist and advise your maintenance personnel.

Other significant facts...

Control Data’s advanced, large-scale 1604 Comput-
ers have been customer-operated an average of 72.3
hours per week since acceptance—with an uptime
of 98.59,. The 1604 costs hundreds of thousands of
dollars less than comparable computers.

FOR COMPLETE INFORMATION about Control Data’s customer services and full-line of completely
transistorized computers, Phone FEderal 9-0411 . . . wire or write: MR. GEORGE S. HANSON, Director of Sales

o@: CONTROL DATA CORPORATION

901 PARK AVENUE -

MINNEAPOLIS 15 MINNESOTA
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The Physics of Wood Winds

For centuries craftsmen have fashioned these instruments by trial

and error and rules of thumb. The principles that underlie these

empirical methods are now being studied by the modern physicist

here are, of course, hundreds of
l directions in which the mind of a
physicist can stray while he sits
in a concert hall, but one in particular
unites his esthetic and scientific inter-
ests in a most fruitful manner. He can,
if he likes, trace the history of much of
his discipline in terms of the study of
music and the instruments that make it.
As far back as Pythagoras it was recog-
nized that the most prominent pitch in-
tervals are obtained by shortening a harp
string so that some simple fraction (1/2,
1/3 and so on) of its length is left free
to vibrate. Study of the vibration of
strings by René Descartes’ collaborator
Marin Mersenne laid a foundation for
the study of partial differential equations
and their applications, a development
whose roots are found in the work of such
great mathematical physicists as Daniel
Bernoulli and Jean le Rond d’Alembert
in the 18th century. In the 19th cen-
tury Hermann von Helmholtz devoted a
large fraction of his enormous talents to
the study of vibrating systems, as did
Lord Rayleigh (who died in the 20th
century, leaving his Theory of Sound,
which is still a classic).

The rise of quantum mechanics has
made the understanding of the under-
lying classical wave-theory even more
important to physicists than it was in
the days of Rayleigh. As a result every
student of physics, whether he is inter-
ested in music or not, is faced daily with
classroom problems that are variations
on a theme born originally of music.

Since the mid-1920’s, however, the

FAMILIAR WOOD WINDS (from left to
right) include the bassoon, oboe, flute,
clarinet, English horn and saxophone. The
wood-wind family also includes the bagpipe,
the piccolo and several other instruments.

by Arthur H. Benade

engrossing new questions of quantum
physics have diverted the energy of both
theoreticians and experimenters from
the more traditional lines of study, and
so brought active musical research large-
ly to an end. Still, the stage is set for a
revival of musical physics. The tech-
niques of measurement and calculation
that have developed during the last 40
years in other areas of physics may now
make it possible to solve problems in
music that have withstood the best ef-
forts of the past.

Some of the most stubborn questions
are posed by the search for an orderly
connection between the physical prop-
erties of instruments and the musical
sounds that issue from them. The in-
struments are all of ancient descent,
antedating Pythagoras and others who
first felt the strong pull of music on thé
scientific as well as on the artistic imagi-
nation. The various winds and strings
assumed their modern forms by a proc-
ess akin to biological evolution. Trial
and error, rule of thumb and traditions
handed down from generation to gen-
eration of instrument makers account
for the characteristic quality of the
sound that each one generates, as well
as for their peculiarly individual appear-
ance and design. Yet much of the anato-
my, and therefore of the performance, of
an instrument is susceptible to analysis.
One is led to ask if it is possible to cre-
ate, with the help of theoretical consid-
erations, new ways of constructing in-
struments whose performance is the
same as those that have grown from
empirical invention. Can we clarify the
problems facing players and builders of
these instruments in a way that sug-
gests answers to hitherto unsolved prob-
lems? Can we invent entirely new mu-
sically useful instruments?

My own interest in these questions
began with the playing of wood winds—
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the tubular horns that bristle with lev-
ers, buttons and rings, and are played
by the musicians who sit in the middle
background of the symphony orches-
tra. Most familiar are the clarinet, the
oboe, the bassoon, the saxophone, the
English horn and the flutes (including
the recorder, the fife and the piccolo).
But the family also includes the bag-
pipe and such less well-known instru-
ments as the arghool and the chalumeau
(relatives of the clarinet), the aulos, or
Greek flute, and the shawm (a relative
of the oboe).

‘\ll wood winds may be disassembled
£ X mentally into three essential parts:
the reed, the bore and the side holes.
Air blown into the instrument through
the reed sets up vibrations in the column
of air within the bore, and this vibrating
air column produces the sound of the
instrument. The frequency at which the
air vibrates is determined chiefly by the
dimensions of the bore. These dimen-
sions are modified in turn by the side
holes in both their open and closed posi-
tions, as will be seen.

The reed system acts as a valve. It
replenishes the vibrational energy of the
air in the bore by converting a steady
flow of compressed air from the player’s
lungs into a series of puffs at the fre-
quency dictated by the bore. This valv-
ing of the air supply is accomplished
differently in the flutes than in the other
wood winds, but the device that does it
may nevertheless be called a reed. The
reed valves of all wood winds except
the flutes are pressure-operated. They
consist either of a single blade of cane
fitted to a mouthpiece (as on the clari-
net and saxophone) or a double blade of
cane (oboe and bassoon). Vibration of
the reed opens or shuts the thin slit (be-
tween the reed and the mouthpiece or
between the two reeds) through which
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SIDE HOLES
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REED s

MAIN PARTS of a wood wind are the reed,

holes. Oboe shown in this schematic cross section has fewer holes

the air is blown into the bore. The fre-
quency of vibration is set by the cyclic
changes in the pressure of the vibrating
air in the bore. The mass and stiffness
of the cane give the bore almost com-
plete domination over the reed in de-
termining the pitch. This domination of
the reed by the bore is one of the dis-
tinguishing characteristics of wood
winds. In contrast, the tube, or bore,

BORE

the bore and the side

of a brass instrument, such as the
trumpet or trombone, strongly influ-
ences the “reed” (the vibrating lips of
the player) but does not dominate it;
the same is true of the relation between
the pipes and reeds used in pipe organs.

In flutes the function of the reed is
served by a thin jet, or “reed,” of air
blown across the mouth hole in the side
of the instrument. The vibrations of an

a

S~ 11

BESSEL HORNS increase in cross-sectional area according to some
exponent (x) of the distance from the end of the horn. Bores of
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than actual instrument. Oboes, English horns and clarinets are
equipped with bells; flutes, saxophones and bassoons are not.

air-jet reed are controlled by cyclic
changes not in the pressure but in the
velocity of the air at the upper end of
the bore. Rushing in and out of the bore
at right angles to the reed, the vibrating
air column drives the reed-jet upward
and downward at the frequency fixed
by the bore and side holes [see illustra-
tion on pages 148 and 149].

Because cane reeds are pressure-oper-

all practical wood winds are either cylindrical Bessel horns (a)
or conical Bessel horns (b). Horns ¢ and d are musically useless.



OBOE REED

REEDS (color) act as valves that control flow of air into a wood
wind. Cane reeds of oboe and clarinet are opened and shut by

ated, they will function only when the
vibrations of the air column in the bore
are such as to produce maximum varia-
tion in pressure at the mouthpiece end
of the bore. The air-jet reed of the flute
correspondingly requires vibrations that
produce a maximum variation in velocity
at the same end of the bore. Since the
end of the bore away from the player’s
mouth is essentially open to the atmos-

g

-

SIDE HOLES decrease the effective length of a bore. In this
schematic diagram full-length bore is shown in black; its corre-

LARINET REED

phere, the variation in air pressure at
that end can only be very small, and,
with the air free to flow in and out, the
variations in velocity will consequently
be large. In short, the operation of a
cane reed calls for those vibrations in
the air column that produce maximum
variation of pressure at the reed end of
the bore, and essentially zero fluctua-
tions at the lower end, while an air-jet

—
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FLUTE (AIR REED)

changes in pressure of the vibrating air in the bore; air-jet “reed”
of flute is controlled by changes in velocity of the air in the bore.

reed will sustain only those vibrations
that yield a maximum fluctuation in
velocity at both ends. It is interesting
that this specification of the “end con-
ditions” for a bore is in precisely the
same form as that which mathematicians
use in solving problems of vibrating sys-
tems involving no reed at all. Theory
and experiment agree that only a cer-
tain discrete set of vibrational frequen-

L gy

sponding effective length when pierced by side holes of increasing
size is shown in color. Holes permit musician to play a scale.
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cies is possible for the air within a bore
when it moves in a way that meets these
conditions. These types of vibration
(which are mathematically similar to
the quantized states of motion of an
electron in an atom) are called the “nor-
mal” or “natural” modes of vibration of
the air in the bore.

The frequency and wavelength of
these natural modes of vibration de-
pend chiefly on the length and shape of
the bore. For example, a cylindrical bore
open at one end and blown at the other
with a velocity-controlled air-jet reed
(like that of a flute), or a conical bore
blown at the small end with a pressure-
controlled cane reed (as in the oboe),
has a lowest, or fundamental, frequency
of vibration whose sound has a wave-
length twice the length of the bore; it
can also vibrate in higher modes pro-
ducing a sequence of notes that is
often referred to as the harmonic series,
with wavelengths that are integral frac-
tions (1/2, 1/3, 1/4, 1/5 and so on) of
the fundamental. A cylindrical bore
blown by a pressure-controlled reed at
one end vibrates in its lowest mode to
produce a fundamental note whose
wavelength is four times the length of
the bore. The higher-frequency modes
of vibration are those whose sound
wavelengths are odd-numbered frac-
tions (173, 1/5, 1/7 and so on) of the
fundamental. Wood winds make exten-
sive use of only the lowest three or four
of their natural modes; the lowest mode
corresponds to the so-called low register
of the instrument, the second mode to
the middle register, while the upper
register uses one or another of the higher
modes.

When a bugler plays reveille, he uses
his lips as a pressure-controlled reed to
excite one or another of the natural
modes of vibration of a flaring brass
pipe. It is the task of the bugle manu-
facturer to shape the instrument so that
the frequencies of its natural modes are
those desired for playing music. As
everyone knows, the repertory of the
bugle is rather limited: even a skilled
bugler can sound only five or six widely
spaced notes.

In contrast, wood winds can play a
chromatic scale of more than 30 notes,
because their makers have found ways
to fill the gaps in pitch between the
natural frequencies of the bore. This is
accomplished by drilling a row of holes
in the side of the bore. As intuition sug-
gests, a hole just a few thousandths of
an inch in diameter will cause little
change in the pitch of a note played on
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REED OPEN
OBOE
{////”’“_'—__ L]
REED OPEN
CLARINET

|
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REED CLOSED

|

FLUTE

BORE DOMINATES REED in all wood winds. Pressure-operated reeds like those of oboe
(top) and clarinet (middle) function only at frequencies at which bore produces maximum
variation in pressure at the reed. Velocity-operated reed of flute (bottom) operates only at
frequencies at which bore produces a maximum variation in velocity at the reed. Heavy
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black lines represent reeds; gray lines show wave motion of vibrat- opposite direction. Heavy black arrows show the vibrations of
ing air in bore. Heavy colored lines indicate high-pressure phases; the air-jet reed. The instruments in this schematic diagram are
lighter lines, low-pressure phases. In the flute heavy color indicates shown playing in their second mode of vibration. The thickness
high-velocity motion in one direction; light color, motion in the of the bores and the relative size of the reeds are exaggerated.
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the instrument. But if the hole is so large
that the end of the bore is just about
falling off, the pitch of the note will rise
to that of a bore which extends only as
far as the hole. There is no need to go
to this extreme; a hole that can be cov-
ered by a fingertip will serve to raise the
pitch. If a series of such holes is drilled
in the bore, the bore behaves as though
it were cut off at a point near the upper-
most open hole. In effect the side holes
give the instrument a set of alternative
bore-lengths, each with its own natural
modes of vibration. The player’s fingers,
aided by a more or less complicated
mechanism, open and close these holes
to get different notes on the scale.

An important point of distinction be-
tween wood winds and brasses appears
at this point: brasses have no side holes
to alter the effective length of the bore.
Brass players achieve a scale by using
a set of valves to insert short lengths of
tubing into the bore. Thus if water is
poured into the mouthpiece of a brass
instrument, all of it will flow through the
convolutions of the coiled tubing and
pour out of the bell. But if one were to
pour water through a wood wind (perish
the thought), it would not all flow the
whole length of the instrument; some
of it would pour out of each open hole.

The lowest note in the musical range
of a wood wind is the lowest of the
natural frequencies of the complete
bore. Higher notes are played by open-
ing the holes one by one, starting at the
lower end of the bore. The holes are
spaced so that when all of them are
open, the bore sounds a note that has
the same pitch as the first overtone of

the complete bore, that is, the second
natural mode of vibration of the bore
played with all the holes closed. To con-
tinue the scales the instrument may be
shifted to play in its middle register, the
holes are closed and the pitch altered
upward in steps by again opening the
holes in succession.

I had played various wood winds for
years before it occurred to me that it
might be possible to invent new wood
winds by finding new kinds of bores
that could be used in this way. After
considerable thought I realized that in
essence the problem is to find a class
of horn shapes for which the ratios be-
tween the natural-mode frequencies will
remain unchanged when the bore is cut
off successively at the lower end, as by
opening the side holes. This is a mathe-
matical way of saying that the bore must
be one in which the same set of holes
may be reused in playing the scale in
the middle and upper registers of the in-
strument. (Otherwise a set of holes that
provided notes of proper pitch in the
low register would be out of tune in the
higher ones.) The only horns that ful-
fill these requirements and that can be
used with pressure-controlled reeds are
the so-called Bessel horns [see illustra-
tion at bottom of page 146]. They are
named for the early 19th-century Ger-
man astronomer F. W. Bessel, whose
Bessel functions for the relation of varia-
bles in certain differential equations
have been utilized in many areas of
physics. One of these equations applies
to waves in a series of horns that increase
in cross section according to some ex-
ponent of the distance from the end of
the bore. The exponent distinguishes one

horn from another in the series. At first
sight it would appear that one has avail-
able an infinity of useful shapes, one
for each positive exponent. But prac-
tical and subtle considerations arising
from the nature of our ears and the
proper regeneration of sound-energy
restrict the choice to those members of
the family that possess whole-number
ratios among the normal frequency-
modes. A little study showed that this
requirement is satisfied only by those
shapes for which the exponent is either
two or zero. It turns out that natural
selection in musical instruments had
long anticipated this finding of theory:
Each of the wood winds has one or
the other shape. The cylindrical clari-
net is a.representative of the zero-
exponent class, in which the cross sec-
tion remains constant along the length
of the bore. The oboe, the saxophone
and the bassoon, on the other hand, have
conical bores and so belong to the class
for which the exponent equals two. A
bore that departs from these “ideal”
forms does not enclose an air column
with constant ratios among its natural
modes of vibration from one open hole
to the next. If the cross section increases
slightly toward the open end, as com-
pared with one or the other ideal bore,
all the modes of vibration are raised
somewhat in pitch, with the lowest
mode being raised the most; if it de-
creases in cross section toward the open
end, the modes of vibration are lowered
in pitch, with the lowest mode being
lowered the most.

The makers of wood winds not only
discovered the ideal shapes generations
ago; they have also empirically ex-
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OPEN HOLES of an actual wood wind (top) increase in size and
spacing toward the open end of the bore. But the frequencies at
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which the air within the bore vibrates can be calculated by assum-
ing that the holes are all of uniform size and spacing (bottom).



ploited the effect of departures from
the ideal. They judiciously alter the cross
section of the bore by a few thousandths
of an inch to compensate for various
upsetting effects caused by the com-
plex behavior of reeds and holes. As a
result the bores of actual wood winds
are not perfect cones or cylinders. Al-
though the necessary modifications of
a bore can in general be predicted
quantitatively by proper mathematical
analysis, to my knowledge such meth-
ods have almost never been employed
by the manufacturers of wood winds.
They make the final adjustments in
the taper of each bore by a process of
trial and error.

The size and position of the side
4 holes are just as crucial as the shape
of the bore in affecting the performance
of an instrument. Not only do the side
holes cut off the bore at a convenient
spot for getting a scale; they also play
a large role in setting the tone quality
of the sound within the instrument. And
when they are open, they influence the
way in which this sound is ultimately
radiated into the air for the listener to
hear. A length of plastic tubing played
with a clarinet mouthpiece gives a dull,
plumbing kind of sound that few people
can identify. When this same pipe is
provided with a row of closed side-holes
followed below by four or five open
ones, the tone changes strikingly into
the woody voice of a clarinet.

The “unused” closed holes convert
the bore from a smooth-walled pipe into
a lumpy duct that may be looked upon
as a pipe with a series of swellings, as
shown in the illustration below. Using

a mathematical method devised by Lord
Rayleigh, I was able to calculate that
if the musical properties needed by
the bore are to be preserved when
it is supplied with closed finger holes,
then the size of the holes must be re-
lated to their spacing in a certain defi-
nite way. One can say that the ratio
of the volume of air contained in the
closed hole divided by the volume of
air in the length of bore between ad-
jacent holes must be the same in all
parts of the bore. I was able to verity
this deduction from theory by a quick
measurement of the hole sizes on
present-day instruments. In all pres-
sure-controlled reed instruments the
holes must be larger and farther apart
toward the lower end of the Dbore.
This does not apply to the velocity-con-
trolled flute family, which is much less
sensitive to such perturbing effects, so
that all the holes can be roughly the
same size.

For generations craftsmen have used
rules of thumb to determine where the
holes should be placed in a wood wind.
But a given set of rules applies only
to a particular design, and must often
be adjusted to correct vagaries in tun-
ing between registers. The ability to
make first-class oboes, clarinets and
flutes is often a matter of highly prized
family craftsmanship. Precision mass-
production techniques must often be
supplemented by painstaking handwork
to maintain any sort of quality. Theo-
retically, of course, the positioning of
the holes is determined by the physics
of the musical scale, whether we un-
derstand it or not. Around 1930 the
late E. G. Richardson of University Col-

lege London, using electrical-analog
techniques devised in 1919 by the late
A. G. Webster of Clark University, cal-
culated the behavior of a single open
hole in the side of a tubular bore. Al-
though this technique yielded a precise
result and could in principle be extended
to describe the musical case where there
are several open holes, in practice it is
too cumbersome to be usable. Since
manufacturers of instruments were al-
ready able to make excellent wood winds
without theoretical help, Richardson’s
work has lain largely neglected.

The difficulty with Richardson’s ap-
proach is that each hole must first be
treated separately, and then the mutual
effects of the holes must be reconciled.
A more practical approach is to study
several adjacent holes simultaneously in
a simplified way. A method for doing
this in electrical systems was devised
in 1927 by W. P. Mason of the Bell
Telephone Laboratories. He worked out
a set of equations to show the effect of
regularly spaced loading coils on the
vibrations in electrical transmission-
lines. Because of the similarity of all
vibrating systems, the equations can
also be used for describing the sound
vibrations in a bore with regularly
spaced discontinuities such as holes. At
first glance this does not seem useful
because the holes along a wood-wind
bore are not evenly spaced. But as all
wood-wind players know, when their
instrument plays a note in one of its
lower two registers, only the two or
three nearest open holes exert an appre-
ciable effect on the sound produced;
the size or position of the lower open
holes makes essentially no difference. It

CLOSED HOLES alter the vibrational properties of the bore.
Side holes closed by player’s fingers or by pads on key levers
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(top) convert the bore from a smooth-walled pipe to a lumpy duct
that may be thought of as a pipe with a series of swellings (bottom).
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occurred to me that one might learn
something by pretending that the bore
contains open holes of uniform size and
spacing, the dimensions being fixed by
the size and spacing of the two highest
holes that are open for the note being
played. The relation between this sim-
plifying abstraction and the pattern of
holes in a real instrument is shown in
the illustration on page 150. To my
delight, the trick succeeded in predict-
ing the pitches of my own clarinet from
measurements of its holes. After further
experimental checks and a mathemat-
ical analysis as to why the whole in-
formal scheme held together, I found
that the main musical frequencies that
give the pitch of a note are not able
to travel very far in a bore with open
holes; the larger, more widely spaced
holes in the lower end of the bore send
only weak “messages” back to the main
bore.

William Dent has recently worked
over this problem in a different way
as a senior thesis project at Case Insti-
tute of Technology, using a mathemat-
ical approach that was originally sug-
gested by Rayleigh, but was further
developed for the purposes of quantum
theory by Gregor Wentzel of the Uni-
versity of Chicago, H. A. Kramers of
the University of Utrecht and Leon Bril-
louin. Dent found that in spite of the
nonuniform arrangement of the open
holes, they act almost as though they
were of regular size and spacing, pro-
vided they are properly proportioned for
their closed-hole duty. In short, although
the lack of communication between the
bore and the lower open holes makes the
pitch relatively insensitive to their size
and spacing, the messages that do get
through from these holes make it seem
as though they were uniformly spaced
after all. Of course uniform spacing is
not necessarily a musical virtue, but it is
a convenience that makes it possible to
use the mathematical methods that are
at hand.

The relatively easy success of my first
attempts encouraged me to re-examine
the role of the closed holes in influencing
the vibrations of the bore. It became
clear that the closed holes act as a filter
that discriminates strongly against the
highest few components of the vibration
spectrum produced by the reed. The
“cut-off” frequency of this filter depends
critically on the size and location of the
closed holes. In flutes and saxophones
the cut-off frequency is so high that it
has little effect on the tone of the instru-
ment, but in all the other wood winds
(especially the oboe) the tone color is

AERO SYSTEMS ENGINEERING
DIVISION CORDIALLY INVITES
YOU TO WRITE FOR ITS NEW,
FULLY-ILLUSTRATED BROCHURE
WHICH WILL INTRODUCE YOU TO
ITS CAPABILITIES AND ACTIVITIES
WITHIN THE TEN MAJOR AREAS OF
ITS COMPETENCE

f‘?".".".‘, SENSORS

% 1

INPUT FOR
SIMULATORS
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SYSTEMS ENGINEERING
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Philadelphia 20, Pennsylvania
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These actual IBM data cards are tangible evidence of reli-
ability raised to a new high in tantalum capacitor manufac-
ture. Here, capacitor 23650-0012 demonstrated exceptional
stability in a series of extreme environmental tests at reduced
and high temperatures.

The stability of the various parameters following reduced
and high temperature exposure is clearly shown in the figures
above. Comparing Test Nos. 1, 3 and 5, it is apparent that the
only parameter difference is a capacitance change of 1.3% which
is less than %5 of the specification limit of 5%.

But environmental fitness is just one requirement in the
Fansteel Gold-Cap* specifications—actually, 7,891 readings, cal-
culations, examinations and comparisons are made for each
100 Gold-Cap capacitors produced. These written test results
are certified and made available for all Gold-Cap capacitors.

Only Fansteel dares take the responsibility of pre-testing
for you ... and certifying the results! Call your Fansteel sales
engineer—he will be glad to discuss the Gold-Cap specifi-
cations with you. Fansteel Metallurgical Corporation, North
Chicago, Illinois, U.S. A.

*TRADEMARK

WHERE RELIABILITY DICTATES STANDARDS .
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@® CAPACITOR TEST TEMP. DF % DC % INITIAL
NO. NO.  OC LKG. c
@ 23650-0012 L 425  54.0 4.8 .80
23650-0012 2 =55 47.0  18.6 .20 87.0
@ 23650-0012 I +25 54,0 4.8 .80 100.0
- 23650-0012 &  +125  56.0 4.6  2.40 108.7
23650-0012 3 4.8 .80 98.7
T T
s T

considerably altered by the filtering ef-
fect of the closed holes.

The next step was to try coaxing
Mason’s transmission-line equations into
giving information about the way in
which vibrations in the bore are coupled
to the outside air. Any electrical or
acoustical engineer looking at the equa-
tions for the row of open holes would
instantly recognize them as describing a
second sort of filter which transmits
high-frequency vibrations, but attenu-
ates those of lower frequencies. A wood
wind thus emits the lower components
of its tone into a room rather inefficient-
ly, chiefly from the first one or two holes
but symmetrically in all directions from
the instrument. The higher components
are radiated efficiently from all the open
holes acting in concert, but in a highly
directional manner. The size and spac-
ing of the holes determine the frequency
at which the “cross-over” in the mode of
radiation takes place. In this compli-
cated fashion the holes help determine
the tone color of the sound that reaches
the ears of the listener.

Listeners have come to associate
wood winds with the type of sound that
is emitted (by each of the two radiation
| mechanisms) from a row of open holes.

The addition of the bell at the lower end
of some wood winds reflects efforts over
the years to provide the bore with a
radiating system that approximates the
behavior of a row of open holes even
when all the holes are closed. It is a
matter of long experience that this can
never be done perfectly. (Of course an
instrument maker might escape simul-
taneously from tradition and from the
problem by simply providing a few ex-
tra open holes at the bottom of the bore
which would be used only as emitters of
sound.) In contrast to the clarinet and
oboe, the flutes and saxophones are es-
sentially bell-less because they radiate
all components of their tones as if from
a single hole.
This brief account of the interwoven
| complexities of wood-wind instruments
has suggested some of the ways in which
their structure affects their behavior.
But it also suggests a more general ob-
servation. The curious weaving of fa-
miliar knowledge from various appar-
ently unrelated fields, illuminated by
flickers of intuition and analogy, is typi-
cal of the way in which most scientific
knowledge develops. While many sci-
Ientiﬁc efforts are shaped by esthetic
| considerations, the physics of music is
| particularly fortunate in being allied to
an art from which it draws inspiration,
and to which it often brings a deeper
understanding.




Guidance: Key to maximum Pms in space

As space technology advances, the character of space mis-
sions will become more and more sophisticated. High Pms
(probability of mission success) will be increasingly depend-
ent on precision guidance.

A major role in space guidance will be played by the gyro-
scope—the basic navigational reference for things inertial—
and by such related technologies as space-astronautic digital
computing, TV-inertial platform systems, miniature celestial
inertial systems, IR sensing, and radiation resistant devices.
In all of these, and in associated systems analyses such as
evaluation of Pms and of overall system dynamic stability,
Sperry is actively engaged.

-———-—-—

SURFACE

SEA

With its unparalleled background in guidance and control
over five decades, Sperry is today laying the groundwork in
research, and in practical experience, for the sophisticated
guidance requirements of tomorrow. Now in design or devel-
opment stages are soft lunar landing and interplanetary guid-
ance systems and controls . . . boost, mid-course, re-entry and
terminal guidance . . . self-adaptive flight controllers. . . space
acquisition radar systems and rendezvous controls.

These contributions to “maximum Pms” in space exemplify
Sperry’s overall scientific capabilities—capabilities that reach
into every stratum of our environment today . . . and far into
the future. General offices: Great Neck, N. Y.

s

AIR ¢ AEROSPACE
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READING AN INFERNO'S SECRETS ..
Missile “silo” concept proved practical —
by Lockheed Electronics

The U.S. Air Force came to Lockheed Electronics
with an extremely complex and urgent problem.
Could the tremendous shock and heat of a missile
blast-off be accurately measured in launchings from
an underground silo?

Lockheed Electronics designed and built a special
data-gathering system to analyze, through instru-
mentation, the searing heat and violent shock of
more than 40 test firings. During each test more
than 200 measurements were made simultaneously.

Results have produced new understanding of mis-
sile stresses, acoustics, thermal radiation, shock and

vibration. This vital information is already being
applied to the design of “hard” launching sites.

The capabilities of Lockheed Electronics, Informa-
tion Technology Division extend to all phases of
data handling—a fact well worth remembering when
you encounter tough problems in this field.

CAPABILITIES-INFORMATION TECHNOLOGY DIVISION
Data processing
Data storage e Telemetry systems
Data reduction and display
Special-purpose computers
Traffic control systems e Systems research
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MINDING THE FUTURE

LOCKHEED ELECTRONICS

COMPANY

INFORMATION TECHNOLOGY DIVISION, METUCHEN, N. J.

OTHER LEC DIVISIONS: MILITARY SYSTEMS / STAVID @ ENGINEERING SERVICES @ AVIONICS AND INDUSTRIAL PRODUCTS

ENGINEERS AND SCIENTISTS: For unique position advancement opportunities,
please contact our Professional Placement Office in Plainfield, N. J.
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Count Rumford

Born Benjamin Thompson in Woburn, Mass., he was both a brilliant

investigator and an unscrupulous careerist. He demonstrated that

heat is not a substance called “caloric” but is a mode of motion

then aged 51 and at the beginning of

the last decade of his life, wrote:
“To engage in experiments on Heat was
always one of my most agreeable em-
ployments. This subject had already
begun to excite my attention . . . in my
seventeenth year. . . . Subsequently,
indeed, I was often prevented by other
matters from devoting my attention to
it, but whenever I could snatch a mo-
ment I returned to it anew, and always
with increased interest.”

These few sentences in his Mémoires
sur la Chaleur condense, with an elusive-
ness characteristic of the man, one of
the most fantastic lives of that revo-
lutionary period. It was a life of un-
swerving honesty in science and un-
conscionable duplicity in politics.

Benjamin Thompson—born in poverty
in a sleepy village of Colonial Massachu-
setts, known later to the world of ele-
gance and power as Count Rumford and
remembered in the history of science as
a resolutely independent and original
investigator—played only for the highest
stakes. If it is the mark of a scien-
tist’s stature that he concerns himself
with the central problem of his time,
Rumford meets that test. He was at war
with the “caloric” theory, which encom-
passed his period’s theory of matter.
He was equally at the center of action
in politics, variously the minister, the
tool, the friend, the emissary and the
enemy of heads of state. George III
hated him but used him; the Elector
of Bavaria ennobled him and made him
his prime minister; Napoleon considered
him one of the great minds of the day;
and in one of Rumford’s last dealings
with his native land he insisted on
being treated as if he had a military
rank at least equal to that of George
Washington. He was unsurpassed in
arrogance; he had few peers in science.

]:n Paris in 1804 Benjamin Thompson,
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by Mitchell Wilson

“To engage in experiments on Heat
was always one of my most agreeable
employments,” he wrote. To Benjamin
Thompson the word “heat” meant very
much what it means in physics today: it
was “a mode of motion.” But the word
had a different meaning among his con-
temporaries. The caloric theory has left
a permanent imprint on the vocabulary
of physics, even though the essence of it
has long been forgotten. “Latent heat,”
“heat of vaporization,” “specific heat”
and a variety of other terms are all lega-
cies of the caloric theory, which in its
time explained qualitatively almost all
known heat phenomena with remarkable
success. Its adherents included Laplace,
Lavoisier, Priestley, Petit and Dulong.
The few anomalies were either discov-
ered by Rumford or exploited by him
in an effort to overthrow the theory. But
the theory was so firmly held that even
Rumford’s brilliant experiments were not

recognized as conclusive until long after
his death.

_&ccording to the caloric theory, heat
+ X was an invisible fluid that had the
properties of being strongly attracted
to matter and self-repulsive. The theory
called for an atomic view of matter.
Every atom was seen as surrounded by
an atmosphere of caloric, the amount
being directly proportional to the tem-
perature of the surface of the atom.
Neighboring atoms were strongly at-
tracted to each other by their gravita-
tional fields, but at very close quarters
the repulsive force of their caloric at-
mospheres became stronger than their
mutual attractions. This explained why
atoms of any sample of matter were pre-
vented from collapsing into an undiffer-
entiable mass.

It was assumed that, where the gravi-
tational attraction followed the inverse-
square law, the repulsion of caloric fol-
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lowed a logarithmic law similar to that
of the density of the earth’s atmosphere
[see illustration on page 166]. At a cer-
tain distance from the atom, therefore,
attraction and repulsion became equal,
and this distance was the separation of
individual atoms in any sample of mat-
ter at equilibrium. An increase in tem-
perature signified an increase in the
amount of caloric present. With the at-
tendant increase in repulsive force, the
equilibrium distance between neighbor-
ing atoms also increased. This was the
theory’s explanation for thermal expan-
sion. Because atoms of various sub-
stances were of different mass, some
lighter and some heavier, their gravita-
tional forces would vary and so would
their equilibrium distance. This ex-
plained why different substances had
different coefficients of expansion.

By such a balance of forces caloric
theory could account for the difference
between solids, liquids and gases. Solids
contained comparatively small amounts
of caloric; hence the range of the atmos-
pheric repulsion was extremely short,
and neighboring atoms were quite rigid-
ly bound by the attractive force of grav-
ity. The liquid state was characterized
by a caloric content so high that the
gravitational force could no longer hold
neighboring atoms in any rigid struc-
ture, but still not so high that the re-
sultant interparticle force was purely re-
pulsive. Actually the resultant force in a
liquid was sufficiently attractive to ex-
plain liquid cohesion. When matter was
at a high temperature in the gaseous
state in a container, the repulsive force
of the caloric atmosphere became as-
cendant, and the gas would expand with-
out limit.

The term “specific heat” had the same
meaning in caloric theory that it does in
the vocabulary of modern physics; it was
the amount of heat necessary to raise the



PORTRAIT OF RUMFORD was made by the American painter The painting hangs in the American Academy of Arts and Sciences
Rembrandt Peale around 1800, wiien Rumford was in his late 40’s. in Boston. To this institution he left a fund for a Rumford medal.
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temperature of given mass of a substance
one degree. Since caloric was self-repul-
sive, it followed that the more caloric
there was in an atom’s atmosphere, the
more difficulty there should be in adding

further caloric to that atmosphere. The

specific heat of a solid must therefore in-
crease with temperature. In 1780 La-
voisier and Laplace were able to present
experimental evidence to support this

FORCE OF EXPLOSION of gunpowder was measured in this ap-
paratus devised by Rumford. In these illustrations from Rumford’s
paper Fig. 1 is a four-ton cannon which holds down the cover of
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derivation from the theory. It was one of
the theory’s brilliant successes.

“Latent heat” was equally well sup-
ported by the experimental fact that sub-
stances reach plateaus of temperature at
which further heating brings not an in-
crease in temperature but a change of
state. This was explained, however, by
the rationalization that the caloric at
such times entered into a kind of chemi-
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cal combination with the substance,
changing its nature. Only when the re-
action had gone to completion would
additional caloric result in a rise in tem-
perature. The heat was called latent be-
cause it was recoverable when the reac-
tion was reversed. .

Since caloric was self-repulsive, com-
pression of a substance should squeeze
out caloric. This certainly appeared to

a special mortar (Fig. 2). The mortar was filled with gunpowder,
which was ignited with a red-hot cannon ball (Fig. 3). The amount
of gunpowder was adjusted so that it would just lift cover of mortar.



be the case with gases: Compress a gas
and its temperature rises. Similarly, if
pressure was applied to a liquid near its
boiling point, the temperature of the
boiling point was raised, and more heat
was required to make up for the heat
lost under compression. The conduction
of heat was also easily explained. It was
the flow of caloric under strong attrac-
tion to atoms that had sparser caloric at-
mospheres than their neighboring atoms.
It should, and did, follow experimental-
ly that conduction increases with the
density of a body of matter.

The theory seemed a remarkable tri-

umph of rational intelligence. When
Rumford wrote “This subject had al-
ready begun to excite my attention . . .
in my seventeenth year,” one can easily
understand the impression made on a
young, inquiring mind. But much else
was going on in that young mind at the
same time. Benjamin Thompson was a
thin, red-headed boy, lately arrived in
the Colonial metropolis of Boston and
tormented by infinite ambition. He had
been born in 1753 in the town of Wo-
burn, when an American still considered
himself an Englishman, when the Colo-
nies were so poor that in the entire 1,000-
mile length of settlement there were
fewer than 100 privately owned coaches.
His father died when he was an infant,
and his destitute mother married a man
equally poor. The boy had received only
the local schooling, and no one thought
him brilliant or even particularly prom-
ising. He had been an apprentice store-
keeper in Salem and had been dis-
charged. Another storekeeper was found
who agreed to try him, and that is how
he got to Boston.

A more unapprentice-like apprentice
could not have been found. He stole a
few hours every week from the store to
walk out to Cambridge, where a friend
had obtained permission for him to sit
in on lectures about natural science and
astronomy at Harvard College. He read
prodigiously. He taught himself to speak
French, to fence, to dress like a gentle-
man. His daytime world saw a good-
looking boy working inefficiently in a
store, berated by his employer and by
customers. But in the back of his mind
furious preparations were being made
for a life of attainment and power. In
his dreams the impossible was only the
beginning.

The impossible began to happen when
he was 19. He got an appointment as a
schoolmaster at Concord in New Hamp-
shire. With no money in his pocket, he
walked there in his one suit of clothes.
But it was the elegant suit of a gentle-

P *5 fion AP
P T~
“ 3

MOMENTUM OF A PROJECTILE was measured by Rumford with the apparatus depicted
in these illustrations. Both gun and target were mounted as pendulums (zop). In the middle
are details of the target mounting; at the bottom, a detail of the gun mounting. Momentum
of projectile was calculated on the basis of the arcs through which target and gun swung.
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man. Within only a few months he had
discovered, courted and won the richest
heiress in the entire province: the 32-
year-old widow of Colonel Benjamin
Rolfe, who had been many years her
senior. Thompson was her darling; she
dressed him magnificently, gave him her
1,000 acres to manage and got him a
commission as major in the Second Pro-
vincial Regiment of New Hampshire.
He had decided that the sure route to
his ambition was a military career.

He enjoyed his provincial eminence
for less than two years, but this was long
enough for him to become cool, aloof
and sure of his stature. In 1774 local
patriots of the Committee of Corre-
spondence charged him with being in
contact with General Gage in Boston
and with having returned four British
deserters. He talked his way out of the
accusations, but satisfied no one. Facing

tar and feathers, he fled, abandoning his
wife and infant daughter.

For the next year he wandered around
Boston, trying to get a commission in the
Colonial army. New Hampshire officers,
however, refused to serve with him, and
1776 found him in Boston behind the
British lines. Thompson’s importance
there was such that, when the British
forces evacuated Boston, General Gage
sent him as a member of a commission
of four to London to explain his retreat.
The truth—not to be published for more
than 160 years—was that all the accusa-
tions against him had been true. He had
been in contact with the British; he had
returned the deserters; he had been act-
ing as Gage’s agent when he had tried
to get a Colonial commission. His “Mis-
cellaneous Observations upon the State
of the Rebel Army,” written in “invisi-
ble” ink, can be read in the original to-

day. It shows him to have been a shrewd
observer and reporter on every topic
from ordnance to morale.

n London, where the world came closer
to his fantasy, he began a new career.
He became the pet, the spy and the pro-
tégé of Lord Germain, His Majesty’s
Colonial Secretary, the man in charge
of prosecuting the Colonial war. Ger-
main was at the center of the corruption
and an exponent of the ruthless political
infighting that marked the reign of
George III. Thompson was made under-
secretary in the Ministry for Carolina
and Georgia, and his share of bribes and
graft from the military purchases that he
was empowered to make came to 7,000
pounds a year, the equivalent of hun-
dreds of thousands of dollars today. By
1781, however, he was embroiled in the
suspicion of having betrayed British

il /[ﬂ[r Rl 060 "l_

| |

li. \ T Jm i

.I'[ 'ﬁl D AR (T T e -

| . ; =

| . ol | / B e % cf Lo
l,|‘ F.lg2 H'l L i) i ||I| il
b i T I O

rs;} |-|'::g; LAl o @ TS —[T—
i

’| i

]l e—— :

| T—F K Fig. 3.

I b

_-;I;’.'.' .J;a/z"a/‘ A L i 2 i ¥ § Feet

nw MWJW Ilr W

F|_

Fig.1.

!

oo

b

b
it s Feot,

|.n..|ll.u.u 1:
Seale of

RUMFORD CHIMNEY eliminated problem of smoking chimneys.
Rumford found that conventional chimney (Fig. 1, Fig. 2 and
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Fig. 5) smoked because rising and descending air currents inter-
fered. In his chimney (Fig. 3, Fig. 4 and Fig. 6) he introduced a



naval secrets to the French. Only Ger-
main’s mastery of the art of blackmail
spared Thompson open indictment. Pro-
testing that he could no longer resist the
call to action, Thompson fled to America
with the rank of lieutenant colonel in the
British army. He arrived to find the war
all but over.

The whole unpleasant story would
have been forgotten, except that during
this time Thompson performed some in-
genious experiments in ballistics. “These
experiments,” he wrote, “were under-
taken principally with a view to deter-
mine the most advantageous situation
for the vent in fire-arms, and to measure
the velocities of bullets, and the recoil
under various circumstances. I had
hopes also of being able to find out the
velocity of the inflammation of gunpow-
der; and to measure its force. . . . They
were begun in the month of July in the

Fig.5.

Fig.6.

throat (d-i in Fig. 6) and a smoke shelf

(i-e) to separate warm air from cold.

year 1778, at Stoneland Lodge, a coun-
try-seat belonging to Lord George Ger-
main.”

In this enterprise Thompson invented
a device for measuring the power of
gunpowder which served as standard
equipment for this purpose until the ad-
vent of modern high explosives. Over the
muzzle of a small vertical mortar he
placed successively heavier weights un-
til the measured charge of powder could
no longer lift the weight. He was also
the first to fire a shot into a pendulum
and to use the swing of the pendulum
to measure the bullet’s momentum. He
later extended this technique by mount-
ing the cannon itself as a pendulum.
This work won him election to the Royal
Society at the age of 26.

In 1783 Thompson was back in Lon-
don. Because he was still in jeopardy
there he decided to try his fortunes on
the Continent. He found entree to the
court of Bavaria, where he was pre-
sented as a brilliant scientist and soldier-
of-fortune. Arranging at the same time
to serve as a secret agent for the British,
Thompson accepted an appointment in
the service of the Elector. To perfect his
cover he was returned to England long
enough to be knighted by George III.

In Bavaria Thompson became in rapid
succession Minister of War, Minister of
the Interior and chief scientist to the
Elector. He felt secure enough in 1785
to break off his career as British agent.
The British, unable to expose him, de-
cided to wait for revenge.

For the next 10 years the world was
his. In 1791 he was made a count of
the Holy Roman Empire, taking as his
title Rumford, after the original name of
the town of Concord where he had
first come into fortune. He romanticized
his Colonial origins, implying vast land-
holdings and patrician lineage. When
his daughter, on a visit from America,
received an offer of marriage from one
of the younger members of the House
of Thurn and Taxis, Count Rumford
broke off the match because the young
man did not have sufficient rank to
match his own. By now he was famous
throughout Europe, not only as a man of
affairs but also as a scientist; he was at
all times engaged in active research.
By 1795 his cold arrogance in the ex-
ercise of power had made so many ene-
mies in Bavaria that he was compelled
to step down from his pinnacle. He at-
tempted to do so with dignity, appoint-
ing himself ambassador from Bavaria to
England. But the British Government
refused to receive him, giving as its pub-
lic excuse that His Majesty’s Govern-
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ment could not accept one of his own
subjects as the representative of a foreign
king. With less grace, therefore, he had
to resign his Bavarian posts one by one.
Eventually he left the country for good,
taking with him a large fortune, to begin
an entirely new career in England as a
private gentleman-scientist.

In London the magnificent count daz-
zled scientific circles with papers cover-
ing the work of his past years and by
founding, out of his own pocket, the
Royal Institution. (He equipped the
building with a central heating-system
of his own design, the first successful ar-
rangement of its kind.) But the skele-
tons of his past still haunted London.
After two years he again found it desir-
able to move on, this time to Paris. There
he lived as a world celebrity. He won
the admiration of Napoleon, who con-
sidered Rumford his teacher in the art
of artillery. During this period Rumford
also entered into a brief marriage with
Lavoisier’s widow, a union that made a
great impression upon French society at
its beginning and at its stormy and quar-
relsome end. The measure of his emi-
nence was that he was made one of the
eight foreign members of the French
Academy at the same time as Thomas
Jefferson, then President of the United
States.

It was to such heady and perilous ex-
periences with power and glory that
Rumford alluded so elliptically when he
wrote of his interest in heat: “I was
often prevented by other matters from
devoting my attention to it, but when-
ever I could snatch a moment I returned
to it anew, and always with increased
interest.”

Rumford was an intensely practical
man. His interest in heat extended into
such homely realms as the design of fire-
places and kitchen stoves; he designed
saucepans and kettles for maximum utili-
zation of heat and is the author of the
original drip-pot for the brewing of cof-
fee. Much of his scientific work stemmed
from observations that he made while
working in the fields of applied science
connected with his public duties. His
famous experiment on friction as an in-
exhaustible supply of heat was based on
observations made while supervising the
production of cannon in the foundry of
the Bavarian arsenal. The massive iron
barrels were first cast in sand molds and
were then finished and bored. It was the
heat generated in this last step that
caught his imagination.

A:cording to the caloric theory, heat
was a fluid that existed in finite and
measurable amounts. The temperature
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CANNON-BORING MACHINE was adapted by Rumford to show
that “inexhaustible” quantities of heat were generated by friction,
and hence that heat could not be a substance. Cannon and short

of a substance multiplied by its specific
heat was said to give the total amount
of heat in the sample. By whatever
means this fluid was removed, it had to
be restored once it was withdrawn. San-
born C. Brown of the Massachusetts In-
stitute of Technology, the foremost
scholar of Rumford’s work, points out
that this explanation was usually sus-
tained by the following evidence: A
piece of iron made red-hot by hammer-
ing could not be heated a second time in
that way unless it was meanwhile intro-
duced into a fire; this fact was explained
by supposing that the caloric that had
been pressed out of it by the percussion
was recovered in the fire.

What occurred to Rumford in the Ba-
varian arsenal was that the amount of
heat generated in the boring and finish-
ing of the cannon was far more than
could be accounted for by adding up the
total amount of heat residing in the cast-
ing, the cutting tool and the chips. He
tested this observation in an experiment
of elegant design [see illustration on
opposite page].

“Let A be the vertical section of a
brass rod which is . . . fastened in an
upright position on a stout block, B,” he
wrote. “It is provided at its upper end
with a massive hemisphere of the same
metal, three and a half inches in diam-
eter. . . . C is a similar rod, likewise
vertical, to the lower end of which is
fastened a similar hemisphere.” The
globular glass vessel D, 12 inches in di-
ameter, was filled with water covering
the ball made of the two hemispheres.
With the two hemispheres pressed into
close contact, the lower hemisphere was
kept stationary, while the upper one was
made to rotate. The motion generated
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friction, which in turn heated the water
to a boil so long as the motion was con-
tinued.

“From whence comes the heat?”,
Rumford asks. “This is the contested
point, to determine which was the real
aim of the experiment.” To his rhetorical
question he replies: “The results of my
Experiments seem to me to prove to a
demonstration that there is no such thing
as an igneous fluid, and consequently
that caloric has no real existence. . . .
They proved only this single fact—that
the heat generated by friction appeared
evidently to be inexhaustible, even when
the bodies rubbed together are . . . per-
fectly insulated. . . . It is hardly neces-
sary to add that anything which any in-
sulated body, or system of bodies, can
continue to furnish without limitation
cannot possibly be a material substance.”

Rumford puts the central question
once more: “Whence then came this
heat? And what is heat actually? I must
confess that it has always been impossi-
ble for me to explain the results of such
experiments except by taking refuge in
the very old doctrine which rests upon
the supposition that heat is nothing but a
vibratory motion taking place among the
particles of the body.”

The very old doctrine had been pro-
pounded a century before by Robert
Hooke and Robert Boyle, and had had
the support of Gottfried Wilhelm von
Leibniz and John Locke. Rumford was
the first to give it such clear experimen-
tal demonstration, in an experiment that
was to be decisive under more precise
execution by James Prescott Joule in the
1830’s. For its time Rumford’s experi-
ment was in the same class as A. A.
Michelson’s classic examination of the
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cylinder to left of it were turned by shaft w. Shaft m was fixed and
heated cylinder by rubbing against it. Because experiment was not
easily reproducible, Rumford designed the one on opposite page.

ether theory; it went to the heart of the
matter with the same simplicity and di-
rectness.

In London in 1799, when he was capi-
talizing on his earlier investigations in

his effort to recapture his status in Brit-
ish society, Rumford published a paper
in The Philosophical Magazine. In this
paper he described another experiment
he had performed in Munich that had
struck a heavy blow at the foundations
of the caloric theory. He was concerned
here to test whether heat could be re-
garded as a substance. If it were indeed
a substance, then there must be some
gravitational interaction of caloric and
the enormous amount of matter in the
earth; that is, heat should have weight.

Rumford describes three bottles A, B
and C, as nearly identical as possible. In
A he put a measured amount of water;
in B, an equal amount of “spirit of wine”;
in C, the same amount of mercury. (In
describing these weighings he mentions
a balance belonging to the Elector of
Bavaria which was sensitive to one part
in a million.)

“These bottles, being all hermetically
sealed, were placed in a large room . . .
where the air appeared to be perfectly
quiet, and, being suffered to remain in
this situation more than twenty-four
hours, the heat of the room (61°) being
kept up all the time with as little varia-
tion as possible. . . . They were all
weighed, and were brought into the most
exact equilibrium with each other, by
means of small pieces of very fine silver
wire, attached to the necks of those of
the bottles which were the lightest.

“This being done, the bottles were all
removed into a room in which the air



was at 30°, where they were suffered to
remain, perfectly at rest and undis-
turbed, forty-eight hours.”

At the end of that time he weighed
the bottles again, and found the weights
unchanged. He then moved the bottles
back to a warm room and waited until
all three had come to the new tempera-
ture equilibrium, the frozen water hav-
ing melted. Again the weights were un-
altered.

“Here it is very certain that the quan-
tity of heat lost by the water must have
been very considerably greater than that
lost by the mercury; the specific quanti-
ties of heat in water and latent in mer-
cury having been determined to be to
each other as 1,000 to 33; but this dif-
ference in the quantities of heat lost
produced no sensible difference on the
weights of the fluids in question.”

He calculated the exact amount of
latent heat of fusion in his water sample
and wrote: “It appears therefor to be
clearly proved by my experiments that
a quantity of heat equal to that which
4,214 grains [about 9% ounces] of gold
would require to heat it from the tem-
perature of freezing water to be red hot,
has no sensible effect upon a balance
capable of indicating so small a varia-
tion of weight as that of one part in one
million parts of the body in question.”

Rumford even anticipated the statisti-
cal aspects of the kinetic theory of
heat, which were to be given theoretical
expression by James Clerk Maxwell and
Ludwig Boltzmann. He observed: “A
thermometer can do no more than indi-
cate the mean of the different tempera-
tures of all those bodies or particles of
matter which happen to come into con-
tact with it. If it be suspended in air, it
will indicate the mean of the tempera-
tures of those particles of air.”

In terms of this understanding he gave
an explanation of the process of sublima-
tion, something the caloric theory had
never been able to do: “It is well known
that ice cannot be melted with a lower
degree of Heat than that of 32° of Fah-
renheit’s scale; but in the midst of win-
ter, in the coldest climates; and when
the temperature of air of the atmosphere,
as shown by the thermometer, has been
much below 32°, ice, exposed to the air,
has been found to evaporate. How can
we account for this event, except it be
by supposing that some of the particles
of air which accidentally (as we express
it) come into contact with the ice are so
hot, as not only to melt the small par-
ticles of ice which they happen to touch,
but also to reduce a part of the generated
water to steam?”

In 1807 he presented further evidence
for a kinetic theory of heat in his paper
“Of the Slow Progress of the Spontane-
ous Mixture of Liquids.” In the experi-
ment described in this paper he took a
cylindrical glass vessel and divided its
vertical length with a scale of lines a
12th of an inch apart.

A

M

“I then poured into this vessel, witi
due precautions, a layer of a saturated
aqueous solution of muriate of soda, 3
inches in thickness, and onto this a layer
of the same thickness of distilled water.
. . . The two liquids lay one upon the
other without being mixed. . . . [I then]
let a large drop of the essential oil of

:

g
2

W\

£

SIMPLIFIED APPARATUS TO GENERATE HEAT by friction was designed by Rumford
so that others could test principles of his cannon-boring experiment. Brass hemispheres,
fixed to rods A and C, were immersed in water, contained in globe D. Rotation of rod C
rubbed one hemisphere against the other. Resulting friction could heat water to a boil.
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General Electric
RTV

LIQUID SILICONE RUBBER

Cures at room temperature,

useful from —70°F to +600°F

General Electric’s expanding family
of RTV silicone rubber compounds
all cure at room temperature. They
contain no solvents; resist tempera-
ture extremes, moisture, ozone,
weathering and aircraft fuels. Avail-
able in a wide range of viscosities
from 120 poises (lower than any
other silicone rubber compound) to
12,000 poises. Important applica-
tion areas include:

SEALING AND CAULKING
Aircraft manufacturers use RTV
for pressure sealing of cabins and
cockpits, fire walls, fuel tanks and
hot air ducts. Protection for elec-
tronic packages is provided by
caulking assemblies and sealing
seams and lead holes with RTV.

ELECTRICAL INSULATION
Good electrical properties and out-
standing heat resistance have led to
RTV’s use in coil impregnation and
encapsulation of motors and trans-
formers. Can be poured, sprayed,
painted, or applied by dipping.
Cure times can be varied from min-
utes to several days.

MOLDING AND TOOLING
Parts cast in flexible RTV molds
reproduce with precision detail.
Built-in parting agent assures easy
release. RTV eliminates such com-
mon problems as excessive shrink-
age and separate release agents.

*Room Temperature Vulcanizing

For more information and a free test sample,
write (briefly describing your application)
to General Electric Company, Silicone Prod-
ucts Department, Section 29, Waterford, N.Y.

cloves fall into the vessel. This oil being
specifically heavier than water, and
lighter than the solution of muriate of
soda on which the water rested, the drop
descended through the layer of water;
when, however, it reached the . . . sur-
face of the saline solution it remained
there, forming a little spherical ball . . .
near the axis of the vessel.”

At the end of 24 hours he found that
the ball of oil had risen three lines. The
next day at the same hour it had risen
by the same amount; it continued to rise
uniformly for the next six days. Rumford
deduced from this that there was a con-

tinuous molecular diffusion “between the
various aqueous solutions employed and
the distilled water resting upon them.”
In discussing this experiment Sanborn
Brown remarks: “It is interesting to ob-
serve that when the modern kinetic the-
ory was worked out, Einstein pointed
out that the spontaneous mixture of liq-
uids of different densities affords one of
the most direct experimental proofs of
the predictions of this theory.”

The paper “Of the Slow Progress of
the Spontaneous Mixture of Liquids”
was one of the huge number and variety
that testify to the vigor of Rumford’s last

CALORIC REPULSION (broken lines) and gravitational attraction (solid lines) of an
atom are charted according to the caloric theory. In graph at top the two forces are
equal at P, where another atom would be in equilibrium with atom m. In graph at
bottom rq, ry, ry represent expansion of caloric atmosphere at temperatures T, T2, T3.
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Will The Mission
Succeed?

Ask ...

AT

(Dynamic Accuracy Test System)

_ e B
™ -
~— T . |
.
: i

4] 7 A
— N

e

i h-l]‘ o

Flight-line checkout by DATS (Dynamic Accu- It makes certain that only aireraft with prop-

racy Test System) tells the interceptor com- erly operating weapon control systems are
mander whether his aircraft and weapon control sent on missions. Based on a building-block
systems are completely ready for a successful design employing the highest reliability fac-
mission. As a result of field evaluation tests, tors, a mechanical programming device and
showing the effectiveness of DATS in improv- self-test capability, DATS utilizes a series of
ing weapon control performance, RCA has synthesized attack runs typical of mission
been awarded an Air Force production con- conditions. DATS could be made applicable

tract. Developed by RCA’s Airborne Systems to many interceptor types of aircraft.
Division, Defense Electronic Products,

Camden, New Jersey, DATS is a new ap-
The Most Trusted Name

proach to the evaluation of system readiness. . .
in Electronics

® RADIO CORPORATION OF AMERICA
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THIS PIECE OF
KENNAMETAL’
REDUCES NOZZLE
COST 90%

A can manufacturer replaced stain-
less steel nozzles with Kennametal
tungsten carbide nozzles in a can
lid sealing operation — and gained
these results: increased nozzle life
18-to-1 ... increased pressure from
55 to 105 psi . . . improved quality
and coverage of seal . .. reduced
nozzle cost 90%.

Kennametal carbides have many
properties for many applications—
including some that may be the
answer to your requirements.

PROPERTIES: Kennametal hard
carbide alloys have high hardness;
resistance to abrasion from 10 to
100 times greater than steel; high
resistance to corrosion; high tor-
sional, compressive, and tensile
strengths; extremely high YME,
up to 94 million psi compared to
steel’s 30 million psi. Kentanium*
titanium carbides have similar
properties plus light weight; resist-
ance to oxidation at temperatures
of 2200°F. and above; and highest
stiffness-to-weight ratio of any met-
al or alloy.

APPLICATIONS: Booklet B-666,
“Proven Uses of Kennametal and
Kentanium” describes 80 different
applications of these hard carbide
alloys. Write KENNAMETAL
INC., Dept. SA3, Latrobe, Pa.

*Trademark 33541

decade in France. A sampling suggests
the range of concern, from the utilitarian
to the fundamental: “Observations Rela-
tive to the Means of Increasing the
Quantities of Heat Obtained in the Com-
bustion of Fuel”; “Of the Management
of Light in Illumination, Together with
an Account of a New Portable Lamp”;
“Description of a New Boiler with a
View to the Saving of Fuel.” He was
productive until his death in 1814, living
on pensions from England and from
Bavaria, which were paid to him regu-
larly all through the Napoleonic wars, as
well as on his still-considerable capital.
With an eye to posterity he established
the Rumford medals of the Royal Society
and the American Academy of Arts and
Sciences, regarded today as the most
prestigious awards of each of these in-
stitutions, and left his residuary estate to
Harvard College to endow the Rumford
chair in physics.

His work, while highly esteemed in
his lifetime, was truly appreciated only

n -

RUMFORD STOVE grew out of Rumford’s preoccupation with heat. His plan for a

in retrospect. Not for 30 years after his
death did it become clear that he had
been the first to measure the mechanical
equivalent of heat. Joule himself wrote:

“One of the most important parts of
Count Rumford’s paper, though one to
which little attention has hitherto been
paid, is that in which he makes an esti-
mate of the quantity of mechanical force
required to produce a certain amount of
heat. . . . According to Count Rumford’s
experiment, the heat required to raise
one pound of water 1° will be equivalent
to the force represented by 1,034 foot-
pounds. This result is not very different
from that which I have deduced from my
own experiments related in this paper,
viz., 772 foot-pounds; and it must be ob-
served that the excess of Count Rum-
ford’s equivalent is just such as might
have been anticipated from the circum-
stances which he himself mentions, that
‘no estimate was made of heat accumu-
lated in the wooden box, nor of that dis-
persed during the experiment.””

complete kitchen stove unit, an antecedent of present kitchen ranges, had system of ducts
and registers to maximize use of heat. Oddly shaped pots reflect his concern for efficiency.
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Basic Research at Honeywell
Dr. Finn Larsen
Vice President for Research

Studies in the Temperature Sensitive
Properties of Oxide Semiconductors

Oxide semiconductors, a branch of the ill-defined field
of ceramics, possess temperature sensitive characteristics
that suggest improved accuracies at normal temperatures
and higher limits of ambient operation for temperature

S€Nnsors.

A relatively small but very intriguing sub-
ject for research in electronic ceramics
relates to materials known as oxide semi-
conductors.

These oxide semiconductors appear to
be more sensitive to temperature change
than any other material known today. In
addition, recent work has shown they can
produce high thermoelectric potentials.

In order to make these oxide semicon-
ductors useful, it is usually necessary to
intensify their semiconductor character-
istics by one of two methods: The first
method, commonly called “doping,” con-
sists of introducing ions of a higher or
lower valence than the host oxide into the
crystal lattice of the host.

The second method is the formation of
oxygen vacancies in the crystal lattice by
“firng” the semiconductor in a reducing
atmosphere—usually hydrogen.

By these techniques, excess electrons
or electron vacancies become current
carriers just as they do in silicon or ger-
manium. Unlike the single crystals of
silicon or germanium, however, oxide
semiconductors are dense multicrystalline
materials usually produced by sintering
powder by ceramic techniques.

Having acquired semiconductor prop-
erties, these oxide semiconductors
generally have high negative temperature
coefficients of resistivity. For example,
while the temperature coefficient of re-
sistivity of metals is of an order of
0.5%/°C, oxide semiconductors may have
very high coefficients from 2 to 8%/°C.
Metals have positive temperature coeffi-
cients while oxide semiconductors have
negative coeflicients.

An obvious application of the properties
of these oxide semiconductors 1s in tem-
perature measurement and control, where
they are used as thermally sensitive re-
sistors and are termed thermistors. With
relatively large changes in resistivity,
either very precise temperature sensing
or good sensitivity with lower cost equip-
ment can be achieved. For example,
Honeywell has built a relatively simple

device to control temperature to less than
0.01°C.

In certain applications, one difficulty
in using oxide semiconductors as thermis-
tors is their negative temperature coeffi-
cient. In other words, as the material is
heated, its resistivity decreases. This leads
to a so-called “run away” condition. This
is true because when an oxide semicon-
ductor with a large negative coefficient is
heated by passing power through it, its
resistivity is lowered, thus increasing the
current and power through the unit. This
increase in power heats the oxide semi-
conductor further and, unless limited by
the power source or other circuitry, over-
heating continues until the unit fails.

With a positive coefficient material, as
morepower froma constant voltage source
passes into the material, the resistivity
increases, dropping the current, thus limit-
ing further rise in temperature.

gI‘his situation has led to intensive study
of certain oxide semiconductors that have
the interesting characteristic of reversing
their temperature coefficient of resistivity
from negative to positive to negative as
the temperature increases. The ability to
produce oxide semiconductors with a posi-
tive temperature coefficient of resistivity
and controlled properties is a difficult
problem.

At Honeywell’s research center, ceramic
specialists and solid state physicists have
been working to specify materials and
“doping” techniques to achieve repeat-
able results. In one case they have suc-
ceeded in moving the positive slope of the
temperature coefficient of resistivity curve
from 100°C to 20°C making the thermistor
useful as a sensing device in normal tem-
perature ranges, with a temperature
coefficient of resistivity as high as 25%/°C.

Another field in which oxide semicon-
ductors are of interest is thermo elec-
tricitr. The Seebeck voltage of a good
metal thermocouple will be of the order of
20 to 40uv/°C or, in other words, these
materials would generate voltages of 0.002
volts witha temperature difference of 100°C
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between the ends of the thermocouple.
In comparison, oxide semiconductors ex-
hibit Seebeck voltages of 500 to 900uv/°C
or under similar conditions would gener-
ate 0.05 to 0.09 volts. Presently available
nonceramic semiconductors produce little
more than half this voltage. Greater out-
Fut may simplify the circuitry required
or temperature measurement or may serve
as a practical voltage supply.

In other applications, oxide semicon-
ductors are used to compensate for changes
caused by temperature of the components
in sensitive circuits. They are also used
as voltage limiting devices and for fluid
flow measurement.

Many of the properties of oxide semi-
conductors are not clearly understood.
Their characteristics are extremely sensi-
tive to composition and fabrication tech-
niques. Our interest in these oxide semi-
conductors stems not only from the
properties described above but from the
ever-increasing requirements for semi-
conducting materials for operation at
higher and higher temperatures. Although
a part of our work has been on the investi-
gation and development of materials for
practical purposes, an equally important
gart has been and will continue to be

evoted to a basic understanding of the
similarities and differences between these
materials and more normal semicon-
ductors. This study has brought together
scientists from the fields of ceramics, solid
state physics, chemistry and electronics.
Here at the Honeywell laboratories we
have found such intermingling of disci-
plines a vital factor in our progress toward
more basic understanding.

If you are engaged in scientific work
related to oxide semiconductors, you are
invited to correspond with Mr. Robert D.
Fenity or Dr. William Bratschun, Honey-
well Research Center, Hopkins, Minnesota.
If you wish a forthcoming paper on oxide
semiconductors, write Honeywell Re-
search, Minneapolis 8, Minnesota.

Honeywell
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Totally erosion-proof against solid-fuel rocket blasts . . .

Absolutely stable physical characteristics above 5400°F . . .

These are just two of the criteria Allison metallurgists had to meet
in devising throat materials for modern missile nozzles.

First they tried oxyacetylene spray coating—but maximum attain-
able temperature was too low for the coating materials required.

Next electroplating was tried—but the coat bond was poor, the
surface rough.

Then they turned to plasma-jet spray techniques. Hoped here—at
last—was the solution.

Solid-fuel firing tests proved it was—for the dense, sound “Plasma-
Tung"® coating passed its tests with no erosion, guttering, or nozzle
pressure drop.

And metallurgical research is but one of the areas of inquiry we're
putting our minds to at Allison.

Our efforts are aided by American and European consultants, our
Scientific Advisory Committee, plus every resource General Motors
possesses.

Whether your problem is concerned with the heavens, the earth

or the oceans, Allison has the will and—if it can be solved—the way
to solve it. We're doing it for others, we could do it for you.

Hlustrated is a refractory metal nozzle liner segment formed by a
combination of plasma-arc spraying and forging.
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Make a nozzle liner stand up after count-down?
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MATHEMATICAL GAMES

A new collection

Of “brain-teasers”
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by Martin Gardner

to present, at intervals of eight or

nine months, a collection of short
problems of special interest. The answers
to the following “brain-teasers” will ap-
pear in this space next month.

It is the custom of this department

1.

The game of “hip,” so named because
of the hipster’s reputed disdain for

“squares,” is played on a six-by-six
checkerboard as follows:

One player holds 18 red counters; his
opponent holds 18 black counters. They
take turns placing a single counter on
any vacant cell of the board. Each tries
to avoid placing his counters so that
four of them mark the corners of a
square. The square may be any size and
tipped at any angle. There are 105 pos-
sible squares, a few of which are shown
in the illustration below.

A player wins when his opponent be-
comes a “square” by forming one of the
105 squares. The game can be played
on a board with actual counters, or with
pencil and paper. Simply draw the

Four of the 105 ways to become “square” in the game of hip
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When Victoria blue leuconitrile absorbs light, it may decompose by one of the two modes indicated in the model above.

Organic molecules excited by light

Light energy can excite organic molecules,
sometimes inducing color changes. Or-
ganic molecules can be treated as if they
were independent molecules (even in the
liquid and solid phases). The effect of
small changes in their structure can be
studied. Organic materials therefore offer
a fruitful realm for investigating photo-
processes—the interactions of light and
matter. Some of these photoprocesses
have attracted our attention for their
image-storing potential.

Several areas of organic photochemistry
are now under study by a group of IBM

scientists. A quantum of light absorbed by
an organic molecule may interact with it
to produce any of the following over-all
effects: (1) transfer of the excitation en-
ergy to other molecules or to other parts
of the same molecule; (2) re-emission of
light of different wave lengths and time
constants; (3) conversion of the light en-
ergy to heat; (4) decomposition of the
organic molecule.

Researchers at IBM are striving to ad-
vance our understanding of the mecha-
nisms of these molecular reactions. One
study, for example, has probed the prin-

ciples that govern decomposition by light
of Victoria blue leuconitrile molecules,
which exhibit all four of these reactions
under photoexcitation. One of the possi-
ble modes of decomposition leads to color
formation.

Clarifying the mechanisms of photo-
chemical reactions in the liquid and solid
states will add to our understanding of the
interactions of energy with matter. It may
lead to the development of new photo-
processing techniques.

IBM.RESEARCH

Investigate the many career opportunities available in exciting new fields at IBM.
International Business Machines Corporation, Dept. 659W, 590 Madison Avenue, New York 22, New York
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STRUCTURAL INTEGRITY OF
SOLID PROPELLANT GRAINS

The demand for ever larger rocket
motors, coupled with the importance of
mobility. fast countdown and low cost,
steadily increases the importance of
solid propellant rockets. To extend the
state-of-the-art, Grand Central Rocket

Co. has accelerated an
important research
project on the amount
and cause of physical
deformation or propel-
lant “slump™ in very
large solid propellant
motors.

Because the solid propellant is essen-
tially a rubbery, visco-elastic material,
it may be deformed—like rubber—by a
combination of force and time. Its be-
havior is strongly dependent on the
conditions of deformation and is
particularly “rate” sensitive. Under
extreme conditions this deformation
can cause failures.

The studies by Grand Central Rocket's
research team will at-
tempt to establish cri-
teria for the amount of
deformation of various
solid propellant mate-
rials under various
combinations of time
and force, such as dur-
ing ignition (short

time, large force); in flight (less force,

longer time); or during storage (thermal
cycling and gravity forces, for a long
time).

From the research being conducted,

engineers will be able to design large

solid propellant motors which have
known values of structural integrity —
and resultant operational reliability.

Grand Central Rocket scientists and
engineers are developing design criteria
based on non-linear visco-elastic theory
—a basic step necessary before very
large missile motors may be designed
with high certainty of reliability.

The project is another demonstration of
Grand Central Rocket’s unique capa-
bility to handle difficult assignments in
the field of rocket motor and propel-
lant research—a capability assured by
one of the nation’s finest rocket
research and design teams,

Positions open for chemists, engineers
and solid rocket production specialists.

GRAND CENTRAL ROCKET COMPANY
Redlands, Calif. . Box 111 « PY 3-2211
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A puzzle in operations research

board, then register moves by marking
X’s and O’s on the cells.

For months after I had devised this
game I believed that it was impossible

| for a draw to occur in it. Then C. M.

McLaury, a mathematics student at the
University of Oklahoma, demonstrated
that the game could end in a draw. The
problem is to show how the game can
be drawn by dividing the 36 cells into
two sets so that no four cells of the same
set mark the corners of a square.

2.

The -efficient switching of railroad
cars often poses frustrating problems in
the field of operations research. The
switching puzzle depicted in the illus-
tration on this page is one that I have
not seen in print, and it has the merit of
combining simplicity with surprising dif-
ficulty.

The tunnel is wide enough to accom-
modate the locomotive but not wide
enough for either car. The problem is to
use the locomotive for switching the po-
sitions of cars A and B, then return the
locomotive to its original spot. Each end
of the locomotive can be used for push-
ing or pulling, and the two cars may, if
desired, be coupled to each other.

The best solution is the one requiring
the fewest operations. An “operation” is
here defined as any movement of the
locomotive between stops, assuming that
it stops when it reverses direction, meets
a car to push it or unhooks from a car it
has been pulling. Movements of the two
switches are not counted as operations.

A convenient way to work on the puz-
zle is to place a penny, a dime and a
nickel on the illustration and slide them
along the tracks, remembering that only
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the coin representing the locomotive
can pass through the tunnel.

3.

Smith drove at a steady clip along
the highway, his wife beside him. “Have
you noticed,” he said, “that those annoy-
ing signs for Flatz beer seem to be regu-
larly spaced along the road? I wonder
how far apart they are.”

Mrs. Smith glanced at her wrist
watch, then counted the number of Flatz
beer signs they passed in one minute.

“What an odd coincidence!” ex-
claimed Smith. “When you multiply that
number by 10, it exactly equals the
speed of our car in miles per hour.”

Assuming that the car’s speed is con-
stant, that the signs are equally spaced
and that Mrs. Smith’s minute began and
ended with the car midway between two
signs, how far is it between one sign and
the next?

4.

An engineer, noted for his ability to
visualize three-dimensional structure,
was having coffee and doughnuts. Be-
fore he dropped a sugar cube into his
cup, he placed the cube on the table
and thought:

“If T pass a horizontal plane through
the cube’s center, the cross section will
of course be a square. If I pass it verti-
cally through the center and four corners
of the cube, the cross section will be an
oblong rectangle. Now suppose I cut the
cube this way with the plane. . ” To
his surprise, his mental image of the
cross section was a regular hexagon.

How was the slice made? If the cube’s



Tough, durable Mylar”
cuts costs...improves
product performance

1. Huge (100 ft. diam.) in- 2. Permanent collar stays of 3. Capacitors with insulation

flatable satellite of metalized
‘“Mylar” stays strong and flex-
ible in sub-zero outer space.

“Mylar” last the life of the of ‘“Mylar” give long-lasting
shirt . . . keep their shape even reliability . .
after hundreds of launderings.

. need for costly
encapsulation is eliminated.
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For example, ‘“Mylar”’* polyester
film gives many products extra
resistance to heat, cold and aging
. . . lengthens their life. Today,
“Mylar”’, with its resistance to
chemicalsand moisture, isimprov-
ing the performance of products
as different as surgical bandages
and intercontinental ballistic
missiles.

Can this unique plastic film and
products made with it help you?
Formoreinformationon ‘“Mylar”’,
write the Du Pont Co., Film Dept.,
Room S-8, Wilmington 98, Del.

*‘‘Mylar’’ is Du Pont’s reg-
i1stered trademark for: its
brand of polyester film.

REG.U. 5. PAT. OFF.

Better Things for Better Living ... through Chemistry

DU PONT

MYLAR

POLYESTER FILM




Vacuums

approaching those of

Outer Space
electronically!

From Ultek, only manufacturer devoted
exclusively to the technology of fluidless
vacuum pumping, the UlteVac electronic
vacuum pump. UlteVac pumps produce
exceptionally glean vacuums, to 10 mm
Hg and below, with ne moving parts, no
contaminants, no hot filaments, no refrig-
eration; operate unattended for months.

ELECTRONIC
HIGH-
VACUUM
PUMPS

1 to 1000 Liters/Second |

Series 110 Pump
1 Liter/ Second

UlteVac pumps are rugged, easy-connect-
ing, operable in any position. Hundreds
in use in vacuum-tube processing, on
super-power microwave fubes, mass spec-
trometers, electron microscopes, experi-
mental applications. Immediate ship-
ment of all sizes from stock. Ultek also
offers exclusive line of high vacuum ac-
cessories including:
o SORPTION ROUGHING PUMPS
® METAL SEAL FITTINGS
¢ FULL CONDUCTANCE VALVES
e AMBIENT FORELINE TRAPS

Literature available(state application) from
Ultek or its exclusive sales representative,
Kinney Mfg. Div. of the New York Air Brake
Co. Sales Offices in major U.S. cities.

RIS S IS

conr

920-S Commercial St.. Palo Alto, Calif.. DA 1-4117
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side is half an inch, what is the side
of the hexagon?

After dropping the cube into his cof-
tfee, the engineer turned his attention
to a doughnut lying flat on a plate. “If I
pass a plane horizontally through the
center,” he said to himself, “the cross
section will be two concentric circles.
If I pass the plane vertically through the
center, the section will be two circles
separated by the width of the hole. But
if I turn the plane so. . .” He whistled
with astonishment. The section con-
sisted of two perfect circles that in-
tersected!

How was this slice made? If the
doughnut is a perfect torus, three inches
in outside diameter and with a hole one
inch across, what are the diameters of the
intersecting circles?

Two mathematicians were dining at
the Ying and Yang, a Chinese restaurant
on West Third Street in Manhattan.
They chatted about the picture of the
monad on the restaurant’s menu [see il-
lustration on this page].

“I suppose the monad is one of the
world’s oldest religious symbols,” one of
them said. “It would be hard to find a
more attractive way to symbolize the
great polarities of nature: good and evil,
male and female, inflation and deflation,

| integration and differentiation.”

“Isn’t it also the symbol of the North-
ern Pacific Railway?”

“Yes. I understand that one of the
chief engineers of the railroad saw the
emblem on a Korean flag at the Chicago
World’s Fair in 1893 and urged his com-
pany to adopt it. He said it symbolized
the extremes of fire and water that drove
the steam engine.”

“Do you suppose it inspired the con-
struction of the modern baseball? After
all, a baseball’s cover is a kind of three-
dimensional monad.”

“I wouldn’t be surprised. By the way,
did you know that there is an elegant
method of drawing one straight line
across the monad so that it exactly bi-
sects the areas of the Yin and Yang?”

Assuming that the Yin and Yang are
separated by two semicircles, show how
each can be simultaneously bisected by
the same straight line.

If you happen to meet two of the

Jones sisters (this assumes that the two
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are random selections from the set of all
the Jones sisters), it is an exactly even-
money bet that both girls will be blue-
eyed. What is your best guess as to the
total number of blue-eyed Jones sisters?

7.

Two professors, one of English and
one of mathematics, were having drinks
in the faculty club bar.

“It is curious,” said the English pro-
fessor, “how some poets can write one
immortal line and nothing else of lasting
value. John William Burgon, for exam-
ple. His poems are so mediocre that no
one reads them now, yet he wrote one
of the most marvelous lines in English
poetry: ‘A rose-red city half as old as
Time.””

The mathematician, who liked to an-
noy his friends with improvised brain-
teasers, thought for a moment or two,
then raised his glass and recited:

A rose-red city half as old as Time.

One billion years ago the city’s age

Was just two-fifths of what Time’s
age will be

A billion years from now. Can you
compute

How old the crimson city is today?

The English professor had long ago
forgotten his algebra, so he quickly
shifted the conversation to another topic,
but readers of this department should
have no difficulty with the problem.

O
O.

Three high schools—Washington, Lin-
coln and Roosevelt—competed in a track

The monad. Yin is dark and Yang is light



MODERN
IDISEIF'EN:S'E
T EOTRON

All aspects of America’s present and future defense
forces — detection, interception and retaliation —
would be impossible without electronics. Checking
out, aiming, launching, guiding and firing of missiles
... all require electronic equipment of ever-greater
sophistication. Every piece of this equipment, in
turn, requires thousands or hundreds of thousands
of extremely reliable semiconductors. Transitron —
America's leading producer of quality semiconductor
— is constantly developing even more reliable and
more versatile semiconductors in anticipation

O eI wherever there’s electronics...there’'s “Tra n;itron

TRANSISTORS, DIODES, RECTIFIERS, SWITCHES, REGULATORS, REFERENCES, ENCAPSULATIONS, THERMOELECTRICS

TRANSITRON electronic corporation « wakefield, melrose, boston, mass. e sales n4i~~= i= ~=izsinat sitinadhonisbad sha 1€ A aod Eyrgpe o cableaddress: TRELCO
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NONDESTRUCTIVE TESTING

an important aspect of
scientific progress
at Los Alamos
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and climatic environment,

and techniques.

Los Alamos representatives, regis-
tered at the Ben Franklin Hotel, at-
tending the Philadelphia meetings
of the Society for Nondestructive
Testing, will be hngpy to talk with
inferested Physicis| Mnhllurglm
Physical Chémists and Engineers
Specialized experience deﬁm&e
but not mandatory.

If more convenient,

write to
Director of Personnel

Division 60-100

Dalamos

scientific laboratory

OF THE UNIVERSITY OF CALIFORNIA

LOS ALAMOS, NEW MEXICO
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In an attractive scientific, geographical,
nondestruc-
tive testing at Los Alamos utilizes an im-
pressive array of equipment and involves
a broad variety of problems, materials,
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The problem of the termite and the cube

meet. Susan, a student at Lincoln High,
sat in the bleachers to cheer her boy

| friend, the school’s shot-put champion.

When Susan returned home later in
the day, her father asked how her school
had done.

“We won the shot-put all right,” she
said, “but Washington High won the
track meet. They had a final score of 22.
We finished with 9. So did Roosevelt
High.”

“How were the events scored?” her
father asked.

“I don’t remember exactly,” Susan re-
plied, “but there was a certain number
of points for the winner of each event, a
smaller number for second place and a
still smaller number for third place. The
numbers were the same for all events.”
(By “number” Susan of course meant a
positive integer.)

“How many events were there alto-
gether?”

“Gosh, T don’t know, Dad. All I
watched was the shot-put.”

“Was there a high jump?” asked Su-
san’s brother.

Susan nodded.

“Who won it?”

Susan didn’t know.

Incredible as it may seem, this last
question can be answered with only the
information given. Which school won

the high jump?

9.

Imagine a large cube formed by glu-
ing together 27 smaller wooden cubes of
uniform size [see illustration on this

| page]. A termite starts at the center of

the face of any one of the outside cubes
and bores a path that takes him once
through every cube. His movement is al-



USES UNIQUE
VARIAN AMPLIFIER SYSTEM

Project "Echo”— using a passive, 100-foot diameter, inflated sphere
orbiting the earth to reflect signals—is investigating the feasibility of
reliable and efficient long-range microwave communication. Radio and
voice signals were bounced off the sphere between California and the
East Coast. This followed earlier successful ‘““moon-bounce’ signalling
between the same locations using the same transmitter.
Varian was contracted by the Jet Propulsion Laboratory (JPL)* to develop the unique klystron
amplifier system built right into the 85-foot diameter parabolic transmitter antenna. To assure
maximum success in “‘echo transmission;’ the system was designed around the proved and reli-
able Varian VA-800 C Klystron, to provide 10kw output at the desired 2390 megacycle frequency.

*Jet Propulsion Laboratory, a research and development facility of the NASA

VAR I A N associates

PALO ALTO 7, CALIFORNIA

Representatives thruout the world

KLYSTRONS, WAVE TUBES, GAS SWITCHING TUBES, MAGNETRONS, HIGH VACUUM EQUIPMENT, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS,
NMR & EPR SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES
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No. 18 of a series

Eastman 910 Adhesive
solves another
production bottleneck

Atkins & Merrill, Inc., industrial model
makers, of South Sudbury, Massachu-
setts, produce quarter-scale cut-away
models of the famous Pratt & Whitney
J-57 TurboWasp jet aircraft engine.

Highly detailed, the model contains
several compressor and turbine rotors,
driven by concealed motors. More than
1,600 small die cast zinc alloy blades
are attached to zinc alloy rotors.

Fastening the blades posed a prob-
lem, however, as soldering or welding
generated excessive heat, causing the
blades to warp.

The problem was solved with high-
strength Eastman 910 Adhesive. It sets
quickly without heat, requires only
contact pressure. To date, more than
70,000 blades have been bonded.

Eastman 910 Adhesive is making
possible faster, more economical as-
semblyline operations and new design
approaches for many products. It is
ideal where extreme speed of setting
is important, or where design require-
ments involve joining small surfaces,
complex mechanical fasteners or heat-
sensitive elements.

Eastman 910 Adhesive is used as it
comes. No mixing, no heating. Simply
spread the adhesive into a thin film
between two surfaces. Light manual
pressure triggers setting. With most
materials, strong bonds are made with-
in minutes.

What production or design problems
can this unique adhesive solve for you?

Bonds Almost Instantly
with Contact Pressure
No Heat...

No Catalyst...

For a trial quantity (Y3-0z.) send five
dollars to Armstrong Cork Co., Industrial
Adhesives Div., 9110 Inland Road, Lan-
caster, Pa., or to Eastman Chemical
Products, Inc., Chemicals Div., Dept. 5-10,
Kingsport, Tenn. (Not for drug use)

See Sweet’s 1960 Prod. Des. File, 7/E
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ways parallel to a side of the large cube,
never diagonal.

Is it possible for the termite to bore
through each of the 26 outside cubes
once and only once, then finish his trip
by entering the central cube for the first
time? If possible, show how it can be
done; if impossible, prove it.

he answers to last month’s three map-
coloring problems follow (the first
two answers refer to illustrations that ac-

| companied the problems) :

1. The swastika map could be colored
with two colors were it not for one small
line at the lower left corner. At this spot

| three regions touch one another, so three
| colors are required.

2. The artist colored his abstraction by
mixing all his blue paint with one third
of his red paint to obtain enough purple
to color 16 square feet of canvas. After
the large region at the top of the canvas
and the area in the center are painted
yellow, it is a simple matter to color the
remaining regions red, green and purple.

3. To color the plane with two colors
so that no three points of the same color
mark the corners of an equilateral tri-
angle with a side of 1, divide the plane
into parallel stripes, each with a width
of \/3/2, then color them alternately

black and white as shown in the illustra-
tion on this page. This does not solve
the problem, however, until the concept
of open and closed sets is introduced. A
continuum of real numbers—say from 0
to 1—is called a closed interval if it in-
cludes 0 and 1, and an open interval if
it excludes them. If it includes one and
not the other, it is said to be closed at
one end and open at the other.

The stripes on the map are closed
along their left edge; open along their
right. The black stripe on the left has a
width that starts at 0, measures on the
line below the map, and goes to V3/2.
It includes 0, but does not include~/3/2.
The next stripe has a width that includes
\/3/2 but does not include 21/3/2, and
so on for the other stripes. In other
words, each vertical line belongs only to
the stripe on its right. This is necessary
to take care of cases in which the tri-
angle, shown in color, lies with all three
of its corners on boundary lines.

Leo Moser of the University of Al-
berta, who sent this problem, writes that
it is not known how many colors are re-
quired for coloring the plane so that no
two points, a unit distance apart, lie on
the same color. Four colors have been
shown necessary, and seven sufficient,
but the gap between four and seven is so
large that the problem seems a long way
from being solved.

Solution to last month’s problem of the triangle and the two-color map
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The national security need for Space Technology Leadership

Space is a medium in which many military missions can be most effectively performed ® The U. S. arsenal of ballistic missiles—in
being and forthcoming — the Air Force Thor, Atlas, Titan, and Minuteman, the Navy Polaris, and the Army Jupiter, are all designed
to deter the outbreak of a nuclear World War 11l or to retaliate overwhelmingly if it should occur @ If our ballistic missiles are to
realize their greatest potential in carrying out their dual task, they must be supported by a number of companion space systems
for such missions as early warning, reconnaissance, communications, navigation, weather forecasting. Space Technology Labora-
tories is proud of its contributions to the national space effort as a principal contractor in carrying out major programs for the Air
Force Ballistic Missile Division, National Aeronautics and Space Administration, and Advanced Research Projects Agency ® The
increasing scope of STL's activity is opening up exceptional opportunities for the exceptional scientist and engineer, who will find
creativity given encouragement and recognition in an organization synonymous with Space Technology Leadership. Resumes and
inquiries will receive meticulous attention.

SPACE TECHNOLOGY LABORATORIES, INC. r.o. Box 95004, LOS ANGELES 45, CALIFORNIA

Los Angeles ¢ Santa Maria * Edwards Rocket Base * Cheyenne Cape Canaveral ¢ Manchester, England ¢ Singapore ¢ Hawaii
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NEW GENERAL ELECTRIC

G I 225 INFORMATION
PROCESSING SYSTEM...
FUNCTIONS & 717>

..ATA PRICE
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GE225
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provides these benefits for business, industrial, scientific, military and engineering applications:

e Data mating function enables GE 225 to be teamed
with every major peripheral device—new MICR*
documents, punched cards, punched paper tape,
magnetic tape, mass random access memory, drum
memories, high speed printer, typewriter, high speed
transmission lines. The new GE 225 :

performs a multitude of jobs at much lower cost.

provides greatest efficiency—maximum utilization
of machine time.

allows low cost input-output additions and sub-
stitutions.

permits many varying and money-saving applica-
tions within one organization —including minimum
cost conversion.

e High speed operation — 25,000 five-digit additions
per second.

e Compactness and low power requirements reduce
cost of installation, site, air-conditioning, operation
and maintenance.

e Practical for use in smaller firms where computer
operation has heretofore been unfeasible.

e Full range of services available—programming
aids package, training and consultation, back-up
computer centers, and maintenance program.

For more detailed information, write
today for brochure CPB-101 on the
new GE 225 Information Processing
System. Also available: brochure
CPB-81 on the GE 210 Data Process-
ing System.

Write to: General Electric Company
e Computer Department * 13437 No.

8Black Canyon Highway * Phoenix,
Arizona,

*Magnetic Ink Character Recognition

Progress Is Ovr Most Important Product

GENERAL

ELECTRIC

CPA-30. (7-60)

General Electric—A pioneer in computer systems for all phases of business, industrial, scientific, engineering, and financial endeavor.
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One of a series

New Light on a Compound Semiconductor

Pictured is a new and unusual transistor . . . made from a compound
semiconductor. Its electronic properties are greatly affected by light. It is
a field-effect transistor having input impedances up to 100 megohms
(versus 1,000 ohms for junction transistors). Its unique combination

of properties has enabled it to perform some novel circuit functions

not possible with other transistors.

Still in the early experimental stage, this phototransistor is a

tangible result of the General Motors Research Laboratories’ program on
semiconductors — particularly the group II-VI compound,

cadmium sulfide. Behind its development lies the steady accumulation
of (1) know-how in crystal growing, doping, and contact

preparation and (2) information about CdS’s intriguing solid state
properties (red or green luminescence, high photoconductivity,

short relaxation times, etc.).

For the researcher, this three-terminal device is adding a new dimension
to the fundamental understanding of semiconductors. For instance:

GM Research scientists have uncovered the important role of
photo-generated holes in modulating the conductance of this intrinsie
semiconductor and have determined the hole drift mobility

through a new theoretical analysis.

These semiconductor investigations illustrate the dual aim of GM
Research: contributions to the science, advances in the technology of
important new subject areas. Such research is the initial step in
General Motors’ continuing quest for “more and better things

for more people.”

General Motors Research Laboratories
Warren, Michigan
Typical Output Characteristics
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Conducted by C. L. Stong

nyone who has spent any time swim-
Aming underwater will recall how
quiet everything seems beneath
the surface. Even in waters that teem
with fish, or where currents cause marine
plants to vibrate with obvious violence,
few sounds are heard by the swimmer
other than the faint rush of blood inside
his own head. The illusion of submarine
silence is explained by the ineffective-
ness of the human ear as a detector of
underwater sound, a fact that became
apparent with the invention of the
hydrophone. This instrument disclosed
that all of the oceans, many lakes, rivers
and even brooks are filled with sounds
at least as varied and interesting as
those in the air. Few amateurs have
been privileged to hear or record sub-
marine sounds, however, because hydro-
phones are not generally available. This
barrier is now removed. Frank Watling-
ton, a specialist in underwater sound-
detection who is currently abroad on a
Government assignment, has designed
a hydrophone that amateurs can build
without special tools at a cost of less
than $10. In the following discussion he
reviews some of the acoustic phenomena
opened to amateur investigation by the
hydrophone and explains how to build
and use the instrument.

“Underwater sounds,” Watlington
writes, “were opened to investigation by
the development of electronics and asso-
ciated technologies. Instruments have
been devised that are far more effective
than the ear for the perception of
mechanical vibrations. With these ‘trans-
ducers’ it became apparent that the
oceans and lakes are not the silent
world that they were once consid-
ered to be.

“Submarine sounds originate in dis-
turbances caused by physical phenom-
ena, by marine animals and by men.

~* THE AMATEUR SCIENTIST

'/‘\";(\

How amateurs can make a device

for listening to underwater sounds

They are called ambient noise when the
sources are not identified.

“The water noises that originate from
physical phenomena may be induced by
the breaking of surf on the shore, the
action of tidal currents on stones or small
pebbles, the movement of water in
eddies through reefs and rock pockets,
by earthquakes, volcanoes and even by
whitecaps in the open ocean.

“Marine organisms are sometimes ex-
tremely vociferous. The croaker, a fish
that abounds in both the Atlantic and
Pacific, makes a noise like a persistent
woodpecker. Classified as a drumfish, it
is equipped with a gas-filled bladder. It
collects in certain areas in large num-
bers during the summer months, at which
time little else can be heard. The noise
emitted by the croaker is produced by
the vibration of a muscle beside the
swim bladder of the fish. A similar noise
can be produced artificially in air by
rubbing a toy balloon with a slightly
moistened finger. The snapping shrimp
makes a noise resembling the snapping
of fingers. The shrimp has one promi-
nent claw, and it makes this noise by
clicking the claw rapidly. There are
areas where the population density of
these animals approaches 20 per square
foot; in such numbers they produce a
high-pitched roar that sounds like a
giant pan of frying bacon. A weird wail-
ing sound heard off Bermuda during
March and April is attributed to hump-
back whales migrating in large num-
bers to northern waters, usually with
their calves. The sounds are not unlike
those from a herd of cattle, but are
characterized by a greater range in pitch.
No one knows how the whale produces
these sounds, but they have aroused
much interest.

“These are only a few of the many
sounds heard in the oceans of the world.
Why and how do marine animals make
them? It is possible that some animals
have evolved a method of echo-ranging
on their prey in the same way that ships
measure the depth of the water: a sound
is emitted from the ship’s bottom, and
the time required for this sound to
travel from the ship to the bottom and
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back is a measure of the depth. It is also
possible that some marine-animal sounds
represent mating calls or even the com-
munication of information.

“Among man-made sounds the most
prominent come from ships. These origi-
nate mostly in the propellers and the
propulsion machinery. Other frequently
heard man-made noises are emitted by
explosions, by machinery on barges, by
pile drivers and in some locations even
by vehicular traffic on land.

“A sound is anything that the ear can
hear. But many vibrations are emitted by
mechanical disturbances above and be-
low the range to which the ear is sensi-
tive. Technically speaking, sound can
be defined as ‘a longitudinal disturbance
traveling progressively from particle to
particle through a material medium.’
The medium may be a solid, a liquid or
a gas. As is well known, sound travels in
the form of waves. A long wave is heard
as a sound of low pitch, and a short wave
as one of high pitch. A complete wave-
length is called a cycle, and is the dis-
tance measured from the crest of one
wave to the crest of the next. If the fre-
quency is below 16 cycles per second or
above 16,000 cycles per second, it can-
not be heard by most people.

“The numerical product of frequency
and wavelength in a given medium is the
velocity of the sound in this medium. At
68 degrees Fahrenheit the velocity of
sound in air, for example, is 1,127 feet
per second, and that in water is 4,900
feet per second.

“The three principal characteristics
of sea water that influence the speed of
sound are temperature, pressure and
salinity. Of these the most important is
temperature. Warm water is less dense
than cold water. Consequently warm
water floats above cold water. As an un-
derwater swimmer moves from the sur-
face toward the bottom, he often en-
counters a region that is distinctly cold-
er than the region above. Sounds are re-
fracted by this temperature gradient, be-
cause a sound vibration traveling from
warm water into cold water is slowed
down. The action is analogous to a line
of marching soldiers proceeding from a

185



HIGH QUALITY'

PRECISION

ASTRONOMICAL OBJECTIVES

AIR-SPACED

14n

Astronomical lenses are the height of optical perfection and
applications. Use as pro-

are suitable for many industrial
totypes, we guarantee to supply any of your future require-

ments. Hand-corrected, air-spaced and mounted in black
anodized aluminum cells. Ideal for Collimators, Schleiren
Systems, Spotting Scopes, Telescopes, etc. Each lens is
color-corrected for C and F and hand-corrected to reduce
residuals to a minimum. Thoroughly tested and guaranteed
by JAEGERS to resolve to Dawes limit.

Hard-coated on 4 surfaces

Mounted 374" (clear) Aperture

” Cat. No. 1447A Not Coated §.
f/15—a 1.1 (€31 N9 14974 Boteer™

Mounted 48" (clear) Aperture
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We can supply ALUMINUM TUBING for the above Ienses.

3”7 AZIMUTH TELESCOPE

ORIGINAL COST APPROX. $1,200.00

The
erect image and extra wide
field of this high-standard
prismatic telescope is excel-
lent for any type of terres-
trial viewing. At rifle ranges
to spot bullet holes 400 yards
away, to observe boat races,
bird-watching and countless
other applications. Features a 3” clear
aperture coated achromatic objective,

crystal-clear, bright

10X AND 15X

3’
[I\\\

Telescope is finished in olive-drab, 26” long, shipping

weight approximately 21 lbs. War surplus, slightly used, in

excellent operating Londxtlun
044A

at. No. F.O.B. Lynbrook, N. Y. $49.00
TRIPOD AND YOKE

Will accommodate above telescope. Constructed of oak with
bronze legs and fittings. Legs adjustable, fully extended
50" 36”. War surplus, slightly used.

50”, closed
Cat. No. 2045A F.O.B. Lynbrook, N. Y. $25.00

REFLECTOR TELESCOPE KITS

Excellent quality mirrors, polished, aluminized, silicon-
monoxide coated. Each kit contains mirror, diagonal and
lenses for eyepiece. No metal parts. Mounting instructions
included.

2 focusing eyepieces 10X and
prlsm ere(!mg system and ad]us

ble
military reticle (easily removable).

CAT. NO. Dla.hl_ﬂ. F4.2”L. ) };p;)s
%%ggﬁ 4" 45" 14.75
2286A 5 60" 2625

& 4Ys" ASTRONOMICAL TELESCOPE

4X Finder — Wood Tripod
35X — 175X

From the mysterious craters of
the moon, to the fabulous rings
of Sdlum this high quality
telescope will give you many
pleasurable hours of crystal-
clear astronomical viewing.
Contains an f/6 parabolic mirror which has 50% more light
gathering ability than the ordinary f/10. Two coated eye-
pieces, 35X and 175X, rack and pinion focusing, sun filter
and 4X focusing finder. The short tube, 27%"” long and col-
lapsible wood tripod (33" closed, 60” open), makes for porta-
bility, stability and compactness. Finished in white enamel
with black trim. Although priced low, this is definitely not
to) Tmported Shipping weight about 20 1bs,
“F 00K with Scope: DISCOVER THE STARS

B
Cat. No. 2273A F. 0. B. Lynbrook, N.Y. $59
8-POWER TELESCOPE 8x50

This telescope has a brilliant image 48 degree —

a 2” objective, focusing eyepiece, 28mm focal q.;
length with an Amici erecting system.

Turret mounted filters, clear, red, amber and

neutral. Lamp housing to illumi-

Truly the biggest bargain you - =
were ever offered. Original Gov- ’ —=
ernment cost $200.
Cat. No. 1686A Not Coated..........

apparent field—325 feet at 1,000 yards. It has
nate reticle for nighttime use. - Ly
Cat. No. 1975A Coated

e FREE CATALOG e

Millions of lenses, prisms, evepieces, rack
eyepiece mounts, cells, aluminum  tubing, mirrors,
Y beaiars  teloseopes.” part. and accessories, et
Write Today. REQUEST CATALOG ‘A’

and pinion

We pay the POSTAGE IN U.S.A.—C.0.D.’s you pay postage—
Satisfaction guaranteed or money refunded in 30 days.

A. JAEGERS
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691A MERRICK ROAD
LYNBROOK, NEW YORK

hard-surfaced path to a sandy beach. If
the direction of march is oblique to the
soft surface, the soldiers who first en-
counter the sand are slowed down, and
the line of march takes a new direction.
| Because of refraction effects, it is not
always easy to predict the location of an
underwater source of sound merely by
observing the direction of the received
waves. Much interesting work remains
to be done in the field of underwater-
sound ranging.

“Numerous transducers have been de-
veloped to sense the sound of the sea.
They parallel the instruments used for
the same purpose in air.

“A transducer, or hydrophone, that
lends itself nicely to home construc-
tion is based on the fact that the mag-
netic properties of certain materials
(e.g., nickel) vary when the material
is subjected to mechanical stress. The
phenomenon is known as magnetostric-
tion, and can be demonstrated by wrap-
ping a coil of insulated copper wire
around an appropriately shaped core of
nickel. When current flows through the
| coil, a magnetic field is induced in the

nickel. Many of the molecular magnets
of the nickel immediately rotate into
alignment with the induced field, and
they retain this orientation after the field
is removed. The nickel thus becomes

shielded microphone cable

cord winding to ’
prevent cable
from pulling out

solder to
hydrophone _//'
leads i

1

weakly but permanently magnetized. If
the core is now stressed mechanically,
some of the molecular magnets are force-
fully rotated away from the direction of
the permanent field and no longer con-
tribute to its strength. In other words,
stressing a permanent magnet of nickel
weakens its field. When the stress is re-
moved, the disturbed molecular magnets
return to their former orientation, and
the magnet regains its strength.

“The effect can be observed by con-
necting a voltmeter of adequate sensi-
tivity across the terminals of the coil and
stressing the magnetized nickel core.
When stress is applied, the field strength
drops and induces a voltage in the coil.
When the stress is removed, the field
strength increases to its normal value
and induces a second voltage pulse (of
opposite sign) in the coil. The physical
deformation of the core need not be
large: a deformation measured in thou-
sandths of an inch is more than sufficient
to cause the observed effect. The cor-
responding voltage induced in the coil
will vary with the number of turns of the
wire comprising the coil. In the case of
small cores wound with a few hundred
turns, the potential is measured in mil-
lionths of a volt. But this minute voltage
can be amplified by any desired amount.
If one wants to hear sounds in the sea

nozzle
cut off teo
fit micro-
: pho'nc. cable

microphone
cable

rubber tape
covered with
scotch elec-
trical tape

hydrophone in plastic ketchup
bottle immersed In

castor oil and sealed
with silicone rubber

A homemade hydrophone designed by Fred Watlington
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NOTABLE ACHIEVEMENTS AT JPL... o

pioneering work in worldwide communication
via satellites ' '

PROJECT

ECHO

On August 12th, 1960, JPL scientists at
Goldstone, California, radioed the world’s first transcontinental
microwave message to be relayed by a passive, artificial
earth satellite. This satellite was the 100 ft. plastic balloon Echo |
orbiting around the Earth at an altitude of approximately 1,000 miles.
A pre-recorded statement by President Eisenhower was received
2,300 land miles away by scientists of the Bell Telephone Laboratories
at Holmdel, New Jersey, as clearly as any conventional
telephone call, in a fraction of a second.
Later in the course of the Echo experiment, the scientists
at Goldstone and Holmdel conducted 2-way voice communication
via the balloon satellite, Goldstone transmitting
at 2,390 megacycles and Holmdel at 960 megacycles.
This successful experiment has demonstrated the feasibility of
worldwide communication
and is typical of many pioneering achievements
of the Jet Propulsion Laboratory.

GOLDSTONE, CAL:

m CALIFORNIA INSTITUTE OF TECHNOLOGY

JET PROPULSION LABORATORY

A Research Facility operated for the National Aeronautics and Space Administration
PASADENA, CALIFORNIA
Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields:
COMMUNICATIONS ¢« INSTRUMENTATION » INFRARED ¢« ASTROPHYSICS ¢« GEOPHYSICS ¢« GEOCHEMISTRY
e ASTRONOMY « PROPULSION ¢« MASER ¢« STRUCTURES ¢« PHYSICS «

Send professional resume, with full qualifications and experience, for our immediate consideration
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New
Pocket
Camera

MINOLTA-1GP

“WEATHER DIAL”
sets exposure automatically

52495

No figuring, no focusing. Set the
“weather dial” and shoot. It’s that
easy. You get brilliant color slides
or jumbo 3x4 pictures. Fully
synchronized for flash pictures. And
the precision Rokkor £:3.5 lens

is fast enough to take many indoor
pictures without flash.

MINOLTA CAMERAS

150 Broadway +* New York 38,N.Y.

handbook
on fractional
horsepower motors

Written to help the reader select and
matchthe small motorto hisapplication.
Contents include (1) application funda-
mentals, (2) economics and special
features, (3) care and servicing, (4) a
glossary of terms, and (5) ten pages
of reference material.

66 Pages, 75 diagrams, tables, charts.

L]
$1.00 a copy. Please send cash,
check, or money order only.

Bodine Electric Co.,2532 W.Bradley PI., Chicago 18, lIl.

BODINE

had'o"a"/horsepower
the power behind the leading products

MOTORS
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through a loudspeaker, the voltages from
the usual magnetostriction hydrophones
must be amplified from 100,000 to a
million times, depending upon the char-
acteristics of the instrument.

“Any amplifier having an input for
either a dynamic (moving coil) micro-
phone or a variable-reluctance record-
playing cartridge will have sufficient
gain to operate from a magnetostriction
hydrophone. Any high-fidelity amplifier
or modern tape-recorder that includes a

preamplifier should do nicely.

| “Nickel is only one of several mate-
rials that exhibit high magnetostriction.
Others include 2V Permendur and vari-
ous alloys containing nickel and iron.
The magnetostrictive properties are af-
fected by the gross composition, by im-
purities, by strains incurred in fabrica-
tion and by the crystal structure. ‘Grade
A’ nickel is 99.45 per cent nickel, .25 per
cent manganese, .15 per cent iron, .005
per cent sulfur, .05 per cent silicon and
.05 per cent copper. It can be purchased
in the form of rods, sheets or tubing. In
some cases alloys obtained from com-
mercial sources already have adequate
magnetostrictive properties, but if ade-
quate properties do not exist, anneal-
ing will generally provide them. A
‘soft anneal’ from the mill will provide
moderately good magnetic properties,
but for the best results additional anneal-
ing is usually required, for this will re-
lieve strains that have been incurred
during fabrication.

“The most effective magnetic circuit
is one that has no air gap. That is, there
is no break in the metal. If there is no air
gap, most of the magnetic flux will be
| confined to the metal, which has a high-
er permeability than its surroundings,
usually air. A piece of tubing meets this
requirement if the coil is wound on it
in the form of a toroid, as shown in the
accompanying illustration [top of page
190]. Commercial magnetostrictive hy-
drophones usually employ tubular con-
struction because theyare relatively easy
and inexpensive to build. Most are
priced in the vicinity of $100. These hy-
drophones have a pressure sensitivity of
around —80 decibels with respect to one
volt per dyne per square centimeter at
1,000 cycles per second; this means that
if a pressure of one dyne per square cen-
timeter deforms the magnetic material at
the rate of 1,000 cycles per second, 100
microvolts will appear across the ter-
minals of the coil at a frequency of 1,000
cycles per second. This may seem like a
very small voltage, but it is more than

adequate for underwater-sound detec-
| tion. A satisfactory hydrophone can be
constructed with Grade A nickel tubing

© 1960 SCIENTIFIC AMERICAN, INC

1" nickel tube
4% long
012" thick

double
coat ends

with INSL-X

How to coat the nickel tube with varnish

if the metal is annealed in an ordinary
kitchen oven at a temperature of ap-
proximately 600 degrees Fahrenheit in
air for three hours. The heat is then shut
off and the tube permitted to cool in the
closed oven. (The material should be
cleaned of all grease in advance of an-
nealing.) Annealed nickel tubing as
shipped by the manufacturer will exhibit
a sensitivity not too far below optimum.
Tubing for the instrument to be de-
scribed can be purchased from the Ed-
mund Scientific Company of Barrington,
N. J.
“The edges of the tube as received
from the supplier are usually sharp. To
protect the winding from damage it is
necessary to cover them. The easiest way
to accomplish this is to coat the ends of
the tubing with a heavy varnish such
as Insl-X, the preparation commonly
used for coating hand toofs such as in-
sulated screwdrivers and pliers. This ma-
terial and all others required for the con-
struction can be ordered through a local
hardware or electrical-supply dealer. Ar-
range the tubing for dipping as shown in
the accompanying illustration [above].
The can of Insl-X is raised under the
tubing until the end is submerged to
a depth of about a quarter of an inch.
Watch for bubbles and break with a
matchstick any that form. Two dips
(with a drying interval of one hour be-
tween) will provide a coating of ade-
quate thickness.

“A bobbin for winding the toroid coil
on the tubing is made from a piece of



GET READY FOR THE SPACE and SCIENCE ERA! SEE SATELLITES, MOON ROCKETS CI.OSE U

AMAZING SCIENCE BUYS &

for FUN, STUDY or PROFIT

Terrific Buy! American Made!

OPAQUE PROJECTOR

Projects illustrations up to 3” x
3%%” and enlarges them. No film
or negatives needed. Projects
charts, diagrams, pictures, pho-
tos, lettering in full color or
black-and-white. Operates on
A.C, current, 6-ft. extension cord and plug
(perntes on 60 watt bulb, not included.
2" x 8" x 41%” wide. Weight 1 1b., 2 oz.
Plastic case with built-in handle.

Stock No. 70,199-S $7.95 P,

+

P

American Made—
Bargain Priced!
STEREO MICROSCOPE

Years in development. Precision
American made. Used for checking,
inspecting, small assembly work. Up
to 3” working distance. Clear, sharp,
erect image. Wide, 3 dimensional
field. 2 sets of objectives on rotating
turret. 23X and 40X. 10 Day Free
Trial.

Stock No. 85,056-S.

f.0.b. Barrington, N.J.

Low Power Suppl ary Lens Attach for above Stereo
—provides 15X down to 6X with clear, extra large 1%”
fleld at 6X.

Stock No. 30,276-S $7.50

TREMENDOUS BUY!
War Surplus American-Made
7x50 Binoculars

Big savings! Brand new! Crystal
clear viewing—7 power. Every opti-
cal element is coated. An excellent
night glass—the size recommended
for satellite viewing. Individual eye |
focus. Exit pupil 7mm. Approx. field |
at 1,000 yds. is 376 ft. Carrying |
case included. American 7 x 50’s
normally cost $195. Our war surplus |
price saves you real money. |

Stock No. 1533-5.

—

...only 55‘.’1 00 pstpd.

ax inciuded)

Fun For Executives . . .
Business MANAGEMENT GAME

«= Excitement, fun, and an ideal re-

‘3 fresher ‘‘course’’ in business prac-

Y tices—all in one fascinating game.
- i Sharpen and test your executive skill
B i, . Wwith MANAGEMENT—the game that

duplicates the problems and practices
of corporations. Buy raw materials, sell finished goods,
compete for markets, issue stocks, make loans, battle com-
petitors. The ideal recreation for executives—or for younger
college and high school students, ready to enter business.
Complete with colorful 22 x 14 playing board, situation
card, counters, instruction book, other accessories.

Stock No. 70,287-S...........................$4.95 Postpaid

GIANT OPTICAL BARGAIN KIT

Useful popular items all in one package. You get: PRISM;
T)IFFRACTIOI\ (‘RATII\G, POLARIZING FILTERS 5
LENSES DOUBLE-CONVE 14 x 48mm; “FUN W, ITH
OPTICS” 32-page instruction houk “BEGINNER’S LENS
KIT”, 10 lenses to make many optical items; “STAR &
SATELLITE PATHFINDER’ Instruction Book; REC-
TANGULAR MAGNIFIER. An excellent value.

Stock No. 50,204-S... . e $3.00 Postpaid

16” VISIBLE MAN KIT

Amazing! You look right through it! Re-
veais the wonders of the human body in
exact scale, with all vital organs Drcclsely
detailed. Authentic laboratory model in-
cludes complete skeleton, skin, muscles, cir-
culatory system. Ingenious parts- wnthm»
parts assembly permits examination of res-
piratory system, chambers of the heart,
interior of kidneys, etc. Internal organs de-
mountable for close inspection. Just 16”
high when assembled, but compares favor-
ably with expensive hand-made medical
school models. Ideal for researchers, labs,
doctors, teachers, students, hobbyists. Base
and 12-page INTRODUCTION TO AN-
"ATOMY included.

Stock No. 70,228-S...

.$4.98 Postpaid

SCIENTIFIC ENCYCLOPEDIA

Over 1800 pages! 1400 illustrations—over 2,000,000

words—100,000 definitions—14,000 separate articles. If

you’re science-minded—you’ll drool over it! Wealth of use-

ful information on Science, Math., Engmeermg, Chemistry,
x 117,

Physics, etc. 8% Ibs.—size 9”
$29.75 Postpaid

Stock #9287-S.
ORDER BY STOCK NUMBER

«-SIND CHEICK OR MONIY ORDER .,

EDMUND SCIENTIFIC €O.,BARRINGTON, NEW JERSEY

| ASSEMBLED
AND
‘ READY TO USE!

detail,

" wood,

Fhotographers‘ This is an actual photograph

on taken through our Astronomical
Telescope by a 17-year-old student.

BUILD A SOLAR ENERGY FURNAGE

Easy ! Inexpensive !
We furnish instruc-
tions. This sun
powered furnace
will generate ter-
rific heat—2000°
to 3000°. Build with
scrap wood
our Fresnel
..... f.1.14”

Stock No. 70,130-S
Fresnel Lens..

$6.00 Pstpd.

NEW! BRAINIAC COMPUTER SET

A fascinating and interesting in-
troduction to the important new
field of the computer. Makes such
devices as: interplanetary time
and space calculator, reasoning ma-
chine, logic games, intelligence
tester, many other experimental
units. All connections are with nuts
and bolts—no soldering necessary.
Designs can be changed in minutes.
Complete with 23-page Booklet—plus 9 electrical re-
search experiments. Overall size: 15” x 20”.

Stock No. 70,305-S. $11.95 p

toaid

D-STIX Construction Kits

Shape Your Ideas Fast!
Scientists, executives, planners, de-
signers—all find D-STIX simplify vis-
ualization and demonstration of complex
ideas. D-ST1X—colored wood sticks 4"
thick and ‘‘eas rubber joints ap-
prox. 3/16” diam.—help you work ocut
molecular structures, geometric figures,
structural members, shapes, models of
scientific apparatus. Used by profession-
al men, educators, hobbyists. Big basic kit contains 230 or
370 pieces. Additional parts in supplementary kit. Far
superior to kits of wood or metal. Money-back guarantee.

Stock No. 70,209-S (230 pes)............$3.00 ppd.
Stock No. 70,210-S (370 pcs). .$5.00 ppd.
Stock No. 70,211-S (452 pcs). .$7.00 ppd.

MAKE YOUR OWN POWERFUL
ASTRONOMICAL TELESCOPE

GRIND YOUR OWN ASTRONOMICAL MIRROR
Kits contain mirror blank, tool, abrasives, diag-
onal mirror and eyepiece lenses. You build instru-
ments ranging in value from $75.00 to hundreds
of dollars.

Stock No. Dia. Mirror Thickness Price
70,003-S 414" " $ 7.50 postpaid
70,004-S 6" 1” 11.95 postpaid
70,005-S 8" 13" 19.50 postpaid
70,006-S 10" 13" 30.75 postpaid
70,007-S 12" 28" 54.75 postpaid

LIFE SIZE HUMAN SKULL

Invaluable educational aid! Fascinating
conversation piece! Skull is anatomically
correct—made of natural bone color, bone
hard, lifetime plastic. Parts snap together
—«take apart. Spring-action lower jaw.
Removable skull cap for examination of
skull cavity, nasal passages, etc. Ideal for
scientists, doctors, dentists, teachers,
students, artists. Stand and Instruction
and Anatomy Chart included.

Stock No. 70,294-5.......ccomnnisnsuiias $4.95 Postpaid
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You’ll see the Rings of Saturn,
huge craters on the Moon,

Aluminized and overcoated
Telescope comes equipped with a
Barlow Lens,
Telescope, alw

FREE with Scope:—Valuable STAR CHART plus 272 page
BOOK OF HEAVENS’’

Stock No. 85,050-S

Stock No. 85,105-S
Same Telt.scope as above but equxpped with Electric Clock Drive—
Stock No.85,107-S.... :$109.0!

PIS

See the Stars, Moon, Planets Close Up!

37 ASTRONOMICAL REFLECTING TELESCOPE
60 to 180 Power—An Unusual Buy!

Famous Mt. Palomar Type

the fascinating planet Mars,
Star Clusters, Moons of Jupiter in
mount  wit] lock on both axes.
3” diameter high-speed f/10 mirror,

60X eyepiece and a mounted
giving you 60 to 180 power. An Optical Finder
ays so essential, is also included. Sturdy, hard-
portable tripod.

Galaxies! Equatorial

‘‘HAND-
plus ‘““HOW TO USE YOUR TELESCOPE’’ BOOK

$29.95 Postpaid

44" REFLECTING TELESCOPE! Up to 255X

ew vibration-free metal pedestal mount.
w.m this scope you can see everything as above
but with greater power plus will split finer
Mirror has twice the light gathering
Mirror guaranteed to give theoretical
limit of resolution. Rack and pinion focusing,
real equatorial mnuntmg—only one adjustment
follows stars! Alumlnum tul
telescope. 2 andard SlZe eyepieces
moumed Barlow lens give you powers of 40X,

90X, X, and 255X. Low-cost accessory eye-
piece av'ulahle for. thhel powers. FREE with
cope: Val ahl s R CHART plus 272 page
‘““HAND AVENS’' plus ‘‘HOW
USEHYOUR TELESCOFE" Book Shipping weight
s,
$79.50 f.o.b.

F.0.B. Barrington, N. J.

Take Telephoto
Shots Thru

l 7 x50
| MONOCULAR

|

This is fine quality, American made instrument—war
surplus! Actually % of U.S. Govt. 7 x 50 Binocular. Used
for general observation hoth day and night and to take
fascinating telephoto shots with your camera. Brand new.
Due to Japanese competition we close these out at a
bargain price. Directions and mounting hints included.

Stock No. 50,003-S.... ..$15.00 Pstpd.

REALL
FRACTION GRATING
JEWELRY

A Dazzling Rainbow of Color!

As a scientific phenomenon, this new
kind of jewelry is capturing atten-
tion everywhere. Shimmering rain-
bows of gem-like color in jewelry of
exquisite heauty—made with CIR-
CULAR DIFFRACTION GRATING
REPLICA. Just as a prism breaks up
light into its full range of individual
colors, so does the Diffraction Grating.

Stock #30,349-S Earrings.... $2.75 Pstpd.
Stock #30,350-S Cuff Links
Stock #30,372-S Pendant
Stock #30,373-S 2 Pins...
Stock #30,390-S Tie-Clasp.....

REPLICA GRATING—Low, Low Cost
Take Unusual Color Photos At Night!

/+F It’s here—after decades of effort. Replica
s Grating—on film—at very low price.
Breaks up white light into full spectrum
colors. An exciting display. 13,400 lines
per inch. Diffraction Grating has been
used to answer more questions about the
structure of the material world and the
universe than any other single device.
Use it for making spectroscopes, for experiments, as a
fascinating novelty. First time available such large size—
so cheaply—comes in clear plastic protector.

Stock No. 50,202-S—includes 2 pcs. 8” x 51%4"”—1
transmission type, 1 reflecting type. $2.00 pstpd.

J

W FREE CATALOG-S
'|28 Pages! Over 1000 Bargains! Huge

selection of lenses, prisms, war surplus optical
instruments, parts and accessories. Telescopes,

Microscopes, Binoculars, Snip- [~
erscopes, science experiment :..“;
items, math learning and - |

teaching aids. Request Cata-
log-S.
EASY PAYMENT PLAN AVAIL-

ABLE! DETAILS WITH CAT-
ALoG!

SATISFACTION GUARANTIID!
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vitn s | 6 @ sTEREO

To the hand . . . the creative satisfaction of
assembling a professional precision instrument,

To the eye . .. the craftsmanship of fine styling.

To the ear . . . a wonderful new experience in
the beauty of listening to music in its truest
form — stereo.

EICO step-by-step instructions enable you to
assemble any EICO kit with ease. High fidelity
authorities praise EICO no-compromise engineer-
ing, yet prices are modest — start, for example,
at $39.95 for the famous FM Tuner HFT90.

Everything in stereo — from program sources to
speaker systems — is described in the free
28-page 1960 EICO catalog. Fill out coupon now.

SEICOS
ms===== .
15 Dept. SA-10 =

1= 33-00 Northern Bivd., L.1.C. 1, N. Y.,
« Please send free EICO cata-
< log, free stereo hi-fi guide,
.E name of nearest EICO dealer.

X Name
wn

BURGESS BATTERIES

CHROME PROTECTED
SEALED-IN-STEEL
SELF RECHARGEABLE
GUARANTEED LEAKPROOF

\_ | Rudar-Lights

CORROSION PROOF
separated head and
battery design

BURGESS BATTERY COMPANY

DIVISION OF SERVEL, INC.
FREEPORT, ILLINOIS + NIAGARA FALLS, CANADA
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| sheet aluminum about a 16th of an inch
| thick as shown in the accompanying
illustration [bottom of this page]. Cut
the channels with a hacksaw and round
off all corners and burs with a file fol-
lowed by sandpaper. The small sections
of scotch tape applied as shown provide
| a cushion for the wire.
| “The toroid coil is wound by hand.
Transfer 200 turns of No. 30 AWG sin-
gle silk enamel magnet wire to the bob-
bin. To facilitate the transfer, insert the
blade of a screwdriver in the hole
through the center of the spool and clamp
the end of the blade in a bench vise.
This frees both hands for the tedious
winding job. Tape the end of the wire to
the center of the bobbin and wind with
a hand-over-hand motion. Be sure that
no kinks or twists occur. No. 30 wire is
recommended, but the size is not criti-
cal. If smaller wire is used, greater care
must be exercised to prevent breakage;
on the other hand, larger sizes reduce
the number of turns that can be wound
on the tube, and therefore limit the out-
put voltage.

“When the bobbin is loaded, secure
the outer end of the wire to the nickel
tube with a small piece of scotch elec-
trical tape. Then transfer the wire to the
nickel tube by successively threading

/

A
% Ib¥30 AWG /

double enamel or
| single silk enamel
| magnet wire

8 x% x Ye
alvminum
shuttle

protect edges with
scotch electrical
insvlating tape

How to load bobbin to make toroid coil
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secure
end with
scotch

closely wind
one layer of wire

How to wind toroid coil on nickel tube

the bobbin through the tube as illus-
trated [top of this page]. The thread-
ing operation is continued until the
tube has been wrapped with one full
layer. Be sure that each turn is placed
as closely as possible to the preceding
one and that all turns are parallel to the
axis of the tube.

“When the winding is in place, clean
each end of the wire with a small piece
of sandpaper as shown [page 192].
Enamel insulation can be deceiving. It
resembles bare copper. Clean copper
shines brightly. Failure to clean the wire
invites a faulty connection and the risk
of having to rebuild the unit after it has
been sealed in its watertight housing.

“Stranded hook-up wire of the type
used for building radio receivers will
suffice for flexible leads. Prepare two 18-
inch lengths by stripping a quarter of an
inch of insulation from each end. Use
red insulation for one and black for the
other.

“Connect the leads to the coil ends
and solder, using rosin flux. Insulate the
joints with a two-inch length of closely
fitting plastic radio spaghetti. Tape the
leads securely to the nickel tube as
shown [page 194], using scotch electri-
cal tape, and check the unit for con-
tinuity. A continuity test can be made
with an ohmmeter or with a battery and
flashlight bulb [see illustration on page
196]. The direct-current resistance of
the completed coil should come to about
30 ohms.

“Use the leads for suspension and dip
the entire coil in the Insl-X varnish. This
secures the wire to the tube. (The vibra-
tion of a loose turn will cause noise.)
Hang the unit by itsleads to dry, one end
down, for at least an hour. Break any
bubbles that form.

“While the varnish is hardening, cut



A GOOD RESOLUTION ON TAPE—

Tape high frequencies, whip the dropout problem
with “ScoTcH” BRAND High Resolution Tapes

RicuT HANDS UP, GENTLEMEN? Then repeat this
phrase: “We resolve to get the tape that gets all the
high frequencies —‘ScorcH’ BRAND High Resolu-
tion Tape.”

All levity aside, there’s no need to settle for
second-best. With “ScoTcH” BRAND Tapes 158 and
159 you get sharp resolution in high frequencies,
good low frequency response—plus the consistent
performance of a uniform tape.

Since “ScoTcH” BRAND high potency oxides are
more efficient than ordinary oxides, a thinner coat-
ing can be applied to the polyester backing, and the
sensitivity at short (1 mil) wave lengths is still about
3% db greater than that of ordinary oxides. This
thinner coating means a more flexible tape, permit-
ting the intimate tape-to-head contact so necessary
to sharp resolution in the higher frequencies.Thanks
to “ScoTCH” BRAND silicone-lubricated binder sys-
tem, backing and oxide are locked together as a
system. Tape passes over heads friction-free, with
even motion, minimizing phase and frequency shift
distortion.

You can pack more pulses per inch, and get
either standard or extra playing time with “Scorcn”
BRAND High Resolution Tapes. Your dropout count
islower because uniformity is higher. Only “ScoTcn”
BRAND can draw on 3M’s more than 50 years of
experience in precision coating techniques. The
result is a consistent tape with a uniform coating
you can depend on for reliable performance.

“ScorcH” BRAND High Resolution Tapes meet
your need for top high-frequency response even in
pulse code modulation (PCM) and pre-detection
(video) applications; so switch now from tapes that
may well be made obsolete by new instruments.

Whatever your application—data acquisition, re-
duction, or control programming — experienced
“ScoTcH” BRAND technology has a dependable tape
for the job. Sandwich Tapes 188 and 189 cut head-
wear, eliminate oxide rub-off, last 10 times longer
than ordinary tapes. New Heavy Duty Tapes 198
and 199 give long wear, minimize static charge
build-up. High Output Tape 128 gives top output in
low frequencies, even at temperature extremes. And
“ScorcH” BRAND Standard Tapes 108 and 109 re-
main the standard for instrumentation.

Your nearby 3M Representative serves as a
convenient source in all major cities. For details
consult him or write Magnetic Products Div., 3M
Company, Dept. MBO-100, St. Paul 6, Minn.

© 1960 3M Co.
“SCcoTCH” is a registered trademark of 3M Company, St. Paul 6, Minnesota.
Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario.

SCOTCH BRAND MAGNETIC TAPE

FOR INSTRUMENTATION

33,
IMinnesora TVINING AND TVIANUFACTURING COMPANY y@
h

eee WHERE RESEARCH IS THE KEY TO TOMORROW \Ivh_\) i
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The quest for accurate tornado “signatures” by scientists at CAL may
one day permit tornado path prediction at great savings in life and
property. Here, CAL engineers conduct meteorological radar echo studies
applying Doppler radar techniques to weather observation. The heart of
this program is a Doppler Velocity Measuring Tornado Warning System
which has been developed for the United States Weather Bureau.

If you have a background of accomplishment in the fields of radar
and electronics, and would like the opportunity to range into such areas
as propagation of electromagnetic energy, atmospheric electricity,
weather radar, and experimental radar systems, CAL has openings which
you will find worth investigating.

More than 100 of the Laboratory’s 400-man professional staff are
electronic engineers or scientists.

CORNELL AERONAUTICAL LABORATORY, INC.

of Cornell University

J. S. RENTSCHLER

CORNELL AERONAUTICAL LABORATORY, INC.
Buffalo 21, New York

Please send me a copy of ‘“'A Community of Science."’
Name
Street

city Zone State

[] Please include employment information.
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clean ends of magnet
wire with fine
sandpapev

use vosin
cove solder

hook-up wire
(one ved, one black)

How to prepare magnet wire for solder joint

a piece of cork gasketing material from
16th-inch stock (such as Armstrong
cork DC100) so that when it is rolled
into a cylinder with butted ends, the
cylinder makes a snug fit with the inner
surface of the coil. The air pockets of
the cork cells provide a cushion inside
the tube so that pressure exerted on the
unit by fluid will deform the tube in-
wardly. Without this provision, varia-
tions in sound pressure would exert
equal force on the outer and inner walls
of the tube, no movement of the metal
would occur and no signal voltage
would be generated. In effect the gasket
material creates the essential pressure-
differential across the walls of the tube.
Unfortunately it also limits the depth
to which the unit may be submerged.

:Beyond a critical depth, which varies

with the strength of the gasket material,
the static pressure of the water crushes
the cells of the cork and destroys their
cushioning effect. This renders the unit
inoperative. The accompanying illustra-
tion [page 194] shows the assembly
with the gasket in position.

“A final continuity check and another
over-all coat of Insl-X varnish complete
the assembly. The core must now be
magnetized. This is accomplished by
passing a direct current of approximately
1.5 amperes through the coil for a period
of about half a second. I use a heavy-
duty 45-volt battery as the power
source. If the continuity test has been
made with a lamp and battery, the core
will have been partially magnetized by
the incidental magnetic field, and it is
therefore advisable to connect the mag-
netizing circuit so that the current flows
in the same direction as during the test.
The coil absorbs power at the rate of
about 100 watts during the magnetizing

| interval, considerably beyond the capac-

ity of the wire to dissipate energy with-



i It Takes
All Kinds Of Glass
To House Electrons

In the broad and ever-expanding complex of modern
technology, glass performs many indispensable duties.
One such task: housing electron tubes. For, of all mate-
rials, glass, in its many varieties, has proved the most
satisfactory for packaging these vital components.

Soit'seasytosee why glass scientists play animportant
part in the production and development of Tung-Sol
tubes. Theirs is the job to determine which glass to use
for every tube application. They must anticipate the ef-
fects of electrolysis under broad-range operating condi-
tions of high temperatures and voltages. They must select
the glass which will yield desired coefficients of expansion
when sealed to metals. They must design glass to with-
stand any denigratory effects which might be produced
when tubes operate in zones of severe nuclear radiation.
All'in all they must bring to bear upon a large and com-
plicated set of glass puzzles a highly integrated knowl-
edge of physics, chemistry and metallurgy, notto mention
a background in glass blowing techniques.

To deliver the best in high reliability space-age com-
ponents, more than thirty varieties of glass, some includ-
ing rare earth elements, are used in the manufacture of
the hundredsoftubetypes which bearthe Tung-Sol brand.

Tung-Sol's ability to come up with the right answers to
problems like these is backed by more than fifty years of
glass experience beginning with the earliest automobile
lamps. Lamps with their own set of glass problems are
stilla major Tung-Sol product. Mastery of glass technology
accountsin large measure for Tung-Sol's eminence as an
independent producer of electrical/electronic compo-
nents. Tung-Sol Electric Inc., Newark 4, New Jersey.

% TUNG-SOL

MIL-SPEC ELECTRON TUBES AND SEMICONDUCTORS—INDUSTRIAL AND AUTOMOTIVE LAMPS
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Although most of our sales are to individuals, every week we ship more and
more Questars to laboratories and special projects great and small. When re-
orders come in we often wonder what new and fantastic uses are being found for
the instrument we are so proud to make and sell. We know but few of these,
but we have learned from enthusiastic users that Questars do follow missiles, find
and photograph re-entering nose cones, and take high speed pictures of tiny
particles. Where exploding wires formerly fouled a near lens, Questars now
record the event from the far side of the room. They feed all sorts of motion
picture cameras and color television devices. The latest operating theatres here
and abroad plan to build Questars in for closed circuit viewing of surgery.
When people phone to discuss the feasibility of Questar for some new project,
we try to tell them all we know. Life has taught us that the full-mounted Questar,
which may at first glance suggest only its astronomical use, is actually in the most
practical form for an experimental tool. Its rigid mounting permits rock-steady
images, its axially-rotatable barrel provides incomparable comfort, while without
the built-in finder you would be lost indeed. For this little tiger of telescopes must
be precisely pointed and controlled as it delivers images magnified hundreds of
times to your eye or camera.

In ordering a Questar for laboratory use, remember that the staff as well as
yourself will find its use after hours a stimulating and rewarding experience.
There is nothing in the world like the superfine Questar, which would have to sell
for at least $2000 if we distributed through retail channels. There are no Questar
dealers, so the net wholesale factory price is still only $§995 for everyone, post-
paid in this country. Terms are available. May we send our illustrated 32-page
booklet with the whole story?

From an 8210 Print of a Flylng Sauirrel Forty Feet Diitant,

"‘Questar

BOX 20
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out dangerous heating. If the magnetiz-
ing current is permitted to flow for more
than half a second, the coil may be
damaged.

“This completes the pickup unit of
the hydrophone. The pickup is housed
in an oil-filled plastic container made
from a polyethylene ketchup dispenser,
and is connected to the amplifier through
a length of shielded microphone cable.
The cable enters the housing through
the tapered nozzle of the dispenser. Snip
off the end of the nozzle at the point
where it will make a tight fit with the
cable. Pull the cable through the pre-
pared nozzle, skin the jacket back to
expose a two-inch length of the con-
ductors and securely lash a few turns of
heavy cord around the cable at a point
that will leave slack in the leads when
the pickup assembly is installed. The
cable is pulled into the nozzle until the
cord wedges against the plastic [see
illustration on page 186]. The cable is
then spliced to the pickup leads. Solder
the joints and insulate with spaghetti.

“The pickup operates in a bath of
castor oil. (Do not use substitute oils.
The electrical properties of some are in-
ferior to castor oil, and others attack the
insulating materials chemically.) Sound
vibrations are transmitted to the nickel
core through the oil. For maximum sen-
sitivitv the container must therefore be
completely filled. Care must be taken to
exclude bubbles from the oil. This can
be accomplished by completing the
final assembly with all parts fully sub-
merged in oil. Fill an open container,
such as a saucepan, with enough castor
oil to cover the unassembled parts. The
pickup unit is then inserted part way
into the housing and immersed in the
oil. The parts are manipulated while
submerged to assure the escape of all

spaghetti
over lead
connections

insert layer of
vobberized cork
gasket material

The hydrophone pickup assembly



Valves and controls

Check Valves Flow Controls Fuel Yalves Modulating Volves Remote Controllers
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AiResearch has produced more than one million high performance valves and controls
for gases and liquids operating at temperatures from —420°F. to +2000°F.
and pressures fo 6000 psig.
Reliability and compatibility of systems applica- more than 20 years of experience in valves
tions are insured when all components are of and controls and the most complete testing and
AiResearch design and manufacture—backed by production facilities available.

Please direct your inquiries to Control Systems,
AiResearch Phoenix Division.
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Los Angeles 45,California » Phoenix, Arizona
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LINCOLN
LABORATORY

invites inquiries from persons

with superior qualifications.

SOLID STATE Physics, Chemistry, and Metallurgy

RADIO PHYSICS and ASTRONOMY
NEW RADAR TECHNIQUES

COMMUNICATIONS:

Techniques
Psychology

Theory

INFORMATION PROCESSING

SYSTEMS:

Space Surveillance
ICBM Detection and Tracking
Strategic Communications

Integrated Data Networks

SYSTEM ANALYSIS

Research and Development

LINCOLN LABORATORY

Massachusetts Institute of Technology

BOX 18

LEXINGTON 73, MASSACHUSETTS
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hydvophone

Continuity test using miniature lamp

bubbles, and the nozzle cap is screwed
home.

“The unit is now removed and wiped
clean. Seal the joints at the end of the
nozzle and between the cap and the
body of the jug with a wrapping of rub-
ber tape and cover the rubber tape with
scotch electrical tape. A connector that
mates with the input of the amplifier is
attached to the free end of the micro-
phone cable. The hydrophone is now
ready for use.

“The sensitivity of the instrument
varies inversely with the frequency and
is low in the audio range (16 to 16,000
cycles per second). The output rises at
the rate of about six decibels per octave.
For this reason you will need high am-
plification for satisfactory listening in the
audio-frequency range. The home high-
fidelity amplifier designed to operate
from a variable reluctance cartridge will
have enough amplification.

“A 50-ohm ‘line-to-grid’ transformer
is used to match the impedance of the
hydrophone to the input of the amplifier.
Connect one terminal of the secondary
coil directly to the grid of the input tube
and ground the other. Connect the
| hydrophone across the 50-ohm coil. Tape
| recorders that have an input for a low-
level microphone will also have suffi-
cient gain to operate from the hydro-
phone. Usually these recorders include
a transformer for low-impedance trans-
ducers and can therefore accept signals
directly from the hydrophone. In either
case the chassis must be well grounded
to reduce 60-cycle hum and other back-
ground noise.

“Lower the hydrophone into the near-
est river or off a convenient pier. Listen
for passing motorboats and noises made
by the local fish population. If there
is an aquarium in your locality, per-
haps the director will allow you to
record the noises in his tanks. He will
have to shut off the air or circulating
water in the tanks during intervals of
listening, or the background roar will
mask the fish noises.”




is experienced. ..
in Ground Support
Equipment

Before this familiar signal can be given,
the intricate electronic circuits of an
airborne weapon system must be
thoroughly checked.

For 15 years, LFE has devoted
extensive research to the development
of advanced microwave test equipment
for Ground Support. The results have
made available many designs that
solve difficult and complex
radio-frequency measuring problems.

: Some of these designs are now being
| used in highly-advanced Ground

Support Equipment such as LFE’s

. ' AN/GPM-24. This self-contained
portable tester for airborne doppler
navigation equipment is one of the GSE
items in quantity production at LFE.

e O We invite inquiries concerning radio
frequency measuring problems for
. which no pat solution exists.

C

LABORATORY FOR ELECTRONICS, INC., Boston 15, Massachusetts
w SYSTEMS, EQUIPMENT & COMPONENTS FOR AIRBORNE NAVIGATION +« RADAR and SURVEILLANCE

ELECTRONIC DATA PROCESSING » AUTOMATIC CONTROLS » GROUND SUPPORT ~ AIR TRAFFIC CONTROL
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Ballistic missiles: the ultimate
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weapon?

The ICBM is often called the “ultimate
weapon.” Yet, throughout history, there
have been many so-called ultimate weap-
ons. Men of science have always found a
defense.

Today, Hughes engineers are studying this problem.
The programs being initiated are uncovering many
challenges for imaginative engineers and scientists.

The high order of complexity in ballistic missile inter-
ception means that all of the traditional areas in-
volved—early detection, discrimination, acquisition,
tracking, data processing, intercept and kill-must
be expanded to new highs in the state of the art.

Of tremendous help are the lessons learned during
the development of the first successful airborne elec-
tronics intercept system—made up of the Hughes
Electronic Armament System and Hughes Falcon
air-to-air-guided missiles.

"

This Hughes three dimensional radar antenna,
shown in the process of retraction, is completely mobile.
Dewveloped by Hughes engineers,frequency-scanning radar
provides umbrella-like protection for key defense areas.

This complete flip-flop circuit demonstrates
Hughes capabilitiesinthe field of solid state data proces-
sors. Hughes engineers are broadening the state of the
AICBM art by drawing upon a great number of such
advanced electronic techniques.

A

Hughes is also drawing on its skills in such fields
as advanced infrared and radar detection systems,
satellite communications systems, electronic scanning
radar systems, space vehicle technology, microwave
propagation, advanced data handling and display
systems, and other fields of advanced electronics.

Hughes Anti-ICBM work will be coordinated to com-
bine the efforts of virtually every Hughes activity.
In this way, every conceivable idea can be studied —
and the entire spectrum of electronics broadened.

The great variety of advanced electronics projects
and the basic scientific-orientation at Hughes offers
the engineer the ideal environment for personal and
professional growth.

Newly instituted programs at Hughes have created immediate
openings for engineers experienced in the following areas:

Computer Components Semiconductor Product Eng.
Infrared Microwave & Storage Tubes
Anti-submarine Warfare Communications Systems
Digital Computers Inertial Guidance
Electro-optics Field Engineering

Systems Design & Analysis Circuit Design & Evaluation

Write in confidence to Mr. R. A. Martin
Hughes General Offices, Bldg. 6-F-10, Culver City, Calif.

Creating a new world with ELECTRONICS

HUGHES AIRCRAFT COMPANY

Culver City, El Segundo, Fullerton, Malibu,
Newport Beach, Oceanside, Santa Barbara and
Los Angeles, California; Tucson, Arizona
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2 The Library of Science

invites you
to choose any three

of these enduring
scientific works
at only $1 each

An expanding world of knowledge, presented by leading scientific discoverers and thinkers
—37 fine volumes currently available to members

SPACE BIOLOGY, by
Hanrahan and_Bushnell,
The human_ factors in
space flight, incorporating
findings of the latest re-
search,  LisT PrICE $6.00

PROBABILITY THEORY
AND ITS APPLICATIONS,
by William Feller,

LisT PrICE $10.75

LOGIC MACHINES AND
DIAGRAMS, by Martin
Gardner. LIST PRICE $5.00

MATHEMATICS AND THE
PHYSICAL WORLD, by
Morris Kline.

L1sT PRrICE $6.00

FALLOUT:

«a study of superbombs,

strontium 90 and sur-

vival, ed. by J. M. Fowler.
List PRICE $5.50

ELECTRONIC DATA PROC-
ESSING, by Roger Nett and
Stanley A, Hetzler.

LisT PrIcE $6.75

THE LOGIC OF SCIENTIFIC
DISCOVERY, by Karl R.
Popper. LIsT PRICE $7.50

ElECTRONS, WAVES AND
ESSAGES, by John R.

Paerce. LisT Price $5.00

PRINCIPLES OF GEO-
CHEMISTRY, by Brian
Mason, Second edition,
newly revised and en-
larged. LisT PRICE $8.50

FOSSIL MEN, by Marcellin
Boule and Henri V. Vallois.
LisT PRICE $9.50

THIS SCULPTURED EARTH,
by John A. Shimer. Geo-
logical forces and land-
scape, 105 illustrations.
Li1sT PRICE $7.50

MATTER, EARTH AND
SKY, by George Gamow.
LisT PrICE $10.00

S
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terms.

MATHEMATICS DICTIONARY, by
Glenn and Robert C. James. Definitions
of over 7,000 mathematical terms, con-
cepts and relationships, with 423 in-
tegral tables, over 400 mathematical
symbols, differentiation formulas, and
a 72-page four-language index of basic

LisT PRICE $15.00

EVOLUTION OF GENETIC
SYSTEMS, by C. D. Darl-
ington. Li1sT PRICE $5.50

VIRUS HUNTERS, by Greer
Williams. From Jenner to
Sabin and Salk.

L1sT PRICE $5.95

GEORGE SARTON'’S sec-
ond volume of A History
of Science.

Li1sT PRrICE $11.00

SIR JAMES G. FRAZER’S
NEW GOLDEN BOUGH.
One-volume abridgment,
ed. by Theodor H. Gaster.

L1sT PRICE $8.50

STRANGE WORLD OF THE
. A. Firsoff,
{XST PRICE $6. 00

Up to $36.75 worth of books for only $3.00

I
.

The Library of Science, bvept.L70
59 FOURTH AVENUE, NEW YORK 3, N. Y.
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every four Selections.

SELECTIONS.

Please enroll me as a member and send me at once the
three Selections indicated below, for which you will bill
me only $3.00 (plus postage). As a member, I need
take as few as four more Selections during the next 12
months, from the more than 75 works available to me
at reduced Member’s Prices. I understand that I will #
receive a free bonus book of my own choosing after
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A STUDY OF THINKING,
by Jerome S. Bruner.
LisT PRICE $6.00

RIVERS IN THE DESERT,
by Nelson Glueck. Archeo-
logical explorations in the
Negev.,  LisT PRrICE $6.50

GAMES AND DECISIONS:
An Introduction to Game
Theory, by R.DuncanLuce
and Howard Raiffa.

List PrICE $8.75

THEORIES OF LEARNING,
by Ernest A. Hilgard.
LisT BRICE $5.50

THE TREE OF CULTURE, by
Ralph Linton.

PHYSICAL THEORY OF
NEUTRON CHAIN REAC-
TORS, by Alvin M. Wein.
berg and E. P. Wigner.
“First authoritative and
unified account of modern
reactor theory.”” Robert A.
Charpie. LisT PRICE $9.95

TOWARDS A UNIFIED
COSMOLOGY, b y Reginald
O. Kapp. Li1sT PRICE $6.50

FRONTIERS IN SCIENCE,
ed. by Edw. Hutchings, Jr.
Contributions by Pauling,
Oppenheimer, Hoyle,
Beadle. LIsT PRICE $6.00

SIGMUND FREUD: The In-
terpretation of Dreams.
The only complete English
translation.

LisT PRICE $7.50

CHARLES DARWIN: Life
and Letters. Two volumes,
boxed, edited by his son,
Francis Darwin

LisT PrICE $10.00

SPEECH AND BRAIN-
MECHANISMS, by Wilder
Penfield and Lamar Roberts.,

LisT PrICE $6.00

CONCEPTS OF SPACE and
CONCEPTS OF FORCE. Two
volumes by Max Jammer.

THE FUTURE OF MAN and
CAN MAN BE MODIFIED?
by Peter B. Medawar and
Jean Rostand, respectlvely.
Two volume set.

LisT PrICE $6.00

MODERN ASPECT OF
MATHEMATICS, by Luci-
enne Felix. The Bourbaki
revolution in mathematics
and its consequences.

L1sT PrICE $5.00

SCIENTIFIC AMERICAN
BOOKS, Second Series.
Five paperbound volumes,
boxed, by the editors of
the Scientific American.
LisT PRICE $7.25

WILLY LEY: Rockets, Mis=
siles and Space Travel.
3rd revised edition.

L1sT PRICE $6.75

THEORIES OF THE UNI-
VERSE, by Milton K.
Munitz, From primitive
myth to modern astronomy,
physics and mathematics.

LisT PRICE $6.50

A SHORT HISTORY OF
SCIENTIFIC IDEAS, by Chas,
Singer.  LIST PRrICE $8.00

THE EARTH AND ITS A'l’-
MOSPHERE, ed. by D

LisT PRICE $7.50

OR THE SERIOUS, the important and

the enduring inscientific literature,
readers interested in keeping up with
contemporary developments have
turned in increasing numbers to The
Library of Science. Now in its fifth
year, The Library of Science counts
as members over 50,000 scientists,
educators and related professionals.

The 37 works listed here exemplify
the depth, scope and quality of the
volumes offered each month at sub-
stantial savings to members of The
Library of Science., From arche-
ology to zoology, from the behavior
of the electron to the functioning of
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LisT PRICE $9.25 Bates.

%C £ibrary Of Science, 59 FOURTH AVENUE, NEW YORK 3, N. Y.

LisT PRICE $6. 00

the living cell, from the inner struc-
ture of the earth to the limitless
reaches of space—Library of Science
Selections range over the entire uni-
verse of scientific knowledge.

To start your membership, choose
any three of these fine books at only
31.00 each. Thereafter, as a member,
you need take as few as four more
Selections during the next 12 months
from the more than 75 available to
you at reduced Member’s Prices.
These, together with the free Bonus
Books which you yourself choose
after every fourth Selection, insure
you savings that total over 40%.



by P. W. Bridgman

No~-LINEAR  WAvVE MEcHANICS: A
CAUSAL INTERPRETATION, by Louis de
Broglie. Translated by Arthur J.
Knodel and Jack C. Miller. Elsevier
Publishing Company ($11).

his book and the events that it
I narrates constitute a shining ex-
emplification of the aphorism of
Samuel Butler “He that complies against
his will is of his own opinion still.”
Prince Louis de Broglie is recognized
as the inventor of that particular form of
quantum theory known as wave mechan-
ics. He had arrived at his fundamental
point of view in 1923 and 1924, and in-
corporated it in his thesis for the D. Sc.
degree in 1924. De Broglie’s new insight
was that the wave-particle dualism
should be complete and universal. One
aspect of this dualism was already recog-
nized in connection with radiation; it
had been found necessary to supplement
the waves of classical optics with accom-
panying particles—the photons—in order
to accommodate such new phenomena
as the photoelectric effect and the Comp-
ton effect. It was de Broglie’s conviction
that analogously the particles of ordinary
mechanics must have accompanying
wave phenomena. What the nature of
this new dualism might be was fore-
shadowed more than a century before by
William Rowan Hamilton, who had
called attention to certain analogies be-
tween the trajectories of material parti-
cles and the rays of geometrical optics.
Reflection on Hamilton’s results had led
de Broglie already in 1923 to the idea
that traditional mechanics, both in its
relativistic and  classical Newtonian
forms, was only an approximation, of the
same sort of validity as geometrical
optics. The relation between the wave-
length, if such there was, of an ordinary
mechanical particle and its mass or
energy was presumably the same as that
already established for the photon. Ac-
cordingly, because of the relatively large

BOOAY

Louis de Broglie’s renewed effort to find

a cause-and-effect basis for microphysics

masses of all material particles, their
accompanying wavelengths could be ex-
pected to be very much smaller than the
familiar optical wavelengths, and the
corresponding  phenomena  therefore
more difficult to establish. The wave-
length would be largest for the electron,
the material particle with the smallest
known mass, so that it might be expected
that the experimental verification of de
Broglie’s ideas would be made first in
connection with the electron. This, of
course, is what actually happened in the
experiments of C. J. Davisson and L. H.
Germer and of G. P. Thomson. The in-
terference experiments with electrons
were presently extended to lightweight
atoms, the corresponding wavelengths
of which were much less, so that these
“matter waves” came to be regarded as
having just as much “physical reality” as
the ordinary waves of optics did. A
rather spectacular corroboration of the
reality of the electron waves was af-
forded by de Broglie’s discovery that
the circumferences of the various Bohr
orbits of the electrons in the atoms of
various elements were such as to just
contain an iutegral number of the elec-
tron waves of the electrons circulating in
those orbits. That is, the electrons in
their orbits were in steady or stationary
states, as demanded by the Bohr theory.

However, in spite of these various in-
dications that there really were waves
associated with electrons and other ele-
mentary partic]es, there were some con-
siderations which showed that the situ-
ation was not so simple as this. The years
1924 to 1927 were years of intense re-
flection by de Broglie on the implica-
tions of his own point of view, and also
of the connection of his ideas with those
of Erwin Schrédinger, whose first paper
containing his celebrated wave equation
appeared in 1926. Of Schrodinger’s work
de Broglie says in another place (Phys-
ics and Microphysics, 1955) “Schrodin-
ger, expanding the ideas contained in my
thesis, gave a complete analytical devel-
opment of wave mechanics.” De Broglie
recognized that there was a probabilistic
aspect to the psi function in Schrodin-
ger’s wave equation, but he felt that
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there must be more to it than the proba-
bilistic aspect if the occurrence of a par-
ticle associated with the psi was to be
adequately accounted for. He felt that
there should be a more natural and in-
evitable connection between the particle
and its wave than a connection imposed
by simple fiat, as it were, between the
psi of the Schrédinger equation and the
particle. What he was looking for was a
connection resulting of necessity from
the inherent nature of the mathematics.
These ideas crystallized in three papers
in 1926 and 1927, in which the hy-
pothesis was laid down that the Schrod-
inger wave equation permitted two kinds
of solution: the well-recognized psi so-
lution, which gave the probability of the
presence of an electron or other particle,
and a second sort of solution involving a
mathematical singularity that was the
particle. This idea is very similar to the
one by which Einstein tried so long and
so unsuccessfully to unify general rela-
tivity and quantum theory. This idea in
de Broglie’s form involved most seri-
ous mathematical difficulties, for it was
not certain whether the sort of solution
postulated by de Broglie even exists.

The Solvay Congress in October,
1927, was devoted to wave mechanics,
and de Broglie was invited to present a
paper. He would have liked to present
his ideas about the second, or “double,”
solution of the Schrodinger wave equa-
tion, but because of the unsolved mathe-
matical difficulties he had to content
himself with an “incomplete and dilute
form” of these ideas, which he called the
pilot-wave theory. De Broglie had specu-
lated enough about his second solution
to convince himself that it had one as-
pect in common with the conventional
psi solution, namely its phase. This per-
mitted him to say that the singularity of
the unknown solution that constituted
the particle must in a certain sense be
“guided” by the conventional psi solu-
tion. This picture of the situation coin-
cided exactly with one put forward by
Georg Madelung at the same time. De
Broglie’s ideas were unfavorably re-
ceived at the Solvay Congress, where
most of the other great figures in quan-
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AND EXCITING

THE NATURE
OF THE UNIVERSE

By Frep HoYLE. A newly revised edi-
tion of the classic exposition of the
steady-state theory of the universe.

Illus. $3.00
—_————
THE SEARCH
FOR ORDER

By CEeciL J. SCHNEER. “Unusually fine
presentation of the basic philosophy
and historical development of modern
science.”—KIRTLEY MATHER. Illus. $6.00
_—————

THE WESTERN
INTELLECTUAL TRADITION

From Leonardo to Hegel
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tum mechanics, including Niels Bohr,
Max Born and Werner Heisenberg, sup-
ported by P. A. M. Dirac and Wolfgang
Pauli, apparently ganged up on de
Broglie in insisting that the psi of the
Schrodinger equation represented mere-
ly the probability of the presence of an
electron. Later this view became known
as the Copenhagen interpretation, al-
though it was first enunciated by Born,
who was then at the University of Got-
tingen. The vehemence and the confi-
dence of the opposition that de Broglie
met, particularly some cogent criticisms
by Pauli which he did not see how to
answer, made a great impression on him,
in spite of the fact that H. A. Lorentz,
Schrodinger and Einstein did not accept
the Copenhagen view. Moreover, when
de Broglie reflected further on the
situation after returning home, he be-
came convinced that the pilot-wave
theory was intrinsically incapable of
supplying the objective, causal descrip-
tion he was seeking, for the reason,
among others, that the psi function of
conventional wave mechanics is propa-
gated in a fictitious configuration space
and is thus without “physical reality.”

The double solution, as opposed to
the pilot-wave solution, was not abso-
lutely ruled out by these considerations,
but the mathematical difficulties were so
great as to make the successful outcome
of further attack along these lines ex-
ceedingly uncertain. De Broglie thus
abandoned this approach, writing:
“From 1928 on I embraced Bohr’s prob-
abilistic interpretation as the basis of my
personal research, my teaching and my
books.” In fact, so unreservedly did he
adopt the probabilistic point of view that
Einstein could say, in writing the fore-
word for de Broglie’s Physics and Micro-
physics: “What impressed me most,
however, is the sincere presentation of
the struggle for a logical concept of the
basis of physics which finally led de
Broglie to the firm conviction that all
elementary processes are of a statistical
nature.”

To all outward appearances de Bro-
glie remained contentedly in the fold of
the orthodox from 1928 to 1951, when
he became acquainted with a recent pa-
per by David Bohm, in which Bohm es-
sentially went back, as de Broglie tells
it, to de Broglie’s pilot-wave theory of
1927, in which the psi wave of the
Schrodinger equation is treated as a
physical reality. Bohm made some in-
teresting new suggestions, in particular
somewhat weakening the force of the ob-
jections made by Pauli at the 1927 Sol-
vay Congress, but on the whole de Bro-
glie felt that Bohm had not answered the
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objections that had led him to abandon
his own pilot-wave theory, and in a
communication to the Comptes Rendus
he reiterated these objections, which
seemed to him insurmountable. This epi-
sode, however, redirected his attention
to the theory of the double solution. In
particular, he was stimulated by a re-
mark of his pupil Jean-Pierre Vigier, who
called his attention to the remarkable
similarity between a situation that had
arisen in general relativity and the re-
quirements of the double solution. It had
been demonstrated that a singularity in
the gravitational field must automatically
move along the geodesics of the gravita-
tional field. Now this was exactly the sort
of thing that de Broglie wanted his
mathematical singularities (which were
his particles) to do, and he was encour-
aged to hope that, if the mathematics
could be made amenable in the one case,
it might in the other. A further sugges-
tion by Vigier indicated in somewhat
more detail how this might possibly
come about, and de Broglie was encour-
aged to resume work on his abandoned
theory. The present book, in addition to
the historical material outlined above, is
occupied with setting forth his progress
up to 1956 (the year of publication of
the French original) in implementing
his ideas.

The book contains several chapters in
which the ideas of the pilot-wave solu-
tion are carried further, profiting in par-
ticular from suggestions by Bohm and
Vigier. In these chapters some of the
objections to the pilot-wave solution are
met, but not in such a way as to obviate
the necessity for developing the possi-
bilities of the more rigorous method of
the double solution. The last few chap-
ters are devoted to a critical appraisal of
the possibilities and the difficulties still
to be surmounted. This discussion is en-
gagingly frank, and makes no attempt to
conceal the fact that the difficulties are
formidable and that there is no certainty
that they can be surmounted, even “in
principle.” It now appears that the orig-
inal guiding idea has to be modified
somewhat. At first the idea was that in
some way there was a second kind of
solution of the Schrodinger equation,
which corresponded to the particle. This
second solution was also wavelike, and
was referred to as the u-wave. But it now
appeared necessary to loosen the intima-
cy of the connection between the u-wave
and the psi wave. The u-wave is the
solution of an equation somewhat like
the Schrodinger equation, but an equa-
tion that is completely “objective.”
There is a good deal of discussion of
“objectivity” and “subjectivity,” without
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an attempt to make the distinction very
sharp, and the reader has more or less to
guess at precisely what is meant. One
reason that the u-wave is said to be ob-
jectively real is that the independent
variables of the equation of which it is
hypothetically a solution are the canoni-
cal space-and-time variables. But there
has to be more to it than this if the
u-wave is to be objectively real in the
sense that the solutions of the Maxwell
equations, for example, are objectively
real. Not only are the independent varia-
bles of the Maxwell equations the con-
ventional space-time variables, but the
solution itself is physically real. The so-
lution is an electric or magnetic force,
which can be determined by instrumen-
tal operations independent of the equa-
tions. It makes sense to ask whether the
Maxwell equations are true; and in those
cases where the equations have a solu-
tion in wave form it also makes sense
to ask what the waves are waves of.
(They are waves of electromagnetic
force.) As for de Broglie’s u-wave, the
equation of which it is supposedly a so-
lution is never written down, so that it
is not possible to ask whether the equa-
tion is true. Neither is it possible to ask
what the u-wave is a wave of. It seems
to me that any “physical reality” that the
u-wave has is of a pretty attenuated sort.

The u-wave solution has some uncon-
ventional properties. The part of it that
represents the particle cannot be a point
singularity, as was at first supposed, but
has to be spread out through a region in
space of finite size. In this region the
solution is no longer a singularity in
the mathematical sense, but is character-
ized by very large numerical values that
cannot satisfy a linear equation. Such a
region of space, with a rather well-de-
fined boundary, is to say the least an
unusual sort of mathematical creature.
Furthermore, it now appears that in the
region outside the particle, where the
u-wave is much like the psi wave, there
are difficulties. The u-wave cannot
spread out to infinity, like the psi wave,
but must have a well-defined outer edge.

| This is necessary in order to avoid the

difficulties arising from the blurring of
the particle with the passage of time, a
difficulty in Schrodinger’s original pic-
ture of the physical significance of his
psi. This way out is not open to de Bro-
glie’s u, and in fact the mathematical
method of meeting the situation does not
appear, for any ordinary mathematical
function can be analyzed into a Fourier
series, with components that do reach
out to infinity.

The equation, whatever it is, that the
u-wave satisfies has to be non-linear, not
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only for the reason above, but also in
order to admit the possibility of, for ex-
ample, interference effects, in which the
diffraction pattern of two slits is not the
sum of the patterns of the separate slits.
But the mathematics of non-linear equa-
tions is still no-man’s land, and it is not
known what the range of possibilities is,
or how to construct an equation, or how
to find its solution in such a way as to
ensure the desired properties. De Bro-
glie therefore can give no specific illus-
tration of what the nature of the non-
linearity might be, but has to content
himself with the enumeration of vague
desiderata, required by the physics but
of unknown mathematical possibility. It
seems to me that this must be regarded
as a serious weakness in de Broglie’s
whole position.

It will be recognized that the assump-
tion of the existence of a u-wave is nearly
equivalent to the assumption of the ex-
istence of concealed mechanisms or vari-
ables. This means that de Broglie’s sug-
gested method of retaining conventional
causality is in this respect in the same
general class as Bohm’s and a number of
others. Now the mere mention of con-
cealed variables is sufficient to auto-
matically elicit from the elect the remark
that John von Neumann gave absolute
proof that this way out is not possible.
To me it is a curious spectacle to see the
unanimity with which the members of a
certain circle accept the rigor of von
Neumann’s proof. De Broglie himself
was one of these during his 24 years in
the fold of the orthodox. He now finds
it necessary to call von Neumann’s proof
in question, and he is in fact able to put
his finger on one specific assumption
(too technical to be described here) that
justifies him in saying: “These observa-
tions now seem to me to cast doubt on
the validity of the implicit postulate on
which von Neumann’s demonstration is
based, and, as a result, to destroy the
penetrating force of his argument.” This
episode would seem to point the moral
that it is never possible to state a conclu-
sion with completely unqualified validi-
ty. Henri Poincaré’s remark still stands
that, no matter how complicated the be-
havior of a quantum system, it is possi-
ble to completely reproduce its behavior
with purely classical mechanisms, pro-
vided those mechanisms are buried deep
enough and are forbidden, by fiat, to
reveal their presence in any except the
prescribed ways.

In order to make possible an ultimate-
ly causal explanation of the probabilistic
behavior of the psi function de Broglie
has now come to believe in the existence
of a particular kind of hidden variable.
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In a footnote to the English translation
of his book he says that he has come to
accept wholeheartedly a hypothesis of
Bohm and Vigier, namely that the statis-
tical nature of the psi function “arises
from the interaction of the particle with
a ‘sub-quantic’ medium which escapes
our observations and is entirely chaotic,
and which is everywhere present in what
we call ‘empty space.”” It seems to me
that this comes perilously close to the
situation envisaged by Poincaré, and I
must confess that I was almost shocked
by the suggestion.

De Broglie recognizes that the ulti-
mate justification of his views would be
the discovery of new kinds of experimen-
tal fact. He makes a few suggestions in
this regard, among which perhaps the
most important is that new sorts of be-
havior should be encountered at very
high energies.

The book ends with a reiteration of
the similarity between the points of view
presented there and the outlook of gen-
eral relativity, and with an eloquent trib-
ute to Einstein and the profundity of his
physical ideas.

The reception accorded the specific
suggestions in this book will doubtless
vary with the temperament of the reader.
I personally question whether the book
will make many new converts to the fun-
damental point of view—the general
tenor of the book is too much on the
negative side, and de Broglie has per-
haps leaned over backward in his frank
admission of the many great difficulties.
But there can be, I believe, no doubt as
to its lasting interest as a document dis-
closing the psychology of a scientist, and
as such throwing light on the altogether
surprising present differences of attitude
of physicists with regard to the funda-
mental point of view of quantum theory.
No future history of physics is going to
be complete without reference to de
Broglie’s book.

It remains for us to try to understand
this surprising cleavage of present-day
physicists into two camps, a cleavage all
the more surprising when it is considered
that sometimes the complete publicity
and objectivity of science are incorpo-
rated into the very definition of science.
It is to be commented in the first place
that the difference is in the realm of
what the physicist says rather than in
the realm of what he does, in the sense
that a Bohr or an Einstein would go
through essentially the same arguments
and obtain the same numerical result in
calculating the ionizing potential of a
hydrogen molecule. The difference of
outlook between the two camps of physi-
cists reminds one in certain ways of the
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difference of outlook of human beings
of whatever interest which William
James characterized as “tough-minded-
ness” and “tender-mindedness.” Only
here there is a curious inversion in who
might be expected to be whom in this
regard. During the many years that the
rigid deterministic and causal concep-
tion of the universe resulting from New-
tonian mechanics and culminating in the
God of Laplace was getting established,
it was the believers in universal causality
who were tough-minded, as opposed to
the tender-minded adherents of tradi-
tional philosophy and religion, who, with
the loss of the freedom of the will im-
plied by universal causality, were fear-
ful that there was no sufficient basis for
morality or religion. Now it is the be-
lievers in conventional and traditional
causality such as Einstein and de Bro-
glie who appear as tender-minded, as op-
posed to the tough-minded Bohr and
Heisenberg, who give it up.

The conclusion would seem to be one
to which we are also led from many
other angles of approach. This is that
science is unavoidably a human enter-
prise, and that the resulting edifice is by
no means determined by the “objective”
material out of which it is constructed.
It has, in fact, long been recognized that
no scientific theory can be unique. Some
philosophers of science have emphasized
the dominating role of “simplicity” in
determining which of several logically
possible theories is adopted. Anyone in-
clined to argue the dominating role of
simplicity would do well to ponder the
example presented here by de Broglie.
It may be that he was guided by con-
siderations of simplicity, but if so, it must
have been a simplicity in the context of
his entire outlook on the world, not a
simplicity in a purely physical or mathe-
matical context. No one could possibly
maintain that the as yet unknown mathe-
matics capable of implementing de Bro-
glie’s ideas can be simpler than the math-
ematics of Copenhagen. But if de Broglie
was influenced by his need for simplicity
in his total world view, he does not take
us into his confidence as to what this
world view is.
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mathematician provides non-technical introduction to rel-
ativity. Entirely non-mathematical, with appendixes for
the specialist. 15 figures. 260 pp. Paperbound $1.45

BX654. THE HUMOROUS VERSE OF LEWIS CAR-
ROLL. Largest collection: 150 parodies, whimsies, mock
epics, acrostics, burlesques. Many poems appeared here for
first time. Snark, Rhyme? and Reason?, Phantasmagoria,
etc. 130 illustrations by Tenniel, Frost, Carroll. 1st line
index. 450 pp. Paperbound $1.85

Indispensable to every student, re-
searcher, library, teacher

FUNDAMENTAL FORMULAS OF PHYSICS,
ed. by Prof. D. H. Menzel, Harvard
College Ohservatory, 2 vol. set, $4.00

When this set first appeared in 1954 (at $16.00), it was
immediately recognized as an essential reference work for
anyone working with mathematics, whether pure or applied.
Now it has been brought up to date, corrected, and pub-
lished at a new low price, so that every teacher, student,
and librarian can afford to have this indispensable refer-
ence work on their desk.

Edited by Professor Donald Menzel of Harvard University,
this set contains the fundamental mathematical formulas of
practically every important branch of science: basic mathe-
matics, statistics, constants, mechanics, special relativity,
general relamvnty hydrodynamics, aerodynamics, heat,
statistical mechanics, gases, electromagnetism, electrnnics,
sound, optics, electron optics, atomic spectra, quantum
mechanics, nuclear theory, cosmic rays, solid state, physical
chemistry, astrophysics, celestial mechanics, astronomy,
meteorology, biophysics, and many other fields of study. In
each area experts from colleges and universities, industry
and national research organizations have covered the latest
researches and understandings to make this one of the
finest working tools ever devised for the sciences.

This set is remarkably easy to use, with each section sub-
divided to present material with the greatest efficiency.
Verbal explanations and background information are given
where necessary. Many chapters have been prepared so that
both scientists and engineers can use them. Annotated
bibliographies list standard works, modern treatments, and
further reading. This edition has been corrected from the
last, and several chapters have been completely replanned
and_rewritten to bring them up to date. Even if you al-
ready have a set of the older edition, you will find this new
material more than worth the price of the book.

BX 595-596. Total of 800 pages. Two volume set, $4.00

BX640. MANUAL OF CHESS, Dr, Emanuel Lasker.
Greatest modern World Lhamnlon in thorough coverage of
all aspects of chess. When out of print, cost 0. 379 pp.

Paperbound $2.00

BX620. BOTVINNIK: 100 SELECTED GAMES. An-
notated by Botvinnik himself, with introduction on Russian
chess. 272 pp. Paperbound $1.50

BX607. CHESSBOARD MAGIC, Irving Chernev. Endgame
composltlons selected for aesthetic pleasure: 5 white knights
in a row, black with 8 pawns passed, and losing, etc.
184 pp. Paperbound $1.00

BX658. MAGIC SQUARES AND CUBES, W. S. Andrews.
The only booklength treatment of this fascmatmg topic_of
recreational math reveals a richness and an imaginative
power you never suspected: cubes, spheres, 4-dimensional,
etc. 754 illus. 419 pp. Paperbound SI.BS

BX613. GO AND GO-MOKU, Edward Lasker. Greatly
enlarged, revised new second edluon finest introduction in
English to only game that challenges chess. 72 diagrams.
216 pp. Paperbound $1.45

BX650. SURVEY OF PHYSICAL THEORY, Max Planck.
Great Nobel Laureate analyses problem of scientific method,
relativity, quantum theory. 118 pp. Paperbound $1.15

BX703. SATELLITES & SCIENTIFIC RESEARCH,
D. King-Hele. Thorough, accurate coverage of everything
known about satellites, up thru Pioneer IV. No math
needed. Ideal for both layman and scientist, as unifying
summary. 61 illus. 192 pp. Clothbound $4.00

BXGGG INTRO. TREATISE ON THE LUNAR THEORY,

. Brown. Only detailed discussion in English of 5 basié
methods of 3 body problem. Indispensable in satelhte
research. 316 pp. Paperbound $2.00

BX669. ADVANCED EUCLIDEAN GEOMETRY, R. A.
Johnson. Clear, standard reference & textbook. Formerly
Modern Geometry, Treatise on Geometry of Triangle &
Circle. 340 pp. Paperbound $1.65

BXGG7 TREATISE ON DIFFERENTIAL GEOMETRY
OF RVES & SURFACES, L. P. Eisenhart. Most
thorough most detailed, clearest coverage of important
topic in classical mathematlcs 492 pp. Paperbound $2.75

BX668. ELEMENTS OF PROJECTIVE GEOMETRY,
L. Cremona. This is the book that taught the world pro-
jective geometry. Still unsurpassed. 150 problems, too.
322 pp. Paperbound $1.75

BX576-8. THEORY OF DIFFERENTIAL EQUATIONS,
A. R. Forsyth. Complete 6 volume set; fullest, most com-
prehensive treatment ever printed; everything known
through early 20th century. Unusual coverage of alternate
methods. Indispensable to every serious mathematician,
mathematical physicist. When out of print, has sold for
$125! Total of 2763 pp. Clothbound in 3 volumes $15.00

BX612. APPLIED OPTICS & OPTICAL DESIGN II,
A. E. Conrady. Volume 2 is now ready: systematic study,
design, of all types of optical systems, microscopes, anas-
tigmatic photographic lenses, etc. Completed by R. Kings-
lake, Dir. Optical Design for Eastman Kodak. 91 diagrams.
323 pp. Paperbound $2.95

BX420. INTRO. TO STATISTICAL DYNAMICS OF AU-
TOMATIC CONTROL SYSTEMS, V. Solodovnikov. Gen-
eral theory of automatic control systems, based upon Rus-
sian & other research. Translated from Russian. 330 pp.

Paperbound $2.25

BX618-9. SPHERICAL & PRACTICAL ASTRONOMY,
W. Chauvenet. Final revised edition of basic textbook, ref’
erence work for astronomers, manual for navigators. Spherl-
cal coordinates, time, latitude & longitude, theory & use
of fixed & portable instruments. Still unsurpassed for
completeness, rigor, & examples for student. Total 1340 pp.
Two volume set. Set, paperbound $5.50

BX642. OPTICS & OPTICAL INSTRUMENTS, B. K,
Johnson. Set up working models of 4 major types of in-
struments; theory. Formerly titled Practical Optics. 234
diagrams. 224 pp. Paperbound $1.65

BX670 TREATISE ON THEORY OF DETERMINANTS,
W. H. Metzler. Almost everything known through

earl\ 19305 485 exercises, examples. 775 pp.
Paperbound $2.95
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BX664. TREATISE ON THE DYNAMICS OF A SYSTEM
OF RIGID BODIES, ELEMENTARY PART, E. J. Routh.
Republication of the elementary part now mnmletes this
classic study and reference work. Still unmatched for de-
tailed exposition, material unduplicated in later works.
460 pp. Paperbound $2.35

BX655. DYNAMICAL THEORY OF SOUND, Sir Horace
Lamb. Comprehensive, authoritative intro. to mathematical
treatment of physical aspects of sound. Unmatched for
clarity, 314 pp. Paperbound $1.50

BX661. REFLECTIONS ON THE MOTIVE POWER OF
FIR Sadi Carnot. Great classic from which all modern
heat theary & heat engines are derived. Also contams
Clapeyron’s  ‘““Memoir on Fire,”” Clausius’s ‘)

Power.”” 170 pp. r aperbound sl 50

BX628. THE STORY OF ALCHEMY AND EARLY
CHEMISTRY, J. M. Stillman. Very full coverage, easily
read by non-specialist, from beginnings up to end of 18th
century. Quotes many documents in full. 570 pp.

Paperbound $2.45

BX587. GREAT IDEAS OF MODERN MATHEMATICS,
THEIR NATURE AND USE, J. Singh. Explains verbally,
number theory, matrices, sets, groups, non-Euclidean ge-
nmctry, vectors, transfinite numbers, & their applications.
320 p, Paperbound $1.55

BX518. STRANGE STORY OF THE QUANTUM, B. Hoff-
mann. Best non-technical account of quantum theory. Up to
1958. 275 pp. Paperbound $1.45

BX394. FADS & FALLACIES IN THE NAME OF
SCIENCE, Martin Gardner. Atlantis, dianetics, flat earth,
flying saucers, other scientific vagaries by Scientific Amer-
ican puzzle editor. 384 pp. Paperbound $1.50

BX164. INTRO. TO SYMBOLIC LOGIC, Susanne Langer.
Best non-technical intro., used by tens of thousands of stu-
dents, schools, home-study. 368 pp. Paperbound $1.75

BX295. HOW TO CALCULATE QUICKLY, H. Sticker.

Serious course, not tricks, designed to develop number

sense, teaching methods not taught in schools. 256 pp.
Paperbound $1.00

BX584. 3 ADVENTURE NOVELS, H. Rider Haggard.
Best African adventure and fantasy classics: complete,
‘“‘She,”” “I{ing Solomon’s Mines,”” ‘“Allan Quatermain.”
636 pp. Paperbound $2.00

BX605. 3 PROPHETIC NOVELS, H. G. Wells. Detailed,
astonishing picture of life in future. ‘‘As master of science-
fiction, Wells is not surpassed,” English Journal. Time
V‘Iachme (only full text ever printed), Story of Days to
Come, When the Sleeper Wakes. 335 pp. Paperbound $1.45

BX523. HOW TO TELL THE BIRDS FROM THE
FLOWERS, Robert Wood. Classic humor in verse and
drawing by famous physicist. 64 pp. 75¢

Famous 2-volume set covers physics
for mature general reader

PHYSICS, THE PIONEER SCIENCE by
Prof. |. W. Taylor, per volume $2. UU
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Aerojet-General's operations near Sacra-
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fields of rocketry and propulsion, leading

toward man's most advanced assault on
the frontier of space.

We're looking for mature, experienced
and universally capable individuals, pref-
erably over 35 years of age. These men
must be trained in engineering or be en-
gineering-minded physicists or chemists.
Either the Master's or Ph.D. degree is pre-
ferred, although a strong B.S. is accept-
able. The men we need must possess
imaginative and creative insight in the
advanced development of liquid rocket
propulsion systems.

These top engineers will be given the
responsibility and freedom to work on a
broad spectrum of problems. Excellent
salaries are offered, commensurate with
proven ability and experience. Our loca-
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conditions.
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AEROJET-GENERAL
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changes of these three centuries in phys-
ics, chemistry and biology have of
course been pretty closely studied by
historians and philosophers, and while
there is always room on the bench for a
capable craftsman who can hold familiar
things up to the light in his own way,
cutnew facets and make his own settings,
it would be claiming too much—and
Gillispie does not make the claim—that
a hitherto undiscovered design of intel-
lectual progress is described in this es-
say. Still, this is a story with a theme, a
strong theme which the author presses
hard. To put it simply (which inevita-
bly means not to do it full justice), the
theme is that modern science began with
Galileo’s conception of motion (un-
doubtedly his greatest work), and that
this “true mutation in ideas” set the style
for the prodigious drama of science that
unfolded in the next 300 years. Allowing
for the precursors and forerunners, for
those who had so shaken the Aristotelian
edifice that it was bound sooner or later
to crumble and topple over, it remains
that before Galileo men could still be-
lieve that the world might be solved in
their own heads by a mixture of mysti-
cism and logic; man, a chosen creature
endowed with imagination and the pow-
er of reason, could get the hang of nature
simply by thinking upon it. But after
Galileo this illusion was no longer possi-
ble. The new philosophy, as John Donne
wrote, called all in doubt. It was not
enough to take thought to nature; nature
had to be observed. It had its laws, but
they had to be found out. It had endless
vagaries, infinite complexities. Above all
it was indifferent, no more sympathetic
to men than to stones, yielding only to
those with courage, perseverance and a
capacity for abstract thought. The blend-
ing of these attributes led to what is
called objectivity; and it is the cutting
edge of objectivity which is the basic
tool of science. The theme lends itself,
as is easily seen, to eloquence, and Gillis-
pie exploits the opportunity; but it is not
an original notion, nor especially pro-
found nor completely to the point. There
were observers before Galileo and Pytha-
goreans after him, as the book empha-
sizes. The moral revolt against the soul-
less mechanism of Newtonian physics
led by Diderot, Goethe, Wordsworth
and even Alfred North Whitehead is part
of a fluctuating and continuing debate
between those who say the red of the
rose is a wavelength, and those who say
the redness is our idea, for which we

should congratulate ourselves. The de-
bate about objectivity resembles the de-
bates about nature and nurture, induc-
? tion and deduction, which is to say that
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it is sharper than it need be, that each
side overstates the case, that it raises
false issues and often misses the real
ones. Science may see a world without
qualities, while sense and imagination
bid us accept, as one philosopher has
said, a world which is scientifically im-
possible. Yet the truth, which is rarely
pure, may not be so simple. In our time
physics has provided the stage for some
of the sharpest clashes. Arguments about
causality and determinism, about the so-
called postulates of impotence, have
echoed the classical theme. Is a concept
meaningful if it cannot be tested? Where
is the line between the observer and the
observed? Can the experimenter avoid
putting his fat thumb on the scale?
Erwin Schrédinger and A. S. Eddington
are among those—a minority, to be sure,
yet a formidable minority—who have
turned back to Pythagoras. There are
universal rhythms, cosmic unities, they
say, with which we are in tune and
which we can come upon by pure
thought and verify by experiment. Since
man is so much a piece of nature, need
he, indeed can he ever, consider himself
entirely alienated from it? Is not the
stone his kin? Gillispie’s book has more
literary than philosophical merit. He is
better at describing the 18th-century
scene than that of the 19th or 20th. His
discussion of Clerk Maxwell’s work, for
example, is murky and smells strongly
of the lamp. He can be a stylish per-
former, but he flounces, is histrionic and
apt to be carried away by his own epi-
grams. The analytic method simply can-
not take that much moisture. At the risk
of a reviewer’s cliché, one is inclined to
ask for whom the book is intended. The
beginning student and ordinary reader
will find some of the going too hard; the
historian of science will not find in it
much novelty. Nonetheless there are
some sharp, enlightening and entertain-
ing sections, and the essay as a whole is
an impressive achievement, well above
the run of such studies.

DuBridge. Columbia University Press
$2.50). No subject is more enveloped
in hot air than astronautics. This modest
book by Lee DuBridge, president of the
California Institute of Technology, is
therefore very welcome. It is by far the
most knowledgeable and balanced state-
ment which has yet appeared on the
problems and realities of what is some-
what pompously called the space age. In
these Pegram Lectures he explains sim-
ply what is involved in attaining a space
orbit (a technological and not a scien-
tific problem, he emphasizes) and the

INTRODUCTION To SPACE, by Lee A.
(
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From Mount Wilson, Lick, McDonald, Yerkes, and
Pic du Midi Observatories comes the comprehensive...

Photographic Lunar
AEE&S Assembled under the direction of Dr. Gem P. Kuiper

This magnificent portfolio contains 230 plates of
the finest photographs of the moon in existence.
Eleven guide plates give keys to the 44 lunar
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any previous lunar map —
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. Chandrasekhar. Notes compiled by S. K. Trehan.
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tool. 1960 $10.00 nomical telescopes, their uses,

and the conditions which affect
performance and productivity.
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AN INTRODUCTION TO THE THEORY OF EXPERIMENTAL DESIGN
D. J. Finney. For statistical mathematicians and
mathematically prepared experimental scientists.

1960 $7.00

EXPERIMENTAL DESIGN AND ITS STATISTICAL BASIS

D. J. F'inney}.l For biolo%ists or other experimental Dec. 6
scientists with little mathematical training.
1055 $4.50 VI. STELLAR
L ATMOSPHERES
UNIVERSITY OF Ma PRESS 5750 Ellis Avenue, Chicago 37, Iliinois Edited by Jesse L. Greenstein
IN CANADA: The University of Toronto Press, Toronlo 5, Ontario Coming in 1961
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things we can expect to learn from space
observation posts. Among the subjects of
prime interest are cloud and weather
patterns; electric, magnetic and gravita-
tional fields; the radiations and residual
matter of outer space; the features of the
moon, the planets and the stars. Du-
I Bridge sketches what is known about
the solar system and the universe, and
what physicists, chemists, geologists and
meteorologists, astronomers, biologists
and even philosophers and plain men
would like to know. Eventually, of
course, landings will be made on the
moon, and perhaps even on a planet, but
not next year, or thereabouts, as the
juveniles of the space business, with
more money to spend than is good for
them and a Congress ever ready to ap-
propriate it on the threat that some other
power will get there first, keep promis-
ing. Many of the proposed military uses
of satellites and moon voyages are, as
DuBridge says, simply silly. The moon
as a missile platform, for example, is in
the Flash Gordon class. But there are
many fascinating nonlethal programs
which deserve attention. Meanwhile it is
| good to be reminded that we still know
very little about the earth itself, and that
a sense of proportion is needed in allo-
cating funds and manpower for research.

DARWIN’S BioLocicaL. WoRrk: SOME

AspecTs RECONSIDERED, edited by
P. R. Bell. Cambridge University Press
($7.50). The essays in this volume, all
by biologists actively engaged in re-
search, consider the effect that Darwin’s
wide ranging contributions have had on
| certain branches of the science. P. R.
| Bell writes on the movement of plants in
response to light; J. Challinor on paleon-
tology and evolution; J. B. S. Haldane
on natural selection; P. Marler on the
study of animal communication; H. L. K.
Whitehouse on cross- and self-fertiliza-
tion in plants; J. S. Wilkie on the relation
of the work of Buffon and Lamarck to
that of Darwin.

rFHE TransiTs oF VENus, by Harry
Woolf. Princeton University Press
($6). In 1761 and again in 1769 astro-
nomical expeditions were sent to all parts
of the world to observe the transits of
Venus, events which stimulated consid-
erable scientific excitement, because it
was believed that they would provide
the opportunity for obtaining one of the
basic constants of astronomy, the solar
parallax; this, it was hoped, would make
possible the determination of the size of
the solar system. The story of the under-
taking, based primarily upon the expe-
dition records, the deliberations of
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learned societies and the correspond-
ence and publications of the scientists
involved, is told in this book by a his-
torian at the University of Washington.
A sound piece of scholarship.

WTHAT Is CyBernETICS?, by G. T.
Guilbaud. Criterion Books ($3.50).
In 1834 the great physicist and mathe-
matician André-Marie Ampére, in his
ambitious Essay on the Philosophy of
the Sciences, felt the need for a term to
describe the study of “means of govern-
ment.” He turned to the Greek and trans-
lated the word kybernétiké into the
French cybernétique. French dictionar-
ies recognized his term, but there is no
evidence it was ever used; instead its
leap into currency is due to Norbert
Wiener’s 1948 book Cybernetics, in
which he freshly coined the word from
the Greek kybernétés, which means
steersman, to designate a group of stud-
ies descended from James Watt’s and
later James Clerk Maxwell’s work on
mechanical governors. The word has
spread, as has the subject. One may go
so far as to say that both have sprawled.
Cybernetics is a word used by journalists
to describe a domain of all kinds of
things: automata, robots, “thinking ma-
chines,” computers, guided missiles—in
short, as a portmanteau for the spectacu-
lar. Among scientists there is a similar
looseness of usage, though perhaps not
for the same meretricious purpose. Un-
der the heading cybernetics fall such
matters as servomechanisms, the theory
of circuits and networks, computers, the
mathematical theory of information.
Even these do not embrace the entire
family; there are a few subjects such as
the theory of games which are consid-
ered at least cousins of the main clan.
Much has been written on different as-
pects of cybernetics: books and almost
innumerable articles, popular as well as
technical. This little book, a translation
from the French, is by and large the best
portrait of the subject as a whole acces-
sible to the general reader. Using no
mathematics, it describes with character-
istic French lucidity the main features of
this proliferating activity: control sys-
tems (circuits and networks, feedback
and purposive activity), and signals and
messages (the measurement of informa-
tion, information and probability, com-
munication). In a final section Guilbaud
attempts to show that cybernetics is an
effort to bring together seemingly inde-
pendent lines of research that neverthe-
less can be thought to meet in a “cross-
road” of the sciences. The crossroad,
as is evident, gets busier and busier;
economists, brain physiologists, mechan-
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General Electric Company, French Road, Utica, New York

MAIL THIS COUPON FOR YOUR TESTS

Current Areas of Activity At The Light Military Department

Space Communications & Telemetry ¢ Missile & Satellite Com-
puters ¢ Space Vehicle Guidance * Undersea Warfare Systems ¢
Thermoplastic Data Storage ¢ Space Detection & Surveillance ¢
Command Guidance & Instrumentation ¢ Infrared Missile
Applications

Please send me tests (limited to 2 subjects per individual)
answer and self-evaluation sheets covering the areas checked:

O RADAR O MICROWAVE
O ELECTRONIC PACKAGING (ME)
[0 COMMUNICATIONS O ADMINISTRATIVE ENGINEERING
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LIGHT MILITARY ELECTRONICS DEPARTMENT Name.
Home Address. Home Phone.
GENEHAL ELECTch City. Zoms: State.
FRENCH ROAD, UTICA, NEW YORK Degree(s) — Years(s) Received
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Gurley Precision Shuft Position Encoder

Read Angles
Photoelectrically |

» No friction
» High accuracy

» No wear
Gurley Precision Shaft Position
Encoder is only 3%” in diameter...
reads 8192 angular positions per
revolution...accurate to 2% minutes
of arc...contains amplifiers to give
3 or 10 volt output.
» Write for illustrated brochure.

W. & L.E. Gurley

562 Fulton Street, Troy, New York

How To Eet_T_hings Done
Better And Faster

BOARDMASTER VISUAL CONTROL

Y< Gives Graphic Picture—Saves Time, Saves
Money, Prevents Errors

7% Simple to operate—Type or Write on Cards,
Snap in Grooves

Y Ideal for Production,
Scheduling, Sales, Etc.

7 Made of Metal. Compact and Attractive.
Over 500,000 in Use

Full price $4950 ith cards
FREE | 27AGE BOOKLET No. C.s00 |

Without Obligation
Write for Your Copy Today
GRAPHIC SYSTEMS '

Yanceyville, North Carolina ‘

Traffic, Inventory,
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ical engineers, psychologists, mathema-
ticians, sociologists, military planners sit
together at conferences, happy and fra-
ternal as a group of college alumni back
for the home game. How much of sub-
stance emerges from these gatherings is
in dispute, but there is reason to believe,
as Guilbaud says, that a common meet-
ing ground for the different sciences and
disciplines is needed, “despite the diffi-
culty of avoiding trespassing and poach-
ing.” One analogy is striking, namely
that cybernetics, overblown and med-
dling though it may seem, has an “inter-
mediary function”; that is, like statistics
it finds uses in many different fields even
though it derives its name from one spe-
cialized application.

UNDERSTANDING CHEMISTRY, by Law-

rence P. Lessing. Interscience Pub-
lishers, Inc. ($3.50). Popularizations of
chemistry were once much read, but in
recent years physics, astronomy and
even mathematics have almost crowded
out an old favorite. It is true that the
advances in these subjects have been
both spectacular and incessantly thrust
upon public attention. Atomic energy,
space flight, relativity are among the
matters for which popularizers have
found an ever widening audience. Still,
chemistry has scarcely come to a stop,
and if its progress has not been quite
so flamboyant, its fruits have been en-
joyed by vastly greater numbers than
have benefited from advances in any
other single field. Lessing’s survey makes
this quite clear. It presents a sound, ably
written account of the role of chemistry
in modern life: its contribution to our
understanding of the physical world, its
new concepts, its new applications, its
formidable array of new products such
as synthetic fibers, drugs, plastics, rub-
bers, adhesives, detergents, energy con-
verters, soil conditioners, its extensions
of the boundaries of our knowledge of
life. A good book.

END ror THE FUuTURe, by Marion
Clawson, R. Burnell Held, Charles
H. Stoddard. Johns

Hopkins Press

| ($8.50). Amidst all the ebullient politi-

cian clichés about our expanding econo-
my, which in some respects attempt to
create the impression that the faster we

| use up our resources, the richer will not

only we but also our children be, little
consideration is given to the land avail-
able for exploitation, to the fact that the
amount of it is fixed, that our population

| and real income per capita are growing

and that there is a steadily increasing
demand for the products of the land. In
examining the question this thoughtful
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volume considers the present status and
foreseeable future of land use, urban
uses of land and projected requirements,
the economic and social role of cities,
land for recreation, agriculture, forestry,
grazing, transportation, reservoirs, min-
eral production, wildlife and miscellane-
ous public purposes. There are many
charts and tables. A book which, both
because of its subject and the balanced,
thorough treatment of it, deserves close
attention.

DIALECTICAL MaTERIALISM: A His-
TORICAL AND SYSTEMATIC SURVEY
oF PHILosoPHY IN THE SoOVIET UNION,
by Gustav A. Wetter. Frederick A. Prae-
ger, Inc. ($10). An English translation
of the fourth German edition of a Jesuit
scholar’s well-known survey and critique
of the evolution of dialectical material-
ism in the U.S.S.R. and itsinfluence upon
political life, economic practices, the so-
cial system and science. Of particular
interest is Father Wetter’s account of the
current formulations of the theory of
relativity and other branches of research
in chemistry, physics, biology and genet-
ics. All things considered, the author’s
handling of these questions seems pretty
objective. He makes it clear that Soviet
scientists and philosophers, in their at-
tempts, at least since Stalin’s death, to
adapt dialectical materialism to modern
scientific thought, and to reconcile or-
thodoxy with free inquiry, end up in al-
most as much disagreement and confu-
sion about the foundations of knowledge
as do the scientists and philosophers of
the West.

\ [AN’s CONTRACTING WORLD IN AN
+7% ExpaNpING UNIVERSE, edited by
Ben H Bagdikian. Brown University
Press ($4). The proceedings of a Brown
University convocation held in October,
1959. There may be a point to convoca-
tions: leaders of thought, men of affairs,
educators are brought together, mingle,
exchange views, see, are seen, hear, are
heard. Serious and light themes can be
discussed, old acquaintances renewed,
new acquaintances struck, plans laid.
Good. But why, except for issuing a
souvenir booklet, should the utterances
be preserved. Why should it be supposed
that anyone who was not a participant
would crave to see a solemn record of
an event whose entire merit—which may
be considerable—consists of the stimulus
of live exchange? Here is an example of
a book which need not have been made.
The theme is both cosmic and trite. In
little more than 150 well-leaded pages
22 men and women take stock of the
physical universe, the social environ-



Announcing a $3.05 Pre-Publication Saving on This Long-Needed...

INTERNATIONAL DICTIONARY OF APPLIED MATHEMATICS
At Last! Over 8,000 Math Applications,

Methods, Terms, Now in One 1,215-Page,

Quick-Reference Book!

ERE’s an important achievement

— the first comprehensive single
volume that brings together for every
use, defined and explained, the terms
and methods of application of mathe-
matics to 32 great fields of science and
engineering.

This massive International Diction-
ary of Applied Mathematics contains
some 8,165 entries. All those basic
definitions and methods from pure
mathematics, as well as from science
and engineering, so necessary to an un-
derstanding of the mathematical appli-
cations are included. Each term is so
clearly defined that many listings take
up half a column, some require a page
or more. Equations are included and
their derivations explained.

World-Famous Specialists in
Their Fields Make This Book Unique
as a Reference

From the United States and abroad,
noted mathematicians, physicists,
chemists and engineers have prepared
each entry to ensure authoritative se-
lection and most careful presentation
covering these fields:

Acoustical Engineering

Acoustics

Astronomy

Avutomatic Control

Differential Geometry

Electromagnetic Theory

Mechanics

Network Topology

Nuclear Science

Optics

Quantum Mechanics

Relativity

Spectroscopy and
Interpretation of Spectra

Strength of Materials

Chemical and Physical Thermodynamics

Vector Analysis

Aerodynamics and
Hydrodynamics

Atomic Structure

Chemistry

Elasticity

General Mathematics

Molecular Structure

Nuclear Engineering

Numerical Analysis

Probability and Statistics

Relativistic Quantum Mechanics

Solid State Physics and Chemistry

Statistical Mechanics

Structural Analysis and Design
Engineering Thermodynamics
Tensor Analysis
Visco-Elasticity and Plasticity

In this dictionary you will find those
concepts and approaches which are
most widely used in applied mathe-
matics and which prove most fruitful
in their results. Every article is cross-
referenced: the section on “Hole
Theory,” for example, mentions Dirac
equation. This is in bold type to refer
you to its listing for a more complete
understanding of the entire subject. A
number of the articles in applied math-
ematics, especially in numerical analy-
sis, refer you to the great 4-page entry
on methods of computing eigenvalues
and eigenvectors of matrices.

Important Foreign Language Indices

You bridge language barriers to pursue
original reading by means of the four —
German, Russian, French, Spanish —
foreign language indices in this big book.
Helpfully lists all terms with their English
equivalents.

Every scientist, every engineer, every
student, teacher, researcher needs this
book. Whether you’re checking data, look-
ing for methods of application, interpolat-
ing an equation, writing a paper, clarify-
ing technical articles — this book will give
you the answers you need quickly, cor-
rectly, without wasted time or effort.

Pre-Publication Offer

A work of this scope (1,215 pages, 315
illustrations) would ordinarily sell for $35
or more. However, the publishers plan an
unusually large first printing to bring the
retail price down to $25.00. To build up
this first printing, we are accepting ad-
vance reservations now. In return
for helping us increase this print-
ing’s size, we will send you the Dic-
tionary at the special pre-publica-
tion price of only $21.95.

Send No Money

When the International Diction-
ary of Applied Mathematics comes
off the press, a copy will be sent to
you at the pre-publication price of
only $21.95. Simply fill out and
mail reservation certificate at right.
Browse through it, use it for ten
days free. Then, if you’re not con-
vinced it will be the most used ref-
erence work on your desk, return it
and owe nothing. Mail certificate
today to: D. Van Nostrand Com-
pany,iInc., Dept. 2810, 120Alex-
ander Street, Princeton, N. J.
(Established 1848).

!SERVATION CERTIFICATE: SAVE $3.05

D. Van Nostrand Company, Inc., Dept. 2810
120 Alexander Street, Princeton, N. J.

Please send me, as soon as it is published, the International
Dictionary of Applied Mathematics. If, after looking it over
for 10 days, I am not delighted, I'll return it and owe noth-
ing. Otherwise I will remit $5.95, plus small shipping charge,
and $4.00 a month for 4 months.

Name...ioiieiiereeneneeneeneennennnns sesssssesnanens .
(please print)

Address..........

[0 SAVE! Enclose $21.95 with this certificate and shipping
costs will be prepaid. Money-back guarantee.
(In Canada: 25 Hollinger Rd., Toronto 16. Prices slightly higher.)

TAX DEDUCTIBLE if used in your work!

Foreign and A.P.O.—please remit $21.95 with reservation.
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THE 1960’s WILL BE
A DECADE OF TIME
COMPRESSION . . .

More people will travel further in
a shorter time—men will move in
geocentric orbits at 18,000 mph—
space probes will shrink our celes-
tial environment. To accomplish
these things, the time between re-
search and application engineering
will shrink dramatically.

Convair believes that the full potential of
Technology in the Sixties will be realized
through ideas originating in the minds of
creative scientists and engineers. To im-
plement this conviction, Convair-Fort
Worth is pursuing an active research pro-
gram in the engineering and physical sci-
ences.

A position on the staff of the newly
formed Applied Research Section offers
opportunity rarely found for physicists
and engineers at the doctorate level. Re-
search programs in the fields of astro-
physics, relativity, gravitation, physics of
materials, and geophysics are in the for-
mative stages of planning and activation.
Active and mature programs in electron-
ics, space mechanics, and thermodynamics
are underway.

If you can qualify, a position within this
section will offer unlimited growth poten-
tial. For further information, forward
your personal resume to Dr. E. L. Secrest,
Chief of Applied Research, Convair-Fort
Worth, P. O. Box 748 S, Fort Worth,
Texas.

CONVAIR/FORT WORTH

CONVAIR DIVISION OF

GENERAL DYNAMICS
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ment and individual man. Nothing less.
To be sure, eminent speakers and think-
ers were present and said some sensible,
occasionally striking, things. Margaret
Mead, for example, spoke admirably
when she said, “We have no way yet of
protecting the children of the enemy so
that the enemy can protect our children,
and this is the next social invention that
we are going to have to make.” Sir
Charles Galton Darwin, indulging a
favorite theme, roamed learnedly over
the next 50 years. Lester Pearson spent

his eloquence on behalf of peace.I

But despite the good will, the special
knowledge and the talent so abundantly
on tap at this convocation, most of what
was said was well-worn, wearisomely
familiar and so hurried and superficial
as to make an almost painfully embarass-
ing impression on the serious reader.

"I"HE ATMOSPHERE AND THE SEA IN

MoTion: SciExTIFIC CONTRIBUTIONS
TO THE RoOssBY MEMORIAL VOLUME,
edited by Bert Bolin. The Rockefeller
Institute Press, in association with Ox-
ford University Press ($15). Carl-Gustaf
Rossby was a Swedish meteorologist who
came to the U. S. in 1925, became a
citizen in 1939 and was a leading figure
in the advancement of the science in
this country over the last quarter-cen-
tury. His scientific ideas were vigorous
and imaginative, and he was one of the
prime movers in building up the air-
ways weather service, establishing mete-
orological training programs, founding
the Journal of Meteorology and pro-
moting organizational and academic ac-
tivities in meteorology. This volume,
originally intended as a festschrift on his
60th birthday, and continued upon his
sudden death in 1957 as a memorial to
his life and achievements, contains a
semipopular survey on current problems
in meteorology by Rossby himself, two
biographical sketches and 36 articles by
various specialists on five main topics:
the sea in motion, distribution of matter
in the sea and atmosphere, the general
circulation of the atmosphere, character-
istic features of atmospheric motion,
weather forecasting. Many illustrations,
but no index.

CLASSICAL MATHEMATICS, by Joseph
Ehrenfried Hofmann. Philosophical
Library, Inc. ($4.75). A translation from
the German of the second and third vol-
umes of Hofmann’s authoritative survey.
Among the best features of this closely
written, succinct history—a specialist’s
rather than a beginner’s handbook—are
the up-to-date bibliographies at the end

of each chapter and the biobibliograph- |
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Science Books

m TABLES RELATED TO RADIATION
EMERGING FROM A PLANETARY
ATMOSPHERE WITH
RAYLEIGH SCATTERING

By Kinsell L. Coulson, Jitendra V. Dave,

and Zdenek Sekera. Designed to sim-

plify the means of extracting the inten-
sity, the degree of polarization, and
the orientation of the plane of polar-
ization diffusely reflected or trans-
mitted in any direction for different
sun elevations, and for different values
of ground reflectivity. . . . . . $12.50

u GEOCHEMICAL METHODS OF
PROSPECTING AND EXPLORATION
FOR PETROLEUM AND
NATURAL GAS

By A. A, Kartsev, and others. . . $12.50
m BASIC PROCESSES OF
GASEQUS ELECTRONICS
By Leonard B. Loeb.
(2nd printing 1960) . . . . . . . $13.50

m THE GULF STREAM: Its Physical
Nature and Dynamical Description

By Henry Stommel.
(2nd printing 1960)
m VALUE AND PLAN:
Economic Calculation and
Organization in Eastern Europe

Edited by Gregory Grossman. A sym-
posium on post-Stalinist economic
developments $7.00

At your bookseller or
University of California Press/Berkeley 4

The first and only
complete guide

to the world’s
newest frontier—

THE SPACE
ENCYCLOPEDIA

New and completely revised edition
with 320 illustrations, 8 pages in full
color, maps and diagrams
by SIR HAROLD SPENCER JONES

Former Astronomer Royal, and others

An indispensable handbook which
combines a survey of all branches
of astronomy with details of satel-
lites, missiles and upper atmos-
phere research. With more than
700 factual, readable entries, the
book covers everything from arti-
ficial satellites to galaxies and cos-
mology; from radio astronomy to
space medicine.

“The usefulness of this book can-
not be over-emphasized at this
time.”—LIBRARY JOURNAL

$8.95 at all booksellers, or write
E. P. DUTTON & COMPANY

300 Park Avenue South, New York 10




ical information packed into the indices.
But, alas, the publisher of the English
translation continues the unforgivable
practice initiated in the first volume, re-
viewed here some time ago, of omitting
these materials.

Fl1 HE Tanks: THE HISTORY OF THE
RovaL Tanxk ReGIMENT AND ITs
PRrEDECESSORs, by Captain B. H. Liddell
Hart. Frederick A. Praeger, Inc. ($15).
A monumental account of the descend-
ant of the ancient war chariot (or per-
haps of the enlisted elephant), from its
invention in Britain, and use in World
War I, until 1945. The subject of this
book will scarcely appeal to a wide
audience, yet Captain Hart manages to
tell an unbrokenly interesting story and
to cover an amazing amount of military,
technological and even political history.
Illustrations.

HREE COPERNICAN TREATISES, by

Edward Rosen. Dover Publications,
Inc. ($1.75). A paper-back reissue, with
some revisions and an annotated Coper-
nicus bibliography, of Rosen’s transla-
tion of the Commentariolus of Coper-
nicus, his Letter against Werner and the
Narratio prima of Rheticus. The Com-
mentariolus and the Letter constitute
Copernicus’s minor astronomical works
and shed light on the development of his
thought; the Narratio, by his first disci-
ple, admirably conveys to the general
reader the central theme of De revolu-
tionibus orbium coelestium.

[A]ISTORY or BioLocy: AN INTRODUC-

TiON, by F. S. Bofenheimer. Robert
Bentley, Inc. ($10). The author says his
book is not intended as a competitor with
other histories, but rather as a manual
for teachers giving lectures on the his-
tory of science. Whatever else it may
be, it is a curious work. The first part
consists of brief and discursive essays on
such topics as the philosophical back-
ground of scientific innovation, prob-
lems of priorities, external influences on
the history of science. The less said of
these oddments, the better. The second
part is called a short factual history of
biology, and is little more than a register.
The third and longest part gives excerpts
from the writings of leading biologists.
Unfortunately many of the items are so
condensed and scrappy as to be mean-
ingless except possibly as memoranda
for lectures.

HE DyMaxioN WORLD oF BUcCkMIN-
sTER FULLER, by Robert W. Marks.
Reinhold Publishing Corporation ($12).
Buckminster Fuller has designed and

Disciples of George Boole and John Venn: We have basic
design positions in system organization and logic for large-

scale, real-time, airborne computers. Experienced logic
designers and theoretical mathematicians are invited to write *
to.Mr. S. L. Hirsch,

LITTON SYSTEMS, INC. Electronic Equipments Division
Beverly Hills, California

THE FUTURE OF MAN by Peter B, Medawar
Characteristically urbane and provocative discussions by the eminent
biologist of such lively subjects as: is science weakening the human
species by enabling the “unfit” to survive?; can the size of the world’s
population be scientifically controlled?; to what extent is the level of
human intelligence declining? $3.00

SPACE BIOLOGY by James S. Hanrahan and David Bushnell
The most up-to-date presentation of the knowledge amassed thus far
by science in preparing man for the bizarre conditions he will en-
counter in space—weightlessness; warding off cosmic radiation; with-
standing fantastic accelerations; enforced solitude; eating, breathing
and disposing of wastes in a sealed cabin.,

TOWARDS A UNIFIED COSMOLOGY by Reginald O. Kapp
Some bold answers, by one of the earliest exponents of the theory of
spontaneous generation of matter, to questions that still generate
controversy. $6.50

BASIC BOOKS, Publishers, 5o Fousin Avenue, New York 3,N.Y.
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CALCULATIONS

Easily Solved on the
BINARY CIRCULAR SLIDE RULE

In Arithmetic, Algebra and Trigonometry. Any number
of factors can be handled in long and difficult calcula-
tions, The ‘‘C” scale of the BINARY rule is 25 inches
long, with graduations 259 further apart than those
of a 20-inch slide rule. The CI, A, K and Log scales
are divided as closely as a 20” straight rule. The Log-
Log scale extends from 1.0015 to 1,000,000. Gives trig
functions from 0 to 90 degrees on back, with indicator
reading. Engine divided scales in black, overlaid with
yellow, on alternate scales on white coated aluminum.
Permanently accurate. Dia. 8% inches. Price—$10.25
in case. Approved at leading Univ. Used by largest
firms in U.S.

ATLAS SLIDE RULE—Precision Made

The ‘“Atlas’’ slide rule solves problems in Multiplica-
tion, Division and Proportion. Gives results with a
maximum error of less than 1 in 35,000. Has two ‘‘C""
scales, One is 25” long and the other is a spiral of
25 coils. Pquxulenl to a straight rule 50 ft. lnng
l{eads answers to 5 places. ACCURATELY -
D. Used in largest U.S. Laboratories. (‘hemlst:
l'l sicists and Engineers have found this rule in-
valuable for its great accuracy. Dia. 8%”, same con-
struction as ‘‘Binary’’. Trig functions from 0 to 90
degrees on back. I’rice—$13.50 in case.

MIDGET
CIRCULAR SLIDE RULE

[Has C, CL A, LL and Binary scales.
. Precision’ made, accurately cen-
tered, remains accurate, Trig functiohs on back, with
indicator. 34 million sold. Price—8$4, in case. 4” dia.
Same construction as above rules (\\0 yellow).
Descriptive Literature free. Satisfaction Guaranteed.
Sold at Bookstores &
or, Order direct.

Similar to Hlnar
C scale is 127

Engineering Equipment Stores.
INSTRUCTION BOOK WITH RULE.

GILSON SLIDE RULE CO.
Box 1487 SA, Stuart, Fla.
Slide Rule Makers since 1915

“They Took Me for a Russian!”
says LINGUAPHONE Student in Moscow

.\ulnam Henry Garvin mastered Russian right at home!

QUICKLY SPEAK Spanish, French,
German . . . any of 34 World Languages
by New RELAXED WAY at Home

Think how useful and exciting it is to
speak another language like a native. The new
RELAXED scientific shortcut—Linguaphone—
makes it easy!

Almost overnight you can
start speaking like a native in
Spanish, French, Ttalian, Rus-
sian, etc.—Find out how qul\—
Iy you learn AT HOME with-
out any effort or obligation.

MAIL COUPON NOW

34 Languages
by Linguaphone
on FREE TRIAL.
Writefor details
Send for FREE
Book Today.

Please check your |
language interest: |

LINGUAPHONE INSTITUTE e |

Dept. R-3100, Radio City, N. Y. 20 (American)
! Please send me: [] FREE Book, [ Spanish |
| “Your Passport to Languages. E:Euroﬁean) |
| O Details of FREE TRIAL—no L [renc |
bli " . ] Modern
I obligation—no salesman will call Greek I
Name R [] German
l T [ ltalian |
Add [ Russian
! e ] Japanese I
| City __Zone State Other.... |
e —_———— e ——— —
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built queer-looking automobiles that in-
corporate excellent ideas; he has in-
vented a new system of map projection;
he is an imaginative architect—self-
trained in this profession as in all his
other activities—whose startling Dymax-
ion house raised a furor but never caught
on, and whose geodesic domes have not
merely raised a furor but are now to be
found in all parts of the world. Fuller
is a nonconformist who insists on every-
thing his own way; he also leans to
grandiosity. But he is never pretentious
or self-seeking. His search is for simple
technological solutions, and his goal in
all he undertakes is to liberate men from
poverty and physical drudgery. This
book, primarily an account of his work,
does him no great service. But the many
illustrations convey a representative no-
tion of his aims and accomplishments.

AN INVENTORY OF THE HISTORICAL
4 X MoNuMENTS IN THE CiTty OF CAM-
BRIDGE. British Information Services
($19.31). This most recent publication
in the great series of inventories pre-
pared by the Royal Commission on His-
torical Monuments includes a survey of
prehistoric and Roman remains, uni-
versity and college buildings, churches,
public works and large and small houses
dating up to 1850. There are detailed
descriptions, a great number of maps
and plans and a lavish assortment of
photographs of such varied items as

Bronze Age artifacts, 16th-century
brass- and metal-work, stained-glass
windows, fonts, lecterns, monuments,

church plate, paneled roofs, pre-Con-
quest and medieval stone carvings, 17th-
and 18th-century woodwork, wall paint-
ings and wallpaper, furniture, fireplaces,
bridges, architectural models, heraldic
items, wrought-iron work, plasterwork,
staircases, paneled rooms, famous col-
lege buildings, libraries, chapels, carved
figures, churches, sculptures, botanic
gardens, shops, dwellings, paintings. A
magnificent publication.

Notes

A SHORTENED HisTORY OF ENGLAND,
by G. M. Trevelyan. A Pelican Book

(81.65). An abridged edition—though
‘ still running to some 600 closely printed
| pages—of Trevelyan’s famous history,
| the best one-volume survey for the liter-
| ate reader.

TuEe SciextIiFic PAPERS OF SIR GEOF-
FREY INGRAM TAvLOR: VoL. II, METEOR-
0LOGY, OCEANOGRAPHY AND TURBULENT
Frow, edited by G. K. Batchelor. Cam-

| bridge University Press ($14.50). This
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IMPORTANT BOOKS
FOR FALL

CONTROLLED THERMONUCLEAR
REACTIONS

by Samuel Glasstone and Ralph H. Lovberg

A survey of the attempts now being made to
produce controlled energy by nuclear fusion.
Unique and up-to-date for practicing engineers,

Published $5.60

_—
i
=

scientists and students.

HANDBOOK OF
MICROBIOLOGY

by Morris B. Jacobs and
Maurice J. Gerstein

In a series of 38 tables,
this unique book provides
all the data needed for
professional work in mod-
ern microbiology from
routine testing to funda-
mental research.

Published $8.50

ULTRAVIOLET GUIDE TO THE
MINERALS

by Sterling Gleason

This most valuable guide develops the art of
identifying minerals by their fluorescence under
ultraviolet light, and provides unique charts for
simple identifications, surveys of ores, prospect-
ing, etc.

Ready in September, $7.50

A PHILOSOPHER LOOKS AT
SCIENCE

by John G. Kemeny

A fascinating glimpse into the philosophical
problems which arise in connection with science
—problems which the scientist necessarily
leaves the philosopher to grapple with.

Published $6.50

ELEMENTS OF MASER THEORY
by Arthur A. Vuylsteke

A basic guide to the physical theories funda-
mental to maser theory including all of the con-

cepts and mathematical apparatus necessary to
an understanding of the basic subject matter.

Ready in September, prob. $9.50

ANIMAL PARASITES IN MAN

by N. H. Swellengrebel and Max M. Ster-
man
Ready in October, prob. $9.00

AIRBORNE RADAR SYSTEMS

by D. J. Povejsil, P. J. Waterman and R. S.
Raven

Ready in September, prob. $14.50

STATISTICAL PROCESSES AND
RELIABILITY ENGINEERING
by Dimitris N. Chorafas

Published $12.75

APPLIED THERMODYNAMICS

by S. H. Branson
Ready in September, prob. $5.00

Van NOS/tl‘al’lCl

Publishers Since 1848
PRINCETON, NEW JERSEY




HEADS MEAN IDEAS
AT CHANCE VOUGHT

MISSILES ... AND PIPELINES?
Controls similar to those developed for
missile flight test have interesting appli-
cations in the petroleum industry.
Vought Range Systems Division is
demonstrating how these systems can
provide automatic control of pipelines,
off-shore installations and gathering sys-
tems. At Vought, the same men who
measured and telemetered 138 variables
from a single missile in flight now are
actively interested in reducing the petro-
leum industry’s maintenance and oper-
ating costs through automatic controls.

A TEMPERATURE DIFFERENTIAL
of at least 3,000 degrees may be expected
between the nose cap and cockpit of a
manned, maneuverable spacecraft.
Choosing materials that will withstand
this temperature spread...and using
them to design livable vehicles. .. these
are assignments Chance Vought’s Astro-
nautics Division is undertaking under
contract and at its own expense. In
developmental studies of glide re-entry
craft and manned lunar vehicles, the
Division has successfully balanced wide
temperature extremes in a single vehicle.

CHANCE
VOUGHT

| second volume of Sir Geoffrey Taylor’s
| papers, the first of three to be devoted
mainly to his work on the mechanics of
fluids, has as its principal theme the
phenomenon of turbulence and its ef-
fects, a subject to which he made sig-
nificant contributions.

THE THEORY OF HEAT RADIATION, by
Max Planck. Dover Publications, Inc.
($1.50). A translation, in a paperback,
of the second edition (1913) of Planck’s
highly influential book, in which he en-
deavored to reconcile the electromag-
netic theory of radiation with experi-
mental facts.

Atomic RADIATION AND POLYMERS,
by A. Charlesby. Pergamon Press, Inc.
(817.50). A survey of present-day
knowledge of the changes produced in
materials by atomic radiation from re-
actors, or by electron radiation from
high-voltage sources.

BiocrapHIiICAL MEMOIRS, NATIONAL
ACADEMY OF ScCIENCES: VorL. XXXIV.
Columbia University Press ($5). The
subjects of the memoirs include Regi-
nald Daly, Bergen Davis, C. F. Ketter-
ing, Morris Kharasch, Otto Meyerhof,

Florence Sabin.

Tue THEORY OF MATRICES, by F. R.
Gantmacher. Chelsea Publishing Com-

K. A. Hirsch of a Russian treatise on
matrix theory based on lecture courses
that the author gave at the universities of
Moscow and Tiflis and at the Moscow
Physico-technical Institute. For mathe-
maticians and specialists in allied fields
such as physics and engineering,

ProcGress IN BriopHysics anDp Bio-
PHYSICAL CHEMISTRY: VoL. IX, edited
by J. A. V. Butler and B. Katz. Perga-
mon Press, Inc. ($17.50). The contrib-
utors discuss, among other things, the
kinetics of reactions between hemo-
globin and gases, the hydrodynamics of
the arterial circulation, visual pigments
in man and animals and their relation
to vision, determination of molecular di-
mensions from light-scattering data.

Rap1aTioN BioLocy, edited by J. H.
Martin. Academic Press, Inc. ($11).
Proceedings of the Second Australian
Conference on radiation biology.

THE WORLD AND THE INDIVIDUAL, by
Josiah Royce. Dover Publications, Inc.
($4.50). Paper-back reissue of an ex-
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John Ulric Nef, Carl-Gustaf Rossby,I

pany ($12). An English translation by I

SCiEyy)q re

How you

can have
a
free rein
n
space

Soon, man will be going on the great-
est adventure of all time—the explora-
tion of space. How will he go there?
How will he breathe, eat, sleep, live—
in worlds alien to his here on earth?
These are some of the problems our
Company seeks to solve.

Today, our scientists are at work on
some of the most advanced missile and
space programs in the world. More
men of outstanding ability are needed
for these important endeavors. Men to
work on conceptual space applications,
or to generate new ideas for space craft
and systems, or to perform analysis of
guidance concepts—in short, thinkers
in all areas of space travel. These men
must have PhD Degrees, and should
presently be exercising their special-
ized talent in some area of space, or
space systems, research.

If you are such a man and have been
looking for an opportunity to exercise
your talents to the fullest, we invite you
to share in our work. Our Company has
been described by a leading national
magazine as having the “greatest poten-
tial of any in the space or missile field.”
Here, you will have free rein to conduct
research in your specialized space field.
The opportunities are as unlimited as
space itself.

For an early interview with our
Vice President for Engineering, send
resume in confidence to:

Mr. D. C. Twogood, Box 1904,

Grand Central Station,

New York 17, N.Y.
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panded version of Rovce’s Gifford Lec-
tures, delivered at the University of Aber-
deen in 1899 and 1900. The lectures,
it has been said, constitute “the only sus-
tained effort by an American philosopher
to interpret the nature of things in a
systematic and comprehensive manner.”

RiEMANN SURFACES, by Lars Ahlfors
and Leo Sario. Princeton University
Press ($10). This volume in the Prince-
ton Mathematical Series is intended to
serve partly as an introduction to the
theory of Riemann surfaces and partly as
a survey of recent problems and results.

SOME MATHEMATICAL METHODS OF
Puysics, by Gerald Goertzel and Nunzio
Tralli. McGraw-Hill Book Company,
Inc. ($8.50). A handbook, based on a
graduate course, “intended to give a well
rounded and thorough indication of the
basic concepts involved in the study of
linear systems, with emphasis on eigen-
values, eigenfunctions, and Green’s func-
tions.”

HaxpBook oF GeopHysics. The Mac-
millan Company ($15). Revised edition
of a reference manual compiled by the
U. S. Air Force, giving current informa-
tion on such topics as atmospheric pres-
sure and density, precipitation, clouds,
atmospheric electricity, geomagnetism,
cosmic radiation, the ionosphere and
the sun.

AN INTRODUCTION TO STOCHASTIC
ProCESsEs, wWITH SPECIAL REFERENCE
To METHODS AND APPLICATIONS, by
M. S. Bartlett. Cambridge University
Press ($2.95). A paper-back reissue of
an elementary general work on the
mathematical methods and statistical
techniques that are applicable to ran-
dom processes.

From ExcINEs To AuTos, by Eugen
Diesel, Gustav Goldbeck and Friedrich
Schildberger. Henry Regnery Company
($6). An account of the life and work
of five pioneers in the development of
the internal-combustion engine: Niko-
laus August Otto, Gottlieb Daimler, Karl
Benz, Rudolf Diesel and Robert Bosch.
Ilustrations.

HicH-ENERGY ELECTRON SCATTERING
TasLEs, by Robert Herman and Robert
Hofstadter. Stanford University Press
($8.50). A preliminary handbook on the
subject of electron scattering and nuclear
structure, designed for theoreticians and
experimental investigators interested in
carrying out and analyzing experiments
in high-energy electron physics.
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MUD FLAT
AT LOW
TIDE?

This may look like a small tidal spot,
but it’s a 247,650 square mile area of
the moon, with features clearly defined
in a remarkable photo taken with a
Perkin-Elmer ROTI (Recording Opti-
cal Tracking Instrument).

To obtain pictures like this, more
than an ultra-precision optical system
is required. Also needed is an electro-
mechanical system of comparable com-
plexity and precision—in this case, one
that stabilizes a 24-inch aperture tele-
scope to better than one second of arc,
controls it and camera in automatically
tracking objects in space.

Designing such systems for space
technology is a major activity at
Perkin-Elmer. For physicists and
engineers, these projects offer career
opportunities in space vehicle instru-
mentation, range and missile instru-
mentation, reconnaissance systems,
infrared systems. To investigate, for-
ward resume to Mr. R. H. Byles.

Perkin-Elmer
Wn_
NORWALK, CONNECTICUT

s ]
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Ballistic and boost-glide flight paths

These flight paths, arcing through space and re-entering the atmosphere, are
characteristic of the paths of a ballistic missile and a boost-glide vehicle. In
both areas, Boeing holds major contract responsibilities. Boeing is weapon
system integrator for the solid-fuel 1cBM, Minuteman, and as part of a USAF-
NASA research program, is developing Dyna-Soar to study the problems of
manned space flight. The Dyna-Soar vehicle will be capable of re-entering the
atmosphere and making a normal controlled landing.

Boeing scientists and engineers, in addition, are advancing the state of the
art in many areas: advanced military and commercial aircraft, hypersonic
flight, space crew environments, vertical and short take-off and landing air-
craft, gas turbine engines, anti-submarine warfare systems, among others.

Professional-Level Openings

These and other future-oriented programs at
Boeing offer outstanding career openings to
professional specialists in the scientific and
engineering disciplines, as well as in a broad
spectrum of company activities in other-than-
engineering areas. You’ll find at Boeing a
professional environment conducive to deeply
rewarding achievement. Drop a note, now, to
Mr. John C. Sanders, Professional Personnel
Administrator, Dept. SAL, Boeing Airplane
Company, P. O. Box 3822, Seattle 24, Wash.

BOLCING

Divisions: Aero-Space * Transport ¢ Wichita ¢ Industrial Products  Vertol « Also, Boeing Scientific Research Laboratories « Allied Research Associates, Inc. — a Boeing subsidiary
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Her Britannic Majesty’s
CIVIL SERVICE
COMMISSION

and

THE UNITED KINGDOM

ATOMIC ENERGY AUTHORITY
will be holding
JOINT SELECTION BOARDS
IN OTTAWA
beginning January 17th, 1961

to interview candidates for

SENIOR AND JUNIOR FELLOWSHIPS

and for
PERMANENT APPOINTMENTS
in the
SENIOR SCIENTIFIC OFFICER
and

SCIENTIFIC OFFICER GRADES

in British Government Research and Development Establishments and
in the Establishments of the United Kingdom Atomic Energy Authority.

British scientists resident in Canada are invited to apply for further
details to:—

OFFICE OF THE LIAISON OFFICER,
UNITED KINGDOM ATOMIC ENERGY AUTHORITY,
¢/o ATOMIC ENERGY OF CANADA LTD.,
CHALK RIVER, ONTARIO.

The closing date for receipt of applications in Chalk
River will be:—

1st DECEMBER, 1960

Further Selection Boards for British scientists resident
in the United States of America will be held at Centres
in the United States of America beginning 27th March,
1961. They will be similarly publicised.
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Pearson. American Society for Metals,
1954.

Exprosives wiTH Livep Cavities, Gar-
rett Birkhoff, Duncan P. MacDougall,
Emerson M. Pugh and Sir Geoffrey
Taylor in Journal of Applied Physics,
Vol. 19, No. 6, pages 563-582; June,
1948.

THE Facke or THE Moon. R. B. Baldwin.
University of Chicago Press, 1949.
Tue MeTeORITIC Risk TO SPACE VEHI-
cLes. F. L. Whipple in Vistas in As-
tronautics, Vol. 1, pages 115-124;

1958.

THE PHYSICS OF WOOD WINDS

THE AcousTics oF ORCHESTRAL INSTRU-
MENTS AND OF THE Orcanx. E. G.
Richardson. Arnold & Co., 1929.

Horns, STrinGs AND HarMmoNy. A. H.
Benade. Doubleday & Company, Inc.,
1960.

ON WoopwiInD INSTRUMENT BORES.
A. H. Benade in The Journal of the
Acoustical Society of America, Vol.
31, No. 2, pages 137-146; February,
1959.

| THE PuysicaL Basis oF Music. Alex-
ander Wood. Cambridge University
Press, 1913.

WoobpwIND INSTRUMENTS AND THEIR
HisTory. Anthony Baines. W. W. Nor-
ton & Company, 1957.

COUNT RUMFORD

| THE CoMPLETE WORKS OF CoUNT RUM-
FORD. American Academy of Arts and
Sciences, 1870-1875.

CounT RuMFORD AND THE CALORIC
Tueory oF HEAT. Sanborn C. Brown
in Proceedings of the American Philo-
sophical Society, Vol. 93, No. 4, pages
316-325; 1949.

TaeE RuMFORD BICENTENNIAL. Proceed-
ings of the American Academy of Arts
and Sciences, Vol. 82, No. 7, pages
249-368; December, 1953.

THE AMATEUR SCIENTIST

THE CHARACTER AND SIGNIFICANCE OF
Sounxp ProbucTiON AMONG FISHES OF
THE WESTERN NORTH ATLANTIC.
Marie Poland Fish in The Bulletin of
the Bingham Oceanographic Collec-
tion, Vol. 14, No. 3, pages 1-109;
1954.

FUNDAMENTALS OF SONAR. Joseph War-
ren Horton. United States Naval In-
stitute, 1959.

Tecu~xicaL AspecTs oF Souxp. E. G.
Richardson. Elsevier Publishing Com-
pany, 1957.




For deeper knowledge of our earth
and nearby space, the moon and planets,
interplanetary space and distant galaxies. ..

NASA introduces the new

GODDARD

Space Flight Center

The Goddard Space Flight Center has just occupied an
ultra-modern research complex situated on 550 acres of
rolling parkland in Greenbelt, Maryland, a residential
suburb of Washington, D.C. Here, many of our scientists
and engineers work to advance space science and
technology through a broad program of theoretical study,
while others design, develop and construct scientific
payloads for space vehicles and supervise their
launchings. Our technical staff is also concerned with
the analysis of space data obtained through Goddard's
world-wide tracking and communications network,

the nation's center for such activity.
e S

e Y

NhREE GRS

-- ] N &1 7

‘With Tiros, Echo, Pioneers IV and V, Explorer VII, and
Project Mercury, Goddard has already written scientific
history. Technical men who wish to work in the van of
progress are invited to join Goddard or any of the

other NASA research centers listed below. Address your
inquiry to the Personnel Director.

National Aeronautics and Space Administration
NASA Goddard Space Flight Center, Greenbelt, Md. ° NASA Flight Research Center, Edwards, Calif.
NASA George C. Marshall Space Flight Center, Huntsville, Ala. ¢ NASA Wallops Station, Wallops Island, Va.
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Pumping liquid oxygen for guided-missile fueling at Patrick A.F.B.,
Florida. Air Products, Inc., a pioneer in the production of LOX
and other cryogenic materials, ships liquefied gases in these tank-

trailers lined with nickel stainless steel. Piping and supports are
also made of nickel stainless steel for high strength at cryogenic
temperatures plus low thermal conductivity.

Handling liquid oxygen at 297°F below zero...

... Nickel-containing steels retain tough-
ness and strength where other materials
become brittle.

These highway tankers haul tonnage
quantities of liquid oxygen for missile
fueling.

In the nation’s steel mills, where vast
volumes of oxygen are used to speed up
steelmaking, liquid oxygen (LOX) is
stored in giant tanks right at the mill.

Ever since oxygen was first liquefied,
one of the biggest problems has been to
develop materials that will store and
handle it safely.

LOX is handled at —297°F. Even
before you reach that point, liquid mer-
cury becomes so hard you can use it for
a hammer, and many materials become
brittle and shatter like glass when struck.

224

But today alloys are available—nickel
stainless and other nickel steels —to
provide the properties needed for low-
temperature work.

Because these steels remain strong
and tough at sub-zero temperatures,
they are well suited to serve at tempera-
tures where other metals embrittle and
fracture. In short, they offer the most
economical —and the safest —means to
build anything from a liquid-helium
generator to an ocean-going tanker for
shipping liquefied gases.

If you are active in low-temperature

chemistry or physics . .. or if you store
or transport liquefied gases in small or
large quantities . . . there is exactly the
right nickel alloy steel to help you solve
your problems.

For comprehensive data on steels for
sub-zero service, we invite you to write
for a copy of the new booklet, “Steels
for the Containment of Liquefied Gas
Cargoes.” It’s yours for the asking.

THE INTERNATIONAL NICKEL COMPANY, INC.
67 Wall Street M0, New York 5, N. Y.

INCO NICKEL

NICKEL MAKES STEEL PERFORM BETTER LONGER

© 1960 SCIENTIFIC AMERICAN, INC



49w
LD CANSTEERY:
aia

B B P® DBl
0 e =R
L JEY BiGEA
E-H < -am
ONSR E & 8 W

dddd
ddidd

CLUE: The sum of the digits of the
divisor leaves a remainder of sev-
en when divided by nine, and the
sum of the digits of the quotient
leaves a remainder of three when
divided by nine.

AND LET’S CONSIDER ANOTHER QUOTIENT. It takes shape as men’s
minds go deep into space. One center of these calculations is Martin-Denver,
where successful professionals enjoy full scope from basic research to vehicle
design. You will find range, reward, and stature here. Write N. M. Pagan, Director of
Technical and Scientific Staffing, Martin-Denver, P.0. Box 179D, Denver, Colorado.

T e B ]
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ODENVER DIVISION
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DYNAMIC AMERICA

“Gallaudet Is Making an Ass of Himself

Lilienthal used the shifting weight of his
body to maintain equilibrium; and the
American pioneer, Montgomery, had warped
the wings of his gliders by pressing

a guy wire with his foot. In 1897, two years
before the Wrights, Edson Gallaudet, an
instructor in Physics at Yale, and head coach
of the crew, constructed a model kite,

now in the Smithsonian, which embodied
the principle of the warping wing.
Although Gallaudet was later to set up the
first aircraft manufacturing concern in

the country, the earliest ancestor of Convair,
his tinkering with “flying gimcracks” was
regarded as a “reflection on Yale.” Accused
of “making an ass of himself and a
laughing stock of the faculty,” Gallaudet
resigned. His model was stored in

a barn in Connecticut, unpatented.

From Chapter 4 of “Dynamic America,” a history of
420 pages and 1000 illustrations to be published soon

by Doubleday & Company and General Dynamics
Corporation, 445 Park Avenue, New York 22, N. Y.

CONVAIR
ELECTRIC BOAT
ELECTRO DYNAMIC

GENERAL DYNAMICS

GENERAL ATOMIC
CANADAIR LIMITED
STROMBERG-CARLSON
LIQUID CARBON!C
MATERIAL SERVICE
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