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Picks up where Johnny Appleseed left off

AREFOOT, he tramped thousands of  chard soils. Bending beneath the weight
miles, planting apple seeds wherever of hundreds of extra pounds of choice fruit,
he went. Today he would be amazed at orchard trees return the grower’s expense
the orchards his followers have dotted many times over.
across the land: Johnny Appleseed never

; Next time you bite into a juicy, crack-
saw fruit so fine.

ling apple, remember that
One secret of today’s wonder crop is the modern Johnny Appleseeds can

use of nitrogen-rich fertilizers. In the West, always count on their partner
Shell Chemical supplies these plant food Shell Chemical —pioneer in am-
combinations keyed to the needs of or- monia fertilizers.

Shell Chemical Corporation

Chemical Partner of Industry and Agriculture
SAN FRANCISCO
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One of a series

The revealing face of an iron crystal

A single crystal is an ideal system for studying the solid state.

Physicists at the General Motors Research Laboratories have turned to
whisker-like growths of nearly perfect single iron crystals

to investigate three intriguing phenomena: magnetic domains, dislocation

defects, and—more recently—high temperature oxidation.

In this latest study, the two crystallographically different surfaces

found on iron whiskers are being used to examine the anisotropy

or axial-dependent nature of the oxidation process.

In early stages of oxidation, the oxide patterns that form on clean surfaces
have been found to be strongly dependent upon the orientation

of the underlying crystal. In later stages of oxidation, tiny oxide

‘‘cilia" actually grow on the surface of the iron whisker.

But these new whiskery forms of oxidation are no longer related to

the crystal’s surface arrangement. The next step in this program

involves correlating the oxidation behavior with lattice structure defects

such as vacancies and dislocations.

This type of solid state research is revealing

the atomic processes underlying strength, magnetic characteristics,
and corrosion resistance of metals. At GM Research,

we believe the solution to practical problems is increasingly dependent
on fundamental information such as this. And each solution

enables us to continue to provide *“More and better things for more people.”

GENERAL MOTORS RESEARCH LABORATORIES

Early Oxidation Oxide Whiskers Reduction of Oxide Products
(750x) (12,000x) (2500 x)
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Allis-Chalmers reveals world’s

first fuel-cell-powered vehicle

HERE'S WHAT
MADE THE NEWS

AND HERE'’'S
HOW IT WORKS

I Fuel gases flow from
tanks like these...

The chemical energy latent
in this mixture of gases,
largely propane, is the source
of fuel cell power. Propane
is as easily handled as gaso-
line, and is generally less ex-
pensive.

The fuel cell power demonstrated in this
Allis-Chalmers experimental wvehicle
holds exciting promise. It offers twice
the efficiency of today’s engines . .. has
no moving parts . . . exhausts no odor-
ous fumes ... and runs without a whisper.

2 ... t0 1,008 individual
fuel cells ...

In each of the 12"x12"x %"
cells, the chemical energy
of the gases is instantane-
ously converted into use-
ful electrical energy.

3 ... producing current for
a 20-hp electric motor
The fuel cell reaction is so
direct that it is possible to ap-
proach 100-percent efficiency.
Fuel cells of the future may
provide power for homes
and factories . . . trucks and
buses . .. even space vehicles.

It’s another example of Allis-Chalmers’
basic research . . . building a better future
for you.

If you would like further information on
this exciting development, please write
Allis-Chalmers, Dept. A, Milwaukee 1,Wis.

ALLIS-CHALMERS

POWER rorR A GROWING WORLD
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Janitrol Reports

on aircraft and missile components

Too thick and too heavy

You’d hardly consider the foil that
wraps smoking tobacco a structural ma-
terial. It is perhaps only .010” thick.
Yet sheet metal of this thinness is still
not light enough to meet some of the
almost incredible demands for light-
weight heat exchangers. Combinations
of plate, extended surface, and tubular
structures are built of paper-thin stain-
less or aluminum, and still meet tough

design and reliability requirements. Im-
proved efficiency, ease of manifolding,
ability to crowd more performance into
small odd-shaped spaces—these are some
of the objectives which Janitrol is
uniquely qualified to tackle.

Bracelets for bleed air lines

The Janitrol couplings which tie to-
gether the vital lines for high pressure
air in aircraft and missiles are far from
decorative. Yet they must possess jewel-
like perfection.

They must stay tight under pressures
up to 600 psi, temperatures up to 750°F.
In addition to withstanding heavy vibra-
tion and bending loads, they must permit
disconnects and pressure-tight reassem-
bly repeatedly, reliably.

In Janitrol Dubl-lock couplings, an
extra measure of safety is included: a
tang lock will hold even if the bolt should
fail under overloads or over torquing.
You can get Janitrol standard or Dubl-
lock couplings in stainless steel or titan-

pneumatic controls « duct couplings and supports - heat exchangers
combustion equipment for aircraft, missiles, ground support

4

ium, in sizes up to 77 diameter, and spe-
cials up to 36” diameter,

TJanitrol’s unique experience in weld-
ing and fabricating high temperature
alloys to extremely tight physical and
dimensional specifications has contrib-
uted much to the reliability of pneumatic
systems in aircraft,

Minus nothing-Plus very little

The tolerances specified in Janitrol
pneumatic control valves and regulators
are so tight as to call for considerable
artistry in their manufacture. To provide
high reliability, the valve must not de-
liver less than specified performance; yet
the designer must observe all weight re-
strictions and safety factors. And because
air is such a versatile servant in advanced
aircraft — for canopy seal, fuel transfer,
blowers, coolers, actuators, and what
have you—Janitrol valves and regulators
are finding new and exciting applica-
tions every day.

These are just a few examples of Jani-
trol’s unique capabilities in building true
reliability into heat exchangers, cou-
plings, pneumatic controls, and related
hardware — and undertaking major re-
search and development projects as well.

We invite you to write for “Janitrol
Resources,” a comprehensive illustrated
brochure on Janitrol capabilities. Jani-
trol Aircraft Division, Surface Combus-
tion Corporation, 4200 Surface Road,
Columbus 4, Ohio, BRoadway 6-3561.
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THE COVER

The painting on the cover shows a
camel being given a basal metabo-
lism test with an apparatus made
from, among other things, a gas
meter (lower left). The test was
made in experiments undertaken to
study how the camel can go for long
periods without water (page 140).
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This tiny silicon chip does something no other transistor
can do. It achieves the speed of the fastest germanium
plus having the superior temperature characteristics and
reliability inherent to silicon, It is the Fairchild 2N706.

This extraordinary transistor was introduced to industry
in August of 1959. Within two months, many thousands of
units had been shipped and the 2N706 was being designed
into highest performance computer circuits. No "'blue sky"
project, the 2N706 is applicable and extremely advanta-
geous to all types of high speed computer logic.

The 2N706 is also extraordinary as a success story in
people—solid-state physicists, physical chemists, metal-
lurgists, electrical engineers, mechanical engineers and
industrial engineers. Free flow of ideas and enthusiasm
produced an accumulation of advanced semiconductor
technologies at an unprecedented rate. From the be-
ginning, only two years ago, the 2N706 was the goal.
En route, these technologies resulted in the production of

AN

EXTRAORDINARY

TRANSISTOR

eight other silicon transistors. These devices have clearly
established Fairchild as the leader in advanced semicon-
ductor development.

Step by step, the Fairchild program was planned and held
in focus by a top management team of advanced degree
scientists. And now, this same program is being zeroed
in on new targets, among them Esaki diodes and integrated
solid-state circuitry. If yours is a relevant background and
you like the way we work, why not drop us a line? We
would like to hear from you.

__LaircHiLD

SEM/CONDUCTOR CORPORRATION

545 WHISMAN ROAD/MOUNTAIN VIEW, CALIFORNIA/ YORKSHIRE 8-8161
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OFFICIAL U.S. A.F. PHOTO

of the Atlas lift-off

at Vandenberg A.F.B.

: eptember 9, 1959,
This was the first official
firing by sac crew to

test operational capability.

A memorally Wo&%zafwagﬁbmm{a%

Many significant achievements will be added to those
already recorded in the chronicles of military and sci-
entific space technology. Many important milestones in
the conquest of space will be passed. None, however,
will surpass the realization of America’s operational
capability in Intercontinental Ballistic Missiles. The
threshold of this phase of our national defense was
passed on September 9, 1959, with the historic launch
of an Atlas by a Strategic Air Command crew at Van-
denberg Air Force Base, California. Measured by any
standard no event could have been more timely...
more rewarding.

Five years ago the free world had no functional bal-
listic missile rocket engines, no guidance systems, no
nose cones, no tracking stations, no launching pads, no
trained missile squadrons. Today all those who have
contributed to this present state of operational reality
may take justifiable pride.

SPACE TECHNOLOGY LABORATORIES, INC. Q|

In this effort, Space Technology Laboratories is also
proud of its privilege in performing the functions of
systems engineering and technical direction for the Air
Force Ballistic Missile Division, in close and continuing
cooperation with the Air Force Ballistic Missiles Cen-
ter, Strategic Air Command-MIKE, and such major
associate contractors as: Convair, a Division of Gen-
eral Dynamics Corp., for airframe, assembly and test;
General Electric Co., and Burroughs Corporation for
radio guidance; Arma, a Division of American Bosch
Arma Corporation, for all-inertial guidance; Rocket-
dyne Division, North American Aviation, Inc., for pro-
pulsion; General Electric Co., for re-entry vehicle; and
Acoustica Associates, for propellant utilization.

All have worked in concert, with vigor and dedication
to the objective of providing the nation with this fun-
damental addition to its defense capability.

P.0. BOX 95004, LOS ANGELES 45, CALIFORNIA

© 1959 SCIENTIFIC AMERICAN, INC



We

produce

results!

AERONCA
designs—tools—produces
complex brazed stainless
honeycomb structures

There is much talk in the industry about state-
of-the-art capability in stainless honeycomb
sandwich fabrication. Actual production expe-
rience in this new field of exotic materials and
structures still is limited to a relatively few
companies, And Aeronca is one of them.

At Aeronca, we have fully integrated design,
tooling and production facilities in operation
today. A pioneer in stainless honeycomb devel-
opment, Aeronca has acquired advanced tech-
nological knowledge from proprietary R&D
programs and production of components for
operational air weapon systems.

S 3 o~y
fan ﬁ».ﬂ
)ﬂuh,nt o

% ?ﬂrﬂlﬂr hhh:«mb 5

The supersonic speed brake assembly illus-
trated below is an example of our capability.
This design, one of the most intricate brazed
stainless structures produced to date, is 75”
long, 46" wide and 3V5” deep. Its complex
cross-section required extremely precise form-
ing and machining as well as special tooling
and process control.

Whatever your honeycomb requirements, you
can save time, expense and headaches by uti-
lizing our extensive experience and facilities.
Our customers will verify that Aeronca pro-
duces results . .. not claims!

5 Fonvinw ol naw <
“_ ypbad bloko nlb i
IRI-I?'II' P09,

-wwm Yoy, 8. s&
'Hﬁ’llr o

; E}paralwnal exnanstun has mahd cpeprnsg_‘ <
“foradditional senidr.engineers. Write 10 = < 5

W D8zt Batsdhady ﬁan-su pd __aeronca manufacturing corporation’

. -mé dm-mmmwn ROAD .+ 'MIDDLETOWN,. OHIO
BI3AL p
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DESTINATION
KNOWN

When a mighty “Thor” soars from Vandenberg

Air Force Base, equipment designed and built
by Packard Bell checks it out, launches it
and predicts its point of impact.

ENGINEERING BEYOND THE EXPECTED

The Missile Impact Predictor is one-eighth the size and

was built at one-tenth the cost of previous systems.

Ground support equipment matches the reliability built

into the “Thor.” All combine to guarantee an effective

weapon for retaliation or

space exploration... PACKARD BELL ELECTRONICS

destination known.
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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
and loss of the airplane. Visicorder records such
as this have played an important role in the de-
sign of inlet control systems.

Pressure

rlq_:m]ﬂm‘ﬂ;am jhw tP

i] Inlet discharge
pressure

By -pass
valve closing

-

Iniet

delay +ime Pressure at

inlet throat

_—.1.

Time —
60 cycle timer trace

MAMY

\ N
vV

these are records of leadership I

In medicine...

This directly-recorded Visicorder chart has told
the scientists of the U.S. Public Health Service
Occupational Health Program an important
story about uneven alveolar ventilation in the
human lung during a single breath of oxygen.
In these lung function tests, the Visicorder
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.

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
brovides instantly-readable,
high-sensitivity data at frequencies
from DC to 5000 CPS.

There are models with 8, 14,

or 36-channel capacities.

/ . .I :/-r:ia?"

AC 7' rVq.:.:w

7

tan b
' 40,00,
Wk com bo salzded
’ o the N;L)‘A,&Hh
M_..ﬁ.,?‘,.;
cohctallaNig,

Visicorder records 2/3 actual size.

Honeywell
Qudustiiol Phodicts. Group

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
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Punishment beyond
the toughest service...

...these Allen-Bradley laboratory limit switch tests \
assure you more millions of trouble free operations

Almost faster than the eye can follow . . . these standard A-B
limit switches undergo performance tests more severe than A FEW OF THE MANY VARIETIES IN THE
any service that could normally be expected. Allen-Bradley A-B LINE OF LIMIT SWITCHES

designs its apparatus to give ‘“‘quality’’ performance in even
the toughest applications. The operator, head design, and
contact mechanism undergo these grueling tests for just one
reason—to be certain that Allen-Bradley limit switches will
deliver more millions of reliable operations on the job!

Every control device that carries the A-B trademark of
quality is subjected to rigorous testing at every stage of pro-
duction. It will pay you to insist upon Allen-Bradley —the
quality line of motor control that gives you more for your
money—in every way!

ALLE N - B RA D LEY Quality Motor Control

Member of NEMA

Roller Fork Lever Top Push Duplex
Lever Type Rod Type

Allen-Bradley Co., 134 W. Greenfield Ave., Milwaukee 4, Wis. o In Canada: Allen-Bradley Canada Ltd., Galt, Ont.

10
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AES. U & PAT OFF

SCOTCH BRAND MAGNETIC TAPE
FOR INSTRUMENTATION USE

MAGNETIC MEMORY OF
COMMANDS GUIDES
MILLING MACHINE
THROUGH 27 MOVES

Where once only the human brain could guide
a complex milling operation, “SCOTCH” BRAND
Magnetic Tape now commands. Automated
tools now mill contoured aircraft parts requir-
ing as many as 27 movements of cutting axes
and auxiliary machines.

Such programs are carried out in response to
a series of timed commands, computer-plotted
and recorded as multi-channeled frequency
signals on “ScoTcH” BRAND Magnetic Tape.
Production parts are turned out to tolerances
of 0.001 inch — at costs of only one-third to
one-fourth those of conventional machining.

In this and other automated programs, “ScoTcH”
BRAND Magnetic Tape, first practical magnetic
tape devised, serves as both director and com-
puter’s memory. It helps, too, to explore sea
and space, keep the records of business—and
remains the leader as new, more sensitive tapes
are developed for science, business and industry.
For information on tape constructions for your
needs, write Magnetic Products Div., Dept.
MBO-129, 3M Company, 900 Bush Ave.,
St. Paul 6, Minnesota. © 1959 3M Co.

“SCOTCH” BRAND Magnetic Tape
—for instrumentation use

Lo =S
25 Sy,
The term “SCOTCH" is a registered trademark MMinunesora \Jinine anp J\JANUFACTURING COMPANY /4 N
of 3M Company, St Paul 6. Minnesota. Export: ‘\/! ’\’
99 Park Avenue, N.Y. Canada: London, Ont. ... WHERE RESEARCH IS THE KEY TO TOMORROW \N A4
A§>>w<44
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EXTENSIVE DOW PRODUCTION
FACILITIES FASHION VARIED
NEW MAGNESIUM WARES

Coiled sheet, thin wall castings, many
other production items are now avail-
able from Dow’s big rolling mill, foun-
dry and fabrication facilities.

Manufacturers on the alert for im-
proved materials and production meth-
ods would enjoy a quick tour of the
four Dow plants that turn out mag-
nesium products. New ways of forming
and fabricating magnesium now being
practiced in these plants open up new
areas of use for the lightweight metal.

TOOLING PLATE, extra flat, is annealed to
eliminate residual stresses.

At the huge Madison, lllinois, rolling
mill, for example, they’re making mag-
nesium sheet that doesn’t require stress
relief after welding. This is a major
step forward in light metal technology
and a boon to manufacturers using
magnesium assemblies. Madison has
also increased the maximum width of
sheet to six feet. Five different sheet
alloys, including elevated temperature
alloys, are now available either flat or
in coils.

To keep abreast of the rapidly increas-
ing demand for precision jigs and fix-
tures, Madison keeps a close watch on
the tolerances of Dow magnesium
tooling plate. Typical flatness toler-
ances, for example, are 0.010 inches
in any six feet. This means greater ac-

120:3 518310801
o@stings
- —EETEE————

WRITE TODAY for
tion o
Die Caos
comMPaNY, Midlond, Michigon, Sales

THE DOW METAL PRODUCTS COMPANY

curacy and less machining for users of
Dow tooling plate. A mammoth 13,200
ton extrusion press, also located at
Madison, is now turning out magnesi-
um extrusions up to 30-inch circum-
scribed circle in size.

Over in Bay City, Michigan, interesting
things are happening, too. At the well-
equipped Dow magnesium foundry,
largest in the U. S., sand and perma-
nent mold castings of all sizes and
shapes are being produced on a volume
basis. Complete facilities are main-
tained for heat treatment, styrene DMI
impregnation and chemical treatment.
A well-staffed quality control team
makes sure that all specifications are
met or exceeded, and that the most
modern equipment and techniques are
fully utilized.

The Bay City foundry casts many com-
plex and difficult designs. Large cast-
ings with walls as thin as 0.100 are now
being produced. Other useful develop-
ments include cast-in tubeless passage-
ways for use as hydraulic lines, special
coring techniques for casting enclosed
shapes and new magnesium casting
alloys.

DOW FOUNDRY offers production capacity for
sand and permanent mold castings of all sizes.

ilities. R wre’, Fol

artment

agnesium produc-

A new die casting plant is now on
stream at Bay City. This facility houses
the most advanced magnesium die cast-
ing equipment, including cold chamber
metering units which automatically feed
metal to the machines and contribute
to unusually high production rates. To
assure close alloy composition control
in both die casting plant and foundry,
a direct reading spectrometer provides
frequent and precise analyses of the
molten metal. Similarly, X-ray equip-
ment is also available where radiogra-
phy is needed in quality control.

The Dow fabrication plant, also in Bay
City, offers capacity for volume work
on magnesium assemblies. Here, too,
developmental work on magnesium is
constantly in progress. The plant is set
up to handle large or small jobs, and
plenty of both. Its activities include
deep drawing, bending, spinning,

stamping, piercing, machining, arc and
spot welding, assembly, chemical treat-
ment and painting. This plant has
pioneered many “firsts” in magnesium
production, such as hot drawing, spot
welding and automatic welding.

LARGE DRAW PRESS at Dow's fabrication
plant forms magnesium sheet in one operation.

y Brochure™,

THE DOW METAL PRODUCTS

Midland, Michigan
Division of The Dow Chemical Company
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Because the tropo scatter radio equipment of Radio

Engineering Laboratories, Inc., has proved its worth in

T H E installations around the world, it is also specified for

the U.S. AirForce’s DEw-East—the vital pEw Line

Y Y extension from the present terminal on Baffin Island 1,200
LI N E miles east to Iceland. Once again, Western Electric Co.,
Inc., has chosen REL apparatus for this “can do”

T H AT T E LLs communications system to bridge the gap of ice and

open water, and overcome the plagues of atmospheric

AGGRESSORS ER————
J

It’s the unequalled reliability of REL equipment which

@ D UD has made it the choice for eight of the nine major
] networks in operation or on order. In fact, more kilowatt

miles of REL tropo apparatus are in use or on order

than those of all other companies combined.

The hazards of snow, ice and weather that make
construction of pEw-East stations so formidable for the
men who build them, call for equipment with the same
sturdiness, the background of experience, the same
quality of “can do”’. That’s REL. And that’s why you’ll
want REL’s help in solving your specialized radio problems.

Radio Engineering Laboratories-Inc REL

A subsidiary of Dynamics Corporation of America

Dept.S - 29-01 Borden Ave - Long Island City 1,NY

Creative careers at REL await a few exceptional engineers. Address résumes to James W. Kelly, Personnel Director.
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Major Commercial Expansion

Opens Important Posts in Advanced

Digital Computer R & D

Newly Created Key Posts in Los Angeles

RESEARCH POSITIONS IN PHYSICS AND OPTICS
W Physical, geometric, electron optics, photometry,
light sources, photography. RESEARCH PHYSICIST.
To measure physical, magnetic and other properties
of solid state thin films [l Positions above require
MS, Ph.D. or BS with equivalent experience 1
ENGINEERING POSITIONS B TRANSISTOR CIR-
CUITS ENGINEER for design & development of
high-speed computer circuitry. Prefer circuit analy-
sis ability and up-to-date knowledge of computer
circuits & components [ll ELECTRONIC ENGINEER,
MEMORY & BUFFER & DEVELOPMENT with work-
ing knowledge of transistor driving circuitry and
computer components. LOGICAL DESIGNER spe-
cialist in logical design of computers with minimum
of 2 to 5 years' logical design experience [l PROD-
UCT DEVELOPMENT POSITIONS H SENIOR
PROGRAMMERSto form nucleus of new automatic
programming group. Experienced in construction
of auto-codes, service-type routines, simulators or
diagnostic routines. Responsible for developing

advanced automatic programming techniques for a
general-purpose data processor [l JR., SR. AND
SPECIALIST OPENINGS IN l TRANSISTOR CIR-
CUITS B LOGICAL DESIGN B DIGITAL SYSTEMS
B MAGNETICS B ELECTRON AND PHYSICAL
OPTICS B MICRO - MINIATURE CIRCUITS OR
COMPONENTS W Pit your abilities against some
really tough computer research problems at NCR.
Above-average salary, excellent benefits, and the
authority you'll need to see the fruition of your own
ideas. Your future is secure because NCR's balance
of commercial and military activities is unaffected
by the vagaries of military spending. ll FOR CON-
FIDENTIAL INTERVIEW, please call or submit
resume to: D. P. Gillespie, Director of Industrial
Relations, PLymouth 7-1811. strade Mark Reg. U. S. Pat. Off.

*

The National Cash Register Company
ELECTRONICS DIVISION
1401 E. El Segundo Blvd., Hawthorne, Calif.
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LETTERS

The Roman poet Lucretius did indeed
believe, as B. J. Alder and Thomas E.
Wainwright state in their article “Mo-
lecular Motions” [SCIENTIFIC AMERI-
cAN, October], that “matter is com-
posed of tiny particles called atoms
[and] that the behavior of these par-
ticles is the key to understanding the
properties of bulk matter.” But Lucre-
tius was in no sense the originator of
this theory. He borrowed it from Epi-
curus, who flourished in Athens in the
first part of the third century B.C.; and
Epicurus had borrowed it, in turn, from
the Thracians Leucippus and Democri-
tus (circa 460-370 B.C.). If the “ancient
hope of science,” that the properties of
macroscopic matter can be accounted
for in terms of the behavior of its parti-
cles, must have a founding father, one of
these philosophers (probably Democri-
tus, since Leucippus’s life is shrouded in
mystery) is surely the best candidate for
that honor.

The “dream” with which the name
Lucretius is associated in the history of
Western thought is not primarily that
of giving scientific explanation of the
behavior of matter—this for Lucretius
was a foregone conclusion—but rather
that of eliminating superstition and re-
ligion. To get rid of “this terror, this
darkness of the mind” was his end in
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“If one faces the evident facts of hu-
man vision, it is no more plausible to
conclude that a book, newspaper or
magazine should be printed on white
than to propose that they be printed
on color!”

So writes Faber Birren—one of Amer-
ica’s leading color authorities and a
specialist in color psychology and re-
search. The source? A new brochure
featuring a treatise by Mr. Birren,
The Age of Reason for Color, pub-
lished by our National Aniline Divi-
sion. It can be yours at the drop of a
letter in your outbox.

Why black on white—only?

The purpose of this brochure is to
point out the advantages to be found
in the use of tinted papers and related
color inks. But isn’t white paper tra-
ditionally best, you may ask—proved
by the test of time? Not necessarily,
contends Mr. Birren. “Black on white
admittedly has good legibility, but
deepblueon pale yellow may be even
superior.”

Combatting eye fatigue

“In much printed matter involving
‘sustained visual tasks’,” continues
the author, “lower contrast thanblack
and white may make seeing not only

easier but less fatiguing.”

The Age of Reason for Color lets
you test this for yourself. It is printed
with special color inks on four dif-
ferently tinted paper stocks toachieve

JUST OFF PRESS! The Age of Reason for Color, featuring a treatise

by color authority Faber Birren, discusses the advantages of tinted

papers and related color inks.

varying degrees of contrast. As you
read it, you can evaluate the readabil-
ity of color combinations other than
black and white. The specially de-
signed Impact Book papers were de-
veloped by the Whiteford Paper
Company.

You will also see the astonishing re-
sults obtainable by reproducing the
same set of four-color process plates
on each of the tinted papers.

More to it than legibility

Of course, there are more advantages
in the use of colored papers than just

llied

hemical

BASIC TO AMERICA’S PROGRESS
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improved readability or cutting down
eye fatigue. There’s the emotional—
or psychological—use of color, and
we think you’ll enjoy Mr. Birren’s
scientific explanation of the emotional
appeal that color can carry. It’s a sub-
ject of particular interest to those en-
gaged in the business of promoting
or selling via the printed word and
picture.

The brochure also contains an article
contributed by the firm that printed
it for our National Aniline Division.
National is a major producer of dyes
and pigments for the paper and print-
ing industries—and of a full line of
colorants for textiles, leather and al-
most anything else that needs color.

For a free copy of The Age of
Reason for Color, just write, on com-
pany letterhead, to Allied Chemical
Corporation, Department 129-S,
61 Broadway, New York 6, N. Y.
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The First Small Computer with
BIG COMPUTER PERFORMANCE

¢« ANALOG COMPUTING
¢« SIGNAL GENERATION
« DATA REDUCTION

Program it for

The Donner 3500 brings all the versatility of big general-purpose analog
computers right to your desk or bench. And it’s practical for more than
computing.

Here's Why: it’s small and portable (23 1bs); precise (0.1% ), contains 10
amplifier channels; is reasonably priced ($1200-$1800) and convenient.
By repatching, you can use it in the lab as a versatile signal generator, for
data reduction or signal conditioning at test sites, and as a general purpose
computer in the classroom, field, or at your desk.

As A Computer—Up to three 3500’s can be slaved together, giving big,
30-amplifier computer performance in a small package. Chopper stabilized
amplifiers and 0.1% computing components assure high precision over
full 100 volt range. A complete line of accessories lets you solve non-linear
equations or equations with non-constant coefficients. For teaching, a
single 3500 can be used simultaneously by two groups of students without
mutual interference. Two detachable problem boards, each controlling
half the computer, replace the standard problem board for this purpose.

As A Signal Generator— Re-programming the problem board converts the
3500 to a signal generator, simultaneously forming sine, cosine, square
and triangular waveforms of high precision. You can also use the 3500
as a constant current or constant voltage power supply and a low fre-
quency wave analyzer.

For Data Reduction—The 3500’s amplifiers are easily programmed at the
problem board for signal conditioning or data reduction. By simply re-
moving a few screws, the problem board tilts up for mounting the 3500
in the instrumentation rack. Remote control feature allows data to be
controlled at the test site.

Want More Information? Your
nearby Donner engineering rep-
resentative will be happy to give
you complete information on
the 3500 and arrange a dem-
onstration. Or you may write

Department 7012.

SCIENTIFIC
COMPANY

CONCORD, CALIFORNIA
MUIberry 2-6161
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view, for without such purging man can-
not live a life “worthy of the gods.”
Hence though Lucretius prized the
atomic theory, he regarded it as a means.
Democritus, on the other hand, prized it
for its own sake, as truth, much as theo-
retical physicists prize it today.

CeciL MILLER

Department of Philosophy
Kansas State University
Manhattan, Kan.

Sirs:

As an interested reader of your de-
partment “Mathematical Games,” I was
happy to greet an old friend in the Oc-
tober issue: When a stick is broken at
random, and the larger part is again
broken, what is the probability of a tri-
angle? I believe the construction you
present, though elegant, gives an in-
correct answer. The trouble is that the
representative point in the triangle on
page 174 is not uniformly distributed, so
that a comparison of areas does not cor-
respond to a comparison of probabilities.
On page 636 of Mathematics of Physics
and Modern Engineering (McGraw-
Hill Book Company, Inc., 1958), evi-
dence is presented that the probability
is 2 log 2 minus 1, where log 2 is the
log to the base e 2.718. . . . The same re-
sult is given by your triangle construc-
tion, when due account is taken of the
nonuniformity.

If you wanted to illustrate the theme
of your article, viz., that even experts
can go astray in probability theory, you
could hardly have chosen a better ex-
ample. So far as I know the wrong
answer has been given ever since Henry
Sinclair Hall and S. R. Knight started
the ball rolling in the last century. You
will be amused to note that the triangle
construction does give the correct an-
swer when two points are chosen at ran-
dom, as in the first case you consider.

R. M. REDHEFFER

Department of Mathematics
University of California

at Los Angeles
Los Angeles, Calif.

Sirs:

May I congratulate you on Professor
Briggs’s discriminating review [Scien-
TIFIC AMERICAN, October] of Sir Charles
Snow’s Rede Lecture and Sir Eric Ash-
by’s little book? It is noteworthy, how-



TEXAS INSTRUMENTS SEMICONDUCTOR REPORT ® NUMBER FIVE

Utilities Building New S-C Division Plant Addition
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Central Research Laboratory

Central Cafeteria
Original S-C Division Plant

The world’s largest semiconductor plant
...now doubling in size!

By early 1960, more than 700,000 sq ft of plant space in Dallas
will be devoted to the development and production of high quality
semiconductor products by Texas Instruments. Although the
original 310,000 sq ft plant — still the industry’s largest — was
completed only last year, growing mass-production requirements
for TI semiconductors and components led to this additional
expansion. This giant new plant will further serve TI goals of
lowering semiconductor unit costs through high-volume produc-
tion while rigidly maintaining high standards of reliability.

The Central Research Laboratory, located on the same 300-acre
tract, houses creative personnel and facilities for basic research
on semiconductors and related materials. Supporting buildings
complementary to semiconductor development and manufacture
scheduled for completion this year include a Materials building
for the manufacture of high purity semiconductor and allied
materials, a Utilities building and a Central Cafeteria...all
integrated toward the production of semiconductors and

Bedford, England semiconductor plant of Texas

Instruments Limited. 32,000 sq ft facility is now in components of ever increasing performance and reliability.
complete operation with a new 115,000 sq ft building, )
shown here, scheduled for completion in late 1960. Only advanced facilities can produce advanced components.

These newest TI technological facilities are specifically geared
to supply customer needs, both present and future, further
insuring new and finer electronic components...in advance of
user requirements.

germanium and silicon transistors

silicon diodes and rectifiers TEXAS 5 l NSTRUMENTS

tal@cﬂp solid tantalum capacitors INCORPORATED

precision carbon film resistors ® SEMICONDUCTOR-COMPONENTS DIVISION

sensislor silicon resistors DALLAS. TEXAS
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This stepping motor, when suitably pulsed, has a torque output of

1 inch-ounce, in steps that are never more, never less than 18°. Each

one is produced by a half cycle or a current reversal. Consequently it is
very useful for converting electrical numbers to mechanical numbers, and
has been sold for this purpose for some time (the Sigma “Cyclonome’'®).

In the trick mirror is a servo motor which stops on command with perfect
obedience, because it stops every little while anyway, delivering torque
in 18° quanta. The 20-tooth ratchet sensation is produced by a fiercely
discontinuous permanent magnet field, which develops going and
stopping torques of 1 inch-ounce.

So, here is a positioning servo motor which is synchronous and has a
mechanical time constant of % cycle. Effective ratio of torque to inertia,

with regard to coasting, is infinite — as long as these parameters are respected:

inertia (gram-cm?) x (steps/sec.)? = 180,000, and
steps/second = 300, assuming direct drive to mechanical load.
(Otherwise, you have a synchronous motor of unspecified nature.)

Since any reduction ratio is squareable (we wish it were cubable) a ratio
of 10:1 permits an inertia of 200 gram-cm? to be driven at three-hundred
1.8° steps per second. Useful torque is then 700 gram-cm. Think of it—
6 inch-pounds per second, for only 10 or 15 watts. While there is a
relation between power and speed, there is no relation between torque and
speed. Torque is proportional to input current (up to saturation),

speed to input frequency.

If you will write on your letterhead, you will receive an engineering
bulletin describing the simple Cyclonome discussed above, as well as the
reversible model.

3% Merry Christmas - Art Dept.

SIGMA INSTRUMENTS, INC.

40 Pearl Street, So. Braintree 85, Massachusetts
An Affiliate of The Fisher-Pierce Co. (since 1939)
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ever, that the historian reviewer did not
mention Sir Eric’s excursion into the
history of universities or his view that
they are likely to require stimulus from
outside in order to bring about benef-
icent change.

Surely the sources of the bifurcation
that have provided Snow with grist to
his novelist’s mill lie right in the universi-
ties. Academic theories of knowledge on
which both scientists and humanists are
brought up today are clearly contra-
dicted by current trends in learning that
lead to practical achievement. So the
universities need to be reoriented to
man, his ideas and his inventions. Read-
ing of the Scientific American by more
university professors, both scientists and
nonscientists, might, I venture to sug-
gest, help to generate a new academic
outlook.

In the university each of the standard
disciplines tends to occupy a museum
that is becoming more and more costly
to provide. For this reason alone most
of the basic assumptions concerning
academic functions today could, with
advantage, come under scrutiny in the
light of purposeful attitudes to living
and reality. In particular, “technology”
and “technique” might lose their role as
catchwords and be judged by their intel-
lectual function, since they may be es-
sential for academic intellectual achieve-
ment even in fields of study that have
been managed traditionally by means of
a fluent pen or a good speaking voice.

The humanism of Ashby and Briggs
can help only if translated into practical
reforms in the universities.

W. H. WaTtso~x

Head, Department of Physics
University of Toronto
Toronto, Canada

ERRATA

In the article “Life and Light”
[ScienTiFiC AMERICAN, October]
| the value of one mole of quanta
was given as 7.02 X 10?3 quanta.
The correct figure is 6.02 X 102

| quanta.

The caption for the illustration
on page 102 of the same article
states that, upon absorbing light,
the retinene molecule changes
from the trans configuration to the
cis. Actually the change is from
cis to trans.



+ WRITE AVCO TODAY.

Avco’s magnetic spaceflight—
When man first travels beyond the moon, the thrust may well be supplied by a new
system of propulsion, based on principles of magnetohydrodynamics (MHD). This sys-
tem uses a magnetic field to speed and expel ionized gas for power output. Magnetic
thrust propulsion is a current project of the Avco-Everett Research Laboratory . .. work-

ing to extend the knowledge of man. I

AVCO MAKES THINGS BETTER FOR AMERICA / AVCO CORPORATION / 750 THIRD AVENUE, NEW YORK 17, N.Y.

UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS . .

¢
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Pholograph courtesy Mount Palomar Observolary

] © 1959 SCIENTIFIC AMERICAN, INC



Accelerated expansion and diversification programs
are giving Autolite new opportunities to serve industry
with an increasing number of high quality products.

In addition to the continued development of advanced
automotive equipment, Autolite is now creating new
products, techniques, and services for industrial and
military use. Notable developments are being made
in nuclear ceramics, miniaturized hydraulics, and in
electronics. New products are also appearing in the
fields of pneumatics, acoustics, instrumentation,
plastics, and aircraft and missile components.

When you ‘talk with the man from Autolite you can be
assured that you are in touch with extensive technical,
research, and manufacturing facilities. They are ready
to serve you and your company.

‘O GENERAL PRODUCTS—Wire and Cable « Gauges and
Instrumentation « Plastics « Metalizing « Optics «
Mechanical, Electrical, Hydraulic, Pneumatic and Acousti-
cal Devices and Mechanisms « Light-metal Fabrications
and Finishing « Gray Iron Castings

ELECTRICAL PRODUCTS—AC and DC Motors « Coils »
Condensers « Distributors « Starters « Voltage Regulators
Generators « Relays « Solenoids

METALWORKING — Heavy-metal Drawing, Stamping,
Fabrication, Polishing « Functional and Ornamental Zinc
and Aluminum Die Casting, Machining, Painting, Sub-
assemblies « Heavy Nickel and Chromium Plating

SPARK PLUGS AND CERAMICS —Spark Plugs for
Aircraft, Automotive, Marine, Farm, Transport « Ceramic
Products for Electrical, Mechanical, Thermal, and
Nuclear Applications

INDUSTRIAL BATTERIES (C&D Batteries) —Batteries
for Electric Fork Lift and Platform Trucks, Telephone
Exchanges, Electrical Power Plants, Railroad Passenger
Cars and Locomotives, Mine Locomotives

BATTERIES—For Aircraft (Rebat), Automotive, Marine,
Farm, Bus, Truck, Diesel

AUTOLITE 4

For further information on research, products, or production
facilities of Autolite’s 26 plants in 21 cities in the United States
and Canada, write to The Electric Autolite Co., Toledo 1, Ohio.

Autolite brings you NBC “NEWS ON THE HOUR" Monday through Friday.

® &S
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We Have Taken the “Rare” out of “Rare Earths”

You Now Have a Wide Choice of Readily Available Materials

We were thinking the other day of the
progress we have made in taking the
“rare” out of “rare earths.” Even the
“earth” in rare earth is not completely
descriptive, either.

Actually, the name rare earths does
fit these elements into the periodic sys-
tem, for they are earthy when in the
form of oxides. In this respect, they re-
semble the “earth” elements, aluminum
being a good example. The “rare” came
from the fact that those wonderful
chemists of the last century thought
that they were indeed rare, since the
only supplies available were derived
from quite rare and exotic minerals
found then in a very few pegmatitic
deposits in Norway.

Now, of course, you can buy rare
earths in almost any size, shape and
form. You can order in grams, ounces,
pounds, and in many cases in carloads!

These elements have been described
by other names such as “lanthanides”
and “lanthanons.” Technically, these
are the elements lanthanum, atomic
number 57, and the next fourteen ele-
ments in the periodic system. Thus, rare
earths include all the elements from
atomic number 57 to 71 (lanthanum to
lutetium).

Due to some remarkable similarities
in properties, the rare earths tend to
occur together in nature. These same
properties make it difficult to separate
them in some cases. From the stand-
point of availability of commercial
materials, there are several choices.

Rare Earth Materials. The ore mineral
commonly used as a source of rare
earths is monazite. Rare earths ex-
tracted without any appreciable sepa-
ration are marketed commercially as

a report by LiNpsay

THE RARE EARTHS
ATOMIC
NUMBER ELEMENT
39...........Yttrium
57. . Lanthanum
58. . ..., Cerium
59. ...l Praseodymium
60........... Neodymium
62. . ......... Samarium
63. ... ... Europium
64........... Gadolinium
65. ... ....... Terbium
66........... Dysprosium
67.. ... ... Holmium
68........... Erbium
69........... Thulium
70, ... Ytterbium
2 Lutetium
90. ... Thorium

“rare earth” salts or materials. They
contain these elements in about the
same ratios as in the ore: roughly one-
half cerium, one-quarter lanthanum,
one-fifth neodymium, about five per
cent praseodymium, and smaller
amounts of the other rare earths. Be-
ing close to the starting material, “rare
earth” salts are the most economical.

Cerium. Cerium is the most important
single rare earth, relatively easy to sep-
arate and available in a rather complete
range from commercial to high purity

grades.

Didymium. Taking cerium out of the
rare earth mixture leaves a collection of
rare earths we call “didymium.” Didy-
mium materials, like cerium, are close
to the starting ore, so costs aren’t ex-
cessive.

PLEASE ADDRESS INQUIRIES TO

High Purity Materials. Lindsay pio-
neered the first commercially installed
ion exchange plant for the production
of individually separated rare earths in
purities up to 99.99%. These high pur-
ity materials are now readily available
at prices which were unheard of only
a few years ago.

Many applications. We have made re-
markable progress . . . through the de-
velopment of improved techniques for
the separation of the rare earths, and
expansion of production facilities . . . in
taking the “rare” out of “rare earths.”
Needless to say we were compelled by
considerable urgency to satisfy the
rapid growth in demand by industry
for many new uses.
. L] L]

We have prepared a revised edition of
our technical data describing our rare
earth, yttrium and thorium materials.
Your request for the “Lindsay Binder”
will bring you this collection of data
promptly. If you have a specific idea or
use in mind, let us know and our tech-
nical people will try to supply perti-
nent data.

M I 3
We show you this photo of bulk handling of
rare earth intermediates at our West Chicago
plant to suggest that rare earth materials are
produced in large tonnages. They are avail-
able for prompt shipment, some of them in
carload quantities. Prices, incidentally, are
surprisingly low.

[ INDSAY (HEMICAL [)IVISION

<TIXT® . American Potash & Chemical (orporation

264 ANN STREET e WEST CHICAGO, ILLINOIS

OFFICES: CHICAGO ® LOS ANGELES * SAN FRANCISCO ®* NEW YORK * PORTLAND (ORE.) ¢ ATLANTA ¢ COLUMBUS (0.) ® SHREVEPORT
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wherever _
there’'s :
electronics... Sl

there's Transitron

Soon, one dependent man will be in a capsule, orbiting in outer space. This astronaut will rely on ,
Transitron’s semiconductors from launching pad into orbit and back under environmental extremes of
temperature, radiation and acceleration. They’ll help guide, communicate and record this historic
adventure. At Transitron, more than 4000 skilled employees work exclusively to develop super-

- reliable silicon and germanium semiconductors. In rockets and missiles, as in radar, computers,

atomic subs, communications, jets and thousands of other military and commercial applications
wherever there's electronics, there's Transitron, leading the field in advanced semiconductor reliability.

TRANSISTORS « DIODES « RECTIFIERS « SWITCHES + REGULATORS + REFERENCES
ra “5' ron |

’ 0 o electronic corporation . wakefield, massachusetts

SALES OIHCES IN PRINCIPAL CITIES THROUGHOUT THE U.S.A. « CABLE ADDRESS: TRELCO
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About the earthly side of Canaveral—Only recently, it spawned little
more than snakes and other crawling creatures. Today, high flying birds
are poised there, and because they can't jump off from sand, most of
the Canaveral manpower and materials go into ground support equip-
ment. And virtually all the steel material required can be purchased
from one source—United States Steel. Whether we're talking about

carbon steel, high-strength low-alloy steel, constructional alloy steel,

or stainless steel, steel fence, electrical cable, wire rope or cement,

On this vertical oscillating radar tracking unit, The door to the U. S. Air Force Atlas blockhouse weighs The mobile transporter forthe Thor is strong
every nut, bolt, and insulator collar is Stainless 24 tons. It is solid manganese steel about eight inches but light on its wheels because it was de-
Steel. To the right, is a Stainless Steel fuel tank, thick. At X minus 15, the door automatically locks and signed with weight-saving high - strength
and beyond that rises the U. S. Air Force Thor it is blast-proof and vapor-proof. steels. Slanting to the left is the steel um-
gantry tower, with a structural steel frame similar bilical tower which carries Stainless Steel

to a nine-story building.

fuel lines and control lines.
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United States Steel maintains
the technical services to provide
the proper assistance to cope
with any problem on these
materials for ground support.
When a ground support pro-
gram is still on the drawing

board, consult

These pressure vessels for the U. S. Air Force Bomarc A system
are seamless steel cylinders about 20 inches in diameter and 26%;
feet long. The cylinder walls are slightly more than an inch-and-a-
half thick and will contain gas at pressure up to 4500 psi.

Stainless Steel pipes and Stainless Steel flexible tubing carry the
fuel for the Thor complex. Fuel lines must be almost surgically clean
to prevent explosions and assure proper flow. Inspectors check the
lines with everything from microscopes to ultraviolet lamps. | 4

e ¥
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With a
P.a c =’ Computer you can
TORTURE A

CAT CRACKER...
simulate
any dynamic problem!

These men are simulating the performance of a
catalytic cracking tower on a PACE Electronic
Analog Computer. They are developing the
ideal combination of pressure, temperature and
flow for better process control and improved
refinery efficiency.

This ability to study dynamic characteristics on
electronic analog computers and to test equipment
to destruction before it is built—is aiding a variety
of industries in upgrading processes and developing
new designs. Analog computers simulate machine
or process performance and chart accurate

graphic pictures of what happens under extremes
of speed, pressure, temperature, etc. When
destruction or breakdown occurs, the reason is
clearly indicated. This helps engineers to
‘“‘design-out” problems before pilots or prototypes
are built. It means new and safer methods of
operation can be found—with less engineering
time and expense.

Electronic Associates, the world’s largest
manufacturer of general purpose electronic analog
computers, offers a complete line of analog
computing equipment and accessories. And you’ll
be surprised to learn how easy this equipment

is to operate.

To help you solve specific problems and gain
first-hand knowledge of the benefits of analog
simulation, EAI operates three Computation Centers.

New solid-state computer and desktop X-Y plotter.

26

Here, experienced analog specialists and the
most advanced equipment combine to provide fast,
practical solutions to your most complex

problems. For additional information, write

for Bulletin CC-821d.

If you would like information on how actual
problems were solved with PACE Analog Computers,
mention your field of interest and we’ll send
appropriate literature.

Outstanding career opportunities for engineers
with proven ability —résumés invited.

[ERS EEs gl e
ELECTRONIC ASSOCIATES, ING.

Long Branch, New Jersey
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BUTYLTIN DIACETATE « 8ISMUTH STANNATH
LCIUM STANNATE - LEAD STANNATE - DIBI

ICKEL STANNATE - DIBUTYLTIN SULFIDE «
NNATE = DI-N-OCTYLTIN DICHLORIDE - ST
ENYLTIN « STANNOUS OXIDE - TETRA
IBUTYLTIN CHLORIDE - STANNOUS PYROP
FATE - TRIBUTYLTIN OXIDE - STANNOUS
IPHENYLTIN CHLORIDE + STANNOUS OC
IBUTYLTIN PENTACHLOROPHENATE - TRIE

PHENYLTIN OXIDE »  DILAURYLTIN DIC
BUTYLSTANNONIUM DIACETATE - BIS DILAY|
STANNOUS OCTOATE + DIMETHYLTIN OX PVC resins
NATE - TRIBUTYLTIN DODECYL SUCCH
DILAURATE « DIBUTYLTIN DI-2 ETHYL M| Chlorinated
T I N LETTIMRLEATE « MAGNESIUM STANNATE - DIBUTYLTY " organi(:s
SIUM STANNATE - DIMETHYLTIN DICHLORIDE + SODIUM
ORIDE - TETRABUTYLTIN = STANNIC OXIDE « TE Rubber
TRIBUTYLTIN ACETATE - STANNOUS .
C H E M | CA LS TYLTIN ORTHOPHENYLPHENATE Casein
YLTIN ACETATE + STANN; Hydrogen
(L STANNONIUM peroxide

Fruit flavoring

make effective Soaps

Greases

STABILIZERS —

rubber

From resins and rubbers to foodstuffs and soaps, very small percentages of organo-
tins and inorganic tin compounds have proved their ability to protect products
against degradation through exposure to air, heat and light—or from the harmful
catalytic effects of impurities or contaminants. The results have been entirely new
life-expectancies or new application possibilities for a wide range of products.

Our ‘‘summary of reported stabilization applications'’ will be helpful to those concerned
with the problems of product degradation. Request a copy as a “starter” and you
can count on further help from M&T based on the detailed information contained
in our extensive application files.

ME.-I- Sn Sb P inorganics and
Si Ti Zr organometallics
METAL & THERMIT Corporation, Rahway, N. J. Dept. S
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... electrical characteristics,
but no physical dimensions . . .

represents the theoretically ideal
electron tube grid, and describes
its nearest approach, the Amperex
frame grid. By developing frame
grid mass production techniques
Amperex has made possible elec-
tron tubes with capabilities hither-
to quite impossible to achieve.

Amperex frame grid tubes may be
considered typical of the out-
standing electron tubes, semi-
conductors and detection devices
presently adding to the stature of
the 30 year old Amperex name in
such fields as Nuclear Instrumen-
tation, Advanced Military Elec-
tronics, Communications, Com-
puters and Industrial Electronics.

Applications Engineering assist-
ance is available. Write to:
AMPEREX ELECTRONIC CORP.,
230 Duffy Ave.,Hicksville, L.I.,N.Y.

ask Amperex®

for information on electron tubes
and semiconductors

for all applications.
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20 AND 100
YEARS AGO

SICIENTIFIC! /A MERICAN

DECEMBER, 1909: “This year’s
Nobel prizes will be distributed as fol-
lows: For physics, divided between
Guglielmo Marconi and Prof. Karl Fer-
dinand Braun of Strasburg; for chem-
istry, Prof. Wilhelm Ostwald of Leip-
sic; for physiology and medicine, Prof.
Emil Theodor Kocher of Bern; for liter-
ature, Selma Lagerlof, the Swedish
authoress. The Nobel prizes are worth
about $40,000 each. Prof. Ostwald has
become particularly well known as an
investigator in connection with physical
chemistry and chemical affinity. His
researches have concerned, among nu-
merous subjects, the electric conductiv-
ity of organic acids and the color of ions.
Prof. Kocher is a Swiss surgeon. His

special field is the thyroid gland.”

“The Wright Company has recently
been incorporated in New York for the
manufacture of the Wright aeroplane
in the United States. The company
is capitalized at $1,000,000, Wilbur
Wright being president. Among the di-
rectors are such men as Cornelius Van-
derbilt, Howard Gould and August
Belmont. The company will erect a fac-
tory at Dayton, Ohio, and will also have
an aviation field where purchasers can
be taught the operation of the machines.
It is expected that many American
sportsmen will soon become interested
in aviation and own aeroplanes.”

“At Mourmelon-le-Grand, France, on
the 19th of November, Hubert Latham,
in his birdlike ‘Antoinette’ monoplane,
reached 410 meters (1,345 feet), thus
making a new height record in a single-
surface aeroplane. However, Louis
Paulhan the next day made a new of-
ficial record of 500 meters (1,640 feet),
thus duplicating the height reached un-
officially by Orville Wright at Potsdam.
Besides this, Paulhan made a 55-minute
flight from Mourmelon-le-Grand to Cha-
lons and back, a distance of about 37
miles, in 55 minutes, or at an average
speed of 40 miles an hour. In this flight
he attained a height of nearly 1,000 feet,
and at its termination glided to earth
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WHAT IS A CLASSIC)

3 enduring work of excellence and authgy.
It 15; ean be @ painting, a symphony or a novel,
ity tbe 2 work of science or engineering, too.

Jt cat

tial classics in science and engineering
Po'tcn written today. Time alone can tell which
are beINg 1 endure. Surely, they will be found
books which are today accepted as
ding authorities in their fields.
leadt

Telephone Laboratories scientists and
Bell have -written many such authoritative
ave- . X
hey encompass the fields of information
e - )
'yonductor physics and chemistry, net-
heory statistical quality control, §ound rand
work t. tr,aveling wave tubes and dislocations
cs
acoustl ’
in crystals-

hnical works have

40 of these tec
.\’Iofsl_t::le'; since 1926. All have evolv.cd from

peen pY lratories‘ continuing efforts to improve
the Lab‘)11 telephone service. They rf:ﬂect the
your Bef the scientific thinking which helps

) 3
:Mur:his service the world’s best.
ecp

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT
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DADDYI | SIMPLY WON'T
MOVE AWAY FROM PEGGY
AND SALLY! | WON'T! NOI

SOME OF US WERE
WONDERING IF YOU'D
MIND SERVING ON
THE BOARD AT THE
CLUB, JIM, WE'D
SURE LIKE...

WHY JImI1 | JUsT
DON'T KNOW WHAT TO
SAYIL...] WAS SURE

YOu...

BUT DAD! NEXT SEASON

F'LL BE ON THE "A* SQUAD! “""‘"W///Q

AND BESIDES | COULDN'T
LEAVE ALICEI| i

o\

YOU TAKE JIM, NOW...

HE WON'T LET NOBODY
BUT ME CUT HIS

HAIR = NO SIRI

OH DEARI AND WE JUST
SPENT 495 ON THOSE
NEW DRAPES! AND JIM=
WHAT WOULD MOTHER
SAY IF WE MOVED SO
FAR AWAY?

A personal and (let us hope) encouraging message to an

ENGINEER IN A QUANDARY:

When Dame Destiny crooks ber finger at you and says,
“Let’s go with Bendix in Kansas City, old boy!” you face
a set of small problems that are well worth solving . . .

% There is an excellent possibility
AV A thatverysoon weshall be offering

i you the positionyou’ve been wait-
ing for. It could be a position at a higher
level than the one you now hold and—
have little doubt about this—you’ll be
tempted.

You may, during this period of de-
cision, suffer torments like the engineer
we picture above. (We sympathize with
him . . . most of us have been through it
ourselves.) We’d like to help you then
but we know that you yourself must
measure these personal cataclysms and
weigh them against the advantages of
your professional future here. We can
only suggest that Kansas City abounds
with other potential playmates or sweet-
hearts, other teams hopefully waiting for
a star player, and—who knows?—your
new drapes may need only slight altera-
tion to fit Kansas City windows.

We’re supremely confident that some-
how you will find the resolution and
ingenuity required to solve these prob-
lems if we give you sufficient incentive.

So let’s talk about incentive.

Because we’re a long term prime con-
tractor for the AEC, you’ll understand
why we can say little here about our
products except that they are advanced
electronic, electro-mechanical devices,
designed and manufactured to extremely
hich levels of reliability. Recently-
inaugurated programs make it very
likely that we can fully utilize your
talents, be they in design, production or
supervision. This being an engineering
organization, all roads lead up; we have
no blind alleys.

In general, we need professional men
with an appropriate degree in EE, ME,
Chem. E, Chemistry, Physics or Mathe-
matics, plus at least 5 years’ applicable
experience. Following is a sketchy,

necessarily incomplete outline of our
present needs:

ELECTRONIC DESIGN & DEVELOPMENT

Miniaturized airborne electronic equipment,
radar, servo, video, IF amplifiers, vacuum tube
applications.

ELECTRONIC AUTOMATION ENGINEERS
Fully automated testing of electronic assemblies.
ELECTRONIC COMPONENTS ENGINEERS

Components application consulting to system de-
sign engineers; supervisory.

CHEMISTS, CHEMICAL ENGINEERS

Potting and encapsulation, organic finishes, ad-
hesives, laminates, organic resin and/or organic
synthesis.

MECHANICAL ENGINEERS

Systems production engineering; openings at all
levels.

MATHEMATICIANS, STATISTICIANS

Applied mathematics; statistics; varied activ-
ities include reliability, probability studies,
digital computer programming, analysis, mathe-
matical logic, matrices.

You'll have many more facts to weigh—
more concrete information regarding the
activities mentioned above and other
intangible, yet critical facts ... how
the Bendix environment stimulates pro-
fessional creativity, how this area pro-
vides pleasant, easy-going, economical
living, educational advantages, cultural
and recreational facilities, etc. Right
now we can only assure you that—in far
less time than you think—you and your
family will feel at home here. We're
ready to get very specific regarding your
financial incentive. We think you’ll find
our salary offer of more than passing in-
terest. First we must hear from you. May
we, soon?

Write Mr. T. H. Tillman, Profession-
al Personnel, Bendix, Box 303-MY,
Kansas City, Missouri

zm/j/

AVIATION CORPORATION

KANSAS CITY DIVISION
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with his motor stopped from a height of
about 700 feet.”

“Within the next few months radium
will be manufactured in London. Hither-
to the world has had to depend upon
Continental laboratories for its radium.
The new factory has been constructed
according to the requirements of Sir
William Ramsay, who has devised a
method of radium extraction which will,
itis claimed, enormously reduce the time
now needed for the elimination of
the nonradioactive elements of pitch-
blende.”

“Five miles of the Panama Canal have
been opened to navigation. This includes
the channel from the point in the Bay
of Panama, where the water is 45 feet
deep at mean tide, to the wharves at
Balboa. Steamships are using this part
of the canal daily.”

“On the 8th instant Earl Gray, Gover-
nor General of Canada, and several other
prominent Canadians visited Dr. Alex-
ander Graham Bell’s laboratory at Beinn
Behreagh, near Baddeck, N. S. A dem-
onstration was given of a new hydro-
plane boat, which rose completely out
of the water in a short run of a few
hundred feet. It is expected to use this
boat beneath an aeroplane, so as to make
possible the ascent from water.”

“The gyroscope is an old and familiar
toy which has always been a source of
speculation. Renewed interest has been
taken in the device within the past two
years on account of two very interesting
successful applications to practical uses,

! by Dr. Schlick and by Mr. Brennan. Dr.

Schlick has mounted a large, steam-
driven gyroscope in the hold of a 20-
foot torpedo boat to prevent rolling in
water. Mr. Brennan has built a loco-
motive that will run on a single rail and
maintain its equilibrium above it by

| using two motor-driven gyroscopes. So

far, however, no extended use of the
devices has developed.”

DECEMBER, 1859: “Some years ago
we published an account of the first dis-
covery of the gorilla, the largest of all
| the monkey family; and last year we
gave an account of the arrival in Eng-
land of the remains of one of these rare
animals in a state of putrefaction. M. du



MYLAR® helps improve product performance... cut costs
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Tapes of tough, thin Du Pont MYLAR® help cut
material costs...size and weight of electrical cable

“Mylar” resists moisture, temperature extremes.
Thin sheet of “Mylar” polyester film retains
its toughness and stability under extreme
conditions of heat and moisture.

Manufacturers of electrical cables are
constantly seeking ways to cut material
cost, speed production while improving
cable performance. Also, industry de-
mands for reductions in weight and size
of finished cable have been mounting.

That’s why alert cable manufacturers
are replacing heavier, conventional ma-
terials with tapes of “Mylar’’* polyester
film.Onanarea basis, tough, thin ‘“Mylar’’
often costs less. It helps speed production
with less machine downtime . .. helps cut
size and weight of finished cable.

*“Mylar" iz Du Pont's
registered trademark for

polyester film

08 u 5 pat OIF

BETTER THINGS FORBETTER LIVING. . . THROUGH CHEMISTRY
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This is one of the ways “Mylar’’ is help-
ing industry improve product perform-
ance, develop new products or lower costs.
Electric motors, for example, can be made
smaller, more efficient with insulation of
“Mylar”...drafting film is more durable,
resists rough handling.

For helpful information on how you
can capitalize on the opportunities to
improve product performance and lower
costs, write today for our new booklet.
E. I. du Pont de Nemours & Co. (Inc.),
Film Dept.,Room $A-12, Wilmington, Del.

DU PONT

MYLAR

POLYESTER FILM
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§ ' Chaillu, a gentleman who was sent to
: Africa by the Philadelphia Academy of
Sciences, has now returned, bringing
with him several skins and skeletons

of the gorilla, which are now on exhi-
bition in New York City. He says that
the statements made by Professor Owen,

on the authority of those who caught his
specimen, in regard to the intelligence

of the animal, are greatly exaggerated;
that it does not use a club as a weapon,

but is in fact simply a brute. Itis among

the most formidable of animals, its
arms being as large as some men’s legs.
One specimen in M. du Chaillu’s pos-

VIBRATION session measures elght feet, three 1ncl{es
from tip to tip of its fingers when its

“The Boston Journal publishes the
following interesting information in ref-

Analysis problems on precision mechanisms used in stable erence to the whale fisheries:—In 1834
platforms have created staff openings with the outstanding the whole number of vessels engaged
Inertial Guidance group in the country. Address your letter in this business was about 700, of which

400 were American and 300 were for-
eign; so that 25 years ago, American
LITTON INDUSTRIES Electronic Equipments Division enterprise was ahead of the rest of the
Beverly Hills, California world as four to three. In 1859 the whole
number is estimated at 900, of which
661 are American and 239 foreign,
showing American enterprise still more
in the ascendant. In the value of the
catch the increase is still greater, being
about $12,300,000 in 1859 against
$4,500,000 in 1834. Of the ships em-
ployed in this business, from this coun-
try, nearly four fifths are owned in and
fitted from Massachusetts ports.” ”

to Mr. C. T. Petrie, Manager, Research & Engineering Staff.

“Aluminum, the metal of which we
have heard so much during the past
few years, does not appear to be about
to realize the brilliant expectations
which were formed at the time of its
first successful production in quantity,

CALCULATIONS

Easily Solved on the . . . 1
BINARY CIRCULAR SLIDE RULE by St. Clair Deville. In its pure state

Y

| | 1o artumetic, s1genra and Trigonometry. any number it approaches somewhat to the color of
tions "€ seale of the BINARY rule is 25 inches silver: but it is found nearly impOSSible
long, with graduations %o r se 4
are divided as closely as a 207 straight rule. o to free it from the certain foreign mat-
Log scale extends from 1.0015 to 1,000,000, Gives trig
functions from 0 to 90 degre
reading. Engine divided scales in black, overlaid with

anently accurate. Dia. 814 inches. Price—$10.2

of fdtl(!l's can be handled in long and difficult calcula-
of a 20-inch slide rule. T A, K and In"
s et i Gndarss | | ters which become alloyed with it dur-
Now you can read Shaﬂ y.ollox\ on alternate scales on white coated alummum illg the process of pl’OdUCtiOD. Aluminum

pnslllﬂns to one Secﬂnﬂ of arc ( 8 I\mvrn\m] at leading Univ. Used by l.lY‘"(“\( is now SOld in London fOl' abOut $15 an

’ ) ATlAS SLIDE RULE—Precision Made ounce, being nearly as costly as gold,
..directly...with the Gurley slide rule solves problems in Multiplica- | | but, in consequence of its small specific

un and Proportion. s results with a
an optical Coincidence Reading

s two 1C° gl'dVlt}f, an immensely la}gEI bulk is
{t Jons. | | given in an ounce of aluminum than in
an ounce of gold. When aluminum be-

hem ,
rule in-

TS
\alnalyl( fur its great accuracy. Dia.

¥ same con- . . .
: - struct Binare T funetions Fom 0% %s | | comes cheap, its nontarnishing propert
System complete with a precision Hetres on back. Price 815205 vaser " 0 10 . cheap, . 6 property
glass circle MIDGET will bring it at once into varied and ex-
CIRCULAR SLIDE RULE tensive use for many articles of domestic

Similar to Binary.
C scale is Ic

economy—tea utensils, spoons, knives
and forks, door-knobs, &. Verily, a mil-

Has C
P

CI, A, LL 'nm Bunrv NLZHQ\
ad y u

A bulletin illustrating the how and why
of UNISEC is yours for the asking.

staction Guaranteed.

Secring Bauibment Storea: lennium of housekeeping may not be

Or, Order )(]llbecl TION B()()l\ WITH RULE. f d' f '11 h h . d
W. & L. E. GURLEY GILSON SLIDE RULE CO. ar 1stant., or M..Dev1. e has prophesie
Box 1487 SA, Stuart, Fla. that aluminum will ultimately be cheap-

562 FULTON ST., TROY, N.Y.

Slide Rule Makers sinc2 1915

er than silver.”
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ANNOUNCING A NEW
OXIDATION RESISTANT

GRAPHITAR

(CARBON-GRAPHITE)

f@Qu“h”“hd”L%ﬁf

500° 700

FOR HIGH
TEMPERATURE
APPLICATIONS

Culminating five years of intensive research, engineers of The United
States Graphite Company have developed a new oxidation resistant
GRAPHITAR. In exhaustive tests, GRAPHITAR parts were exposed
in an oxidizing atmosphere (air) at 1200 degrees F and after 200 hours,
the GRAPHITAR showed a weight loss of less than six percent!

GRAPHITAR, which is available in many grades, is a versatile engi-
neering material with unusual and outstanding properties that make
it ideal for tough applications. It is non-metallic, resists chemical
attack, has self-lubricating properties ard a low coefficient of friction.
It is mechanically strong, lighter than magaesium and is the perfect
material for packing rings, pressure joint seals, clutch release bearings,
fluid coupling seals, piston rings, pump liners and vanes.

For more information on this new oxidation resistant GRAPHITAR
and its applications, write the GRAPHITAR product manager on
your company letterhead.

R-279-1

THE UNITED STATES GRAPHITE GOMPANY

DIVISION THE WICKES CORPORATION, SAGINAW 6, MICHIGAN
GRAPH|TAR"BARBUNGRAPHITE o GRAMIX®™ poWDER METALLURGY MEXICAN“GRAPH|IEPR00ucIs o USG® BRUSHES
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Servo Motor has sectional
housing, leakproof oif wick,
printed circuits for simplified
servicing. Any major parf can
be replaced in 2 minutes.

i}

T

Constant Voltage Module
~-Uses Zener diodes and an
ambi lemperature com-
pensatorto replace stand-
ardizing mechanism.

Measuring Circuit Module—Con-
tains easily-chonged range spool
panels ond vernier adjustment, Ronge
is changed simply by replacing
screw-clip panels of fixed resistors.

Amplifier Module—Quick-
connect design permits fast,
easy removal for servicing
ond replacement. Circle shows
quick connect plug.

THESE FOUR NEW FEATURES ARE STANDARD WITH ALL Electronik POTENTIOMETERS
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New modular design...

makes Z/zctnonik potentiometers
easier to use and maintain

Now, four great new features add new operating
and servicing ease to all ElectroniK circular and strip
chart potentiometers.

® New servo and chart drive motors are sectionalized so
that any major part can be replaced in two minutes.

® A new constant voltage unit replaces batteries, stand-
ard cells and standardizing mechanisms.

® A new measuring circuit, with quick-change range
spools, simplifies range changing and reduces stray
pickup.

® A quick-connect feature lets you remove the amplifier
for service and replace it quickly.

Now, modulardesign is combined with the traditional
precision of ElectroniK potentiometers, to give you a
greater value than ever in accurate, dependable
measurement and control.

For full details, call your nearby Honeywell field
engineer today. He’s as near as your phone.

MiNNEAPOLIS-HONEYWELL, Wayne and Windrim
Avenues, Philadelphia 44, Pa.

Honeywell
H| it . Coitsl

.“1\

g

~
A

=

£

Hourvwell
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¢¢Qur detailed
analysis proved
the Bendix G-15
computer
the soundest

purchase.

Here's why??

ROBERT C. MEISSNER,
PRESIDENT,

MEISSNER ENGINEERS, INC.
CHICAGO, ILLINOIS

Over 200 firms are enthusiastic users of the Bendix G-15 computer. Many, like the consult-
ing engineering firm of Meissner Engineers, Inc., are involved in the heavy construction
industry. Before purchasing, Meissner meticulously studied all medium-scale computers.
“Only the G-15 gives us the speed, expandability, price, and ease of operation we require,”
says Mr. Meissner.

Mr. Meissner continues:

Speed: “The G-15 is faster than other com- The G-15 is the leader in its field for many
puters in its price range, and for many other reasons as well: A price much lower
problems gives us the answers we need than any other medium-scale computer, a
in less than 1% of the time required by built - in, magazine - loaded photoelectric
manual methods.” paper tape reader, and tape punch as

standard equipment, an active user’s group
that shares hundreds of proven programs,
and fast, nationwide service.

Expandability: “The variety of accessories
for the G-15 is a very important feature.
As we developed and expanded our ap-
plications, we added magnetic tape units, G-15’s are being applied successfully in a
punched card equipment, great many fields — business data pro-
and other special acces- cessing, scientific and engineering calcula-
sories.” tions. Write us your specific problems.

Ease of Operation: “Our en-
gineers find the G-15 Inter-
com 1000 programming
system easy to master. It
permits them to write ver-
satile programs which can
handle practically all of
our problems.”

CMNM

DIVISION OF BENDIX AVIATION CORPORATION

DEPT. C-17
LOS ANGELES 45, CALIFORNIA
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Creative Imagination enabled Benjamin Franklin to
orient all the observed electrical phenomena to his own
*one fluid” theory—the basis of all our comprehension
of electricity today.

At National Co. creative imagination is continuing to
broaden our comprehension of the physical universe
and apply it to the realization of such new means of
communication as lonospheric scatter systems.

The implications and applications of such new means
of communication are vast.

National Co. is a community of minds and talents that
enjoys the challenge and the prestige of success in such
advanced fields as multipath transmission, noise re-

duction, correlation techniques for signal processing,
Tropospheric scatter systems, lonospheric scatter sys-
tems, molecular beam techniques, long range micro-
wave transmission, and missile check-out equipment
using microwave and digital techniques.

National Co. has grown with the Tradition of New
England electronics. Your needs and problems receive
exceptional attention at National Co. because, here,
creativity is required, recognized and rewarded.

Write or phone

Slnid 5 mene N i OG>

National Company, Inc., Malden, Mass.
MANUFACTURERS OF MATERIEL AND EQUIPMENT FOR U.S. DEFENSE

© 1959 SCIENTIFIC AMERICAN, INC
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. General Electric moves to
/. provide a more effective
7

: DEFENSE

Top systems management, technical talent are concen-

trated in Defense Systems Department with a charter
geared to modern defense needs for:

e Systems-oriented management
e Pinpointed authority, responsibility

o Full back-up resources

A ot

_ , : ‘ 4
* Y | A Y
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RICHARD L. SHETLER

General Manager

Defense Systems Department
Richard L. Shetler is General Manager of the Defense
Systems Department. One of the Company's out-
standing system managers, Mr. Shetler's experience
has included responsibility for some of the longest
range radar systems ever built in this country.

Accelerating technological change, coupled with
the increased complexity and wider variety of
choice of weapons and weapons systems, has pro-
foundly altered the defense requirements on
industry.

In line with this requirement, General Electric’s
Defense Systems Department, headquartered in
Syracuse, New York, draws together under one
roof, the systems capabilities and long-range
planning functions required to draw on all of
General Electric to provide the total solution to
specific defense problems of the military depart-
ments of the Department of Defense and other
government agencies.

UNIQUE SYSTEMS ORGANIZATION

The Defense Systems Department is a unique
department within General Electric’s Defense
Electronics Division. Completely systems-ori-
ented, DSD has no need for equipment design or
fabrication facilities. While it determines the
specifications to be met, the Defense Systems
Department assigns design and fabrication func-
tions to other General Electric departments or to
some subcontractors among the 45,000 suppliers
to General Electric.

But overall responsibility to the customer for
the complete weapon or support system always
remains within the Defense Systems Department.
This responsibility is fulfilled through the De-
partment’s

e Systems-oriented program management

e Competent systems engineering

e Continuous program evaluation

e Efficient specification and procurement
These specific capabilities permit the Depart-

KARSH, OTTAWA

SYSTEMS CAPABILITY

ment to deliver the total system requirement on
time, with the right quality, and at the specified
price.

AUTHORITY, ACCOUNTABILITY

As the focal point within the Company for a
specific system effort, the Defense Systems De-
partment program manager has complete re-
sponsibility and accountability plus the authority
necessary for the timely execution of the par-
ticular program.

OUTSTANDING COMPETITIVE ADVANTAGES

The Defense Systems Department offers its cus-
tomers outstanding qualifications for meeting
total prime and support system requirements in-
cluding long-range planning and feasibility
studies. For example, it has . . .

Demonstrated systems competence: Recent examples
include the highly successful radio-command
guidance system for the USAF’s ATLAS ICBM
which precisely guided the Atlas into orbit around
the earth on December 18, as part of Project
SCORE.

Full back-up resources: The full range of General
Electric’s scientific, engineering and manufactur-
ing skills supports DSD capabilities.

For example, the Company’s research and de-
velopment programs, carried on by over 100
laboratories at an annual cost of 300 million
dollars, provide the depth of knowledge for vital
technological break-throughs.

For more information—or for a copy of brochure
GED-3760, describing the Department’s defense
systems capabilities—uwrite to R. L. Shetler, General
Manager, Defense Systems Department, P.O. Box
457, Syracuse, New York. 2261

Progress Is Ovr Most Important Product

GENERAL D ELECTRIC
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THE FIRST mobile air conditioners produced for
cooling electronic equipment in jet aircraft were
designed, developed and produced by the Electric
Machinery & Equipment Division of American
Electronics. Today nearly 1500 of these rugged,
reliable ground support unitsareinuseat U.S.
military installations throughout the world.
They supply conditioned air for the elec-
tronic equipment in the aircraft during
ground check calibration and servicing
...they maintain exact air temperatures,
under pressure, regardless of am-
bient temperatures or climatic condi-
tions. Top reliability is essential.

MOBILE
AIR CONDITIONERS

are but one product of the engineer-
ing talent and manufacturing
know-how at the Electric Machinery &
Equipment Division. Mobile power
support carts for ground check of aircraft,
missile and weapons systems have been
designed and built which deliver as many as
eight regulated power outputs of extremely-
close tolerances in various voltages and exact
frequencies. Electronic and mechanical support
equipment including towing vehicles, erectors
and trailers are also manufactured by the Division.
With this proven experience, this Division of AEl is pre-
pared to meet all of your needs for ground support
...from equipment to an entire support program. Write for
our new 24 page Ground Support brochure. Please
address Electric Machinery & Equipment Division, American
Electronics, Inc., 2112 N. Chico Ave., El Monte, California.

Another
AMERICAN

AMERICAN ELECTRONICS, INC. embodies nine integrated divisions which manufacture products for
consumer use, for industry, and for the military. Its more than 50 product lines include the following:

Actuators « Electro-Mechanical Assemblies « Electro- mental Testing Service « Revenue and Traffic Control
Mechanical Rotary Components « Ground Support Systems « Rotary Components—Mechanical and
Equipment . Leak Detection Equipment « Leak Detec- Electro-Mechanical - Rotary Power Equipment - Servo
tion Service «+ Magnetic Tape Recorders « Measuring Assemblies « Servo Rotary Components « Special
and Readout Equipment - Peripheral Data Processing Mechanical and Electro-Mechanical Assemblies -
» Precision Boring Machines - Reliability and Environ- Static and Solid State Equipment.

An American Electronics engineer is available to assist you if you have need for any of these products or services.
Additional information may be obtained by writing the Product Information Department at the address shown below.

AMERICAN ELECTRONICS, INC.

10256 WEST SEVENTH STREET, LOS ANGELES 17, CALIFORNIA

MANUFACTURING AND SERVICE PLANTS IN LOS ANGELES, CULVERCITY,ELMONTE
AND FULLERTON, CALIFORNIA; BROOKLYN, NEW YORK, AND NORWOOD, MASS.
TECHNICAL REPRESENTATIVES LOCATED THROUGHOUT THE UNITED STATES.

4
&)
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AMPEX PRECISION NOW ‘LOCKED IN’

Lose the precise alignment of tape guiding and driving
components in an instrumentation recorder and you lose
the fine edge of designed-in performance. As alignment is
lost, flutter and skew set in.

in the new Ampex FR-100B analog recorder, the pos-
sibility of misalignment—even under conditions of shock
and vibration incidental to shipment or installation — is
now eliminated by a framework of three precision castings
with machined ‘V’ mating surfaces that lock all critical
parts into a single rigid unit. The result: an instrumenta-
tion recorder with built-in performance and reliability that
stays built in.

Other advanced features: 1. A unique electrical hold-
back system keeps tape tension constant within narrow

limits, reducing flutter and eliminating mechanical feed-
back of speed variations. 2. Modular plug-in amplifiers
and power supplies give quick versatility for direct, FM
carrier, PDM, and NRZ digital recording. 3. Front-panel,
four-speed switching over a six-speed range from 174 to
60 ips allows flexibility in selecting upper frequency limit
for maximum tape economy.

These and other features of the new Ampex FR-1008
add up to unmatched performance and reliability. The full
story is available in the new Ampex FR-100 brochure.

AMPEX INSTRUMENTATION,
934 Charter Street, Redwood City, Calif.
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Prop,

“All things are difficult before they are easy,” runs an
ancient proverb. And pumping was difficult before it was

seized and solved like a problem, and made easy.

The solving gave us apparatus to handle liquids: bland
liquids, fierce liquids, searing, burning, corroding liquids.
Apparatus to pump, to proportion, to control flow . . .
to bend it to the pattern of a thousand processes.

The solving gave us pumps for industry.

And industry uses Wallace & Tiernan Metering Pumps in
applications usual and unusual. In the Wallace & Tiernan
line there’s a pump with the design, capacity, power,
and construction to fit your process exactly.

Discover for yourself how Wallace & Tiernan matches the
pump to the process . . . helps solve your pumping prob-
lems,

Write Dept. L-4.83.

WALLACE & TIERNAN INCORPORATED

© 1959 SCIENTIFIC AMERICAN, INC

25 MAIN STREET, BELLEVILLE 9, NEW JERSEY

THE AUTHORS

MAHLON B. HOAGLAND (“Nu-
cleic Acids and Proteins™) is assistant
professor of medicine at the Harvard
Medical School. A native of Boston,
Hoagland entered the same institution in
1943, intending to become a surgeon.
After being ill for two years with tu-
berculosis, he obtained his M. D. degree
in 1948. “As a recuperative interlude,”
he reports, “I began doing research at
Harvard’s Huntington Memorial Hospi-
tal under Joseph C. Aub. I intended to
return to medicine, but very soon be-
came deeply absorbed in a study of the
carcinogenic properties of beryllium and
decided to stay in biochemical research.”
Hoagland became interested in the prob-
lem of how cells synthesize materials,
and spent a year with K. U. Linder-
strom-Lang in Copenhagen and another
year with Fritz A. Lipmann at Massa-
chusetts General Hospital, studying pro-
tein structure and biological energy-
transfer mechanisms. Then he returned
to the Huntington Hospital, where he
engaged in a study of protein biosyn-
thesis with Paul C. Zamecnik.

GIOVANNI LILLIU (“The Proto-
Castles of Sardinia”) is professor of Sar-
dinian antiquities and director of the In-
stitute of Sardinian Antiquities and Sar-
dinian Studies at the University of Cag-
liari in Sardinia. He is also head of the
faculty of letters at the University. He
was born in Sardinia 45 years ago and
took his degrees in letters and archae-
ology at the Italian School of Rome. His
archaeological research has covered all
aspects of his native island’s ancient
civilization, though he has specialized
in the stone towers he describes in his
article. He is director of the magazine
Studi Sardi and has for 10 years been
inspector of antiquities of the island. In
May of this year he directed an Italian
archaeological expedition on the Span-
ish island of Majorca that started the ex-
cavation of a village of the Bronze and
Iron ages.

VINCENT P. DOLE (“Body Fat”)
has since 1952 been a member of the
Rockefeller Institute and a senior physi-
cian in the Rockefeller Institute Hospi-
tal. He was born in Chicago in 1913 and
took his M. D. degree at Harvard Medi-
cal School in 1939. After finishing his
internship in July, 1940, Dole joined the
laboratory of Donald D. van Slyke at
the Rockefeller Institute, studying blood
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AT RAYTHEON =~

Scientific imagination
focuses on
MICROWAVE POWER

Modern defensive systems and commer-
cial air traffic control networks demand
radars of ever-increasing range. Yet to
double its range, a radar’s output power
must be increased sixteen-fold. Thus the
need for microwave amplifiers of immense
power and high efficiency.

To meet these requirements, Raytheon
scientists developed a unique microwave
device — the Amplitron. Typical models
weighing 90 lbs. generate five million watts
peak power — 15 kilowatts average. The
Amplitron achieves unprecedented effi-
ciency of as high as 80%. Conventional
amplifiers of comparable output would
weigh almost 1,000 lbs., operate at 40%
efficiency.

Potentially, 100 megawatts peak power is
available from the Amplitron. Uses: space
communication, super-power radar, energy
sources to hold aloft “sky stations”—plat-
forms situated miles above the earth.

The Amplitron is typical of the contribu-
tions to scientific progress made by such
Raytheon men as W. C. Brown, Manager,
Advanced Development Laboratory and
his associates at Microwave and Power
Tube Division.

RAYTHEON COMPANY, Waltham, Mass.

Excellence in Electronics



proteins and shock. He continued this
work under van Slyke during World
War II as a member of the Naval Medi-
cal Research Unit, and learned to study
diseases in terms of biochemical changes
in blood and in tissues. He believes that
obesity can be described in chemical
terms and that biochemists are not far
from that goal. Dole has studied patients
with high blood pressure as well as those
suffering from obesity, and at present he
is investigating the circulation of the
fatty acids in the body in the hope of
finding the answer to the problem of
obesity.

pattorns ror LOMOITOW

for holders of advanced degrees now exist in Boeing Wichita's tremen-
dously expanded long-range research and development program for
PHYSICISTS or ELECTRICAL RESEARCH ENGINEERS to conduct acoustics
and noise control research supporting advanced designs; to analyze
survival properties of advanced vehicles in present and future environ-
ments; and evaluate the potential of vehicle defense proposals...
ANTENNA DESIGN ENGINEERS to conduct research and development
leading to miniaturization of antennas by use of loading dielectrics
and/or ferrites . .. CONFIGURATION DESIGNERS to create military
and civilian vehicle designs based on general missions param-
eters... DYNAMIC LOADS ENGINEERS to conduct research
in existing and future air/space loads...OPERATIONS
AND WEAPONS SYSTEM ANALYSTS to estimate operational
utilities of various devices under study by Advanced

BART J. BOK (“The Arms of the
Galaxy”) is director of the Mount
Stromlo Observatory in Australia and
professor of astronomy at the Australian
National University. A native of Hoorn
in the Netherlands, he was educated at
the universities of Leiden and Gronin-
gen. He came to Harvard University in
1929 as a fellow in astronomy and joined
the faculty there in 1933. When he left

Design and recommended optimum design param-
eters, using advanced (IBM-709) computer

aids. Qualified engineers should

communicate their interest in

in 1957 to go to Australia, he was Robert
Wheeler Willson Professor of Astron-
omy. His major interest has always been
the structure of the Milky Way. The

center of our galaxy is best seen from the
Southern Hemisphere, and Bok was in
charge of installing the Baker-Schmidt
telescope at Harvard’s Boyden Station
in South Africa. He studied the southern
skies there in 1950 and 1951.

any of these top positions

to Employment Manager,

Mr. Melvin Vobach,

Boeing Airplane Co.,
Department N16,

Wichita 1, Kans.

LEJAREN A. HILLER, JR., (“Com-
puter Music”) is a chemist and composer
who holds the position of assistant pro-
fessor of music at the University of
Illinois. He was born in New York City
in 1924 and studied at Princeton Uni-
versity, where he received his Ph.D. in
chemistry in 1947. While there he also
studied electrical engineering, and took
courses in composition with Milton Bab-
bitt and Roger Sessions. He did chemical
research for E. I. du Pont de Nemours at
Waynesboro, Va., from 1947 until 1952,
when he joined the chemistry faculty at
the University of Illinois. In his research
there he employed the ILLIAC comput-
er and, since he had never stopped com-
posing music, he began to think that a
computer could be used to study musical
problems. By 1958 he had acquired an
M.A. in music and switched to his pres-
ent post with the School of Music, where
he teaches musical acoustics and experi-
mental composition. He is now setting
up a laboratory for electronic music.

: MARCUS REINER (“The Flow of
RS Matter”) has since 1949 been professor
of applied mechanics and head of the
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WHO MAKES FINE MOTORS THIS SMALL?

Globe Industries makes motors this small to make your
design more compact, reliable and salable. If you make
miniature instrument packages for space exploration — if
you build airborne and ground support equipment—if you
want to design smaller typewriters, computers, recorders
or other products, look at these 3 motors:

TYPE VS—The smallest, most powerful precision minia-
ture d.c. motor for its size. Only %;” flat, four VS motors fit
in a regular cigarette pack with room to spare. It has the
power to lift its own weight to the top of the Empire State
Building in 1 minute! Typical continuous torque—.25 oz.
in.; typical intermittent torque—.5 oz. ins. We can design
gear units, governors and brakes to meet MIL specs also.

GLOBE INDUSTRIES, INC.

PRECISION MINIATURE A.C. & D.C. MOTORS. ACTUATORS.
STEPPERS, BLOWERS, MOTORIZED DEVICES

TIMERS, GYROS.

TYPE SS — Only 4" in diameter, Type SS d.c. motors
typically produce continuous duty torques of .3 oz. in.;
intermittent torques to .6 oz. ins. With the basic Type SS
motor you can specify any of 21 planetary gear speed re-
ducers or 28 spur gear speed reducers. Governors and
brakes are available also. Designed to meet MIL specs.

TYPE MM — The most widely used precision 1})4” d.c.
motor in the world, MM motors typically produce .5 oz. in.
in continuous duty applications — 1.0 oz. in. intermittent
duty. Choose from 101 ratios of planetary gear speed re-
ductions. Brakes, governors and clutches can be included.
MIL specs are invited.

For details about these motors request Bulletin VSM.
Globe Industries, Inc., 1784 Stanley Ave., Dayton 4, Ohio.

GLOBE

© 1959 SCIENTIFIC AMERICAN, INC
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'REACHING
FOR TOMORROW
IS OUR

JOB...

Take a group of specialists—men who have a firm faith in the future of electron
tubes and who just don’t believe in the word “impossible.” Provide them with the
laboratory and manufacturing facilities to put their theories into practice; inte-
grate them into a well-organized team; and then aim them toward tomorrow. That’s
a pretty good thumbnail sketch of RCA’s Industrial Tube Products Department.

Among the accomplishments of this unusual organization are important con-
tributions to ultra-high-vacuum technology, electron-tube materials development,
photo-electronics, ceramic- and sapphire-to-metal seal development, high-power
vacuum-tube design, megawatt electronics, heat-transfer analysis and applications,
microwave theory and techniques, and many other related areas.

It was an RCA Multiplier Phototube produced by this group, for instance, that
first successfully detected the antiproton. And recently a Super-Power Triode
capable of handling a peak power of 5 megawatts—at an average power level of
300 kilowatts and at frequencies as high as 450 megacycles was developed.

If you have a problem that calls for this kind of creative research and develop-
ment work, write to RCA’s Industrial Tube Product Department, Lancaster, Pa.
They will welcome the opportunity to discuss it with you.

RADIO CORPORATION OF AMERICA

Electron Tube Division Harrison, N. J.
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Israel Institute of Technology. He was
born in Austria and holds the degree of
doctor of technical sciences from the:
Technische Hochschule of Vienna. Be-
fore World War I he designed bridges in
Austria, and during and after the war he:
headed a special Austrian army unit for
the reconstruction of steel bridges. In.
1922 he joined the Department of Pub-
lic Works of the British Government in.
Palestine, and devoted two decades to
the design of reinforced-concrete struc-
tures. He visited the U. S. in 1928 and
again as a research professor at Lafay-
ette College and a lecturer at Princeton
University in 1931. He made a third visit
to the U. S. this year. He has published
many technical papers in structural en-
gineering, hydrodynamics, theory of
elasticity, flow of homogeneous liquids
and air, and applied mathematics.

KNUT SCHMIDT-NIELSEN (“The
Physiology of the Camel”) is professor
of physiology in the department of
zoology at Duke University. He studied
the camel when he led an expedition of
four scientists to the Sahara Desert in
1953 and 1954, while on a Guggenheim
fellowship. He has long been interested
in the water metabolism of animals, as
indicated by two previous articles in
ScienTiFiIc AMERICAN: one (“The Des-
ert Rat”) in collaboration with his wife
in July, 1953, and the second (“Salt
Glands™) in January of this year. He was
born in Norway and holds degrees from
the University of Copenhagen. In addi-
tion to his work in physiology, he has
done research in biochemistry and ana-
lytical chemistry. He studied for four
years in Copenhagen under August
Krogh, Nobel laureate in physiology,
and married Krogh’s daughter. The
Schmidt-Nielsens came to this country
in 1946. They worked at Swarthmore
College, Stanford University and the
University of Cincinnati before they
went to Duke in 1952.

JOHN TYLER BONNER (“Differen-
tiation in Social Amoebae”) is professor
of biology at Princeton University. He
was born in New York City in 1920 and
took his degrees at Harvard University.
During World War II he did research in
the Aero Medical Laboratory at Wright
Field, and afterward was a junior fellow
at Harvard. Bonner joined the faculty at
Princeton in 1947. He started his re-
search on social amoebae as an under-
graduate under William H. Weston, and
has been studying these life forms ever
since. This is his fifth article for Sciex-
TIFIC AMERICAN.
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Signals from Space

A boy can now hear sounds that you were able to hear only in your dreams. Today a
boy can actually hear signals from space! A tiny beacon (left) has been developed

by Melpar to ride far above the earth, sending back tales of achievement from missiles
and satellites. IMAGINEERING at Melpar will turn many of your dreams into realities.
Because Melpar is constantly expanding its capacity for original conception, design,

and production of advanced defense and space exploration projects.

4
-,
R\ a

MELPAR T INC

A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY

For details On provocative job openings in Advanced Scientific Engineering Areas, write to: Professional Employment

Supervisor, 3607 Arlington Blvd., F©1959 SCIENTIFIC AMERICAN, INC ric Fairfax County,10 miles from Washington, D. C.




TECHNOLOGICAL LEADERSHIP IN SEMICONDUCTORS
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“Micro-Min”

ACTUAL SIZE

—world’s smallest microwave diode

GIANT STEP in the progress toward greater
miniaturization in electronics has been achieved
by Sylvania’s Semiconductor Division with the
development of Micro-Min diodes, world’s
smallest microwave diodes.

Considerably less than half the size of conven-
tional microwave diodes, Micro-Min diodes still
maintain the high electrical performance stand-
ards and the stringent reliability characteristics
of their larger counterparts.

In addition, the new diodes offer the high-
temperature capabilities heretofore only avail-
able in specialized premium diodes. Through

¥ SYLVANIA®

Subsidiary of

improved processing techniques, new Micro-Min
diodes can easily withstand temperatures as
high as 150°C.

These size and performance advantages open
the way to many new design possibilities for the
microwave equipment engineer, particularly in
strip and slab transmission designs. They rep-
resent another key to significant new progress in
microwave electronics.

At Sylvania, technological achievements like
Micro-Min diodes are in progress every day. Al-
ways the objective is to produce the best possible
semiconductor at the lowest possible cost.

SyLvanNia ELecTtric Propucts INc.
Semiconductor Division
100 Sylvan Rd., Woburn, Mass.

GENERAL TELEPHONE & ELECTRONICS

© 1959 SCIENTIFIC AMERICAN, INC



Twisted pairs of telephon
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e wire being fed through oscillating face plates

RUMPELSTILTSKIN HAD NOTHING ON US

Western Electric Creates a ‘‘Half-Spinning Wheel” to Revolutionize Cable Making

Remember the spinning wheel that Rumpelstiltskin used
to spin straw into gold ?

Well, Western Electric now has a ‘““half-spinning
wheel” that’s almost as remarkable. It spins polyethylene
insulated wires into telephone cable, making it possible
to combine two manufacturing steps. The result is pure
gold in reduced costs and time saved.

An historic headache in making telephone cable is a
phenomenon called “cross-talk.” This happens when pairs
of wire are positioned parallel to each other in a cable,
causing one conversation to interfere with another.

Telephone engineers have long known that the way to
avoid cross-talk is to eliminate parallelism. To do this,
three separate steps were developed in manufacturing
telephone cable. First, the insulated copper wires had to
be twisted into pairs. The pairs then were “stranded”
into units of from 8 to 25 pairs. Finally, these units were
“cabled” together into cable core ready for sheathing. In
each step precautions were taken to avoid parallelism.
If two of these steps could be combined and parallelism
still controlled, substantial savings in time and manu-
facturing costs would result.

For this reason Western Electric engineers developed
the “half-spinning wheels” you see above. They’re actu-

ally face plates that oscillate at 180° while the twisted
pairs of wire pass through them and are formed into
stranded units. As many as 16 such face plates — each
forming individual units — are in use at the same time.
All oscillate at 180°, but none ts in phase with any other.
Thus the paired wires in each unit are always in a dif-
ferent position in relation to every other unit. Since the
danger of parallelism has been eliminated, stranded units
now are fed directly into the cabling operation in one
continuous line.

This is one more example of Western Electric’s pro-
gram of continually developing new design and engineer-
ing techniques to produce better telephone equipment,
speed production, and reduce costs — thus helping the
Bell System make available better telephone service.

MANUFACTURING AND SUMY.UNII OF THE BELL SYSTEM

49
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The device, about to be submerged, is an “‘underwater sound source'. It transmits sound waves beneath the sea and is part of the research
equipment developed by Bendix Research Laboratories Division, for use in the Bendix program to increase the capabilities of sonar.

UNDERWATER “EARS” TO HELP DEFEND
AGAINST ENEMY SUBMARINES

Perhaps no problem today requires a
solution so urgently as the develop-
ment of a defense against attack by
enemy submarines.

Just as hundreds of long-range
radar stations comprise our vast air
attack warning system, sonar (a type
of underwater radar which transmits
sound waves instead of radio waves)
is one of the undersea techniques that
will be used to “listen’” and warn of
approaching submarine attack. But,
unfortunately, sonar does not have
the long-range capabilities of radar.
Therefore, it is vital that the range of
sonar be increased so that it can
detect enemy submarines farther
from our shores and permit us to take

A thousand products
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proper defensive action.

Because Bendix® is a pioneer in
sonar research and development, and
has supplied such equipment to our
government for many years, it is
one of the organizations selected to
improve sonar performance and to
help develop new techniques for
defense against submarine attack.

This project is but one of many in
a long and diverse list of Bendix
developments in products that work
beneath the sea. Another important
Bendix anti-submarine device is
“dunked” sonar. Here, helicopters
lower the listening unit into the sea
to spot enemy submarines. We also
manufacture control-rod drive mech-

?ﬂdj/

AVIATION CORPORATION
Fisher Bldg., Detroit 2, Mich.

© 1959 SCIENTIFIC AMERICAN, INC

anisms for the nuclear reactors in
nuclear-powered submarines and in
the USS Long Beach, the Navy’s
first nuclear-powered cruiser.

The underwater “TV eye’’, which
enabled the crew of the nuclear-
powered submarine Skate to see the
underside of the Polar ice pack, and
to locate thin ice areas in which they
could safely surface, was developed
by Bendix. In addition, Bendix is
a major manufacturer of depth
recorders, of ‘“brains” to guide tor-
pedoes and undersea missiles, plus
new types of hydraulic equipment for
steering and diving operations and
for controlling a score of other all-
important functions on submarines.

a million ideas



The legendary Firebird, the Phoenix, rose young and strong again and again from flames . . . This is the new Norton Firebird
— symbol for the exciting new fused materials made in Norton’s electric furnaces.

OXIDES: gifts of the Firebird

From the white hot caldrons of huge
electric furnaces at Norton Company
come OXIDES with capabilities hardly less
miraculous than those of the Phoenix
itself.

In furnace flames ZIRCONIUM OXIDE
develops properties which make it useful
as a metallurgical and chemical source
material, a thermal insulator, and as a
basic material for high temperature re-
fractories and heating elements. Alumi-
num oxide evolves into high purity
versatile ALUNDUM FUSED ALUMINA: and
MAGNORITE FUSED MAGNESIA attains its
outstanding value as a high temperature
electrical insulator.

Making better products

NORTON PRODUCTS: Abrasives « Grinding Wheels « Machine Tools «

These Norton furnaces also produce
other oxides widely used in research and
development and now finding production
applications: fused diopside, mullite,
dolomite, spinels . .. chromic oxide and
lime. There are hundreds of applications
for Norton OXIDES. Learn how they can
improve your product quality and proc-
essing efficiency.

Gifts of the Firebird: compounds of
silicon « zirconium « boron « aluminum
« magnesium e« titanium ¢ chromium

. including many
borides « carbides + nitrides « oxides

ies + Electro-Ch

© 1959 SCIENTIFIC AMERICAN, INC

FREE
CATALOG

For a complete list, with detailed
descriptions, write for the new booklet,
Norton Electrochemicals . . . Gifts of the
Firebird to NorTON CoMPANY, Electro-
Chemical Division, 551 New Bond St.,
Worcester 6, Mass.

ELECTRO-CHEMICALS

to make your products better
icals — BEHR-MANNING DIVISION: Coated Abrasives < Shargening Stones « Pressure-Sensitive Tapes

51



Operated by Lockheed for the U.S. Air Force:
America’s unique nuclear radiation test center

USAF’s Nuclear Laboratories—a unique facility for the investigation
of nuclear effects on articles used by the Department of Defense in the
nuclear age and in space exploration—are located on a huge tract of
isolated woodland near Dawsonville, Georgia.

The heart of this $15 million facility is an air-shielded 10-megawatt
reactor. It can irradiate six flatcar loads of complete operating sub-
systems or vehicle components simultaneously, in actual operational
environments.

No other facility in America can perform and evaluate radiation tests on
complete operating subsystems with the thoroughness, the accuracy, or
the speed that is possible at Dawsonville.

And because of its vast area—almost 20 square miles—the Dawsonville s
site makes unlimited expansion possible. It will support several other :
nuclear installations, at costs drastically lower than building them

elsewhere.

i

1200 Data-gathering channels—200 separate channels for A separate bank of recorders for each flatcar position
each of six flatcars—transmit instrumentation readings records instrumentation readings —and punches them out on
through leads and mating boards to recorders. The mating tape automatically. Data reduction center in Reactor Opera-
boards located at each of the car positions provide power to tions building processes tape. Closed circuit TV allows visual
operate the test specimens during the irradiation period. observation of reactor during the entire irradiation period.

© 1959 SCIENTIFIC AMERICAN, INC
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Six separate and distinct systems or 5,700 cubic feet of volume with a frontal area of 400 square
feet can be irradiated with the radiation effects reactor. Military vehicle and elector-hydraulic ser-
vomechanism for military applications are shown being irradiated on two of facility’s six flatcars.

LOCKHEED NUCLEAR PRODUCTS

GEORGIA DIVISION: DAWSONVILLE, MARIETTA, ATLANTA

LOCKHEED
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Jean Baptiste Fourier...on mathematical analysis

“Its chief attribute is clarity; it has no symbols to express
confused ideas. It brings together the most diverse
phenomena and discovers hidden conformities which
unite them. If matter evades us, such as the air and light,
because of its extreme thinness, if objects are located far
from us in the immensity of space, if man wishes to under-
stand the performance of the heavens for the successive
periods which separate a Iarge number of centuries, if
the forces of gravity and of heat be at work in the interior
of a solid globe at depths which will be forever inacces-

sible, mathematical analysis can still grasp the laws of
these phenomena. It renders them present and measur-
able and seems to be a faculty of the human reason
destined to make up for the brevity of life and for the
imperfection of the senses; and what is more remarkable
still, it follows the same method in the study of all
phenomena; it interprets man in the same Ianguage, in
some measure to affirm the unity and simp[icity of the
plan of the universe and to make still more manifest
the immutable order which rules all natural matter.”

~Théorie analytique de la chaleur, 1822.

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A nonprofit organization engaged in research on problems related to national security and the public interest
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Nucleic Acids and Proteins

The nucleic acid molecules inherited by the living cell bear the plan

of all the cell’s protein molecules. It now appears that another kind

of nucleic acid plays a key role in translating the plan into protein

r I Yhe blink of an eye, the beat of a
heart, the ordered advance from
embryo to adult—in short, all the

simple and the complex workings of liv-

ing matter—are the result of the coordi-

nated interplay of many hundreds of
different protein molecules. Proteins are

SYNTHESIS OF PROTEIN is dramatically depicted in this elec-
tron micrograph, which enlarges some 39,000 diameters the in-
terior of a cell from the pancreas of a guinea pig. The large dark
bodies are protein (in this case digestive enzymes) that the cell

by Mahlon B. Hoagland

the substratum of our form and func-
tion; of what we are and what we do.
Our living machinery—skin, muscle,
bone, blood vessels, internal organs—is
made of protein. Enzymes, the cogs on
which the machinery within each cell
turns, are protein molecules. The in-

g
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dividuality of each living being is the
manifestation of the uniqueness of its
own particular array of protein mole-
cules. It is small wonder that the cen-
tral problem of biochemistry today is:
How do organisms make their protein?

As readers of SCIENTIFIC AMERICAN

has made. The lighter areas surrounding them are sections of a
network of canals. The small dark particles are ribosomes. The
four large gray bodies at right center are mitochondria. The micro-
graph was made by George E. Palade of the Rockefeller Institute.
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THREONINE ALANINE

Q & 5

i
H(|ZOH (|:H3
NH,-CH-COOH NH,~CH-COOH

FIVE AMINO ACIDS, of the 20 that exist, are abstractly repre-
sented by the building blocks at the top. Below each block is a

are aware, a growing army of investiga-
tors has attacked the problem over the
past decade, and a plausible mechanism
of protein synthesis has begun to emerge.
Some steps in the complex sequence of
chemical events are still hypothetical,
the products of imaginative theorizing.
But experiment is steadily filling in the
theoretical outline. Even if (as is likely)
the current ideas should turn out to be
wrong in some particulars, they will
have been invaluable as a guide to
further research.

Recently my colleagues and I uncov-
ered a series of reactions that appears
to help bridge a serious gap in the se-
quence. In this article I shall try to show
how they fit into the total picture of pro-
tein synthesis.

In broadest terms that picture is as
follows: The master plan, which tells an
organism how many and what kinds of
proteins to build, is contained in the
substance of its genes: deoxyribonucleic
acid (DNA). Passed down from genera-
tion to generation through the vast
reaches of evolution, specific giant mole-
cules of DNA maintain the continuity of
living matter, ensuring that an elephant
continues to be an elephant and a mos-
quito a mosquito. A second type of large
molecule, ribonucleic acid (RNA), car-
ries the instructions from the genes to
the building sites, where it directs the
assembly of proteins.

The factory in which all these opera-
tions are carried out is the individual
living cell. Electron-microscope studies
have shown that cells are not formless
blobs of protoplasm, but have an intri-
cate anatomy [see illustration on preced-
ing page]. In the cytoplasm (that part of
the cell which lies outside the nucleus)
there is a fine network of membranous
canals lined with small, dense particles
called ribosomes. As their name implies,
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SERINE LYSINE ASPARTIC
ACID
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ribosomes consist largely of RNA, and
they are known to be the end of the as-
sembly line, where protein molecules are
actually fabricated. The beginning of
the line is in the nucleus, which contains
all of the cell’s DNA. Another group of
cytoplasmic bodies, known as mitochon-
dria, provides energy for the manufac-
turing process in the form of the sub-
stance adenosine triphosphate (ATP).

et us examine the elements of this
microscopic chemical plant in great-
er detail. Protein molecules, the end
product, are long chains made up of
smaller molecules, the amino acids.
There are 20 different amino acids, all
having an identical group of atoms that
forms a sort of backbone, but differing
in the side groups attached to it. The
backbones can join end to end by means
of a linkage known as the peptide bond.
We can think of amino acids as “poppet”
beads of different shapes that can be
snapped together to make a variety of
strings [see illustrations above]. A pro-
tein molecule may contain 100 or more
amino acid units. What distinguishes
one protein molecule from another, giv-
ing each its marvelous uniqueness, is the
number and kind of its amino acid units
and the order in which they are strung
together. We might think of an organ-
ism as a book whose immutable form
and content are uniquely determined by
the organized accumulation of sen-
tences (proteins) it contains, this in
turn depending on the number, kind
and order of letters (amino acids) in
each sentence. Thus in trying to ex-
plain how genes determine the way
specific proteins are made we must look
for a mechanism that inserts the right
amino acids in just the right places in
the string.
Turning to DNA, the genetic material,
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symbolic ball-and-socket device that works like a plastic “poppet”
bead. At bottom are the chemical formulae of the amino acids.

we find another chain molecule, but
one made up of only four different units.
These units, called nucleotides, also
have a common backbone structure that
can join chemically end to end. Attached
to the backbones are any of four differ-
ent side groups, which in this case have
an added feature. The spatial arrange-
ment of the side-group atoms is such
that they form two complementary pairs.
One member of each pair can nest with
the other. For diagrammatic purposes
the nucleotides can be represented as
blocks [see illustration on opposite
page]. As ]. D. Watson, now of Harvard
University, and F. H. C. Crick of the
University of Cambridge first showed,
DNA molecules are double-stranded
structures. The nucleotides of one strand
face those of the other in complemen-
tary pairs, with the backbones outermost
[see top illustration on page 58]. When
a cell divides, the two strands of its DNA
molecule separate and a new comple-
mentary chain builds up on each one.
Hence for every original molecule there
are now two, identical with the original,
one going to each of the daughter cells.
Because only one nucleotide can fit at a
given position anywhere in either chain,
the duplication is highly accurate.

In all these pairing reactions the ma-
terials must be brought close enough
together for chemical bonds to form.
Enzymes generally perform this func-
tion in cells. Arthur Kornberg and his
colleagues, now at Stanford University,
have in fact found enzymes that will
synthesize new chains of DNA, provid-
ed an already formed chain is present.
For this work Kornberg has just shared
the 1959 Nobel prize in physiology and
medicine.

In nature DNA molecules are helical
strands, rather than the straight chains
shown in the illustration. But since the
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AMINO ACIDS ARE JOINED in a protein chain. At top the shapes are joined ball to
socket. The formulae at bottom show the actual peptide linkages, between COOH and NHo.

helical structure does not affect our argu-
ment, we will omit it for the sake of
simplicity.

RNA is very similar to DNA. It too is
made up of four repeating units with a
common backbone, and two of its side
units are complements of the other two.
The backbone is different, having an
extra hydroxyl (OH) group which is
indicated in our diagrams as a small
knob. Three of the nucleotides are the
same as those of DNA, and the fourth,

though different, has essentially the
same pairing properties and hence is
given the same block shape.

From a number of brilliant investiga-
tions over the past few years, certain
facts about DNA have been established.
First, we know that DNA, by itself,
transmits genetic information in organ-
isms that contain it. (In a few organisms
that do not have DNA this function
seems to be performed by RNA. No liv-
ing form lacks both nucleic acids.) Sec-

ond, the genetic information-content of
DNA is arranged in a linear order along
the molecule. Third, a mutation, which
appears to be a change in a small seg-
ment of the DNA chain (perhaps the
deletion or substitution of a single nu-
cleotide), results in a small change in
the amino acid composition of a single
protein. Thus it seems highly probable
that the specific order of nucleotides in
DNA molecules determines in a fairly
direct way the specific order of amino
acids in protein.

It has also been found, however, that
cells from which the nucleus, and hence
the DNA, has been removed can con-
tinue to synthesize proteins for a while.
Indeed, most protein synthesis takes
place in the ribosomes, which, since they
are located in the cytoplasm, are physi-
cally separate from the DNA but contain
some 80 per cent of the cell's RNA.
Isolated ribosomes can even be made
to build protein in a test tube, by fortify-
ing them with certain enzymes from the
soluble portion of the cell in which they
are normally bathed.

It would appear, therefore, that the
linear genetic information in DNA is
first translated into linear information
in the closely similar RNA molecules,
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FOUR NUCLEOTIDES that make up deoxyribonucleic acid
(DNA) are similarly represented by building blocks. The black

section at bottom of each block denotes backbone structure by
which nucleotides are joined. At right of blocks are their formulae.
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and that RNA directly controls protein
synthesis in the ribosomes. How might
all this be accomplished?

]?irst of all, we must explain how the

- four component units of DNA (and
RNA) can determine the order of 20
units in protein molecules. One ingeni-
ous solution has been suggested by
Crick, J. S. Griffith and L. E. Orgel of
the University of Cambridge. Taking
the nucleotide blocks in groups of three,
they were able to form 20, and only 20,
distinct and nonoverlapping sequences
[see illustration on opposite page]. (To
grasp what is meant by overlapping, one
may consider the digit sequences 121
and 213. Joined together, they are
121213. The third, fourth and fifth digits
are also 121, and hence could be con-
fused with the opening triplet. Among
the 20 nucleotide triplets no such am-
biguities can occur.) Thus from the
magic number four of DNA it is possible
to code the magic number 20 for the
beads DNA must arrange. Each triplet
of nucleotides corresponds to one of the
20 different amino acids.

Linking the nucleotide triplets end
to end in any desired order will produce
a chain coded for any specified sequence
of the 20 beads. Another arrangement
of the triplets would give a second DNA
molecule coded for another bead se-
quence, and so on. Every organism pre-
sumably contains as many different
DNA molecules as it has unique pro-
teins. (Or, alternatively, if the DNA is
a single long chain, it would have the
proteins coded consecutively along its
length.) The DNA may be thought of
as master dies or templates from which
the proteins are manufactured. In the
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SYNTHESIS OF DNA begins with a single strand of the normally two-stranded molecule
(a). Nucleotides then assemble themselves along this strand to reconstitute the other (b).

Presumably by a similar process (¢) a strand of DNA can assemble a strand of ribonucleic
acid, or RNA (d). The knobs along the RNA backbone represent hydroxyl (OH) groups.

nucleus the templates are stored as bun-
dles of double complementary strands.
In cell division the double strands sepa-
rate and each half assembles on itself a
new complementary partner.

It is now a simple matter to envision
each strand of DNA laying down along
its length a series of RNA nucleotides,
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TRANSFER RNA is a third species of nucleic acid that appears to convey amino acids to

“template” RNA. Its molecules end in the nucleotide adenylic acid, which forms a high-
energy bond with an amino acid. At bottom right is the formula of the last two nucleotides
of transfer RNA with the amino acid alanine attached. At top left is corresponding symbol.
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creating a set of working dies identical-
ly coded for the amino acid beads. The
master DNA-templates are thus pre-
served as a stable source of genetic in-
formation. Although the replication of
RNA from DNA in such a manner is
pure speculation at the moment, evi-
dence is growing that RNA is indeed
synthesized in the nucleus. Furthermore,
although ribosomes can make protein in
the absence of the nucleus, once the
RNA in the ribosomes is used up or arti-
ficially destroyed, the process stops. Re-
cent experiments indicate that putting
back the nucleus restores the cell’s ability
to synthesize protein. Apparently the
nucleus rebuilds the ribosomes.

Assume, then, the RNA chains have
been assembled, carrying the code for
the amino acid sequences. Now we come
to an embarrassing impasse in the theory.
How do the amino acid beads “recog-
nize” their appropriate triplets on the
RNA surface? We can discern no struc-
tural or chemical correspondence be-
tween the ordered triplets and the 20
beads. The information is there but the
mechanism for using it appears to be
lacking.

Recently a group in our laboratory at
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TRIPLETS OF NUCLEOTIDES along a strand of DNA or RNA
possibly represent a code for the amino acids. Each triplet is a
combination of three of the four nucleotides. Only these 20 triplets
can be put together without ambiguity due to overlapping. At left

Harvard University stumbled on some
exciting new phenomena that seem to
resolve the difficulty and open the way
to probing much more deeply into the
protein-building machinery. Paul C.
Zamecnik, Mary Louise Stephenson,
Jesse F. Scott and I discovered quite
by accident that amino acids attach to
RNA before they are linked together to
form protein. To our surprise the RNA
that binds the amino acids turned out to
be not the plentiful template material of
the ribosomes, but a small chemical frac-
tion of the soluble part of the cytoplasm.
This RNA, consisting of relatively small
molecules, was called “soluble RNA.”
Now it is becoming known as “transfer
RNA” because of its role in protein syn-
thesis, which further experiments soon
revealed. With the invaluable assistance
of Liselotte I. Hecht, who joined us at
this time, we followed up the lead and
found that before amino acids appear in
protein each amino acid attaches to a
specific location on the soluble RNA
molecules.

The reaction takes place in the soluble
fraction of the cell that bathes the ribo-
somes, and will also proceed in the
test tube quite independently of ribo-
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somes. It requires energy, which it ob-
tains from the universal energy source
in cells: adenosine triphosphate (ATP).
Once the compounds of RNA and amino
acids are formed, they can be isolated
from the tissues and purified. If they are
then incubated with fresh ribosomes, the
amino acids rapidly disappear from the
transfer RNA, enter the ribosomes and
condense with other amino acids to form

new protein.
\\"’orkers in a great many laboratories
throughout the world have since
studied transfer RNA and its reactions.
It has been found in all types of cells,
from those of bacteria to those of mam-
mals. We now know that there is a
separate transfer RNA molecule for each
amino acid, and that the amino acid at-
taches to the end of the nucleotide chain.
It looks very much as if these observa-
tions contain the key to the coding mech-
anism. The simplest interpretation of
the data is that, by attaching to transfer
RNA, amino acids receive an identity
that can be recognized by the RNA
templates in the ribosomes. Presumably
some of the nucleotides in the transfer
molecule fit against a complementary
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is a shorthand notation for the 20 combinations. The two nonam-
biguous triplets that can be assembled from two nucleotides are
at top; the six that can be assembled from three nucleotides, in
middle; the 12 that can be made from four nucleotides, at bottom.

set on the template chain. In this way
transfer RNA would link each amino
acid to its own specific triplet.

As these ideas were percolating
through our heads we learned that Crick
had anticipated them on theoretical
grounds. He had suggested that amino
acids might attach to an “adaptor” mole-
cule consisting of a triplet of nucleotides
complementary to the appropriate group
in the template. Here was one of those
rare and exciting moments when theory
and experiment snapped into soul-satis-
fying harmony. Although transfer RNA
is not a triplet (it consists of 50 to 100
nucleotides), it seems highly probable
that it contains a few nucleotides whose
order determines on the one hand the
amino acid with which it reacts and
on the other the place where it fits on
the RNA template of the ribosome.

Perhaps the reader is wondering why,
if an amino acid can join with a triplet
in the transfer mclecule, it cannot hook
directly to a triplet in the large RNA
chain. The answer is that the transfer
molecule has a free end that serves as
a point of attachment. In template RNA
the triplets have no free ends.

As we have said, the joining of an
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(bottom right) and a molecule of adenosine triphosphate, or ATP fer RNA. At right the molecule (shortened for diagrammatic pur-




amino acid to transfer RNA requires en-
ergy: the amino acid must be “acti-
vated” before it can react. Furthermore
it must retain its energy for the eventual
linkage in the protein molecule. Amino
acids can no more snap together spon-
taneously than can poppet beads. They
both need a push.

The activation mechanism, which was
discovered independently by the author
and by Paul Berg at Washington Uni-
versity in Saint Louis several years ago,
is a reaction between the amino acid and
an energy-rich ATP molecule. ATP con-
sists of one of the RNA nucleotides,
called adenylic acid, with a pair of
phosphate groups attached. It is the
phosphate bond that contains the energy
of activation. In the activation reaction
the amino acid replaces the two phos-
phate groups, the energetic bond re-
maining.

As always, in order for the reaction
to take place the substances must be
brought close together in the proper
spatial relationship. This is accomplished
by means of an enzyme that acts as a
mechanical jig, holding the amino acid
and ATP in place [see illustration on op-
posite page]. There are 20 different en-
zymes, each shaped to accommodate a
specific amino acid. When the reacting
molecules are located in the jig, the
amino acid joins the adenylic acid and
the phosphate groups drop away. The
combination remains fixed in the enzyme
matrix.

Berg and other workers have proved
that the same enzymes that activate
amino acids also catalyze their reactions
with transfer RNA. Therefore we can
assume that each enzyme contains a
section shaped to fit the specific nucleo-
tide triplet corresponding to the amino
acid it holds. We do not know where the
triplet is located along the transfer RNA
molecule, but we do know that all such
molecules terminate in the same three
groups: two cytidylic acids and, at the
end, an adenylic acid. For the sake of
convenience our diagrams show the
identifying triplet attached directly to
the terminal group of three nucleotides
[see right side of illustration on opposite
page]. Actually they may be some dis-
tance apart on the string.

In any event it is not hard to visualize

the sequence of chemical events. An
enzyme holding a particular activated
amino acid has a site adapted to a
specific nucleotide triplet. When a trans-
fer RNA molecule containing that trip-
let encounters the enzyme, it fastens
onto the jig. This brings the end of the

FINAL STEP IN ASSEMBLY of protein molecule may be the attachment of complexes
of transfer RNA and amino acids to the template-RNA chain. Each identifying triplet in
the transfer RNA finds its unique complement on the template. The terminal triplets are

at right angles to the template, bringing amino acids close enough to snap together.

RNA chain into contact with the amino
acid. The terminal adenylic acid on the
chain replaces the adenylic acid of the
activating ATP, and the amino acid is
hooked onto its proper transfer agent.
Now the whole combination drops away
and the enzyme is free to repeat the
cycle.

When attached to transfer RNA, the
amino acid is still in an activated state.
This is due to the influence of the hy-
droxyl group on the RNA backbone,
which DNA does not have. Thus only
RNA, and only the end of an RNA chain,
can qualify as an intermediate carrier
of activated amino acids.

With the help of 20 different enzymes
each amino acid is made recognizable to
the template by linking it to a specific
triplet of nucleotides on the transfer
RNA. We suggest that this triplet lo-
cates itself on a complementary triplet
in the ribosomal RNA [see illustration
above]. In hooking on, the terminal
group of the transfer RNA presumably
bends at right angles, forming extension
arms that bring the amino acids close
together. Finally, the activated amino
acids snap together to make a protein
molecule. Then the transfer RNA drops
off the template and recycles.

Amino acid activation, attachment of
amino acids to transfer RNA and the
final building of protein in ribosomes are
well-established biological facts. Our
model attempts to fill the gaps between
these steps without violating chemistry.
It is a hypothesis. As such it is valueless
unless it suggests further lines of in-
vestigation, and this it does. For one
thing, the model predicts that some-
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where in the chain of nucleotides of
transfer RNA there is a code determin-
ing which amino acid becomes attached
to it. In many laboratories research
workers are trying to isolate pure types
of transfer RNA from the natural mix-
ture. Then they will take the molecules
apart, nucleotide by nucleotide, to de-
termine whether the code indeed exists
and, if so, where it is. Transfer RNA may
well be the Rosetta Stone that will de-
cipher the language of the gene!

If transfer RNA is an adaptor, at least
part of it (and that part bearing the
code) must accompany the amino acid
into the ribosomes during the course of
protein synthesis. By tagging the mole-
cules of transfer RNA with radioactive
atoms we can follow their fate. Prelim-
inary studies in our laboratory show that
at least the terminal nucleotides of
transfer RNA molecules do accompany
the amino acids. By labeling other parts
of the molecule we hope to get more
information on this important question.
The model also predicts that RNA of
the ribosomes can be synthesized using
DNA as a template. Manv laboratories
are attempting to see if this actually
happens.

After such matters are settled there
will remain still deeper questions. How
does the cell administer the over-all
activity of its complex machinery? What
turns this wonderful chemical factory on
and off at exactly the right times in the
life of the organism? How does the
control process go astray in malignant
cells? It is problems like these that make
biochemistry one of the great adventures
of our era.
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OLD AND NEW CASTLES dominate the Sardinian plain near . a medieval castle. In the foreground, with its village around it,
Barumini. Atop the conical hill in the background are the ruins of  is the Su Nuraxi nuraghe, which dates from the 11th century B.C.
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SU NURAXI NURAGHE is seen from the air. One of the finest by the Carthaginians in the sixth century B.C., some three centu-
examples of Sardinian proto-castle, it was besieged and destroyed ries before the Roman conquest. Su Nuraxi was excavated in 1951.
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The Proto-Castles of Sardinia

During the second and first millennia B.C. the inhabitants

of Sardinia built thousands of conical stone towers. Called

nuraghi, thev show the influence of early Greek civilization

n the island of Sardinia, off the
O west coast of Italy, stand the
ruins of some 6,500 stone towers.
These massive truncated cones, built
without mortar, once stood 50 to 65 feet
high and were held erect by the sheer
weight of their roughly shaped stones.
Laid in circular tiers and stepped back
from the bottom of the tower to its flat
top, the stones enclosed one to three
beehive-shaped vaults, each not more
than twice as wide as its surrounding
wall; when a tower contained two or
three vaults, they were stacked vertical-
ly. It is not only the structure of the
towers but also their number that im-
presses the beholder: they stand an av-
erage of one or two for each square mile
of the island.

The towers of Sardinia were wonders
of antiquity. Timaeus, a perceptive
Greek historian of the fourth century
B.C., thought they were linked with the
Mycenaean civilization that preceded
the classical Greek culture in the eastern
Mediterranean. The vaults within re-
called the domed tholoi, or burial cham-
bers, of Mycenaean Crete. His surmise
was echoed in myths that credited the
towers to Daedalus, the Cretan hero
who had soared away into the sky on
wings of his own making. Daedalus, it
was said, had brought this style of build-
ing to Sardinia, and after him the towers
were called daedaleia. Native legend in
Sardinia regarded the towers as monu-
ments of an early, happier era when the
island was governed by wise and power-
ful men who had come from distant
Spain. From Norax, the name of one of
these heroes, comes the modern term for
the ruins: norake, which is Italianized
to nuraghe (plural: nuraghi).

Contemporary philology traces the
word back still farther to the pre-Indo-
European nurra, which means “heap” or
“cavity” and so aptly describes both the

by Giovanni Lilliu

shape of the exterior and the domed
chambers in the interior of the towers.
But perhaps the Romans had the best
name for the nuraghi. They called them
castra, or fortresses. This term reflects
the Romans’ first-hand experience with
the towers, gained in the conquest of
Sardinia that began in 231 B.C.
Taking account of the density of nu-
raghi on the Sardinian landscape along
with their military function, archaeolo-

gists have begun to reconstruct the life
and history of the people who built
them. To us no less than to the ancients
these structures seem more the work of
heroes than of men. On this margin of
the ancient world there was achieved a
state of social efficiency and a release of
creative human vigor that Sardinia is ex-
periencing anew only today.

The earliest ruins on the island, ante-
dating the westward flow of Mycenaean

PLAN OF SU NURAXI NURAGHE indicates how it grew. To the early tower (1) were

later added the bastion and towers (3) enclosing a courtyard (2) and well. Outer defenses

(4) were built still later. The older huts of the surrounding village are indicated in black.

The remaining hatched structures were built after the nuraghe had fallen to Carthaginians.
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SORO NURAGHE is one of the most primi-
tive. Originally 65 feet high, it was built in
second half of second millennium B.C.

influence, show that the Sardinians had
already achieved a considerable degree
of engineering skill. They erected great
rectangular structures, raising huge
stones by placing them on wooden roll-
ers and hauling them up inclines of
packed earth. Under the influence of
Mycenaean style they learned to set the
stones in circular tiers, producing the
stepped, conical structure of the nu-
v ghi. The stability of the circular tiers,
in which the stones hold one another in
place by the opposition of their masses,
made it possible to build towers to im-
posing heights. In the beehive chambers
within, the stepped tiers of stone also
perpetuated in Sardinia the tholoi of
early Bronze Age Crete.

rI‘ he link with Mycenaean civilization

has been confirmed in recent years
by the discovery of bronze ingots in sev-
eral nuraghi. These ingots, stamped
with letters in the Mycenaean “Linear
B” script, indicate that the structures
date back to the middle of the second
millennium B.C. The dating has been
verified by measurement of radioactive
carbon in a wooden beam from one of
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the towers; the beam yielded a date of
1270 B.C., plus or minus 200 years.
These were the centuries, from about
1500 to 1100 B.C., when Aegean com-
merce penetrated westward as far as
England and the Aegeo-Asiatic peoples
dispersed around the shores of the Med-
iterranean in the aftermath of the Tro-
jan war. Other relics—weapons, pottery,
certain treatments of bronze, various
religious motifs—further confirm the
Mycenaean influence. But the conclu-
sive evidence is in the structure of the
nuraghe itself: the domed vault of the
inner chamber, so reminiscent of the
tholoi. The Mycenaeans had built their
burial chambers below the ground. By
combining this style with their own
command of the art of masonry, the Sar-
dinians made a fortress-residence for the
living out of a tomb for the dead.

The nuraghi built during this early
period stand alone and single-towered.
In many of them one enters the tower
through a low, narrow doorway, ob-
viously designed to place an intruder
at a disadvantage. The passage through
the thick wall to the first chamber flares
upward and inward to allow maximum
dispersion of the light from outside as
well as to give sentries room for defen-
sive action. Within the circular cham-
ber, about 14 feet in diameter, one
stands enclosed in the dim, echoing si-
lence of the windowless masonry, eight
or more feet thick, and looks upward
24 feet to the ceiling of the vault. A
stairway starts a few feet above the
chamber floor and spirals upward with-
in the wall toward the chamber above.
The first step of this stairway can only
be reached by a ladder—another defense
measure.

Upon climbing the stairs one enters
a chamber identical with the first but
smaller, perhaps nine or 10 feet in di-
ameter and 18 feet high, and dimly illu-
minated through a small window. Above,
in some nuraghi, there was a third cham-
ber, shaped like the other two but pro-
portionately smaller. These have uni-
versally fallen to the processes of time.
But one must have emerged from the
gloom of the third chamber onto a broad
open terrace resting upon wooden
beams that jutted out over the sloping
exterior walls. Around the edge of the
terrace were openings through which
great stone balls could be loosed upon
the heads of attackers at the base of the
tower. These openings probably repre-
sent the first appearance in Mediterrane-
an architecture of the “machicolations”
that were to become a feature of medi-
eval castles.
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By the beginning of the first millen-
nium B.C. these archetypal nuraghi
were already wrapped in legend that
held them to be monuments of a golden
age. Their great number and scattered
distribution tell us that the Sardinians
had not achieved an urban culture. They
lived upon the land—warrior-herdsmen
and farmers organized in clans. Each
clan had its own nuraghe, which fur-

NURAGHI DEVELOPMENT is depicted in
these illustrations and the one on page 66.
Early single towers, shown in plan and ele-
vation at left, were one to three stories high



nished refuge to its members, their de-
pendents and their slaves in times of
conflict, and probably served as the hab-
itation of the chief. To guard the pas-
tures and grain fields, the towers were
built preferably on heights. They stand
often within sight of one another and
always close to springs and rivers. The
orientation of their doorways, to the
south-southeast, shows that even then

the inhabitants felt the scourge of the
mistral: the cold, prevailing northwest
wind of the Mediterranean basin.

']‘ he nuraghi are densely concentrated

- in the central part of Sardinia, where
the land is most suitable for grazing and
in the western part, where the island’s
best ports are located. Here they pro-
vided strongholds for the defense of the

island against invasion trom overseas as
well as for inter-clan warfare. It was
probably the threat of invasion (there
had been suspicious landings of ships
from Syria and Etruria and exploratory
parties from Greece) that brought nu-
raghe architecture to its climax after
1000 B.C., in the early Iron Age.
The more ambitious structures of this
period indicate that the independent

with throwing platforms at the top. Early in the Iron Age the plat-
forms were elaborated into machicolated terraces, and curtain
walls joined the single towers (middle). Sophisticated design of
tower at right includes rooms opening off main chamber, niche for
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sentry opposite stairway entrance, and living quarters in bastion
towers. Small openings around chambers are stairway built into
wall. Evolving simultaneously with nuraghi shown here were oth-
ers throughout the island with many-towered bastions (next page).
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PEAK OF NURAGHI EVOLUTION is embodied in the Orrubiu
nuraghe at Nuoro. The keep, or main tower, and its bastions are
encompassed by a broad terrace and heavy outer walls. The entire

edifice was surrounded by a glacis, or slope, which forced attack-
ers to climb uphill to reach the fortress. Unrestored upper por-
tions of the Orrubiu nuraghe are shown in this reconstruction.
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clans must have combined in some
measure of unity for larger effort in the
common defense. Massive triangular
walls were thrown up around the central
tower, providing courtyards, corridors
and dwelling chambers. Double towers
appeared, linked by walls. The space in
the ground-floor chambers inside the
larger towers was enlarged by three
symmetrically placed caverns in the sur-
rounding wall, accommodating an aug-
mented garrison and larger stores. To
the right of the entrance a recess in the
wall provided a vantage for a sentry,
from whence he could strike the un-
shielded flank of an invader. Opposite
was the entrance of the stairway, which
still spiraled upward inside the mason-
ry of the thicker wall. This twisting,
yard-wide passage could be easily de-
fended at each turn. Often the towers
and the walls were pierced by embra-
sures from which missiles could be
launched.

The nuraghe at Barumini represents
the peak achievement of this movement
and shows clearly the succession of the
distinct periods of development. Here
the projecting terrace atop the principal
tower rested on great stone corbels, or
brackets, instead of on wooden beams.
During the ninth century B.C. a large
quadrangular wall was built with a tow-
er at each corner, the whole enclosing a
courtyard. Terraces reached out from
the inner bastion to the outer towers.
Later still, at the time when the island
came under invasion from Carthage, the
outer walls were faced with six or more
feet of masonry, the better to resist a
new weapon: the Carthaginian batter-
ing ram. Exploring the fortress in detail,
one finds other evidences of a mature
military art devoted to passive defense—
dropping platforms, blind angles, nar-
row passageways, trapdoors, sentryposts
and acoustic passages.

This formidable structure and others
that approach it in size and elaboration
may be regarded as true, thoroughgoing
castles comparable to those of the Mid-
dle Ages. We must imagine them as the
residence of a petty monarch and his
garrison, consisting of as many as 200 to
300 men. Finds of stone and metal (both
bronze and iron) testify that the men
were armed with bows, slings, swords
and other weapons representative of the
armament of their period. Such bastions
and their military organizations domi-
nated the surrounding countryside and
the villages huddled at their feet. In
time of peril the entire population could
take refuge behind the castle walls.

There are also nuraghi that may have

been simply the habiations of shepherds
and farmers, even though their Cyclope-
an construction suggests a grander pur-
pose. These edifices complete the pic-
ture of a culture in which the larger
structures represent the aristocratic and
warlike aspect. Despite the derivation of
their interior design from the Mycenae-

an burial vaults, there is no evidence
that the nuraghi were built to serve as
tombs or temples.

he Sardinian civilization, dominated
4 and fragmented as it was by petty
monarchs secure in their nuraghi, never
evolved beyond the warrior-pastoral

INFLUENCE OF MYCENAEAN CIVILIZATION is evident in the nuraghi chambers. Bee-

hive-shaped construction was characteristic of the tholoi, the burial chambers of Crete.
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state. In its disunity the island was prey
to invaders from the great urban cul-
tures overseas. At last, in the sixth cen-
tury B.C., came the Carthaginians.
Under their repeated and persistent
sieges, even Barumini fell. The fortress
was reduced, the surrounding village
burned and the population scattered.

SIVE CONSTRUCTION OF THE NURAGHI is evident in

this detail of the entrance to the Domu s’Orku nuraghe. The angu-
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For three centuries the Carthaginians
held the island in thrall and then lost it
to the Romans.

The last nuraghi were built during
this period in the border zones between
the mountains, still held by Sardinians,
and the western lowlands, in possession
of Carthage. Classical historians, writing
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of this period, describe a new kind of
native fortress, the “cavern” or “hide-
out” nuraghe. These were scarcely the
splendid constructions of the past. Built
in caverns and caves, hidden in the
woods or tucked into rock formations,
the pseudo-nuraghi were little more than
flat-roofed subterranean corridors built

lar construction is characteristic of the most primitive towers.
The view is looking outward from the chamber on the ground floor.




on a quadrangular or horseshoe plan.
The native population, seeking to de-
fend the last breath of their liberty, con-
cealed themselves in these refuges and
deployed from them in guerrilla forays.
They continued their bitter resistance
for generations until at last the Roman
legions, with the aid of mastiffs brought

from Italy especially for this purpose,
tracked them to their lairs.

These last nuraghi were but a remind-
er of departed grandeur. At the most
they embodied a transient impulse of
proud defiance, the ideal of a barbarous
world of shepherds and warriors forever
fighting among themselves and closed

against the world outside. When the
Romans finally prevailed, the refugees
returned to the sites of their devasted
villages. But they continued to resist
cultural domination by their conquerors
and clung to the memories and customs
of their old civilization, which had been
free and not without glory.

COURTYARD OF SANTU ANTINE NURAGHE has a well (left

foreground) and entrances to bastion chambers (rear). Rising at
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left is the main tower of the tri-lobed nuraghe which, except for
the courtyard, is of the type depicted at the right on page 65.
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FAT-CELL CYTOPLASM is rich in mitochondria, the numerous graph. They make fat, droplets of which are at lower left and upper
small structures magnified 20,000 times in this electron micro- right. Large structure is cell nucleus; line near top is cell wall.
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BODY FAT

Far from being relatively inert stored material, fat tissue playvs

a central role in human metabolism, producing fat and constantlv

releasing it to be used as fuel by the working cells of the body

ost fat people make repeated ef-

\/ I forts to reduce, only to regain

the lost weight within a few

months. The typical overweight person

knows as much about calorie-counting

as a physician does, and yet cannot stay

thin. The consistent failure of dietary

treatment demands a critical look at the

assumption that obesity is simply the re-
sult of habitual overeating.

Several studies have thrown doubt on
this notion. It has been found that some
fat people remain overweight while ad-
hering to a diet consisting of normal
quantities of food. A number of individ-
uals who have succeeded in reducing
have regained weight while eating less
than do average persons of the same age,
height and sex. Such individuals use less
energy than average for the upkeep of
the body and for muscular work; they
metabolize at subnormal rates.

The finding that some people can gain
weight without eating more than com-
parable people of normal weight does
not mean that fat persons are able some-
how to defy the basic laws of physics
and accumulate body mass without in-
gesting it. The word “overeating,” like
its companion word “overweight,” im-
plies a comparison between the individ-
ual in question and average persons of
the same age, height and sex. This point
deserves emphasis because many writers
have confused the issue by reasoning in
a circle. They define overeating as an
intake of food greater than the quantity
of matter excreted from the body. By
definition, therefore, anyone who gains
weight must overeat, even if he con-
sumes a subnormal quantity of food.
Overeating is identified with weight
gain, and no attempt is made to explain
the processes involved.

If obesity is to be understood, these
processes must be recognized. Recent

by Vincent P. Dole

studies have shown that fat tissue is
more than a storage depot for excess
food. It lives and participates actively
in the metabolism of the body. It con-
verts a substantial part of dietary sugar
and starch to fat even when a person is
at constant weight. It throttles the flow
of energy in the body by adjusting the
outflow of fatty acids to the needs of
working cells. It responds to hormones,
which integrate its performance into the
coordinated working of the body. Since
all of these processes in fat tissue are
affected by obesity, a theory of the dis-

ease based entirely on overeating seems
inadequate.

The high incidence of obesity also
suggests that this disease is more than
a simple dietary problem. People gain
weight on many different kinds of diet.
Obesity occurs in the wealthy and seden-
tary class of every race. Even the mum-
mies of ancient Egypt show numerous
skin wrinkles that preserve the evidence
of marked obesity during life.

The most ancient example of obesity
is the so-called Venus of Willendorf, a
figurine from the early Stone Age that

VENUS OF WILLENDORF, named for the Austrian village where it was found, is a lime-
stone statuette from the Stone Age. The figure, shown almost actual size, is thought to
represent fertility. Its stylized features also approximate those of a modern fat woman.
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FAT CELLS IN CONNECTIVE TISSUE (enlarged 275 times) are open circles in photomicro-

graph at left. Dark spots are nuclei of other types of cells, and diagonal tubes are capillaries con-

antedates the development of agricul-
ture by some 10,000 years. The people
who created the Venus lived as hunters,
moved with the seasons, ate mammoths
and other animals, undoubtedly gorged
when food was available and starved
when game was scarce. Their way of life
and dietary habits were utterly different
from ours, and yet the ancient Venus
resembles the present-day middle-aged
fat woman.

Today’s counterpart of this figurine
usually gives a history of being thin
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TRIGLYCERIDE IS FORMED from three fatty acids and a
glycerol molecule by splitting off three water molecules (in colored
rectangle at left). The glycerol and fatty acids then join at three
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when married (and sometimes brings a
wedding picture to prove it), and then
of gaining weight with each successive
pregnancy. The metabolic processes of
the human body have not changed much
in a few thousand years; the response
of fat tissue to age and hormonal changes
was undoubtedly much the same then
as now.

l\lost people ignore body fat unless,
: like the Stone Age Venus, they
have too much of it. Actually fat is a

)
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taining red blood cells. Center photo-
micrograph shows fat cells (enlarged

major component of the normal body,
accounting for about 15 per cent of the
total weight of a young adult and a high-
er percentage in an older person. A
healthy body maintains a constant pro-
portion of fat, and restores this propor-
tion if weight is lost.

The maintenance of body fat relates
in part to its structural and mechanical
functions. Fat is a chemically stable sub-
stance, liquid at body temperature, dis-
tributed over the surface of the body to
serve as a heat insulator and as a protec-

FATTY ACIDS
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oxygen atoms (red circles), which are the ester bonds. Palmitic

acid is saturated with hydrogen atoms (gray), having no double
bonds between carbon atoms (black) ; because of this it is a solid
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550 times) from an animal that had
been starved, then fed. Granules are

tive cushion. Internally it surrounds and
supports delicate structures such as the
eyes, kidneys, joints and intestines. In
starvation, however, its function as a
tuel takes precedence. Despite its struc-
tural importance, almost all of the body
fat can be mobilized and burned in an
emergency.

Considered as an energy store, the
body fat of an average young man rep-
resents about 100,000 calories (12 kilo-
grams of fat tissue with a caloric value
of eight calories per gram), roughly the

PALMITIC
® ACID

OLEIC
o o o ACID

LINOLEIC
o o o ACID

at body temperature. Oleic acid has one dou-
ble bond between carbon atoms; linoleic,
two. Both are unsaturated and thus liquid.

amount of energy expended in a month
of normal life. With unlimited drinking
water available, a healthy person can
survive even longer than a month with-
out food; he becomes lethargic and ex-
pends less energy, burning less and less
fat each day. An obese person on a low-
calorie diet often shows a similar fall in
metabolism, despite the fact that his
body may contain a year’s supply of
energy. His weight loss may stop, even
when he is still overweight and taking in
a subnormal amount of food. These re-
sults do not support the theory that a fat
person is really normal but overfed.

The overfeeding theory of obesity had
been based on the assumption that fat
tissue serves only as a reservoir for ex-
cess calories. The theory made no dis-
tinction between fat tissue (the fatty
parts of the body) and fat (the sub-
stance stored in the tissue), because the
cellular part of the tissue seemed negli-
gible. About 95 per cent of the total
tissue-weight is due to the substance fat,
which is certainly not a living material
comparable to protoplasm. Of the 5 per
cent remaining, more than half is struc-
tural: connective-tissue strands and
blood vessels. Living cells in fat tissue
thus account for about 2 per cent of the
weight, and of this small percentage a
portion must be assigned to blood cells,
which are only visitors and not part of
the tissue itself.

It seemed hardly possible that the
minute quantity of living cells in fat
tissue could have much influence on the
metabolism of the body. Nevertheless
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glycogen, which is made into fat. In photomicrograph at right (enlarged 375 times) white-fat cells
from a rat are seen with smaller brown-fat cells, which have more cytoplasm and are more active.

recent studies have shown that this is
the case: working protoplasm is present
in fat tissue, but in an unfamiliar form.
First consider a typical cell in an organ
such as the liver. It has a roughly spheri-
cal shape, with a nucleus in the center
surrounded by a zone of highly organ-
ized cytoplasm. Within the cytoplasm
small structures called mitochondria
serve as focal points of energy conver-
sion. Near the mitochondria lie droplets
of fat, either being formed or consumed
as fuel.

Now imagine that the droplets of fat
in the cells grow enormously and fuse
into a single drop still contained within
the cytoplasm. Suppose that the size of
each drop becomes 50 times as large as
the original cell. Obviously the cyto-
plasm surrounding such a drop would
be stretched out to almost vanishing
thinness; the nucleus of the cell would
be flattened and pushed to one side. On
examination, a tissue containing these
cells would appear to be only a foamlike
assembly of fat droplets. The living part
of it would have become almost in-
visible.

r]‘his describes the usual condition of

fat tissue as seen with the light mi-
croscope. Without special methods of
examination the cellular part seems neg-
ligible. However, if an animal is first
starved and then fed, so that the fat
cells are seen in the process of refilling
themselves, the rims of living cytoplasm
show a dense accumulation of granules.
These granules contain glycogen, a car-
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EXPERIMENTS DETERMINE ACTIVITY OF FAT TISSUE in synthesizing fat. In step
1 isolated tissues are placed in nutrient solution. Bottle at 1a is heated to inactivate enzymes,
and serves as control. At lc insulin (black dots) is added. In step 2 radioactive glucose
(colored dots) is added. At 3 bottles are agitated for three hours. At 4 the fat is extracted.
At 5 fat extract is tested to see how much of the radioactive glucose has been changed into
fat, and thus how much synthesis has occurred in the pieces of fat tissue. Control (column a)
is not radioactive. Tissue in column b has made radioactive fat, and that in ¢ even more.
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bohydrate material that serves as an in-
termediate in the synthesis of fat from
sugar.

Recently the electron microscope has
permitted a more detailed study of fat-
cell cytoplasm. The so-called brown fat
of rodents—a highly cellular variety of
fat tissue that lends itself to this type of
study—exhibits many large mitochondria
associated with fatty droplets. The
abundance of mitochondria means that
the cells probably consume energy at a
rapid rate, because these elements are
consistently associated with high-energy
metabolism in other tissues. Ordinary
fat tissue (sometimes called white fat)
similarly shows abundant mitochondria
and cytoplasmic granules when it is ex-
amined in suitable preparations. The re-
cent studies thus provide evidence that
fat tissue is an active living structure,
although it is greatly diluted by the
stored fat it produces.

Biochemical studies have added even
more direct evidence on this point. Iso-
lated pieces of fat tissue consume oxy-
gen and, like other living systems, utilize
chemical energy to drive various chemi-
cal reactions in a specific direction, the
main process in this instance being the
conversion of the glucose to fat. This
process of synthesis shows the expected
sensitivity to changes in the environment
of the tissue. If a fresh piece of fat tissue
is placed in a nutrient broth, synthesis
proceeds in the cells only at body tem-
perature; it can be speeded by the hor-
mone insulin or blocked by the destruc-
tion of cellular enzymes.

A good way to demonstrate the syn-
thesis of fat is to supply radioactive
glucose in the nutrient solution. If radio-
activity appears in the fat molecules
after incubation, and if this labeling of
the molecules can be speeded or blocked
by various agents that affect the func-
tioning of living cells, then it can be
concluded that the fat cells have con-
verted glucose into fat.

In a typical experiment fat tissue is
removed from the abdominal cavity of a
rat, divided into several parts and dis-
tributed into flasks containing nutrient
solution with a tracer amount of radio-
active glucose. Insulin is added to some
flasks; other flasks, serving as controls,
are heated to destroy cellular enzymes.
All the flasks are incubated for three
hours. At the end of this time the fat in
the tissue is extracted, washed to re-
move any residue of the original radio-
active glucose, and analyzed to deter-
mine how much radioactivity is present
in the fat. Such an experiment shows
that, even without added insulin, fat
tissue can synthesize fat; the piece of



tissue treated with insulin synthesizes
much more, while the heated piece syn-
thesizes none.

Insulin not only promotes synthesis;
it also favors the retention of fat in
tissue. Before the stored fat molecules
are released from the cell, they are split
into their constituent fatty acids. To the
chemist the term fat means a family of
molecules formed by the union of fatty
acids with glycerol. Fatty acids are
chains of 16 to 20 carbon atoms with
hydrogen atoms attached, ending in an
acid group. Glycerol is a three-carbon
unit with a site of attachment for a fatty
acid on each carbon. The chemical bind-
ing of three fatty acids onto glycerol—a
process called esterification—yields a tri-
glyceride, or, in common usage, fat.
Splitting these bonds yields glycerol and
a mixture of nonesterified fatty acids,
abbreviated NEFA. Fat tissue releases
NEFA, although it stores the fatty acids
in chemical combination as triglyceride.
To study the discharge of fat from stor-
age, one therefore measures the quantity
of NEFA released from fat tissue under
various conditions. Adding insulin to a
piece of fat tissue, as in the experiment
on synthesis, reduces the output of
NEFA from the tissue.

he work with insulin has led to simi-

lar investigations of other hormones.
At least three hormones act on isolated
pieces of fat tissue. Prolactin, a pituitary
hormone associated with milk produc-
tion in the living animal, increases the
synthesis of fat in fat tissue. The pitui-
tary hormone ACTH, or some closely
related substance, stimulates the output
of NEFA in the tissue.

The third of these hormones, adrena-
lin, also promotes the release of NEFA.
Fright or anger causes a discharge of
adrenalin, and, as a result, induces an
outpouring of NEFA into the blood-
stream. It seems reasonable to assume
that this release of chemical energy pro-
vides fuel for emergency use. Possibly
the action of adrenalin contributes to the
disturbances of metabolism caused by
the emotional stresses of modern life.

In many respects, however, the action
of hormones on fat tissue in the body
remains a mystery. Sex hormones obvi-
ously govern the distribution of fat, since
the distinctive contours of men and
women are fatty in nature and are affec-
ted by castration. When men and wom-
en are emaciated, their outlines differ
hardly at all. The adrenal steroids,
chemically related to the sex hormones,
also appear to be involved in some cases
of obesity. The thyroid hormone accel-
erates metabolism and causes loss of

weight even when an unlimited amount
of food is available. None of these hor-
mones has as yet been shown to act on
isolated pieces of fat tissue. Possibly
they act indirectly in the body, for in-
stance by changing the sensitivity of fat
tissue to insulin or adrenalin.

These findings have thrown light on
some puzzling reactions of fat tissue in
the body. In diabetes, for example, the
fat tissue seems to be involved in two
different ways: The middle-aged fat in-
dividual with mild diabetes often is
obese, and is benefited by a reducing
diet, while the individual with severe
diabetes tends to lose weight rapidly
and, if not treated with insulin, dies
emaciated. The gain of weight in the
first kind of diabetic, and loss of weight
in the other, can be attributed to im-
balance between the synthesis and re-
lease of fat. Both kinds of individual
suffer from a block in utilization of glu-
cose; probably both fail to synthesize
fat from glucose at a normal rate. They
differ, however, in the rate at which
their tissues release fat. The obese per-
son mobilizes fat slowly for utilization
by his working cells, while the severe
diabetic floods his body with a fatal

load of fatty acids from excess release.

In addition to processing starches and
sugars, the fat tissue also plays a role
in the metabolism of fat ingested in the
diet. It stores dietary fat and, according
to present theories, mixes these mole-
cules with fat synthesized from the car-
bohydrates. After mixing, the two fats
appear to share a common function. The
mixture leaves the tissue in response to
hormonal demands, and provides fuel
for the working cells. If this theory is
correct, it explains why carbohydrate
and fat—chemically quite different sub-
stances—serve equally well as food for
the body. In either case much of the
food energy reaches the working cells
in the form of fat. The conversion of
sugar to fat in the fat tissue thus enables
cells in the muscle and other tissues of
the body to operate on a standard fuel
despite wide variations in diet.

The protoplasm of fat cells must be

remarkably active, according to this
theory, because carbohydrate often pro-
vides more than half of the dietary cal-
ories. Consider a normal young man of
athletic build. At a weight of 80 kilo-
grams (176 pounds) he probably has
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METABOLISM DROP IN DIETING PATIENT is shown on this chart. A 20-year-old girl,
she was five feet, six inches tall and weighed 275 pounds. She remained at constant weight
for two months on daily diet of 3,000 calories. Then she was put on a diet of 600 calories
a day for 14 months (scale at right and broken line). Her weight dropped to 150 pounds
(black curve and scale at left). Her basal metabolism (oxygen consumption, shown by
colored dots, line and scale at right) decreased to low values, accompanying loss of weight.
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FAT TISSUE
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PATHS OF FAT AND CARBOHYDRATES in the body are shown synthesizes nonesterified fatty acids for fuel and for processing by
schematically in this diagram. Colored arrows indicate route of fat the liver. That organ incorporates the acids into complex lipo-
and fatty materials; black arrows show path of sugars. Fat tissue proteins, which may carry fatty fuel to working cells (at right).
about 12 kilograms (26 pounds) of fat The analogy between combustion en-  steps are essential for a normal utiliza-
tissue in his body, and of this weight gines and the body goes further. Both tion of food energy.
the fat cells account for less than 2 per systems burn fatty material and utilize People differ in their content of body

cent, or 240 grams. His diet might con-  the energy to do work. Both eliminate fat, because of differences in the activity
tain 400 grams of sugar, or its equivalent ~ waste products, and remain at constant of their hormones. Since this is the case,
in starch, providing 1,600 calories per weight only if the quantity of matter it is a fallacy to specify a single ideal
day. If his fat cells convert only half of eliminated just equals the quantity re-  weight for all adults of given height, age
the dietary sugar to fat, they synthesize ceived as fuel. The analogy breaks down, and sex. The desirable amount of body
roughly their own weight in fat every however, when it is examined in detail.  fat should be defined in terms of the
24 hours. If an excess of fuel is poured into a ma-  jobs done by this tissue, rather than by
The weight factor is also of interest chine, nothing much happens to the per-  arbitrary standards of appearance or by
in relation to the efficiency of energy formance of the engine. But in the body insurance statistics. Undoubtedly a lean,
storage. The two main energy-yielding the quantity of fat held by the fat cells  vigorous body is healthier than a fat one,
reactions in the body are the combina- affects the cellular processes of synthesis  but it does not follow that starvation
tion of carbon and oxygen to make and release; the biological engine is sen-  provides a specific cure for obesity. Not
carbon dioxide, and of hydrogen and sitive to the quantity of energy in every fat person is simply an overfed
oxygen to make water. Since the air storage. The body, driven by hunger, normal one.
provides oxygen, there is no need to seeks to maintain a definite state of nu- Many people who tend to be over-
store this element in the body. There- trition. The machine remains indifferent ~weight in middle age eat too much and
fore fat, consisting of about 88 per cent to the state of the fuel tank until it is  exercise too little. For them the remedy
carbon and hydrogen, approaches maxi-  out of gas. is clear. With moderation in diet and
mum efficiency as a storage material. increased activity they can lessen the
Its favorable energy-to-weight ratio To sum up, fat tissue is a living part danger of such diseases as arterioscle-
permits birds and insects to fly, and of the body structure and not simply  rosis and diabetes, which frequently
other animals to travel long distances a tank to hold excess calories. The cells occur in fat people. But the truly obese
in search of food. When man runs his in this tissue contain some of the most person, grossly overweight despite all
automobiles and other machines on pe- active protoplasm in the body. They efforts at dietary control, suffers from
troleum, he is simply making use of an  synthesize fat from sugar and release a disease that present-day medicine
ancient biological discovery. the fuel on demand. Apparently these cannot remedy.
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Kodak reports on:

‘““Ektalith,”” a word which will catch on... special lubricants without diplomatic
maneuvering...the bright prospects and stable bases of photography

Camera weds duplicator

There are many thousands of offset
duplicators in offices. We have worked
out new materials and equipment
which enable them to start in two
minutes, turning out in quantity first-
rate enlargements or reductions of any-
thing drawn, written, or printed, in-
cluding microfilm records. If you re-
quire relatively few copies, you don’t
even need an offset duplicator. Write a
note to Eastman Kodak Company,
Graphic Reproduction Division, Roch-
ester 4, N. Y., and ask where in your
locality you can see a demonstration
of the Kodak Ektalith Method.

600°F is tougher than 350°F

To demonstrate how passably these
two liquids and this solid perform as
oxidation-, corrosion-, and radiation-
resistant lubricants for gears and bear-
ings operating up to 600°F in flying
objects and other up-to-date kinds of
machinery must have taken a tidy
chunk of government money. We can
cluck like a frugal taxpayer, since only
a pittance found its way into our
pockets.

Now that the pure, undoctored, un-
substituted meta-linked polyphenyl
ethers are revealed to rate high for
chemical sturdiness, lubricity, and re-
tention of the liquid state over a broad
temperature range, we find it in our
hearts to enable the experimenter to
acquire them in a small, quiet commer-
cial transaction without diplomatic
maneuvering.

For $8.80 <:>_¢;
for 25 grams
m-Diphenoxybenzene (Eastman 7728)
For $18.45 <:>_ °<:>
for 10 grams
Bis(m-phenoxyphenyl) Ether (Eastman 7621)*

For $12.45 O
for 10 grams OOOOOOOO

yphenoxy)b (E 7815)

0-¢ N
N,

m-Bis(m-ph

Perhaps one of our markets for these
polyphenyl ethers will be for use as

*There has been some 40° to 800°F talk about this
one.

foils against which to demonstrate the
superiority of new classes of lubricants
as yet unrevealed, just as the poly-
phenyl ethers stand up for many hours
to conditions that devastate 350°F lu-
bricants to stiff sludges or vapors in
minutes. Two decades ago, when we
were in the high-vacuum business and
considered ourselves pretty smart in
diffusion pump liquids, we developed
some phlegmatic esters that now serve
as the goats for the polyphenyl ethers
to beat.

Small, quiet transactions are the main-
stay of the Eastman Organic Chemicals
Department of Distillation Products Indus-
tries, Rochester 3, N. Y. (Division of East-
man Kodak Company). Our current ‘‘List

No. 41" will tell you of our organic chemi-
cal wares, some 3700 of them.

Factory Photos

headlined the first column of The
Wall Street Journal on the penultimate
morning of last summer,

Firms Spur Camera Use
To Solve Test, Sales,
Production Problems

“Industry sources expect retail sales
of equipment and supplies for indus-
trial photographic use will reach some
$250 million this year, up from about
$100 million five years ago,” the story
said. (That’s a very short time ago.
These very discourses have been ap-
pearing for six years in this periodical.)

Feeling well disposed toward The
Wall Street Journal, we laid it aside and
took action to maintain the trend. Of
“supplies” that The Wall Street Journal
mentioned, none is oider than photo-
graphic plates—our original product.
For the love of challenge, we decided
to get ready for the printer a chart that
would put the photographic plate right
into the spearhead of photography’s
onslaught on current technology.

The chart is now ready. You may have a
copy with our compliments for your photo
department wall. Indicate interest to East-
man Kodak Company, Special Sensitized
Products Division, Rochester 4, N. Y. It
takes 29" x 164" to set out enough in-
formation about our 75 species of plates to
permit industry and technology some in-
telligent basis for choice. You will receive
the chart accompanied by a little pamphlet
on dimensional stability entitled “ Physical
Characteristics of Kodak Glass Plates.”
Gist of the pamphlet’s message: if there
were no such thing as the glass photo-
graphic plate, it would be necessary to in-
vent it.

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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Useful Invention concerning bases to
carry photographic emulsion has, in
all candor, taken place; we would
be fools to ignore it. Instead of ignor-
ing it, we have been busy for the past
several years setting up the newest,
smoothest-running process and plant
for the manufacture of polyester film
base. Last month, convinced in our
own good time of the advantages to
the user in our own methods of making
and orienting the polymer, we released
its product for sale. It will suit tech-
nologists who have learned to prefer
Kodak emulsions, yet require low
thermal coefficient of expansion, ex-
treme resistance to tearing, indiffer-
ence to the effects of humidity change
on flatness and dimensional change,
and/or inertness to most organic sol-
vents. Though polyester cannot match
glass in any of these attributes, it has
about half the temperature response
and much less than half the humidity
response of cellulose ester at its best,
and it provides a great many square
yards of image on a very small weight
and thickness of support. Nor does a
sheet of it make an unpleasant noise
when dropped.

The first emulsion to go on what we
call Estar Base is one yielding very high
density and very high contrast without
imposing the usual severe demands of
such photomechanical emulsions in
precision of exposure and processing.
For help in locating a dealer who
stocks this Kodalith Ortho Film, Type 3
(Estar Base), write Eastman Kodak
Company, Graphic Reproduction Di-
vision, Rochester 4, N. Y.

Next month Kodagraph Autopositive
Film (Estar Base) reaches the dealers.
In this, light falling on the film through
a yellow filter undoes the effect of a
factory pre-exposure, so that the re-
sult is a positive image. Since the tech-
nique is much used for preparing in-
termediates of engineering drawings,
the dimensional constancy and extraor-
dinary durability of the new base will
be a great boon.

These, obviously, mark only the be-
ginning of Estar Base.

You know something ? 3250 million
a year is peanuts.

Prices quoted are subject
to change without notice.



NOW-
PLASMA FLAME

SPRAY IN YOUR
OWN PLANT

Apply coatings of high melting point
materials such as tungsten, tungsten
carhide, molybdenum, chromium car-
bide, titanium oxide, rare earth oxides.
Operates at 10,000 °-15,000° F.

Now any material that can be melted
without decomposing can be sprayed.

Despite high melting temperature, object |

sprayed stays cool.

High fluidity of particles and high veloc-
ity of impingement bond the particles to-
gether to produce high density coatings
semi-fused to work. Absence of air elimi-
nates oxidation.

The METCO Plasma Flame Spray Gun is
a valuable new tool for the metalworking
research department or production line.
Operates on inexpensive inert gases with
high electrical power conversion effi-
ciency, long component life. Continuous
gas streams as high as 30,000°F., with
accurate control of temperature, gener-
ated at costs % to % those of oxygen-fuel
gas equipment for equivalent heat out-
put. No combustion—uses inert gases. No
flashback or explosion hazards— push-
button operation.

Write today for free bulletin describing
the METCO Plasma Flame Gun.

Melallizing Engineering Co., Inc.

Flame Spray Equipment and Supplies

1119 Prospect Avenue, Westbury, Long Island, N. Y.
In Great Britain: METALLIZING EQUIPMENT CO. LTD.
Chobham-Near-Woking, England
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The Nobel Prizes

wo biochemists and two physicists

I in the U. S. and a physical chem-

ist in Czechoslovakia are the win-

ners of the 1959 Nobel prizes in science,
each equivalent to $42,606.

Severo Ochoa of New York Univer-
sity and Arthur Kornberg of Stanford
University, described in their citation as
“two of the best biochemists of the pres-
ent time,” shared the physiology and
medicine prize for “discoveries of the
mechanism in the biological synthesis of
ribonucleic acids (RNA) and deoxyribo-
nucleic acids (DNA).” These substances
are thought to play a central role in trans-
mitting genetic information from gen-
eration to generation, and in directing
the synthesis of protein molecules in
living cells [see “Nucleic Acids and
Proteins,” page 55].

According to present theories DNA is
the substance of the genes. It consists
of a long, double-stranded molecule
made up of combinations of four similar
units called nucleotides. When a cell di-
vides, the strands are thought to sepa-
rate, each assembling on itself a new
complementary strand. Kornberg and
his colleagues, then at Washington Uni-
versity in Saint Louis, discovered a bac-
terial enzyme that can join nucleotides
together into DNA molecules outside
the living cell. Obtained from the bac-
terium Escherichia coli, the enzyme is
known as polymerase. When added to
a mixture of nucleotides, together with
a small amount of DNA to serve as a
“primer,” it produces DNA apparently
identical to the priming molecules. Thus
the mechanism by which DNA suppos-
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SGIENGE AND

edly reproduces itself in the cell has
been demonstrated in the test tube.
Kornberg has not shown that his syn-
thetic DNA is biologically active, but he
is now working on the problem.

DNA is found only in the nucleus of
the cell. RNA is found outside the nu-
cleus in the cytoplasm, but it is thought
that it is made in the nucleus and moves
out to the cytoplasm to direct the as-
sembly of protein molecules. Ochoa and
his co-workers have synthesized RNA in
the test tube with the aid of the enzyme
polynucleotide phosphorylase, obtained
from the bacterium Azotobacter vine-
landii. Again with the help of some
primer material they can make mole-
cules consisting of various combinations
of the four basic nucleotides, as well as
simpler chains containing a single nu-
cleotide. At present Ochoa is trying to
purify the enzyme in order to study its
action in greater detail.

The physics award went to the co-
discoverers of the antiproton: Emilio
Segrée and Owen Chamberlain of the
University of California. For 25 years
physicists had been confident that the
antiprotonexisted; they saw that P. A. M.
Dirac’s theory of the electron, which had
successfully predicted the existence of
the antielectron, or positron, should also
apply to the proton (and to all oth-
er elementary particles). They knew
what properties to look for: The anti-
proton would have the same mass as the
proton and an equal but opposite (nega-
tive) charge. When it collided with a
proton, the two particles would disap-
pear in a mutual annihilation, releasing
energy in the form of gamma rays. The
antiproton would be produced in a high-
speed particle collision, its creation re-
quiring a particle with an energy of
about six billion electron volts (Bev).

It was precisely this requirement that
the University of California’s six-Bev
proton accelerator, the Bevatron, was de-
signed to meet. When the machine was
ready, a team headed by Segre and
Chamberlain set out to make and de-
tect antiprotons. They bombarded a cop-
per target with six-Bev protons. By an
elaborate and ingenious system of bend-
ing- and focusing-magnets, counters and
timers, they sorted the subatomic de-
bris resulting from the collision and
unequivocally identified antiprotons.
Shortly afterward they also demon-
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strated the mutual annihilation of anti-
protons and protons in photographic
emulsions.

Jaroslav Heyrovsky, director of the
Polarographic Institute in Prague, won
the chemistry prize for his invention in
1922 of the analytical technique known
as polarography. His apparatus consists
of an electrolytic cell containing a large
electrode and a very small one. Chemical
reactions between the small electrode
and the atoms or molecules under study
determine the current that flows through
the cell. As the voltage is increased the
current increases up to a point and then
levels off at a “limiting” value. This hap-
pens when the molecules react as fast
as they diffuse to the electrode from the
solution. The size of the limiting current
depends on the concentration of mole-
cules and their diffusion rate. The volt-
age at which the electrode reaction takes
place depends on the type of molecule.
Hence polarography is a method for
both quantitative and qualitative analy-
sis. It is fast and convenient, and is ap-
plicable to a very wide range of sub-
stances down to low concentrations.

The Back of the Moon

l\l an’s first blurred view of the other

side of the moon suggests that cur-
rent theories of the origin and history
of our natural satellite may require re-
vision. Photographs taken by the Soviet
space vehicle that passed within 5,000
miles of the moon appear to indicate
that the topography of the moon’s hith-
erto unobservable hemisphere is consid-
erably less varied than that of its fa-
miliar face.

The Soviet vehicle, launched on Oc-
tober 3, crossed the moon’s orbit some
three days later. Shortly thereafter, in
response to radio signals from earth, it
pointed its two cameras at the moon and
made the photographs. They were de-
veloped in the vehicle and were radioed
back to the earth; one of them was re-
leased in Moscow on October 27.

The photograph showed nearly three
quarters of the hidden part of the moon’s
surface (irregularities in the moon’s mo-
tion make about 60 per cent of its sur-
face accessible to direct observation). It
revealed a number of sizeable craters as
well as a mountain range of peculiar
topography. Its most conspicuous fea-

@ . 2 a 1
Fellow in aquarium filters solar

light to compare fish growth
under different wavelengths.

The things
people do with our
interference filters

From astronautics to zoology, new
uses keep arising for light of specific
wavelengths. Bausch & Lomb

fills this need. . . at lowest

possible cost . .. with the most

complete standard stock of Psyc‘hologm tests emotional reaction
to different colors.

interference filters. Near
U-V tonear I-R.

(340mpu to 1200mp. )
Others on special order.
Find out more about this
lowest-cost way to control
light to your needs.

Mail the coupon.

Monochromatic filters keep
aerial trackers on target.

Filters built into instruments
generally come from B&L.

1 BAUSCH & LOMB OPTICAL CO.
69448 Bausch St., Rochester 2, N. Y.
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Bold plans revealed in Lockheed’s
program of total flight technology

Air/Space travel, whether the vehicle is manned or unmanned, poses
vast problems. To expand the total technology of flight, Lockheed’s
California Division proposes bold new concepts for both military and
commercial vehicles. In line with this, the Company has assumed
major responsibility for Research and Development on future space
vehicles. This responsibility extends from development of advanced
components to major complex systems.

Advanced projects to spring from this broad base of Air/Space
travel include: Limousine-Helicopters designed for shuttle service
between large cities and suburbs, or to transit terminals; Mach 6-7
Air Transports able to take off and land vertically; Space Transports
capable of transporting, to an orbit of more than 1000 miles, a pilot
and 1000 pounds of payload, or three passengers equipped to work
in space; Infrared Systems studies; and Solar Radiation studies.

This markedly expanded program into the total concept of flight
creates urgent need for personnel with high-level skills. For the
concept ranges from subsonic to hypersonic speeds; from atmos-
pheric to outer space vehicles.

High-caliber scientists and engineers are invited to take advantage
of this need; to investigate the many career opportunities Lockheed
offers.

Immediate openings are available in: Aero-thermodynamics;
propulsion; armament; electronics — research, systems and pack-
aging; servomechanisms — flight controls; sound and vibration;
operations research; physics — infrared, acoustics, electro-physical;
antenna and telemetry; and underwater sound propagation.

Write today to: Mr. E. W. Des Lauriers, Manager Professional
Placement Staff, Dept. 2912, 2400 North Hollywood Way, Burbank,
California.

LOCKHEED

California Division

© 1959 SCIENTIFIC AMERICAN, INC

ture, however, was the paucity of con-
spicuous features.

U. S. experts were reluctant to com-
ment in detail on the photograph until
they had seen clearer prints. Several of
them also pointed out that the monot-
onous topography might be an illusion
because at the time the photograph was
made the sun’s light was striking the
back of the moon at an angle that would
“wash out” much topographic detail. In
at least one major feature, however, the
back of the moon seems to differ radical-
ly from the front. Shadows on the sur-
tace appear to show a long mountain
range (Soviet workers have christened
it the Soviet Mountains) that resembles
mountain chains on earth rather than
other lunar mountains.

Terrestrial mountains are thought to
have been thrown up by slow cur-
rents in the earth’s plastic mantle and
by volcanic action. Lunar mountains, by
contrast, seem without exception to have
been formed by the impact of meteo-
rites, leading selenologists to conclude
that the moon’s interior has been cold
and rigid during most of its history. The
new mountain range indicates that this

| conclusion may have to be modified.

Soviet astronomers have named sev-
eral other features revealed by the pho-
tographs. Apart from the Soviet Moun-
tains and a large crater which they have
christened the Moscow Sea, they have
adhered to the tradition by which craters
have been named after scientists or ex-
plorers, and larger features have been
given poetic designations. They have
named craters after Konstantin E. Tsiol-
kovsky, the Russian rocket pioneer;
Mikhail V. Lomonosov, the 18th-century
Russian poet and scientist; and the late
French physicist Frédéric Joliot-Curie.
A large, dark area at the edge of the
photograph has been named the Sea of

Dreams.

Radiation Compromise

A long-standing disagreement be-
£} tween U. S. authorities and those of
other nations as to safe limits of radia-
tion exposure for the general population
was settled last month.

The U. S. National Committee on
Radiation Protection and Measurement,
a nongovernmental group of about 40

experts, has been recommending that

the maximum permissible exposure of
the population at large be set at a 10th
of the corresponding value established
for radiation workers. Meanwhile the
International Committee on Radiation
Protection has called for a figure of a
100th of the permissible occupational



THIS IS GLASS

A BULLETIN OF PRACTICAL NEW IDEAS

NEW! A MIRROR THAT
MAKES HEAT TO BEAT SLEET

You’re jockeying a big trailer-truck along
a winding road in New England. It’s
winter and you run into a real storm—a
mixture of snow, rain, sleet. You flip a
switch and . . .

Your outside rear-view mirror is clear
in a matter of minutes. From a heavy
coating of ice to all clear is only a matter
of five minutes, even at —20°F.

The mirror, as you might guess, isn’t
just ordinary glass. It’s one of Corning’s
Pyrex brand glasses, and on its surface is
an electrically conductive coating that’s
permanently fired in.

This coating (a metallic oxide) is what
turns your mirror into a heating element
when a current is applied. The heat melts
ice and snow, prevents fog or drizzle from
freezing on the surface.

If you use EC (electrical-conducting)
glass for self-defrosting mirrors you get a
bonus, since the coating also provides a
non-glare surface.

But don’t go away just because you
gave up dreaming about driving a truck-
and-trailer years ago. This PYyrRex® elec-
trical-conducting glass comes in a wide
choice of applications.

For example, there are some enterpris-
ing people who build radiant heaters,
both portable and permanent, around
such glass panels.

Comfort, safety, and convenience are
the big selling points. Comfort because a
panel of EC glass is an area heat source
putting out long waves. Safety because
there are no exposed wires or moving
parts. Convenience since you have no
burning, no need to do extensive re-
modeling in order to install it.

These same reasons have made Pyrex
brand radiant heating units attractive to
industry—for heating, drying, curing,
baking.

And, if you turn a panel of this glass
around, it becomes an infrared reflector
you can see through—blocking heat but
still passing about 759, of the visible light.

Facts? Ask for PE-34, a 4-page data
sheet, and/or PE-60, all about industrial
heating units. Please use the coupon.

CHROMATOGRAPHY COLUMNS
—COILED, READY FOR TOIL

Till now, those analysts using capillary
coils were hung on the horns of two dis-
pleasing alternatives: Theycould use a coil
of synthetic material with a low heat
ceiling. Or they could “roll their own”
stainless alloy tubing which is fairly ex-
pensive.

“Till now,” we say, for starting today
such men can get Pyrex brand glass
capillary columns, already wound; coils
that will perform at high temperatures;
coils that are bargain priced in the light
of their many advantages.

Like all Pyrex labware, these coils
are corrosion resistant. Their glass-
smooth surfaces offer little resistance to
gas flow, make coating and cleaning
simple as can be.

Like all Pyrex labware, these have
the outstanding advantage of transpar-
ency—the analyst can be sure the inner
surfaces of his coils are properly coated.

Coils can be had in standard lengths of
100, 200 or 300 feet, wound on 2” or 314"
centers. I.D.’s of the %-inch capillary
tubing are 0.010” or 0.020”. Specials
will be made on request.

PYREX chromatographic columns like this one
come already wound, ready for coating. They
are heat resistant, chemically stable, modestly
priced.

If you would like all the specs—and
prices—we refer you to the coupon for
a copy of Supplement No. 8 to Pyrex

CORNING MEANS

Please send me: [] PE-34, Corning Flat Glasses; [] PE -60, Heating Units;
[]L&-1, PYREX Labware; [] Supplement No. 8 to LG-1; [ ] PE-30, Drain-
line Manual; (] 1Z-1, Design Manual; [ Pyroceram Progress Report No. 3.

RESEARCH

F‘ CORNING GLASS WORKS 49 crystal st., Corning, N. Y.

FROM CORNING

Labware Catalog LG-1.

If you would like to see the rest of our
chromatographic line—tubes, plain ov
graduated, with stopcocks or needl:
valves, write for LG-1.

PLUMBING FOR POSTERITY

An increasingly popular fixture in labs,
hospitals,schools, chem plants, and photo-
engraving shops is the glass drainline.

With good reason. Glass drainlines are
fashioned from Pyrex brand glass No.
7740.

This is the glass that ends your worries
about corrosion. For example, if you werc
disposing of waste hot hydrochloric acid,
your PYREX pipe would still be around at
the end of 200 years.

And glass is smooth; very little chance
for block-up in the pipe. If such does
occur, however, you can spot the exact
point and take corrective action, without
having to take down the whole system.

In fact, almost anything made from
Pyrex brand glass No. 7740 will be
around for quite a while because this glass
is able to cope with thermal shock and
physical knocks, too.

Available in many forms—tubing, rod,
pipe, plate, and all kinds of shapes.

Fill in the gaps in your files with these
basic references: PE-30, all about glass
drainlines; IZ-1, design considerations in
glass. Any or all, free. Use the coupon.

MORE ON PYROCERAM*

Developments in our new crystalline ma-
terials made from glass are treated at
length in the third Pyroceram Progress
Report. See coupon.

*Trade Mark

IN GLASS
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EXPLORE
NEW AREAS
AT IBM IN

Now under development at IBM are new and
unusual electronic computing systems that
will greatly strengthen man’s control of his
environment. In one project, for example,
advances in acoustics, oceanography, and
information theory are being coordinated to
yield a data system that will sentinel the
ocean's depths.

Another group is applying a computer’s logic
and computational capabilities to analyze,
correlate, and identify input signals to data
acquisition systems. In the late development
stage is an extremely high-speed, large-
capacity computing system which will auto-
matically handle the large volume of detailed
records and communications required by a
nationwide sales operation. To staff such
efforts, scientists, mathematicians, and en-
gineers of vision are needed.

Qualifications: B.S. or advanced degree in
Electrical or Mechanical Engineering, Phys-
ics, or Mathematics—and proven ability to
assume a high degree of technical respon-
sibility in your assignments.

For details, write, outlining background and
interests, to:

Mr. R. E. Rodgers, Dept.65911
IBM Corporation

590 Madison Avenue

New York 22, N.Y.

INTERNATIONAL BUSINESS MACHINES CORPORATION
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IBM
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dose. Following a meeting in Munich
last summer the international group is-
sued a report proposing a maximum of
a 10th “for individuals in the population
at large.” The report urged, however,
that for “planning purposes” the average
exposure be restricted to a 100th. If mat-
ters are arranged so that no individual
receives more than a 10th of the occu-
pational dose, the Committee hopes and
expects that the average exposure for
the entire population will in fact turn
out to be much smaller.

No official action has yet been taken
by the new Federal Radiation Council,
set up by the President last summer to
establish standards of safety. Members
of this Council are the secretaries of De-
fense and of Health, Education and
Welfare and the chairman of the Atomic
Energy Commission.

Radio Bands for Astronomy

I,leeding the pleas of radio astrono-
mers and scientific societies both in
this country and abroad, the U. S. dele-
gation to the current 84-nation confer-
ence of the International Telecommuni-
cations Union in Geneva has asked that
17 radio bands be reserved for radio
astronomy. Originally the U. S. had re-
quested that only the frequency band
from 1,400 to 1,427 megacycles (where
the hydrogen in space emits its signals)
be reserved for astronomical studies
[“Science and the Citizen,” November].
Astronomers quickly became alarmed
over the possibility that the remaining
bands in the cosmic radio-spectrum
would be allocated for commercial or
military use. Because of the extreme sen-
sitivity of radio telescopes, interference
from a transmitter anywhere on the
earth can effectively jam signals of the
same frequency emitted by sources in
space. The change in the U. S. position
was warmly praised by radio astrono-
mers, who felt that it helped to set a
precedent that would protect their
young discipline from the inroads of ex-
panding radio communications.

Solar Reversal

'\l ap makers who have been plagued
L by minor anomalies in the earth’s
magnetic field may console themselves
that they are not faced with the problem
of charting the face of the sun. Harold
D. Babcock of the Mount Wilson and
Palomar Observatories has confirmed his
observation that the magnetic poles of
the sun have exchanged places within
the past two years. Should a similar
switch occur on the earth, all compasses
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A SPECIAL KIND
OF POSITION

FOR SPECIAL KIND OF MEN

To help meet the urgent and continuing problems of national
security, RCA has created an Advanced Military Systems
Department at Princeton, New Jersey. There, in an atmos-
phere of complete intellectual freedom, men of a very special
kind are engaged in highly sophisticated analysis and study
of our national defenses—present and future—and how they
canbemade mosteffectiveto meet any future enemy capability.

THE POSITION —Studies conducted by the RCA Advanced
Military Systems Department are of the broadest scope and
cover such diverse areas as physical and engineering sciences,
military science, economics and geophysics. Accordingly,
each member of the technical staff may select his own area
of work. The only requirement: results must have a direct
application to problems of national defense.

Each staff member is provided with every opportunity,
facility and detail of environment to use his creative and
analytical skills to maximum advantage and at the highest
level. He has no responsibility for administrative details. He
can call in any specialists he may need. He has full access to
all available information—military, academic and industrial.
Furthermore, specialized research projects and laboratory
work can be carried out at his request by other departments
of RCA.

THE MEN—The men who form the technical staff are a group
of mature scientists and engineers. They are accustomed to
responsible positions in industrial research, advanced devel-
opment, or systems planning. Most of them have an exten-
sive background in the broad fields of electronics, vehicle
dynamics (space, marine or terrestrial), physics (astro,
nuclear, or plasma), or operations research (military science).
All are men who enjoy seeing the fruits of their work have a
far-reaching effect on the defenses of the country.

THE LOCATION— Princeton offers unique civic, cultural and
educational advantages. The RCA Advanced Military Sys-
tems Department itself occupies a new, air-conditioned
building on the quiet, spacious grounds of RCA’s David
Sarnoff Research Center.

INQUIRIES ARE INVITED —If you are interested in learning
more about this far-reaching program and the unusual op-
portunities it offers to qualified men, write:

Dr. N. I. Korman, Director

Advanced Military Systems, Dept. AM-3L
RADIO CORPORATION OF AMERICA
Princeton, New Jersey

RADIO CORPORATION
of AMERICA
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| would point south instead of north. Still
more curious is his finding that the re-
versal took place one pole at a time, giv-
ing the sun two north poles for several
months.
Solar magnetism has troubled astro-
physicists for a long time. Despite the
size of the sun, its magnetic field is no
stronger than the earth’s. The strength
of the field fluctuates sharply, sometimes
becoming too weak to detect. The over-
all field is much weaker than the power-
ful localized magnetic fields that accom-
pany sunspots. With their magnetic axes
perpendicular to the surface, the sun-
spot fields in the Southern Hemisphere
of the sun are polarized opposite those
in the Northern Hemisphere; this polar-
| ity is known to reverse itself every 11
years.

| © The reversal of the sun’s magnetic
poles and the magnetic cycle associated
with sunspots suggest to Babcock that
the two hemispheres of the sun act
“semi-independently” of each other.
Vast currents of hot gas beneath the
surface of the sun may interact with the
over-all magnetic field to produce these
strange effects.

The Sea Lamprey Defeated?

[Vhe sea lamprey, the eel-like blood-
sucking parasite that invaded the
upper Great Lakes two decades ago and
all but exterminated the commercially
important lake trout, is now being
brought under control by chemical
means, according to the joint U. S.-
Canadian Great Lakes Fishery Commis-
sion. Trout are so scarce in the lakes,
however, that the job of restocking will
be tremendous.

The sea lamprey has always been
capable of living in fresh water, but did
not move into the upper Great Lakes
until the 1930’s [see “The Sea Lam-
prey,” by Vernon C. Applegate and
James W. Moffett; SCIENTIFIC AMERI-
caN, April, 1955]. The catch of trout in
Lake Michigan, Lake Huron and Lake
Superior declined from 15.5 million
pounds in 1938 to 1.5 million pounds in
1958.

Since 1951 the U. S. Fish and Wild-
life Service has used electrically charged
barriers to trap sea lampreys in the
streams where they spawn. Although the
barriers destroyed large numbers of
lampreys, they did not bring the para-
site under control. Chemical methods,
however, seem capable of defeating the
lamprey. After some 6,000 substances
had been tested in the laboratory, a suc-
cessful field trial was conducted in 1957.
| The Fishery Commission is now using



harnessing the energy of the stars

FRENCHTOWN PORCELAIN PLAYS A MAJOR ROLE BECAUSE IT

mixed imaginaiion with Alcoa Aluminas

Hydrogen fusion, energy source of the stars, may become a source of low cost power for man. To
that end, Project Matterhorn—sponsored by the AEC and administered by Princeton University
—is building an experimental device called a C-Stellarator* to assemble data related to this goal.
A key part of the Stellarator will be a ceramic reaction chamber made by Frenchtown Porcelain
Company, Frenchtown, N.J. The Frenchtown ceramic body contains more than 95 per cent
Alcoa® Alumina. Result: a ceramic able to deliver high resistance, not only to thermal shock, but
to mechanical impact and vibration as well . . . able to contain hot gases with no loss of vacuum
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Starting as a casting some 90"
long, the finished ceramic reac-
tion chamber for the C-Stella-
rator will be approximately 49
long with an OD of 19" and a
17 wall.

... able to insure low dielectric loss. Here, again, is ample proof that
it pays to mix imagination and engineering with Alcoa Alumina. . .to
make a new product possible or an old product better. Get the inform-
ative details in our booklet Ceramics, Unlimited Horizons. Write
to the ALumiNUM COMPANY OF AMERICA, CHEMICALS DIVISION,
701-M Alcoa Building, Pittsburgh 19, Pennsylvania.

*Designed and fabricated by Allis-Chalmers Manufacturing Co. and Radio Corp. of America
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Ceramics is a 7 billion dollar
industry in the U.S. and affects
every phase of modern living.




Every American-make of car contains essential parts by Borg-Warner, Often,
they're under the hood —the clutch mechanism, the radiator, a timing
chain. You find them within the chassis —transmission, universal joint,
the differential. And many parts Iin plain view are made of Borg-Warner
material — the dash panel, radio speaker grille, crash and kick pads.
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TION

BY BORG-WARNER

A revealing look at the many ways
in which a vigorous corporation helps
you get from place to place

Ours is a nation of over 80 million vehicles—every-
thing from automobiles to ambulances, from taxis to
tractors, from cross-town busses to cross-country
trucks. And Borg-Warner Corporation makes parts
that help keep these wheels rolling.

Take the automobile. We’ve been working hand-
in-hand with the manufacturers of cars since the
running-board era. Over the years, our search for
better automotive components has produced exactly
that—Ilike the first standard transmission and an im-
proved automatic transmission, development of a
universal joint and a spin-resistant differential. Today,
we’re busy researching still better products into reality
—for the models of ’62, ’66, *70.

Every Borg-Warner part that goes into an automo-
bile is, in itself, quite a remarkable piece of machinery
—and it’s made of more than metal. In Detroit, Flint
and Lansing and in Kenosha and South Bend, car-
makers know that Borg-Warner delivers parts with
built-in quality.

Borg-Warner Corporation contributes to far more
than the automotive industry alone. We supply parts
to the aviation and oil industries. We make industrial
machinery, farm equipment and products for the
home. We’re deeply involved in national defense. And,
in each area of Borg-Warner’s activity, you and your
family are the final beneficiaries.

BORG-WARNE

200 South Michigan Avenue « Chicago 4, lllinois

It's a better product when Borg-Warher makes it

OFF AN ASSEMBLY LINE at the
Warner Gear Division plant come auto-
matic transmissions which, by action
of your fingertip, transmit power from
engine to axle.

READY FOR SHIPMENT by Mech-
anics Universal Joint Division: drive
shafts and universal joints with fewer
parts for easier assembly and service.

“EXCLUSIVE ROLLER ACTION of
this clutch,” says an engineer of the.
Rockford Clutch Division, ‘‘requires
less foot-pedal pressure from the driver
of a truck or a bus.”

SMOOTH OPERATION of engine
depends on a perfectly balanced clutch
—assured in a Borg & Beck Division
clutch by tests on this sensitive, spe-
cially designed machine.

TINY AS IT IS, the Spring Division’s
full-phasing one-way sprag clutch is
vitalto the smooth, reliable performance
of a modern automatic transmission.

FLUID TORQUE CONVERTER,
built with the superior engineering of
Long Manufacturing Division, delivers
a smooth flow of power from the very
instant of acceleration.

OTHER DIVISIONS AND SUBSIDIARIES serving the automotive industry:
Borg & Beck do Brasil, S.A. e Borg-Warner Ltd. (England) e Borg-Warner
(Australia) Ltd. e Calumet Steel o Franklin Steel e Ingersoll Products e Ingersoll
Steel e Long Manufacturing Company Ltd. (Canada) ¢ Marbon Chemical ¢ Marvel-
Schebler Products e Morse Chain Company e. Morse Chain of Canada Ltd. e
Warner Automotive ¢ Warner Gear Company Ltd. (Canada) e York

WHAT BORG-WARNER MEANS TO YOU!

Behind the wheel or beside the driver? City boulevard or country highway? Com-
muting to work or vacation-bound? Mechanical-minded or not? You experience
the joy of a comfortable ride, the anticipation of a safe journey, the assurance of
dependable and responsive machinery—thanks, in part, to essential automotive
products made by the divisions and subsidiaries of Borg-Warner Corporation.
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THROUGH THE LOOKING GLASS —
A WORLD OF WONDERS

“Mirror-image” uniformity of electron tubes is
one of the vital factors contributing to the modern
wonders in the world of electronics.

The new ease with which twenty or two hundred
thousand tubes can be produced with identical
characteristics has wide-reaching implications. It
contributes equally to the accuracy of giant com-
puters and the portability of television receivers.

@ ELECTRON TUBES —vass PRODUCED WITH MACHINE PRECISION

During the past decade, Sylvania developments
in design and manufacture have advanced the
uniformity of electron tubes far beyond that of
any other basic electronic device. As a result,
today’s electron tube is more dependable, more
useful, and more versatile than ever. In every area
of electronics so many things are being made

better . . . at lower cost.

¥ SYLVANIA®)

Subsidiary of

GENERAL TELEPHONE & ELECTRONICS

ANATOMY OF AUTOMATION

The Sylvania “Sarong” cathode is a significant new
design resulting in increased electron-tube uniform-
ity. In the ‘“‘Sarong” the tube’s life-giving cathode
coating is applied as a thin, uniform film. Unlike con-
ventional, sprayed cathodes, the Sarong film can be
controlled to precise limits of thickness, weight, tex-
ture, and composition. And it can be fabricated under
highly automated techniques, pioneered by Sylvania.
This and other developments are described in a
specially prepared booklet. Address your request to:
Sylvania, 1740 Broadway, New York 19, N. Y.
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fluorinated nitrophenol, which kills lam-
preys but not valuable fish. Since 1957
the Commission has been concentrating
on saving a breeding stock of trout in
Lake Superior. Now it plans to release
the chemical in the other two upper
lakes. Although it will take years to re-
store the trout population, it is expected
that the trout will once again support a
substantial fishing industry.

Indestructible Detergents

Synthetic detergents, which resist both

artificial and natural water-purifica-
tion processes, are creating a public-
health problem in some places by com-
ing out of the tap in “purified” drinking
water, according to Jesse M. Cohen, a
U. S. Public Health Service chemist.

At a recent meeting sponsored by the
American Public Health Association,
Cohen said that although synthetic de-
tergents have been known for only 25
years, 3.8 billion pounds were consumed
in the U. S. last year, as compared with
1.3 billion pounds of ordinary soap. The
latter is completely responsive to both
artificial and natural sewage-treatment.
Cohen said that concentrations of deter-
gents in drinking water as low as .8 parts
per million are easily detected by the
fact that they foam at the faucet. In
addition to polluting drinking water, de-
tergents carry phosphate compounds
that promote the growth of algae, which
also contaminate the water.

Much effort is being devoted to re-
moving detergents during sewage treat-
ment. Detergent manufacturers, reports
Cohen, are working to change their
products so that the microorganisms that
break down sewage can also break down
the detergents. He suggests that new
compounds made from sucrose will re-
place the present petroleum-based de-
tergents. The sucrose detergent, now
reaching commercial production, is
readily decomposed by sewage-disposal
microorganisms.

Power from Plasma

he current revival of research inter-
est in such historically neglected
electrical generators as fuel cells and
thermoelectric devices has now spread
to another obscure power source: the

plasma generator. This device produces |

electric power directly from a gaseous
jet of electrons and positive ions, and
possesses an inherent thermal efficiency
of from 40 to 50 per cent. A research
group at the Aerosciences Laboratory of
the General Electric Company has built
an experimental model that generated a

This is the superfine Questar telescope. Its wonderful compactness is
achieved by the perfect marriage of a correcting lens to an f/2 mirror,
whose figure is accurate to 1/64 wavelength of light. Each element is
singly made, and each matched set of Questar optics slowly brought to
perfection by a series of high power performance tests, until it is truly
an individual triumph of the optician’s art.

This whole portable observatory, with the precise controls of great in-
struments, occupies but one-half cubic foot of space and weighs eleven
pounds. At left, the seven-pound Questar is shown ready for celestial use.
The base casting houses a synchronous electric drive and safety clutch. A
seated observer using Questar from a table top is in the easy attitude ot
study, and, being freed from strain and fatigue, finds his eyesight unim-
paired as he examines Questar’s rock-steady images in luxurious comfort.

Questar costs only $995,
ue S a I l  postpaid, as shown with
\ case. Terms are avail-

able. May we send you
our 32-page booklet?

BOX 20 - NEW HOPE - PENNSYLVANIA
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To generate, to control, to convert atomic fission to usable power is the result of
many skills, many talents . ..

The application of advanced engineering concepts to the problems of reactor design
and development, to control rod fabrication, to the thermodynamic environment
within the reactor and the steam generating system requires the highest kind of
mechanical engineering knowledge—requires men of unlimited ability, of unlimited
imagination.

The Atomic Power Department of Westinghouse is now engaged in a vast expansion
program where Mechanical Engineers with unique ability can apply their speciality
to the design and development of tomorrow’s nuclear power plants.

SENIOR ENGINEER with experience in pressurized water or boiling water reactors
and a Ph.D. or M.S. degree. Will be responsible for the analysis of thermal and
hydraulic problems on power reactors. Also to conduct advanced research and
development progroms in connection with fuel assemblies, control rods and other
reactor internal components.

ENGINEER with a B.S. or M.S. degree to do hydraulic, thermodynamic and strength
calculations: to assume responsibility for the design and procurement of components
making up the different systems of a nuclear power plant. A sound background in
thermodynamics is required with several years experience in fluid systems design.

Send resume to Mr. C. S. Southard, Westinghouse Atomic Power Department,
P O. Box 355, Dept. W-36, Pittsburgh 30, Pa.

VVestinghouse

IN ATOMIC PO ER

o h Pe ey |
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kilowatt of electrical power during a
five-second test.

The plasma generator operates on the
principle of induction discovered by
Michael Faraday in 1838, when he ob-
served that an electrical conductor mov-
ing across a magnetic field generates a
current. Faraday himself demonstrated
the special “magnetodynamic” applica-
tion of the principle represented in the
plasma jet. By measuring the voltage in-
duced by the motion of the brackish
Thames through the earth’s magnetic
field, he obtained a crude reading of the
flow-rate of the river.

In the plasma generator a powerful
electromagnet provides a field much
more intense than the earth’s, and the
gently flowing Thames is replaced by a
plasma jet blasting through a quartz
nozzle. The nozzle, roughly the size and
shape of a cigarette package, is sand-
wiched between the poles of the mag-
net. As the ions in the plasma rush
through the nozzle, they cut magnetic
lines of force and spiral toward the noz-
zle wall, where they are drained off as
current by two graphite electrodes.

The size and performance of the re-
search model fall short of the theoreti-
cal ideal. With a magnet weighing 600
pounds and the plasma heated to 8,000
degrees Fahrenheit, its efficiency proved
extremely low. The General Electric
workers nonetheless believe that within
two years they can build a lighter, more
compact model capable of operating in
the 5,000-degree environment of a
rocket exhaust. In a two- or three-second
burst, they say, such a generator could
produce enough power to transmit a
strong signal from a space vehicle.

Writing in the British journal Re-
search, R. G. Voysey of the British Min-
istry of Power rates the magnetodynamic
plasma generator as less promising than
a similar device that he classifies as elec-
trodynamic. An electrodynamic genera-
tor works like an ion rocket in reverse.
Where the rocket accelerates hot gases
by means of grids carrying an attractive
charge, the generator decelerates the
plasma by funneling it through a nozzle
containing repulsively charged grids.
The work done in moving the plasma
against the electric field is converted to
electrical energy when the ions reach a
collecting grid near the nozzle exit.

Voysey observes that various types of
plasma generators have been patented
in several countries in the past. But there
was little hope of building a practical
model, he says, until efforts to harness
thermonuclear reactions during the past
tew years yielded new insights into the
behavior of plasmas.
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news of advanced systems and

instruments from Perkin-E/mer

NEW PORTABLE INSTRUMENT DETECTS HYDROCARBON }
TRACES IN ATMOSPHERES AND GASES

Traces of hydrocarbons and many other organic vapors
in the atmosphere or in gases can be detected rapidly and
easily with a new instrument costing less than one-third
that of conventional equipment. This Hydrocarbon
Detector, developed by Perkin-Elmer, is a self-contained
portable unit. It is suitable for monitoring air pollution
or lower explosive limits of atmospheres, and can also
serve as a leak or impurity detector in lab, field or proc-
essing systems.

Such organic compounds as hydrocarbons, aldehydes,
ketones, amines and alcohols are determined when pres-
ent in concentrations as low as 0.1 parts per million.
There is no interference from common backgrounds —
water vapor, oxygen, nitrogen, CO. and rare gases.
Response time is less than two seconds.

Heart of the novel device is the Flame Ionization
Detector, recently incorporated in Perkin-Elmer’s gas
chromatographic instruments. Its principle: A metered
quantity of sample is exposed to a hydrogen flame in
an enclosed chamber. Combustibles are ionized to effect
changes in current flow in a surrounding electrical field.
These changes are proportional to the sample’s total
organic carbon content. Results are read out on Detec-
tor’s meter or an attached milliamp or millivolt recorder.

MERCURY ASTRONAUT WILL CALCULATE POSITION
WITH UNIQUE PERISCOPE SYSTEM

The Mercury space capsule will bear man around the
world in some 90 minutes — a far cry from Jules Verne’s
80 days. To solve the difficult problem of determining
his position quickly and accurately, the Astronaut will
have a unique periscope system designed and built by
Perkin-Elmer for the McDonnell Aircraft Corporation,
prime contractor for the National Aeronautics and Space
Administration’s Project Mercury, Manned Orbital
Space Flight Capsule.

The system will present its information on an 8”
screen showing, at orbital altitude, a 1,700-mile-diam-
eter area of the earth. An optional altimeter which
measures this diameter as displayed on the screen will
give the Astronaut his altitude.

For navigational purposes, other indices will measure
the angle made by the sun or moon with the longitudinal
axis of the capsule, its position above the earth’s surface,
capsule attitude and drift angle. Thus, if the automatic
reentry control system malfunctions, the Astronaut can
use the periscope to determine when to fire retrograde
rockets to slow the capsule to safe reentry speed.

* *

Perkin-Elmer has professional openings in analytical
instrumentation, infrared, reconnaissance and electro-
optical systems. Write Mr. Russ Byles, Perkin-Elmer
Corp., 915b Main Avenue, Norwalk, Connecticut.

Perkin-Elmer cyuan

NORWALK, CONNECTICUT

ANALYTICAL INSTRUMENTS . MILITARY SYSTEMS
FINE OPTICS . PRECISION ELECTRONIC COMPONENTS
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SPIRAL GALAXY resembling our own is NGC 5194, shown in this tain. Cosmic dust appears as dark wisps at the insides of the arms.
photograph made with the 200-inch telescope on Palomar Moun- The bright blob at bottom is NGC 5195, a companion galaxy.
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THE ARMS OF THE GALAXY

Astronomers have long believed that our galaxy 18

a giant Spn'al.

By combining new Optical techniques

and radio evidence, they are now beginning to prove it

Once every 200 million years the
sun completes one revolution
about the center of our galaxy.
To an observer in another galaxy ours
would appear as a flattened disk of stars,
gas and cosmic dust 80,000 light-years
in diameter. In the neighborhood of the
sun, about halfway between the center
of the galaxy and its edge, the disk is
only about 5,000 light-years thick; in
the center the disk bulges out to about
three times this thickness.

Only a fraction of the galaxy is visible
from the earth. The view of even the
largest telescopes is obscured by the
clouds of dust floating in the central
plane of the galaxy; in this plane it is
impossible to see farther than 20,000
light-years. In other directions we can
perceive galaxies millions of light-years
away, many of which have handsome
spiral patterns. For years most astrono-
mers agreed that our galaxy also has a
spiral structure, but there seemed to be
no way of proving it.

We tried to tackle the problem by
brute force. By counting stars and sort-
ing them according to their brightness,
their color and their spectral lines, we
attempted to detect statistical “bumps”
or patterns of star distribution that might
suggest spiral arms. These studies failed
so conclusively that in my lectures dur-
ing the 1930’s I often stated that I had
no hope of seeing the structure problem
solved during my lifetime.

Then came the break-through. In the
middle and late 1940’s Walter Baade of
the Mount Wilson and Palomar Observa-
tories demonstrated that the best way to
determine the structure of our galaxy
was to find out what kinds of stars most
clearly marked the arms of other galaxies.
With the 100-inch telescope on Mount
Wilson and later with the 200-inch on
Palomar Mountain, Baade examined the

by Bart J. Bok

spiral of the nearby Great Nebula in
Andromeda. By skillfully manipulating
color filters and fast, red-sensitive photo-
graphic emulsions he was able to show
that luminous blobs of gas—the so-called
emission nebulae—traced out the arms of
the Andromeda spiral like a string of
street lamps.

Soon additional spiral tracers were
found, including cepheid variable stars
with long periods of pulsation, clumps
of young stars known as galactic clus-
ters, and even the troublesome cosmic
dust, which was observed to accumulate
at the inner edges of spiral arms [see l-
lustration on opposite page]. The most
interesting tracers proved to be the hot,
blue-white supergiant stars, classified
(according to their color and spectral
characteristics) as O or B stars. These
stars, which follow the spiral arms quite
closely, are truly mighty radiators, many
of them being 10,000 to 100,000 times
brighter than the sun. Because they are
visible for great distances through the
cosmic haze, Baade advised his fellow
astronomers that to map the arms of our
galaxy they had only to locate its bright
O and B stars, measure their distances
from the earth and plot their positions
accurately on a chart.

The Optical Model

A vigorous search for the supergiants
was quickly pressed by W. W. Morgan
and his colleagues at the Yerkes Ob-
servatory of the University of Chicago.
The task of measuring distances accu-
rately was complicated by the fact that
such stars are often found in loose
groups or “associations” which are em-
bedded in clouds of gas or are partially
hidden by drifts of cosmic dust. These
drifts, lying in the line of sight between
the star and the earth, act like red filters,
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dimming and reddening the light pass-
ing through them. Because we measure
the distance to a remote star by applying
the law that the intensity of light dimin-
ishes inversely with the square of the
distance, the “space reddening” caused
by dust makes the star appear farther
away than it really is.

We can nonetheless determine the
distances to partially obscured stars with
fair accuracy. We first measure the star’s
spectral lines, then estimate its true color
on the basis of its spectral classification.
The difference between the true color
and the measured apparent color indi-

¢

- 80,000 LIGHT YEARS ~—————= >

OUR GALAXY, seen from above (top) and
from the edge (bottom), appears as a bulg-
ing disk in this schematic diagram. The
larger cross indicates the center of the gal-
axy; the smaller one, the position of the sun.
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cates the amount of cosmic dust that lies
between the star and the observer. Once
this is known we can determine the dis-
tance to the star by adding an appro-
priate correction factor to the inverse-
square law.

Using this method, Morgan and his
associates Stewart Sharpless and Don-
ald Osterbrock accumulated enough in-
formation by the end of 1951 to draw
a tentative diagram of the spiral arms
in the neighborhood of the sun. When
they presented their model at the Cleve-
land meeting of the American Astro-

o0

EARLY OPTICAL MODEL traced the structure of the spiral arms
near the sun. The numbers around the edge of the map indicate
degrees of longitude in the plane of the galaxy. Numbered circles
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nomical Society, its impact on the
assembled astronomers was impressive.
Here, for the first time, the spiral struc-
ture of the galaxy began to unfold.
The model showed that a giant spiral
arm extends from the direction of the
constellation Orion, enfolds the sun and
its planets and swerves off in the gen-
eral direction of Cygnus. Morgan later
called this the Orion Arm. A second arm,
well separated from the first and 5,000
to 7,000 light-years farther from the cen-
ter of the galaxy, was named the Perseus
Arm because the famous double star-
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cluster in Perseus is the most promineu.
object within it. In the direction of the
constellation Sagittarius, Morgan found
a few nebulae and associations outlining
a possible third arm, located about 5,000
light-years closer to the galactic center
than the Oricn Arm. Because he had no
data for the Southern Hemisphere, Mor-
gan was unable to trace the full extent
of the Sagittarius Arm, but he suspected
that it was connected to a section of an
arm that lay in the direction of the con-
stellations of Carina and Centaurus, near
the Southern Cross.

110

show distance from the sun in light-years. Dotted line shows direc-
tion of the galactic center. This drawing is based on the model pro-
posed in 1952 and 1953 by W. W. Morgan of Yerkes Observatory.




After Morgan had presented his dra-
matic paper there was every hope that
the rest of the galaxy’s spiral structure
might soon be charted, but it quickly be-
came apparent that great difficulties lay
ahead. Even with the new method it
seemed impossible to map more than
our immediate galactic neighborhood;
there still appeared to be no way to pene-
trate more than 20,000 light-years into
the cosmic haze. It was a happy coinci-
dence that at just about that time the
new techniques of radio astronomy pro-
vided a research tool that extended the

190
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NEW OPTICAL MODEL shows the same region as the earlier
model, but here the Orion Arm appears only as a short spur branch-
ing from a larger feature: the Carina-Cygnus Arm. In addition, the

search for spiral arms to areas appar-
ently closed to optical observation.
The 2l-centimeter radio signals
emitted by interstellar clouds of neutral
(un-ionized) hydrogen in our galaxy
were first detected in 1951 by Harold I.
Ewen and Edward M. Purcell of Har-
vard University. The relatively long
wavelength of the signals enables them
to penetrate clouds of cosmic dust, open-
ing up vistas in all parts of the galaxy—
and beyond. By 1952 it had also become
clear that the signals were an excellent
spiral tracer, since neutral hydrogen is

|
2
|
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at least 10 times more plentiful in spiral
arms than in the “empty” regions be-
tween them. By measuring signal
strength and slight shifts in wavelength
we can locate the hydrogen clouds and
hence the spiral arms.

The story of the 21-centimeter studies
of spiral structure has been told by
earlier articles in this magazine, most
recently by Gart Westerhout of the
Leiden Observatory in the Netherlands
[see “The Radio Galaxy”; SciexTiric
Anericax, August]. The Leiden group,
which includes J. H. Oort, H. C. van de

spiral arms in this model are almost circular, forming an angle of
about 80 degrees with a line to the galactic center (broken line) ;
the corresponding angle in the earlier model is about 55 degrees.

95




Hulst, C. A. Muller and M. Schmidt as
well as Westerhout, has logged most of
the basic observations in the Northern
Hemisphere. In the Southern Hemi-
sphere the principal investigators have
been F. J. Kerr, J. V. Hindman and C. S.
Gum of the Commonwealth Scientific
and Industrial Research Organization in
Australia. The combined results have
made it possible to trace the spiral arms
with fair precision to a radius of 25,000
light-years from the sun, and to obtain
a picture of the over-all pattern to even
greater distances. As the illustration be-
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RADIO MODEL of the galaxy was made by charting the 21-centi-
meter signals emitted by interstellar hydrogen. The coordinates of
this chart and the one opposite indicate degrees of galactic longi-
tude in the plane of the galaxy. The numbered circles show dis-

96

low indicates, radio data have even
made it possible to map the arms on the
side of the galaxy opposite the sun.

The Model Revised

Up to this point I have told a success
story, with Baade, Morgan and the radio
astronomers in the Netherlands and
Australia as the heroes. In 1953 Morgan
presented a revised map of the nearby
spiral arms that he believed was fairly
complete, except for the Carina region
[see illustration on page 94]. It looked

'1_-6 — i60
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as though we were making rapid prog-
ress. But as more data became available,
the mapping of spiral features became
increasingly difficult. Spiral tracers were
found in low concentrations for thou-
sands of light-years in every direction,
making it necessary to extricate the ma-
jor arms from a confused picture.

To complicate matters further, the
radio data, which were expected to sup-
port the optical picture, instead contra-
dicted it. In fact, the two pictures con-
flicted so sharply that Hugh M. Johnson,
now working with us at the Mount

10090

tance from the sun in light-years. Data for the fan-shaped areas
from longitudes 130 to 160 degrees and from 310 to 340 degrees are
inconclusive because most of the gas in these areas moves perpen-
dicular to our line of sight, making its red-shift unobservable.




Stromlo Observatory, commented that
they hardly seemed to represent the same
phenomena. I believe that this conflict
can be resolved by modifying the optical
model presented by Morgan as shown in
the illustration on the preceding page.

I have two reasons for suggesting the
change. The first concerns the over-all
shape of the spiral arms. In Morgan’s
diagram they are almost elliptical, form-
ing an angle of 55 degrees with a line
drawn to the center of the galaxy. But
photographs of other galaxies show that
their spiral arms are more nearly circu-
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SCHEMATIC RADIO MODEL was proposed by B. Y. Mills of the
Commonwealth Scientific and Industrial Research Organization in
Australia. Mills drew his tentative diagram of the over-all spiral
structure of the galaxy after analyzing radio signals having a wave-

305 312

lar, forming an average angle of 80 de-
grees with the center line. The same pic-
ture emerges in 21-centimeter maps of
our galaxy, though we must bear in mind
that the 21-centimeter picture is a pre-
liminary one and subject to revision.
Further radio evidence that the spiral
arms are nearly circular has been pre-
sented by B. Y. Mills of the Common-
wealth Scientific and Industrial Research
Organization. Mills has made an exten-
sive survey of the radio brightness of the
southern sky at a wavelength of 3.5 me-
ters, and has found strong signals ema-

_l.? -
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nating from the central plane of the gal-
axy. The signals are strongest in the di-
rection of the galactic center and dimin-
ish in intensity on either side of it. They
remain constant along the plane of the
galaxy for 10 to 20 degrees, then drop
sharply to a lower level and remain con-
stant for another 10 to 20 degrees.
According to Mills, the sharp decreases
in signal strength coincide with the
edges of spiral arms.

From his results Mills has constructed
a tentative diagram of the over-all spiral
pattern of the galaxy [see illustration

a5 33l

length of 3.5 meters. The dotted lines show the line of sight from
the sun to the edges of the major spiral arms; no details are shown.
The arms in this model and the one opposite are roughly circular,
in excellent agreement with the optical model shown on page 95.
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EDGE-ON VIEW of the spiral galaxy NGC 4565 shows the charac-
teristic thin disk of gas and dust lying in the central plane of the

on preceding page]. Although this dia-
gram agrees rather well with the new
optical model, Mills’s approach is at best
a generalized one, and does not reveal
fine structural details. The true spiral
pattern is doubtless complicated by
many minor spurs protruding from the
major spiral arms.

My second reason for proposing a re-
vision of Morgan’s model is that in map-
ping his Orion Arm, Morgan ignored the

PART OF CARINA-CYGNUS ARM appears in this composite
photograph of the Southern Milky Way. The circular section at far
left contains the bright stars Alpha and Beta Centauri. The dark
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long stretch of spiral arm extending from
the sun toward Carina and Centaurus.
Yet there is no other section of the Milky
Way in which we are so obviously look-
ing along a major spiral feature. The
arm can be followed for a distance of
15,000 light-years from the sun and is
studded with great numbers of spiral
tracers: O and B supergiants and asso-
ciations, young galactic clusters and
emission nebulae. And no other region

© 1959 SCIENTIFIC AMERICAN, INC

galaxy. The dust is visible as a dark band against glowing mass of
stars. Our own galaxy would probably appear slightly less flat-

of the Milky Way is so rich in long-
period cepheid variables.

Observers in the Southern Hemi-
sphere have long recognized the im-
portance of the Carina Arm, but Morgan
and others in the Northern Hemisphere
have tended to ignore it. One exception
is van de Hulst, who has proposed a
galactic model very similar to mine, in
which the Carina Arm gets the atten-
tion it so richly deserves.

clouds in the second and third sections are known as the Coal Sack.
The Southern Cross appears at the top of the third section, and the
bright clouds in the section at far right form the Eta Carinae Nebu-



tened. The photograph was taken with the
200-inch telescope on Palomar Mountain.

In the new model the Carina and
Cygnus arms unite to form the majcr
spiral feature: the Carina-Cygnus Arm.
This arm, which contains the sun, re-
places the Orion Arm pictured in Mor-
gan’s diagram. It now appears that the
Orion Arm is not an arm at all but
merely a short spur lying partly out-
side the plane of the galaxy and ex-
tending away from the sun to the south.
Another spur extends toward the south-

"
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la. The photographs were taken with the
eight-inch Schmidt telescope located at the
Mount Stromlo Observatory in Australia.
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ern constellations of Vela, Puppis and
Canis Major, and in the new model is
called the Vela Spur.

Absorption Lines

In years to come the disparity be-
tween the optical and radio models of
the galaxy should be further reduced
by a number of other techniques that
have proved reliable in tracing spiral
arms. One such technique is the study
of interstellar absorption lines. Clouds
of interstellar gas are known to block
light of certain wavelengths, producing

dark lines in the spectra of remote stars.
Because the lines are sharp and nar-
row they are easily distinguished from
the rather fuzzy absorption bands pro-
duced by the star’s own atmosphere.
Observed from the earth, many distant
stars have multiple or split absorption
lines. The spectrum of one star, for ex-
ample, has seven such lines, caused pre-
sumably by seven separate gas clouds
between it and the earth.

Guido Miinch of the California In-
stitute of Technology has shown that
the split lines enable us to locate the
gas clouds responsible for them. We

begin by measuring how much each
component of the absorption line has
been shifted from its normal position.
If the cloud is moving toward us, the
line will be shifted to a slightly shorter
wavelength; if the cloud is moving
away, the wavelength will be longer.
From this shift we can calculate each
cloud’s motion with respect to the earth,
its rate of rotation around the center of
the galaxy and hence its distance from
the sun.

Using this method, Miinch derived
the distances of a number of clouds and
found that they fell into two belts: one

THE CENTER OF OUR GALAXY lies hidden behind the inter-

stellar dust clouds extending from the upper left to the lower right
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of this infrared photograph. The photograph was taken with the
eight-inch Schmidt telescope at the Mount Stromlo Observatory.
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corresponding to the Carina-Cygnus
Arm; the other, to the Perseus Arm.
Further work along these lines looks
quite promising, especially in the South-
ern Hemisphere, where great oppor-
tunities await astrophysicists with pow-
erful spectrographs.

Still another method of observing
spiral arms was discovered some 10
years ago by John S. Hall and W. A.
Hiltner at the Yerkes Observatory. They
noticed that the light from stars lying in
the plane of the galaxy is polarized.
The polarization is probably produced
by clouds of slightly magnetized parti-
cles of cosmic dust aligned by giant mag-

netic fields. Extensive observations in the
Northern Hemisphere by Hall and
Hiltner and in the Southern Hemisphere
by Elske van P. Smith at the Boyden
Station at Bloemfontein, South Africa,
indicate that the magnetic fields are
associated with spiral arms. Magnetic
lines of force appear to stretch along
these arms like long rubber bands.

Evolution of the Galaxy

The spiral arms that we observe to-
day were probably formed rather re-
cently and, cosmically speaking, may be
rather short-lived. Most of the stars that

serve as spiral tracers probably con-
densed from the interstellar gas in their
vicinity less than 100 million years ago,
a very short interval in cosmic time. If
we define the cosmic year as the time
required for the sun to complete one
revolution around the galactic center,
then the earth and the sun have existed for
about 25 cosmic years. The oldest stars
in our galaxy are about twice that age,
while the very youngest may have ages
of less than a 100th of a cosmic year.

The spiral arms, gaseous envelopes
filled with stars and dust, are appar-
ently doomed to a brief existence by
the law of gravity. Because of the great

YOUNG GALAXY, the Large Magellanic Cloud, shows at best
only an incipient spiral structure. This photograph of one of the
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two nearest galaxies (the other is the Small Magellanic Cloud)
was made with the eight-inch Schmidt telescope at Mount Stromlo.



attraction exerted by the massive core
of the galaxy, sections of spiral arm
closer to the core should complete their
revolutions faster than those at greater
distances. In a few cosmic years the
difference in rotation rates would ren-
der the galaxv’s former spiral pattern
unrecognizable.

But we should not assign too much
importance to purely gravitational argu-
ments. If these forces were the only
ones controlling the gaseous arms, the
arms would probablv never have been
formed in the first place; and if they
came into existence by some freakish
accident, they would have been dissi-
pated in short order. It is highly probable
that although gravity is the major force
controlling the orbits of stars in the
galaxy, it acts in conjunction with mag-
netic forces in controlling the shape and
movement of the gaseous spiral arms.

Apparently these magnetic forces can
preserve the spiral pattern more or less
intact until the gas in a given arm is ex-
hausted by the condensation and evo-
lution of new stars. The new stars at
first lie neatly embedded in the arm,
but after one or two cosmic years they
begin to migrate from their original
positions, smearing out the original
spiral pattern. The vague patterns still
traceable among the older stars in our
galaxy may well be the last remnants of
fossil spiral arms that disappeared a few
cosmic years ago.

The Origin of Arms

We have almost no information as to
how the arms were formed. One clue
may lie, however, in the motion of the
interstellar gas clouds. According to the
estimates of Oort, van de Hulst and
Westerhout, the neutral atomic hydro-
gen in these clouds represents about
2 per cent of the total mass of the
galaxy. Ionized atomic hydrogen (dis-
sociated protons and electrons) adds
about a twentieth of this amount; other
gases, including helium and molecular
hydrogen, probably also make a small
contribution. The gas forms a wafer-
thin disk, 1,200 light-years thick and
100,000 light-years in diameter, in the
central plane of the galaxy.

The hydrogen in the disk expands
outward from the center of the galaxy
at velocities ranging from 30 to 100
miles per second. This expansion may
be influenced by gravitational forces
set up by the galactic nucleus, but it
seems more likely that it is directed by
other forces—probably magnetic—that
prevent the gas from being flung out-
ward in all directions. Some of the ex-

At Los Alamos the application of creative
imagination is stimulated by the inspiring
geography and clture of the old Southwest.
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panding gas appears to be concentrated
in an arc 10,000 light-years long, called
the “10,000 light-year expanding arm.”
This arm is moving outward from the
center of the galaxy at a rate of 30 miles
per second [see illustration on page 96].

From here on everything becomes
speculation. Oort and his colleagues
have estimated that expanding arms
transport roughly one solar mass of mat-
ter per year from the nucleus to other
parts of the galaxy. This redistribution
adds up to 200 million solar masses per
cosmic year, a quantity of matter so
enormous that we may well ask: Where
does it all go?
| The radio observations of the 10,000

light-year arm provide a tentative an-
swer. If the arm is accompanied by a
| magnetic field, it will tend to move out-
ward as a unit, slowing down as it pro-
| ceeds farther from the galactic center.
| The outer arms of the galaxy apparently
move outward at velocities greater than
three miles per second, or 3,000 light-
years per cosmic year. As the galaxy
evolves further, its arms will continue to
expand, and the 10,000 light-year arm
may successively come to resemble the
Sagittarius, the Carina-Cygnus and the
Perseus arms.

The vast amount of material flung out-
ward from the galactic center raises an-
other question: How does the nucleus
replenish its enormous reservoir of gas?
There seem to be two possibilities. One
is that the gas is supplied by eruptions
from some of the many stars in the galac-
tic nucleus. This hypothesis holds so
far as it goes, but we have no idea of
what kinds of stars might provide the
necessary eruptions. A more attractive
possibility is that new gas enters the nu-
cleus from the galactic halo, a huge
sphere of very thin gas that surrounds
the galaxy. The halo is shaped by weak
magnetic fields; perhaps these forces
tend to pull the gas toward the galactic
center, where it is caught by other mag-
netic fields and pushed outward in puffs
resembling smoke rings. The rings, of
course, are spiral arms.

So little is known about the magnetic
| fields that prevail in the halo and the
nucleus that fanciful hypotheses like
these may survive for a while. I present
them mainly to show how far we still
are from an understanding of the forces
that control the structure of galaxies.
The final solution to the problem of
spiral structure will probably come from
coordinated optical and radio studies of
our galaxy, where detailed features ob-
‘ scure the over-all pattern, and of nearby

spiral galaxies, where the pattern is
clearly visible in all its majesty.
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THIS IS THE RAMJET

...most efficient propulsion system ever devised by

man...remarkably simple, reliable and economical!

Traveling within the atmosphere at supersonic speed,
the ramjet gulps air through its diffuser (in grey)—
compressing it by the “ramming” action caused by
the engine’s high forward speed.

HOW THE RAMJET WORKS:

TODAY RAMJETS POWER: TOMORROW

The USAF-BOEING BOMARC interceptor The ARMY-LOCKHEED KINGFISHER supersonic target drone (top) INTERPLANETARY VEHICLES. America’s

missile, America’s first line defense uses a single Marquardt ramjet to fly missions at almost four first interplanetary explorers may be
missile, is Marquardt-ramjet-powered to times the speed of sound. boosted into orbit via Marquardt Hyper-
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The ramjet family of engines for aircraft, missiles
and space vehicles is unique because of its simplic-
ity of operation. Without moving parts in the basic
engine system, the ramjet develops compression
ratios of morethan 100 to 1 at 2600 miles an hour
—yet can use kerosene as fuel. By comparison, your
piston-engined carneeds ‘“super-premium’” gasoline
for compression ratios of only 10 to 1.

Now compare the ramjet with the rocket engine.
The ramjet can get along on 1/10 the propellant
consumption of a rocket. That’s because rocket
engines must carry along their own oxidizer, while
the ramjet scoops its oxidizer from the atmosphere.

The ramjet delivers speed, too. A Marquardt ram-
jet has already flown faster than Mach 4 (that’s

four times the speed of sound, or about 2,600 miles
an hour)—and ramjet speeds of over 13,000 miles
an hour are feasible. By contrast, turbojet engines
—the powerplant powering today’s 600 mph jet-
liners—are limited to speeds in the Mach 3 range.
By eliminating the moving parts turbojets need to
develop compression, the ramjet delivers greater
speeds and reliability —costs less to make, operate
and maintain.

This speed and reliability, along with its efficiency,
is why today’s ramjets are making significant con-
tributions to America’s defense effort —powering
two front-line defense missiles and a sophisticated
target drone. Look for tomorrow’s ramjets to
accomplish peaceful and military missions as yet
unconceived—powering vehicles still to be invented.

Fuel is injected automatically and mixes with the air
as it speeds toward the flameholder. The mixture is
burned, and this combustion expands and accelerates
the burning gases.

RAMJETS WILL POWER:

QUADRISONIC AIRLINERS. At 2600 mph you'll fly coast to coast
in under an hour—from New York to Baghdad 6,000 miles non-
stop—via the next generation of ramjet-powered airliners.
INFINITE RANGE VEHICLES. Nuclear Ramjets, in development
at Marquardt under Project Pluto, will power low-level vehicles
tapable of circling the earth indefinitely at supersonic speed.

Thrust comes from the rapid acceleration. of these
gases through the engine. This action pushes the
entire ramjet—and the vehicle it is carrying —for-
ward at ever-faster speeds.

CORPORATION

Founded in 1944 to pioneer in developing the ramjet as a basic
powerplant, Marquardt today employs more than 5,000— of
whom more than %3 are scientists, engineers and skilled tech
nicians—in the fields of advanced space research, pow

tems, controls, nucleonics, simulator-training, research rock

etry, weapon systems support and manufacturing

For a reprint of this advertisement you are invited
to write: Roy E. Marquardt, President,
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COMPUTER MUSIC

Information theory makes possible the programming of a computer

to compose music. The process by which the machine does so throws

light on musical structure and on the methods of human composers

an a computer be used to compose
C a symphony? As one who has
been engaged in programming a

large digital computer to produce orig-
inal musical compositions, I can testify
that the very idea excites incredulity and
indignation in many quarters. Such re-

“ILLIAC” DIGITAL COMPUTER at the University of Illinois
was used for the experiments in composition described in this

by Lejaren A. Hiller, Jr.

sponse in part reflects the extreme view
of the 19th-century romantic tradition
that regards music as direct communi-
cation of emotion from composer to lis-
tener—“from heart to heart,” as Wagner
said. In deference to this view it must
be conceded that we do not yet un-

© 1959 SCIENTIFIC AMERICAN, INC

derstand the subjective aspect of musical
communication well enough to study it
in precise terms. The appreciation of
music involves not only psychological
needs and responses but meanings im-
ported into the musical experience by
reference to its cultural context. On the
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article. It has “composed” hundreds of simple melodies as well
as more complicated musical structures. At right is the author.
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COMPUTER’S MUSICAL OUTPUT is punched into paper tape
shown at left, which is then run through a teletype machine to

other hand, music does have its objec-
tive side. This can be defined as ex-
isting in the score as such, quite apart
from the composer and the listener.
The information encoded there relates
to such quantitative entities as pitch and
time, and is therefore accessible to ra-
tional and ultimately mathematical an-
alysis.

In recent years the “physics of mu-
sic” has disclosed much that is mathe-
matical in music. It reveals how sound
waves are formed and propagated, how
strings, membranes and air columns vi-
brate and how timbre depends upon
complex wave-structure; it has provid-
ed universal standards of frequency
and intensity, and clarified the rationale
of musical scales. In its most compact
form, acoustics reduces the definition
of musical sound to a plot of wave-form
amplitude versus time. The groove of a
phonograph record, for example, con-
tains only this information and yet yields
a believable reconstruction of an orig-
inal musical sound.

Acoustics, however, deals primarily
with isolated elements of music and has
thus far said relatively little about how
these elements may be combined in a
musical composition. Musicians have de-
vised various nonmathematical systems
for analyzing the structure of composi-
tions. More recently they have begun to
draw upon a new branch of applied
mathematics known as information the-
ory as a means of clarifying this aspect
of musical communication.
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Information theory relates the “in-
formation content” of a sequence of sym-
bols (be they letters of the alphabet or
musical notes) to the number of pos-
sible choices among the symbols. In-
formation content thus resembles en-
tropy or the degree of disorder in a
physical system. The most random se-
quence has the highest information con-
tent; the least random (or most re-
dundant) has the lowest. The apparent
paradox in this statement derives from
the definition given the term “informa-
tion” in the theory. As Warren Weaver
has observed, the term “relates not so
much to what you do say as to what
you could say” [see “The Mathemat-
ics of Communication,” by Warren
Weaver; SCIENTIFIC AMERICAN, [uly,
1949]. Informaticn in this sense is not
the same thing as meaning, and informa-
tion theory is concerned more with the
reliability of communication systems
than it is with problems of meaning.
Thus, it can be seen, the general in-
quiry into communication is confronted
with the same dualistic question of form
and meaning that faces the study of
musical communication. Weaver en-
courages us to believe, however, that
information theory has cleared the way
toward “a real theory of meaning.”

NI usic, sometimes defined as a compro-

mise between chaos and monotony,
appears to the information theorist as an
ordered disorder lying somewhere be-
tween complete randomness and com-
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produce sheets of letternumber combinations (center). These are
then decoded by hand into conventional musical notation (right).

plete redundancy. This viewpoint ac-
cords well with much of traditional mu-
sical esthetics. As early as the fourth
century B. C. the Greek writer Aristox-
enus noted that “the voice . . . does not
place the [musical] intervals at ran-
dom, . . . for it is not every collocation
but only certain collocations . . . that
distinguish the melodious from the un-
melodious.” The composer, employing
what Stravinsky has called “the great
technique of selection,” introduces re-
dundancy into his relatively random ma-
terials in order to organize them into a
“meaningful” pattern.

To be sure, meaning is as difficult to
define in music as it is in every other kind
of communication. But musical sounds
are not, as words are, primarily symbols
of something else; the meaning of music
is peculiarly dependent upon its own
structures as such. The study of musical
structures by information theory should
open the way to a deeper understanding
of the esthetic basis of composition. We
may be able to respond to Stravinsky’s
injunction and cease “tormenting [the
composer] with the why instead of seek-
ing for itself the how and thus establish
the reasons for his failure or success.”

From the analytical standpoint, the
esthetic content of music can be treated
in terms of fluctuations between the two
extremes of total randomness and total
redundancy. The significant fluctuations
manifest themselves not only between
one composition and another but also
among elements or sections of the same
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Future experiments may develop a method for automatic decoding and printing. Music
publishers, who now use much expensive hand labor, would welcome such a technique.

composition. To take a very simple exam-
ple, the “dominant 7th” chord GBDF
is highly redundant under the rules of
conventional harmony, because it will
most frequently be followed by the chord
CEG. The “diminished 7th” chord G#
BDF, by contrast, is far less redundant,

for it can be followed with equal prob-
ability by any one of a dozen-odd chords.
Or consider the “sonata form” of or-
ganization which classical composers
typically employed for the first move-
ments of their longer compositions. In
this musical structure the “exposition,”

in which the composer sets forth the
themes, is fairlv redundant (that is, pre-
dictable) ; the “recapitulation,” in which
he restates them, is even more so. The
intervening “development,” in which the
themes are broken up, recombined and
shifted through a number of keys, is far
less redundant than either. As a final ex-
ample, the stylistic device of modulation
(key-shift) shows a fairly steady de-
crease in redundancy over the past 200
years. Mozart employed a limited num-
ber of rather standardized modulations.
In Chopin and Brahms the modulations
are more extreme and occur more fre-
quently and less predictably. Wagner
and Debussy modulate so freely that the
listener often loses any immediate and
unequivocal sense of key. Many modern
composers have abandoned the concepts
of key and modulation altogether and
in this dimension approach complete
randomness.

By standards such as these it is pos-
sible, at least in theory, to construct ta-
bles of probabilities describing a musical
style, such as Baroque, Classical or Ro-
mantic, and perhaps even the style of an
individual composer. Given such tables,
one could then reverse the process and
compose music in a given style. The task
of composition would start from the ran-
dom condition with choices among mu-
sical elements all equally probable. The
introduction of redundancy in accord-

=== - e — =
COMPUTER
| e
MUSICAL TRY AGAINS
ELEMENTS | 8 kol \ N ™~
—_—
PITCH |
RHYTHM |
DYNAMICS Z z Z
ETC = :‘ o
C Q @] b
= = e}
o | =
| |
\ PROVISIONAL FINAL
: —— S LRINTING
ACCEPTANCE ACCEPTANCE 1l
/T\ /‘I\\ 7N
i i
L
N - A
SCREENING CIRCUITS EMBODYING
RULES OF COMPOSITION
— T TR T gy S a—— - = 5 —— ==
o (3

COMPUTER “COMPOSES” by a process of which the general
features are here shown schematically. The machine generates ran-
dom integers which are then screened by computational circuits
that are arithmetical analogues of rules of composition. If circuits
reject an integer, the “try again” circuit automatically produces a
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new one. Integers accepted by the screening circuits are stored in
the memory until the composition is complete; memory and
screening circuits are joined by feedback linkages symbolized by
broken arrows. If the machine cannot complete a sequence with-
out breaking the rules, it clears its memory and begins anew.

Il



ance with a particular scheme of proba-
bilities would extract order from chaos.
It is not to be thought, however, that
order is the sole criterion of beauty; as
the musicologist Leonard B. Meyer has
cbserved, “Some of the greatest music
is great precisely because the composer
has not feared to let his music tremble
on the brink of chaos.”

A few years ago Richard C. Pinkerton
of the University of Florida employed
this method to produce a simple “tune
maker.” He derived his probability tables
by averaging the probabilities in a col-
lection of nursery tunes [see “Informa-
tion Theory and Melody,” by Richard
C. Pinkerton; SCIENTIFIC AMERICAN,
February, 1956]. As he noted, however,
this method produces only bana! tunes.
If more interesting music is desired, cri-

teria other than simple averages must
determine the probabilities.

A number of composers, both classical
and contemporary, have produced more
sophisticated musical structures embody-
ing mathematical or quasi-mathematical
“programs” that reflect an explicit con-
cern with order and disorder. Especially
illuminating are the extreme types of
such structures: random music and to-
tally organized music.

In its literal sense, pure random music
is equivalent to “white noise”—the un-
differentiated hissing sound made up of
all possible audible frequencies occur-
ring at random time intervals. It can be
“composed” on any good high-fidelity
set simply by turning the volume control
high and thereby amplifying the random

motions of electrons and ions in the

“FIRST SPECIES COUNTERPOINT” composed by ILLIAC (top) is compared with a

portion of the motet “Adoramus Te Christe,

composed in the same style by Palestrina

(bottom). The computer produced monotonous rhythms here because its program con-
tained no provision for varying rhythms until later experiments. The computer music is
taken from “Illiac Suite for String Quartet,” by Lejaren A. Hiller, Jr., and L. M. Isaacson.
Copyright 1957 by New Music Editions; assigned to Theodore Presser Company, 1959.
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tubes. At the opposite pole, the unvary-
ing dial tone of a telephone provides a
good example of totally organized music.
Obviously neither extreme has much to
offer the listener. To obtain sufficient
variation in texture the composer must
move away at least a little from total
randomness or total redundancy.
Perhaps the simplest method of com-
posing “almost random” music is to spat-
ter ink from a brush on a page of blank
music paper. By adding stems to the
spots and then selecting the meters of
successive measures by picking cards
from a deck, one obtains random music
that is sometimes playable if not har-
monious [see illustration on opposite
page]. A second and rather well-known
example of chance music is Mozart’s “A
Musical Dice Game.” This piece, one of
many similar “compositions” produced as
parlor games in the late 18th century,
consists essentially of several dozen as-

+ sorted measures of music, the order of
il which is determined by rolling dice. A

more modern random work, “Imaginary
Landscape” by the American composer
John Cage, is “scored” for 12 radios and

| thus derives a strong element of random-

ness from regional and temporal varia-
tions in radio programs. Moreover, the
score itself, which specifies the tuning of
each radio and changes in volume, is

| based on chance numbers derived from
| an ancient Chinese book of oracles. Cage

composes by several other chance meth-
ods, including “the observations of im-

| perfections in the paper on which I hap-

pen to be writing” and the random
shuflling of score pages just before per-
formance.

John R. Pierce of Bell Telephone Lab-
oratories, an authority on information
theory, has demonstrated other ap-
proaches to the composition of simple
“probability music.” In one, a sequence
of chords is chosen by means of dice
rolls and a table of random numbers; in
another, a series of volunteers each con-
tributes a measure. A number of Euro-
pean composers have produced more
elaborate random music electronically
by causing random sequences of electri-
cal signals to trigger sequences of tones.

Like random music, highly organized
music does not lack historical precedent.
A notable example is the “isorrhythmic”
music of the 14th and 15th centuries,
which was based on abstract formula-
tions that took precedence over conven-
tional rules of harmony. Among con-
temporary composers, Cage has pro-
duced what is probably the most perfect
example of the genre in his composition
“4:44,” which consists of four minutes
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RANDOM MUSIC can be “composed” by spattering ink from a
brush onto blank music paper (top). When the spots are tran-

and 44 seconds of silence. Other con-
temporary composers have produced less
totally organized but more audible
pieces by composing according to in-
variant sequences of numbers. Each
number is associated with musical ele-
ments such as pitch, rhythm, dynamics
and orchestration. This method of com-
posing evolved out of Arnold Schénberg’s
12-tone technique. Once belabored as
rigid and wultra-mathematical, Schon-
berg’s works seem hardly “programmed”
at all when compared with those of his
“descendants.” Karlheinz Stockhausen’s
“Zeitmasse” is an example of recent pro-
grammed music available on phonograph
records. Its elaborately organized struc-
ture is not readily discernible by ear
alone, so that it does not sound very
different from the general run of mod-
ern compositions.

The concept of mathematically pro-

grammed music easily leads to the
notion of composition by computer. In
1955 Leonard M. Isaacson and I began
a series of experiments in composition

with ILLIAC, the high-speed digital

computer at the University of Illinois.
In due course we completed four groups
of experiments, the results of which we
have sampled in the “Illiac Suite for
String Quartet.”

As our first step we set the computer
to composing simple melodies. To this
end we programmed the machine to gen-
erate random integers by a technique
borrowed from the “Monte Carlo” meth-
od, which physicists have devised to
solve certain problems involving multi-
ple probabilities. Random integers from
0 to 14 represented the tones (“white
notes” only; no sharps or flats) in a two-
octave range of the C-major scale. To in-
troduce redundancy we screened the in-
tegers by feeding in additional program-
ming instructions; these embodied arith-
metical analogues of rules of composition
governing “permissible” sequences of
notes. We selected the rules from the
elaborate injunctions for “strict first-spe-
cies counterpoint,” a formalized musical
idiom based on the methods of such
16th-century composers as Palestrina.

Integers that passed the screening
procedure were stored in the computer’s

© 1959 SCIENTIFIC AMERICAN, INC

scribed (bottom), the horizontal distance between them defines
their time value.Meters are obtained by drawing cards from a deck.

“memory” until the machine had com-
pleted a melody by returning to C, the
note with which it had begun. The com-
plete melody was then printed on per-
forated tape, from which it could be
transcribed into conventional musical
notation [ see illustrations at top of pages
110 and 111]. Rejection of an integer
automatically triggered a “try again”
program that generated a new integer.
The machine continued “trying” until it
produced a satisfactory note or until it
“concluded” (after 50 unsuccessful
trials) that no such note existed, that is,
it had “written itself into a corner,” as
human composers sometimes do. In the
latter case it cleared the incomplete
melody from its memory and began
afresh from C.

In the course of an hour’s operation
the machine produced several hundred
melodies from three to 12 notes long. It
was then programmed to produce two-
voice counterpoint—two melodies at
once—incorporating for this purpose four
more instructions that screened out dis-
sonances between the voices. The addi-
tion of still other instructions enabled

13
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Gator Boat transport trailers are painted
in less than half the time—with half the

paint—with the new Ransburg Electro-
static Hand Gun.
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Peterson Bros., Inc., Jacksonville, Florida
and Ft. Wayne, Indiana, world’s largest
manufacturer of boat trailers for the Marine
Industry, switched from air hand spray to
Ransburg No. 2 Process Electrostatic Hand

Gun at the Fort Wayne operation in the |

finishing of their big custom line boat trailers
and their Gator line of Marine Trades Equip-
ment.

Paint saving with the Ransburg Hand Gun
is estimated at 50 to 609% over the former
method. Construction of their products (they
use a lot of tubular steel) is ideal for Hand Gun
application because of the ‘“wrap-around”
characteristic of Electro-Spray.

Painting is done now in an open spray
room where two water-wash booths stand
idle. Not needed! Maintenance in the paint
room has been reduced 75%, for where they
used to have to clean up the room sometimes
twice a week (mostly on overtime) it now
goes two or three weeks without cleanup.

One of Peterson’s biggest products now
painted electrostatically is a boat transport
trailer, Model 807, built to haul six 16-ft.
runabout boats. The trailers are over 31-feet
long; overall height is 11’-2” and almost 8’
wide. With air spray, it used to take 8 hours,
or more, to paint the big vehicles. Now, with
Ransburg No. 2 Process Electrostatic Hand
Gun, one operator does the job in only 3%,
hours. And, with half the paint!

NO REASON WHY YOU CAN'T DO IT, TOO!

Write for information and literature about this revo-
futionary, new painting tool. See how the Electro-
static Hand Gun can save time ... paint... and
cut costs in YOUR finishing department. If your
production justifies conveyorized painting, it'll pay
you to investigate Ransburg’'s automatic electro-
static spray painting equipment. Write for our No.
2 Process brochure which shows numerous ex-
amples of modern production painting in both
large and small plants.

RANSBURG

Electro-Coating Corp-
Box-23122, Adv. Dept., Indianapolis 23, Indiana
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the machire to produce four-voice coun-
terpoint. The more elaborate programs
produced more trials and “erasures,” but
the machine still composed copiously.
For our second experiment we devised
additional screening instructions em-
bodying the entire set of 14 rules of strict
first-species counterpoint. The machine
was first set to turning out random
“white-note” music in four voices; ran-

CLOSED RHYTHMS OPEN RHYTHMS
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domness was then made to yield to re-
dundancy in small increments by feed-
ing in the screening instructions one by
one. The complete set of instructions
yielded counterpoint of fair quality,
strongly reminiscent, if one ignores a
certain monotony in rhythm, of passages
from Palestrina.

In Experiment IIT we sought to find
ways of producing the rhythmic and

BINARY NUMBER DECIMAL NUMBER

0000 0
0001

0010 2
oon 3
0100 4
0101 5
ono 6
om 7
1000 8
1001 9
1010 10
101 [l
1100 12
1101 13
mo 14

1 15

RHYTHMIC CODING for the computer is based on 4/8 meter (chosen arbitrarily) with
the eighth-note as the smallest rhythmic unit. All rhythms possible under these restrictions

can be expressed as binary numbers equivalent to the decimal numbers from 0 to 15. Ran-
dom choice determines the order of rhythmic patterns and selects “closed” or “open” form.
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BERYLLIUM: successful resistance weld!

This photomicrograph is visual proof that beryllium can be resistance welded. Results of ex-
tensive tests at The Budd Company indicate useful sheet metal products can be fabricated
from beryllium. Work with beryllium at Budd includes successful hot rolling, brake forming,
deep drawing, brazing, resistance welding, arc spot welding, arc welding, cleaning, machining
and hot shearing.

Budd has vast experience in designing and fabricating a variety of structures using almost
every available metal and alloy. Why not let Budd outline its special talents and capabilities to
you? Write today for further information. The Budd Company, Philadelphia 32, Pa.
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RANDOM CHROMATIC MUSIC produced by the computer (top)
resembles the compositions of some extreme modern composers.
The introduction of redundancy in melody, rhythm and playing

“Illiac Suite,” Copyright 1957, New Music Editions; assigned to
Theodore Presser Company, 1959. Shown below is a passage from
the first movement of Bartok’s “First String Quartet.” Copyright

instructions produces a more ordered texture (middle) that sug- 1929 by Universal Editions; renewed 1956. Copyright and renewal
gests passages from Bartok. Samples of computer music from assigned to Boosey and Hawkes Inc. Reproduced by permission.
()
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dynamic variety that the earlier com-
positions lacked. A simple method gave
us a considerable variety of rhythm.
With 4/8 time as the meter and the
eighth-note as the smallest rhythmic
unit, all the rhythmic patterns possible
under these restrictions were coded in
binary digits (that is, numbers expressed
by 1 and 0, representing the “on” and
“off” positions of a relay). Thus 1111
represented four eighth-notes; 1110, two
eighth-notes followed by a quarter-note;
1010, two quarter-notes, and so on. The
resulting series of permutations formed
a sequence of binary numbers equivalent
to the decimal numbers 0 to 15 [ see illus-
tration on page 114]. Since rhythms in
music do not normally shift with every
measure, rhythmic redundancy was in-
troduced by a second series of random
numbers that programmed the machine
to repeat a particular rhythm up to 12

times. To this “horizontal” redundancy |

in the melodic line of the individual
voices another binary code added “ver-
tical” redundancy among the four voices.
Here 0000 indicated that all four voices
would be rhythmically independent,
1111 called for the same rhythm in all
voices, and so on. Similar methods intro-
duced patterns of dynamics (forte, cre-
scendo, and so on) and variations in
playing instructions (legato, tremolo,
pizzicato, and so on).

Since the object was to produce a type
of music less imitative than strict coun-

terpoint, the machine was first permitted |

to write entirely random chromatic mu-
sic (including all sharps and flats). The
result was music of the highest possible
entropy content in terms of note selec-
tion on the chromatic scale, and thus it
was strongly dissonant. With the mini-
mal redundancy imposed by feeding in
only four of the 14 screening instruc-
tions, the character of the composition
changed drastically. While the wholly
random sections resembled the more ex-
treme efforts of avant garde modern

composers, the later, more redundantI

portions recalled passages from, say, a
Bartok string quartet [see illustration on
opposite page]. The experiment con-
cluded with some exploratory studies in
Schénberg’s 12-tone technique and simi-
lar compositional devices.

Experiments ITand IIIthusdeveloped I

the contrasts between two widely dif-
ferent styles, that of the 17th and that
of the 20th century. One style is highly
restrictive and highly consonant but
sounds quite simple; the other sounds
dissonant, much more complex and dif-
ficult to decipher. The contrast under-
lines an important musical moral: Sim-
plicity of style and hence accessibility

Physicists define:

Given the problem of mathematically defining resonance capture in a

heterogencous system, physicists at Bettis Atomic Power Laboratory

evolved an analytic approximation scheme that yields results in
consonance with the Monte Carlo method . . . the application of
advanced analytical methods to the problem areas of reactor
physics is a dynamic condition to which a theoretical or
experimental physicist can participate and professionally
advance in a field where the

state of the art is never static.

RESONANCE
CAPTURE

If you are a theoretical or experimental
physicist and are interested in pursuing
a career in reactor physics and you
are a U. S. Citizen, write to:

Mr. M. J. Downey, Bettis Atomic
Power Laboratory, Box 1520,

Dept. B-16, Pittsburgh 30, Pa.

1

EZ Z S2 t2 resonance

BETTIS ATOMIC POWER LABORATORY

&
Westinghouse

BETTER YOUR FUTURE AT BETTI/S

17
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“MARKOFF CHAIN” MUSIC is composed by selecting intervals
between successive notes according to a shifting table of probabili-
ties. During the first two bars, the probability of unison (the “zero”
interval) is 1; that of all other intervals, 0. The music necessarily

118

s == ey — S %

i

remains on the same note. After each two bars the probabilities
shift according to the scheme shown on page 120. From Experi-
ment IV of “Illiac Suite for String Quartet,” copyright 1957, New
Music Editions; assigned to Theodore Presser Company, 1959.

© 1959 SCIENTIFIC AMERICAN, INC



bear an inverse relationship 10 lreedom
of choice. The simpler the style, the more
severe the restrictions and the higher the
degree of redundancy. By the same tok-
en, music that sounds simple may well be
more difficult to write. In the freer style

the difficulty involved in making the best |
choices among the larger number of al- |

ternatives is offset by the fact that more
of the available alternatives are permis-
sible. Each choice, in other words, is less
significant to the total effect.

In Experiment IV the objective was
the synthesis of music from purely
mathematical rules—a style of composi-
tion peculiarly appropriate to a com-
puter. To this end the computer was pro-
grammed to select the intervals between
successive notes according to a table of
probabilities instead of at random. More-
over, the probabilities themselves were
made to shift in accordance with so-
called Markoff probability chains. For
example, in the first specimen of this
music the “zero” interval (unison) had
an initial “weight” of one while all the
other intervals had a weight of zero. All
voices perforce remained on the same
note. After two bars the octave interval
was given the weight of one and the
weight of unison increased to two (uni-
son was thus twice as probable as the
octave). The fifth was the next interval
added, and the respective weights of the
three intervals, in order of appearance,
became three, two and one. Two bars

later the fourth interval was added with |

weights of four, three, two and one now
assigned, and so on until all possible in-
tervals had been added |[see illustrations
on oppnsite page and on next page].
When the computer had composed
under the instruction of a number of sim-
ilar Markoff programs, the probabilities
were programmed to depend partly up-
on the last choices made. Thus if the last
interval was a fifth, the probability of
that interval would drop sharply and the
probabilities of the others would rise.
Another rearrangement linked the choice
of interval to the opening note of the
sequence. This latter relationship is of
particular interest because it bears on
the problem of tonality, the factor in
conventional music by which the notes
of the scale acquire individual signifi-
cance because of their relationship to
the keynote. The suppression of tonality,
even to the point of abandoning it com-
pletely (atonalism ), constitutes perhaps
the most characteristic trend in “seri-
ous” music during the past 50 years.

\Vl’e discovered with interest that the
sound of “tonal” Markoff music
closely resembled that of the “atonal”

The importance of radar cross-section to the missile detec-
tion problem is well known. Recognizing the need for more
and better basic data, Cornell Aeronautical Laboratory
several years ago began a pioneering research program in
this field.

Significant advances, shrouded by security, are being
made by the Laboratory in a continuous program of

theoretical and experimental investigation. C.A.L’s con-
tribution to theoretical analysis, measurement tech-
niques, and understanding of results have proven to be
of prime importance to both missile design and
detection techniques.

The study of radar cross-sections is but one facet of
the Laboratory’s highly diversified electronic research
activities. You are invited to write for an employment

prospectus for engineers and scientists, “Community
of Science.” Please address Mr. J. S. Rentschler,

Cornell Aeronautical Laboratory, Inc., Buffalo 21,

New York.

CORNELL AERONAUTICAL LABORATORY, INC.

of Cornell University
Laboratory measurement of radar
] I Croasesecti at

|__L f'l

microwave

frequencies
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species, though its mathematical basis
was quite different. Indeed, large sec-
tions of Experiment IV, though based on
wholly abstract formulae, sounded much
the same as Experiment III, which was
generated under relatively unrestricted
conditions. These correspondences sug-
gest that if the structure of a composi-
tion exceeds a certain degree of com-
plexity, it may overstep the perceptual
capacities of the human ear and mind.

Since completing the “Illiac Suite,”
our efforts have been devoted to more
complicated problems of musical struc-
ture, the solutions to which may yield a
“Second Illiac Suite.” As against the
rather fragmentary music thus far ob-
tained, the objective is to produce com-
positions in relatively lengthy conven-
tional forms, such as theme and variation
and four-part fugue. The computer will
also be put to work on “totally organ-
ized” music as well as more complex

INTERVALS w P w P

Markoff chains. These and similar exper-
iments involving a precisely specified
degree and type of uncertainty should
provide some quantitative criteria for
judging the effect of order-disorder fluc-
tuations in music.

A far more elaborate project is sug-
gested by the question that began this
discussion: Can a computer be used to
compose a symphony? In principle, there
seems to be no reason why it cannot.
The computer program would have to
be far more elaborate than any we have
yet devised. Whether the results would
justify the necessary labor is another
story. With a program of reasonable
length, the machine could be made to
produce, say, a 42nd Mozart symphony,
which would prove to be a representa-
tive but almost certainly undistinguished
work. So long as the human programmer
collaborates in the undertaking, the com-
puter cannot be regarded as a truly in-

UNISON 1.00 2 .67
OCTAVE .00 1 .33

_ FIFTH 00 o .00
FOURTH 00 0o .00
_MAJOR 3RD .00 0 .00
MINOR 6TH .00 0o .00
MINOR 3RD .00 0 .00
MAJOR 6TH .00 0 .00

W MAJOR 2ND .00 0 .00
MINOR 7TH 00 0 .00
N‘MlNOR 2ND .00 0 .00
w MAJOR 7TH ols 0o .00
TRITONE .00 0 .00

dependent composer. On the other hand,
so long as the input to the computer in-
cludes some variant of the Monte Carlo
method, the programmer cannot precise-
ly specify the output of the machine.
Thus the machine may be said to “com-
pose,” or at least to “improvise” within
the limits set by its program.

The computer can also be used to

make an original contribution to our
understanding of the structure that un-
derlies the esthetic qualities of music. As
I remarked earlier, these qualities are
perceived largely through the articula-
tion of musical forms and can therefore
be most fruitfully explored via the inves-
tigation of the technical problems of
composition. The computer has already
proved its value in this line of investiga-
tion, and in future studies we plan to
explore more deeply its application to
problems of musical analysis.

.50 4 40 5 33 6 .29 7 25 8 .22 9 20
.33 3 .30 4 27 5 .24 6 21 7 .19 8 18
17 2 .20 3 .20 4 19 5 .18 6 7 7 16 _
.00 1 .10 2 .13 3 .14 4 14 5 .14 6 13 _
.00 0 .00 1 .07 2 .09 3 11 4 11 5 11 -
.00 0 .00 0 00 1 .05 2 07 3 .08 4 09
00 0 .00 0 .00 0 .00 1 04 2 06 3 07
.00 0 .00 0 .00 0 .00 0 00 1 .03 2 04
.00 0 .00 0 .00 0 .00 0 00 0 .00 1 02
.00 0 00 0 .00 0 00 0 00 0 .00 0 00
00 0o .00 0 .00 0 00 0 00 0 00 0 00
.00 0 .00 0 Co 0 00 ( 0 .00 0 00
.00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00

SHIFTING PROBABILITIES governing one species of Markoff
chain music are shown in part here; colored letters key the col-
umns of the table to sections of the music shown on page 118. The
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probabilities (P) of the intervals are defined by their “weights”
(W), which shift according to a simple arithmetical formula.
Markoff music has been composed by several similar schemes.



Among the more than 30,000 transistors you
will find right now on General Electric’s
cycled life-test racks are Series 2N43 PNP
germanium devices dating back to 1952.
Each of these 2N43’s has clocked at least
40,000 hours of operating life. This repre-
sents five years of “power-on’ operation with-
out failure. And the “old” 43’s still live on!
Since 1952, General Electric Company has
produced and thoroughly tested well over
20-million transistors. A quarter-million of
these devices have been subjected to from
1000 to 10,000 hours of maximum-rated-power.
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At this moment, 30,000 transistors
are on test at General Electric

Life testing is but one of many exacting
product quality-assurance criteria all General
Electric semiconductor products must meet.
For example, on an average, 16 separate
quality-level tests . . . electrical, mechanical,
environmental, as well as life . . . are given
every General Electric transistor.

Through its system of stringent quality con-
trol, General Electric strives to continuously
raise the stability/long-life reliability goals
for semiconductor products—to the ultimate
benefit of the user, the industry and the
country at large.

ngress Is Ovr Most Important Product

GENERAL @ ELECTRIC

Semiconductor Products Department, Electronics Park, Syracuse, New York
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THE FLOW OF MATTER

Everything flows, including solids such as concrete and steel.

The exact way m which a material flows 1s of pra(:ti(fal concern

to the technologist and a difficult problem for the physicist

s he mountains flowed from be-
I fore the Lord,” sang the proph-
etess Deborah (Judges5:5).The
English scholars who prepared the King
James version of the Bible apparently
could visualize only liquids as flowing,
and they translated the Hebrew word
for “flowed” as “melted.” But the change
was unnecessary. On God’s time-scale
even solid rock can flow. In the span al-
lotted to us poor mortals the process is
almost, but not quite, unobservable. By
exceedingly accurate measurements we
too can perceive rocks “creep” when
they are subjected to large enough
forces.

Indeed, we realize that the Greek phi-
losopher Heraclitus was right when he
declared that “everything flows.” Today
the flow of matter is the subject of a
separate and lively scientific discipline.
Apart from its interest as a challenging
theoretical problem, the phenomenon of
flow touches virtually every aspect of
our technology. Construction engineers
must be able to predict how soil will be
squeezed away beneath the foundations
of a building, and how steel and con-
crete beams will gradually stretch or
warp under steady loads. Chemists de-
sign plastics that can be extruded into
useful shapes. Bakers want a dough that
works smoothly under their kneading
and rolling machines. Airplane builders
need to know how lubricating oil flows
through an engine, and air across a
wing.

Although a real understanding of flow
has been achieved only quite recently,
the beginnings of the story go back to
the earliest days of physics. Isaac New-
ton was one of the first to consider the
problem of fluid motion. An unconfined
liquid (or gas) will flow whenever a
force, no matter how small, is applied to
it. However, the motion is resisted by
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by Marcus Reiner

viscosity, “the lack of slipperiness of
the parts of the liquid,” as Newton put
it. The equations of viscous flow were
worked out by the French physicist
Louis Navier and the English mathe-
matician George Stokes early in the last
century. Essentially they postulated that
the rate of flow is directly proportional
to the force and inversely proportional
to the viscosity. For example, consider
the three fluids air, water and castor oil.
Water is about 50 times as viscous as air.
If it takes one minute to pump a given
quantity of water through a certain pipe,
an equal pressure will push through the
same amount of air in a little over a sec-
ond. Castor oil, 1,000 times more viscous
than water, would take almost a day to
complete the same movement. In each
case doubling the pressure would dou-
ble the rate of flow.

\s to solids, their most obvious proper-
ty, and the first to be studied quan-
titatively, is not that large forces make
them flow but that small forces do not.
Under a small force a solid body is dis-
torted, but when the force is removed,
the body regains its original shape. Rob-
ert Hooke, a contemporary of Newton,
discovered the fundamental law of this
elastic behavior: that the amount of
distortion is proportional to the force
applied.

Of course if the force is big enough,
the distortion goes beyond the so-called
yield point, and the body can no longer
recover. Such a permanent change of
shape is known as plastic deformation,
which is really another way of saying
flow. In 1868 the French physicist Henri
Edouard Tresca demonstrated that very
high pressures could force metallic lead
to flow through tubes. From these ex-
periments Tresca’s countryman, Barré
de Saint-Venant, was able to develop
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a theory of the plastic flow of metals.

Here, until 40 years ago, matters
rested. Physicists and engineers thought
in terms of two types of material: fluids,
which flow no matter how small a force
is applied to them; and plastic solids,
which flow only if the force exceeds a
critical amount known as the yield stress.
The classification was apparently clear-
cut. There seemed to be no difficulty in
distinguishing between the flow of wa-
ter, say, and of mild steel, or even of very
viscous castor oil and very soft lead.

Then, in 1919, a seemingly routine
problem in industrial chemistry thor-
oughly muddied this classical picture.
E. C. Bingham of Lafayette College in
Easton, Pa., was concerned with the
properties of ordinary house paint. A
good paint should spread easily under
the brush, and should then flow enough
to obliterate the brush marks. Consisting
of pigments suspended in oil, paints
were naturally considered viscous lig-
uids. The requirements of “brushing”
and “leveling” qualities evidently called
for a low viscosity. However, a satisfac-
tory paint must fulfill another require-
ment: brushed onto a vertical wall, it
must not run off under the force of its
own weight before it dries. This seemed
to call for a high viscosity. Bingham
came to realize that this apparent con-
tradiction arose from a misconception of
the problem. In order for the paint to
stay put on the wall it was not enough
that it flow slowly; it must not flow at all.
In other words, it must be a solid! To be
sure, it is a solid with very low yield-
stress, so that the gentle pressure of the
brush is enough to make it flow. Bing-
ham published his findings under the
title “Paint, a Plastic Material and Not
a Viscous Liquid.”

Surveying the classical ideas on flow,
Bingham found them quite inadequate



1

s

DOUGH IS MADE TO FLOW in “extensograph” of C. W. Bra- stretched by hook at bottom. The curve on the graph at upper right
bender Instruments Inc. The dough is held in clamp in center and indicates that the dough has good flow properties for baking bread.
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to describe the behavior of substances
like paint, and the new plastics, ceram-
ics, lubricants, rubber products and so
on that the chemical industry was be-
ginning to produce. He and his col-
leagues then set out to develop a mod-
ern theory. At the same time, unaware
of these developments in the U. S,, I
was working on the same problem in
faraway Palestine. Over the next few
years we became acquainted with one
another’s studies, and a number of in-
ternational meetings were held. A pecul-

FLOW OF ROCK is dramatically demonstrated by this formation
laid bare by a highway excavation near New York City. These rocks
originated with sediments deposited at the bottom of the sea in the
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iar feature of the early meetings was
that, although they were attended most-
ly by chemists, the subject matter would
have been more interesting to physicists.
Finally, in 1948, it was decided to set
up a new society for the study of de-
formation and flow, which would attract
workers from all the allied fields. Named
the Society of Rheology, after the Greek
word for flow, it has just held its 30th-
anniversary meeting at Lehigh Univer-
sity in Bethlehem, Pa.

Although the laws of rheology are
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essentially mathematical, they can be
visualized with the help of some simple
mechanical models. Rheologists them-
selves have formed the habit of thinking
in terms of their models. This attitude,
now largely out of style in physical sci-
ences, harks back to the last century,
when British physicists especially tried
to picture abstract concepts such as the
electromagnetic field and the ether by
means of ropes, pulleys, springs and oth-
er such devices. Often these contriv-
ances were considered to go beyond

Older Paleozoic Period of some 400 million years ago. Between 20
million and 50 million years later, when the sediments had become
rock, they were plastically folded as the sea bottom sank downward.
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e¥est-betd outdoor Christmas decorations

Street displays made of tough, weather-durable Tenite Butyrate plastic
help communities spread Christmas cheer for many years

When you need a plastic with long outdoor life,
you find a ready answer in Tenite Butyrate.

Its durability has been proved by displays like
these and by hundreds of other applications in
many different fields, including such products as
automobile taillight lenses, marine buoys, out-
door signs and oilield pipe.

Yet, the outstanding weatherability of Tenite
Butyrate seldom is the sole reason for its use.
Rather, it is Butyrate’s combination of properties
that usually dictates its choice for a specific job.

The Christmas decorations shown here are an
ideal illustration of how Butyrate’s properties can
be mated to the demands of a specific use.

Outdoor durability certainly is an important
consideration for these decorations. Exposed to
weather extremes ranging from sub-zero Alaska
to sunny Florida, they must be able to endure in
any location, showing excellent resistance to
cracking, crazing or "aging.”

They must also be tough enough to take the
abuse of repeated installation and dismantling,
plus the hazards of storing and transporting.

Butyrate satisfies these requirements...and
other specifications of the manufacturer, such as

' ¥ 4

availability in a crystallike, clear-transparent
formulation, resistance to yellowing by sunlight,
and a high surface luster.

Fabricating advantages, too, complement the
service excellence of Butyrate. Because of the
ease with which extruded sheet of Butyrate can
be vacuum-formed over inexpensive molds on
fast-cycle machines, production costs are kept at
a minimum. Even decorating costs are low; for
the multicolored patterns are applied by silk-
screening the inside face of the display before
forming, thus protecting the printing from the
weather and preserving a naturally glossy ex-
terior. Subsequent fabricating operations such as
trimming, punching, stapling, riveting or grom-
meting are easy to carry out without danger of
crazing or cracking.

If you'd like to consider Tenite Butyrate for one
of your material needs, let us hear from you.
We'll be glad to discuss your application in con-
fidence, and help you evaluate the suitability of
Butyrate. For this assistance or for more informa-
tion, write EASTMAN CHEMICAL PRODUCTS, INC.,
subsidiary of Eastman Kodak Company, KINGS-
PORT, TENNESSEE.

TENITE

BUTYRATE

an Fastman plastic
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mere analogy; their inventors thought
they represented the actual structure of
the physical world. So also with rheo-
logical models. If we think of the mole-
cules of a material as having elasticity,
for instance, then a spring may not only
be an analogue for the behavior of the
material, but a real element of its in-
ternal structure.

In any case the models are built up from

just three elementary mechanisms
[see illustration below]. The first, called
a Hooke body, is a helical spring rigid-
ly supported at one end. It represents,
of course, the elastic behavior of bodies.
When a force is applied at the free
end, the spring extends. When the force
is removed, it goes back. The amount
of the extension depends on the size of
the force.

The second element is called a New-
ton body, and represents pure viscous
flow. It is a “dashpot”—a tube filled with
oil, in which a loosely fitting stopper
can move as a piston. Pulling or pushing
the stopper causes it to move through
the liquid at a definite rate, proportional
to the force. As soon as the force is taken
off, the motion stops, and the plunger
stays just where it is.

Finally there is the Saint-Venant
body, a model of classical plastic flow.
It consists simply of a weight resting on
a horizontal tabletop. In order to move
the weight the friction between it and
the table must be overcome. A force too

small to do this has no effect. A suffi- |

ciently large force moves the weight
across the table. Again, when the force
is removed, the weight comes to rest in
a new position.

Actually the Saint-Venant body is a
defective model. It accurately represents
the phenomenon of yield stress, but not
the true motion when the yield point is
exceeded. A steady force large enough
to set the weight in motion would in
fact cause it to move faster and faster
once it got started. But plastic flow, once
it has been set up, resembles viscous flow
in that a steady force produces a con-
stant rate of movement. To remedy this
shortcoming we can hook up a weight
and a dashpot in parallel [see illustra-
tion at left on next page]. Then the
weight determines the behavior below
the yield point and the dashpot deter-
mines the motion of flow.

This is precisely what Bingham did in
his analysis of paint, and the combina-
tion is known as a Bingham body. See
how nicely it demonstrates the kinship
as well as the difference between various
materials. To represent paint we would
envision a light weight with smooth sur-
faces, resting on a smooth table. The
dashpot might contain a rather light oil.
A very small force would be enough to
start the body moving, and it would
then flow quite easily. Lead, on the oth-
er hand, would be conceived as a heavy,
rough weight on a rough surface, to-
gether with a dashpot containing very
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BASIC MECHANISMS of rheological models are the Hooke body, a spring (top) ; the New-
ton body, a dashpot (middle) ; and the Saint-Venant body, a block that resists being pulled
because of friction. Action of each body under the influence of a force is described in text.
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A dynamic, new

DIVISION
of the

UNITED
AIRCRAFT
CORPORATION

MISSILES & SPACE SYSTEMS

was formed recently dedicated to the
conception and development of ultra-

sophisticated missile, orbital, and
lunar projects.

*
The staffing requirements create

brilliant opportunities for men with
experience in electronic sub-systems
who are now ready for the larger
responsibility of systems integration
and weapon systems engineering.
Particularly valuable is experience in
any of the following fields:

Communications Systems
Guidance Systems
Computer Systems
Radar Systems
Countermeasures Systems
Ground Support Systems
Feedback Controls

BENEFITS: highly desirable Con-
necticut living; stimulating, vitally
important work; “first aboard” ad-
vancement opportunities; research
facilities superior to those owned by
any other corporation; opportunity
for company-supported advance de-
gree program; the assurance that
you will join a corporate division
that is destined to rank in status
with Pratt & Whitney, Sikorsky,
Hamilton Standard and Norden.

Reply to Mr. John North

MISSILES & SPACE SYSTEMS
A Division of

UNITED AIRCRAFT CORP.
433 Main St., E. Hartford, Conn,
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thick oil. Now the yield stress is high,
and the flow comparatively sluggish.

As the reader will have anticipated, dif-

ferent combinations can be put to-
gether to suit a variety of problems. In
brushing on paint, or squeezing tooth-
paste from a tube, or drawing wires
from steel rods, we will probably care
only about the properties of yield and

flow, represented by the Bingham mod-
el. Suppose, however, we are concerned
with the behavior of soil under a build-
ing foundation. Then its elastic deforma-
tion below the yield point would also
be important. To represent it we hook a
spring in series with a weight [see illus-
tration at right below]. A small force
merely stretches the spring; a large one
moves the weight as well. This arrange-

ment is sometimes called a Prandtl bodv,
after the German physicist Ludwig
Prandtl.

Two more of the fundamental “bod-
ies” of rheology were invented long be-
fore the discipline was born, by Lord
Kelvin and James Clerk Maxwell. They
did not describe the structures in terms
of our elementary units, but it is possible
to do so. Kelvin was thinking about the
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MODELS FOR RHEOLOGICAL BEHAVIOR, made up of various

combinations of the mechanisms depicted on the preceding page,
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include the Bingham body (column at left), the Prandtl body (col-
umn second from left), the Kelvin body (column third from left)



oscillations of metal wires. As a model
he proposed a sponge made of perfectly
elastic material, whose holes were filled
with a viscous liquid. He pointed out
that in a static experiment, such as
stretching the sponge with a steady
force, the model would be perfectly elas-
tic: its elongation would be proportional
to the force, and it would return to its
original shape when the force was re-

a8
F—edWe—

=
e WWWVe——

CnEn
e WWWe—
(K

e ——

and the Maxwell body (column at right). Successive drawings in
each column show the behavior of these bodies under the influence

moved. On the other hand, in a dy-
namic experiment—for example, rapidly
stretching and compressing the sponge—
the viscous flow of the contained liquid
would absorb energy, and the body
would behave like rubber or jelly. Kel-
vin’s model turned out not to apply to
oscillating wires, but it does describe
quite well a type of soil containing large
grains of silt embedded in fine clay.

In rheological terms a Kelvin body is
represented by a spring in parallel with
a dashpot [see illustration at left below].
It is an elastic solid whose reactions are
not instantaneous, but are retarded by
the viscous dashpot.

A Maxwell body also is made of a
spring and a dashpot, but the two are
hooked up in series [see illustration at
right below]. It reflects the fact that
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of an applied force. Broken rectangles indicate original position
of weight or piston; black rectangles, position at a given instant.
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COMPLEX FLOW OF DOUGH is represented by this intricate

combination of rheological models. The model consists of a Max-

fluids—even ideal gases, which Maxwell
himself was studying—may have elastici-
ty as well as viscosity. If we pull on the
model, the spring extends at once, and
the piston begins traveling behind it.
Thus we may think of the Maxwell body
as a liquid that can be strained (i.e.,
that can have its shape changed) elas-
tically. If we keep the model stretched
at a certain length, the piston continues

to move until the elastic strain disap-
pears. We can say that the elastic stress-
es, or forces, in the liquid have “relaxed”
in the time required by the piston to
complete its motion.

But there is another way of looking at
it. Imagine a rather weak spring at-
tached to a dashpot containing extreme-
ly viscous oil. If the spring is pulled out
and then quickly released, it will return

well body (top left) in parallel with a Saint-Venant body (bottom
left) ,which are then connected in series with a Kelvin body (right).

almost exactly to its original position.
The plunger will hardly have moved at
all. Now the body looks like an elastic
solid. Depending on the viscosity we
assign to the dashpot, it might be hours,
weeks, even centuries before the fluid
properties become apparent. From this
point of view the everyday qualitative
difference between a solid and a liquid
becomes only a quantitative difference,

SHEARING ACTION results in geometrically nonlinear flow. A
block with slanted sides (diagram at top) is pushed by a shearing
force to an upright position (diagram at bottom). The original dis-

tance between its sides, a, has now increased to the distance «’.
Thus the block is stretched sideways and is under tension, as is
indicated by the two arrows that point inward from its sides.
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Their problem:

To control an entire electric
power system with a computer
on an economic basis

Names of these scientific Americans:

E. D. Early, Vice President
Southern Services, Inc.

H. W. Page, Manager of Power Supply
Florida Power & Laght Co.

As so often happens when a signifi-
cant technological advance is made,
workable solutions to this problem
were conceived independently in
widely separated locations—and at
about the same time.

Back in the late 1940’s, much the-
oretical work had been done by a
number of men in an effort to use
computers for automatic economic
generation control on electric power
company systems. The most difficult
part of their problem consisted of
reducing a thousand-odd power sys-
tem operating variables to a mathe-
matical expression which lent itself
to electronic computation. On the
basis of their efforts, two outstand-
ing operating engineers made the
contributions which led directly to
practical computer-control.

One was E. D. Early, then Man-
ager of the Southern Company
Power Pool, which consists of four
separate power companies covering
a four-state area in the South. He
succeeded in developing an analog
method of obtaining the incremental

QUALITY systems engineering
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cost of power delivered for each unit
on the system—including the effect
of bothincremental generating costs,
and incremental transmission losses
associated with delivering power to
theload centers. He succeeded where
others had failed because of his in-
genious use of the power system it-
self, in effect, as part of computer
feedback —an arrangement which
greatly simplified computer design.
As a result, he was the first by some
two or three years to actually install
a workable computer (the famed
‘“Early Bird”) and use it for eco-
nomic system control. This computer
—the world’s first incremental cost
computer for delivered power—ac-
celerated interest in cost computers.
Since its installation in 1954, addi-
tional control equipment has been
incorporated in the “Early Bird” to
provide for automatic economicload-
ing of steam units, thus making the
computer part of a closed loop
arrangement.

The other engineer was H. W.
Page, Manager of Power Supply,
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E.D. Early

Florida Power & Light Company. In
1948, when Page was associated
with Ebasco Services as a consult-
ant on power system operating prob-
lems, he made a study of the rapidly
expanding Florida P & L transmis-
sion system. In addition to showing
F P & L how transmission losses
could be incorporated into its man-
ually-calculated plant loading sched-
ules, Page and two associates® were
able to derive the ‘“coordination
equation” which made computer-
control of the system practicable.
This equation was presented in a
widely-acclaimed AIEE paper in
1949, and today is utilized by a De-
sired Generation Computer in the
Miami control center of the FP & L
system. Not only does this computer
provide closed-loop control of the
system on a cost basis, but it also
plots graphic answers to the many
anticipated loading problems which
occur as power is exchanged with
neighboring utilities, generating
units are taken off the line for main-
tenance, etc.

LEEDS & NORTHRUP

INSTRUMENTS ® AUTOMATIC CONTROLS ® FURNACES



H.W. Page

Both Early and Page took their
ideas to the control engineers of
Leeds & Northrup who had designed
and built generation controls for
the majority of America’s inter-
connected power systems. Their
creative work—and application ex-
perience — enabled them to make
transistors and printed circuits do
what Early and Page said they
should do. The result wasthe “Early
Bird,” and a succession of Desired
Generation Computers which are
controlling power automatically in
every region of the country. So suc-
cessful are these computers that in
many cases annual savings approach
installed costs.

A close look at Leeds & Northrup
control systems in the power indus-
try—in any industry—shows the
kind of quality results which scien-
tifically-minded leaders respect. Sug-
gestion: Get further facts on L&N’s
Desired Generation Computer by
writing us at 4935 Stenton Avenue,
Philadelphia 44, Pa.

*E. E. George, Ebasco Services, and J. B. Ward,
Purdue University.

| depending on the relation between the
time of relaxation and the time of ob-
|servation. If we could sit and watch
Deborah’s mountains for a few million
years, we might also see them flow [see
illustration on page 124].

By combining the basic models in
various ways, extremely complicated
types of rheological behavior can be
represented. The most elaborate case
yet studied is the flow of dough. Ac-
cording to the British investigators R. K.
Schofield and G. W. Scott-Blair, dough
acts as if it were made of a Maxwell
body in parallel with a Saint-Venant
block, both joined in series to a Kelvin
body [see top illustration on page 132].
I leave it to the reader to picture for
himself the strange movements that this
model can perform.

Of course we do not suppose that
dough is really the most complicated of
all materials. On the contrary, every sub-
stance should be considered to have all
possible rheological properties in greater
or lesser degree. Their relative promi-
nence will depend on the conditions un-
der which the substance is examined. So
far it is dough that has been observed
under the most diverse circumstances.

The types of behavior we have con-

sidered so far, complex as they are,
nevertheless share a certain underlying
mathematical simplicity: they are all

RATE OF FLOW
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“linear.” By this we mean that effects
are directly proportional to causes. The
two basic types of motion, viscous and
elastic, are themselves assumed to be
linear, as we have indicated. In elas-
ticity the amount of stretch (or other
change in shape) is proportional to
force; in viscosity the rate of flow is pro-
portional to force. The various combina-
tions of these simple cases are also linear.

Unfortunately real materials are not
always linear, a fact that first turned up
in the study of liquids such as blood and
solutions of rubber. Homogeneous liq-
uids—water, alcohol, toluene, oil—and
true solutions such as sugar in water
have constant viscosity. Their rate of
flow is directly proportional to the pres-
sure. But when we force blood to flow
through a tube, we find that doubling
the pressure, for example, may triple or
quadruple the rate of flow. In other
words, its viscosity under large forces is
less than under small forces. The plot of
flow against force is no longer a straight
line [see illustration below]. Liquids
whose viscosity varies in this way are
suspensions or dispersions—mixtures of
different types of material.

We believe that their behavior is due
to the effect on their internal structure
of the deformation known as shear. Any
liquid flowing through a tube moves
faster in the center than near the walls.
This difference in the rate of motion

PRESSURE

VISCOSITY PLOT of a Newtonian liquid is a straight line. The rate of flow is directly pro-
portional to the pressure applied. A non-Newtonian fluid has a curved graph indicating that
the viscosity of the fluid changes with different rates of flow (or different pressures).
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WEISSENBERG EFFECT is illustrated by the drawing at right. At left a Newtonian liquid
reacts to circular stirring by moving down at the center of the vessel and up near the walls.
A liquid obeying the Weissenberg effects climbs up the stirring rod rather than down.

H
o

WEISSENBERG EFFECT is explained by shear elasticity. Rotation of liquid is faster in
plane a than in plane b (left) ; therefore the liquid is sheared circularly. Because of elas-
ticity the circular flow-line (right) is under tension along its length. Hence it acts like a
stretched rubber band and tries to squeeze the liquid in toward the center of the vessel.
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of adjacent layers is shearing action. In
suspensions, shear presumably alters the
internal arrangement of the constituents,
making them flow more easily at higher
rates of shear. Thus if the suspension
consists of long, thin particles in a lig-
uid, shearing might tend to align the
particles in a common direction.

Whatever the exact mechanism, the
phenomenon depends on the physical
structure of the material, and hence is
called physical nonlinearity. Liquids
that behave in this way are called non-
Newtonian.

Although the basic model elements—
spring, dashpot and block—are not ideal-
ly suited to represent a non-Newtonian
liquid, it is possible to combine them in
such a way that they will simulate its
action. Thus it seemed until fairly re-
cently that all possible types of rheo-
logical behavior could be analyzed in
terms of the three basic elements. Then,
during World War II, Karl Weissen-
berg in England discovered some totally
new and strange effects (which I, at the
same time, predicted from theoretical
considerations).

Experimenting with napalm and oth-
er viscous materials he saw these liquids
do things that were simply impossible
according to the standard theories. An
investigator observing these motions for
the first time, Weissenberg wrote,
“would hardly believe his eyes.”

We will mention just one example of
the Weissenberg effects. Think of what
happens when a rotating rod, like the
shaft of a soda-fountain mixer, is low-
ered into a liquid. The liquid is set into
rotation and, under centrifugal force,
tends to move outward toward the walls
of its container. The net result is to push
the liquid down in the center, around
the rod, and up toward the walls [see
illustration at left at the top of this page].
When Weissenberg tried this [illustra-
tion at right], he saw his liquid climb
up the rod!

The search for an explanation of such

phenomena has demonstrated that
some fundamental processes, supposed-
ly well understood, are more subtle
than they seem. For our purposes we
need consider only the case of “simple”
shear elasticity. Imagine an elastic block
with slanting sides and a horizontal
top and bottom [see bottom illustration
on page 132]. The bottom is held fixed,
and a horizontal force is applied to
the top, pushing the block until its
sides are upright. In describing the con-
dition of the block, we now say it
contains shear stresses that push back
against the applied force and tend to



MICROWAVE "PLUMBING” Complex assemblies of pipes and ducts manipulate speed-of-light micro-
wave energy, put it to precision uses. Sperry system shown controls microwave radar signals that
guide Navy’s deadly Talos missile.

BIRTH OF A MATERIAL by scientific mixing and
“cooking” exemplifies advanced research in solid
state physics. Material is used in unique “ferrite
device” . .. the microwave transistor . . . that
increases radar reliability, makes long-range

radars possible.

ON-THE-LINE CHECK of aircraft radar typifies
jobs being performed by Sperry electronic test
equipment. Plant produces many types of sets in
quantity for military and industrial applications.

AUTOMATIC “"WEAPONS CHECK” Sperry RACE®
equipment provides a “go, no go” test in minutes
for electronic weapons and warning systems
employing radar. Finds trouble, indicates neces-
sary repairs, checks itself, keeps our defenses at
peak operational readiness.

Harnessing an Invisible Power to Serve Man

Scientists are finding new ways to control microwave energy, for an advancing technology

ONE OF A SERIES:

THE STORY BEHIND THE STORY
of Sperry Microwave Electronics Company

Microwaves — high energy, ultra-short
wave pulses with “frequencies” figured
in billions of cycles per second — today
command the attention of creative scien-
tists in an entire Sperry division.

Out of twenty years of microwave
research, Sperry engineers have devel-
oped super-radar techniques that can put
a sharp focus on a target hundreds of
miles away . . . antennas that can track
one target and simultaneously search for
others . . . sophisticated control circuitry

in the form of “plumbing” that manipu-
lates microwaves. ..and with the plumb-
ing, unique control devices such as
switches that can change the course of
this fast-as-light energy instantly, yet
have no moving parts.

With these developments came the
need for faster, more accurate electronic
testing. Sperry solved it with new con-
cepts, which now are widely applied in
the “countdown” and “checkout” tech-
niques that keep the nation’s weapons
systems and radar networks ready for
action.

Meanwhile, advanced research contin-
ues in such fields as nuclear and molecu-
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lar physics and quantum mechanics . . .
research that will result in continuing
benefits to our advancing technology . . .
both in defense and in human progress
.. and will aid man in his conquest of
space. Sperry Microwave Electronics
Company, Division of Sperry Rand
Corporation, Clearwater, Florida.
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bring the body back to its original shape.

But there is more to it. If we compare
the distance between the sides in the
two positions, we realize that they are
farther apart after the deformation than
before. In other words, shearing has
stretched the block horizontally, and
it is under tension, as if a stretched
spring connected its sides. The tension
is parallel to the original shearing force.

Now a liquid set into rotation by a
rod is sheared, because the higher layers
tend to move faster than the ones below
[see bottom illustration on page 136].
Here the shear is circular. If the liquid
has elasticity, there will be tension in
the same direction as the shear, as there
was in the block. Therefore a circular
flow-line acts like a stretched elastic
band, tending to shrink down, forcing
the liquid inward and up the rod.

This effect is not linear. It depends on
the geometry of the deformation; hence
it is called a geometrical nonlinearity.
We now realize that, like other rheologi-
cal properties, geometrical nonlinearity
is shared by all materials to some extent.
We can find it if we know how to look.

Recently I discovered a dramatic con-
firmation of this. If Heraclitus declared
that everything is fluid, we can now say
everything is solid—even air! In brief, I
have found that air too has shear elas-
ticity and can be made to act in the
same way as the liquids we have just
been discussing. The experimental setup
consists of two parallel circular plates,
one spinning and the other stationary.
The stationary plate has a hole in the
center to which is connected a pressure
gauge. When the plates are about one
millimeter apart, the air between them,
set into rotation, tends to fly out because
of centrifugal force. The gauge registers
a drop in pressure. Now if we move the
plates slowly closer, the pressure is
gradually restored. At last, when the gap
is only about a hundredth of a milli-
meter, the air is squeezed inward and
through the hole, and the pressure
jumps above normal.

The disks make a new kind of air
pump. Moreover, if there is no hole in
the stationary disk, the compressed air
forms a very low-friction bearing. Both
of these applications are now under
development.

It is fair to say that not all authorities
agree with my interpretation of this
effect. Some have attempted to “save”
the Navier-Stokes equations and to de-
rive the result for a strictly Newtonian
fluid with no shear elasticity. I believe,
however, that my case is now pretty well

| proved. Thus rocks are liquid, air is

solid and things are not what they seem.
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The Physiology of the Camel

How does the camel survive for weeks without drinking? Studies

in the Sahara Desert have exploded some old legends and have

elucidated the animal’s remarkably parsimonious water economy

he camel’s ability to go without
I water for long periods is prover-
bial. Naturalists since Pliny the
Elder have ascribed this talent to a built-
in reservoir on which the animal can
draw in time of need. Thus the English
zoologist George Shaw wrote in 1801:
“Independent of the four stomachs
which are common to the ruminating
animals, the Camels have a fifth bag
which serves them as a reservoir for
water. . . . This particularity is known to
Oriental travelers, who have sometimes
found it necessary to kill a Camel in
order to obtain a supply of water.”

Such tales appear even in modern
zoology textbooks (though some writers
have shifted the camel’s reservoir from
its stomach to its hump). There is re-
markably little evidence for them. A few
years ago I became interested in camel
physiology and leafed through every
book on the subject I could find. I ac-
cumulated a large amount of informa-
tion on the camel’s anatomy, its diseases
and its evolution, but discovered that
scientific knowledge of its water meta-
bolism was almost nonexistent.

The camel’s tolerance for drought is
real enough. It can travel across stretch-
es of desert where a man on foot and
without water would quickly die of
thirst. This fact poses some interesting
questions for the physiologist. No animal
can get along completely without water.
Land animals in particular lose water
steadily through their kidneys and from
the moist surfaces of their lungs; mam-
mals cool themselves in hot surroundings
by evaporating water from their skins or
oral membranes.

Desert animals have evolved a variety
of mechanisms to minimize these losses.
The kangaroo rat, for example, produces
urine which contains so little water that
it solidifies almost as soon as it is ex-
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creted. The animal avoids the heat and
thus decreases evaporation by passing
the daylight hours in a relatively cool
burrow [see “The Desert Rat,” by Knut
and Bodil Schmidt-Nielsen; SciENTIFIC
AMERICAN, July, 1953].

The camel can hardly escape the heat
by burrowing. Does it emulate the desert
rat by excreting a highly concentrated
urine? Does it store water in its stomach,
or anywhere else? For that matter, just
how long can a camel go without water?

Our laboratory at Duke University
was obviously no place to seek answers
to these questions. Accordingly my wife
and I, together with T. R. Houpt of the
University of Pennsylvania and S. A.
Jarnum of the University of Copen-
hagen, undertook to study camels in the
Sahara Desert. The information we were
seeking was not only of scientific inter-
est but might also be of practical im-
portance. In many arid lands the camel
is the chief domestic animal. It serves
not only as a beast of burden but also as
a source of milk, meat, wool and leather.
A better understanding of camel physi-
ology might benefit the economy of these
areas, which include some of the most
poverty-stricken regions on earth.

"1 he expedition required a year’s plan-
ning, because we had to be com-
pletely independent of outside supplies
in setting up our desert laboratory. Late
in 1953 we arrived at the oasis of Béni
Abbeés, located in the desert south of the
Atlas Mountains. To many Americans
the word “oasis” suggests a few date
palms clustered around a well. Béni
Abbes, however, is a community of sev-
eral thousand people. Its location over
an underground river flowing down
from the mountains ensures water for
drinking and some irrigation.
Camels are valuable beasts in the Sa-
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hara, and we had considerable difficulty
in securing animals for experimental
purposes. With the aid of our native as-
sistant, Mohammed ben Fredj, I man-
aged after considerable haggling to pur-
chase one animal and later to rent two
others. Meanwhile we sought to track
down the source of some of the abun-
dant camel folklore.

Explorers have often reported that
their camels have gone without water
for as long as several weeks. Is this pos-
sible? Under certain circumstances it is.
Much desert exploration has been con-
ducted in winter, because the desert
summers are unbearably hot. During the
winter the camel can often meet its need
for water by browsing on bushes and
succulent plants, which flourish after a
rain and contain considerable water. In-
deed, we found that in the Sahara graz-
ing camels are not watered at all in win-
ter. Some that had not drunk for as much
as two months refused water when we
offered it to them. When we examined
such animals that had been butchered
for meat, we found that all their organs
contained the normal amount of water.

Thus the camel’s drought tolerance in
winter seems entirely ascribable to its
diet. Even a man would have no diffi-
culty in abstaining from drinking in cool
weather if he fed largely on juicy fruits
and vegetables. During the winter
months the only way to dehydrate a
camel is to restrict it to a fodder of dry
grass and dried dates (not the soft, sweet
dates of the grocery but a hard, fibrous
and bitter variety). Even when we kept
our camels on this completely dry diet,
they could go for several weeks without
drinking, though they lost water steadily
through their lungs and skin and through
the formation of urine and feces. We
were able to measure these losses quite
accurately simply by weighing the



beasts, because unlike most animals de-
prived of water they continued to eat
normally and thus did not lose weight
in the usual sense. When we finally of-
fered them water, they would in a few
minutes drink enough to bring their
weight back to normal. In no case did
they drink more water than they had
previously lost. Evidently they were not
storing up a surplus but replacing a
deficit.

Our studies of butchered camels sup-
ported this conclusion; we could find no
evidence for special water-storing or-
gans. The camel’s first stomach, or ru-
men, does have pouches that are not
found in the stomachs of other rumi-
nants. These pouches have been called
water sacs by some investigators, but
their total fluid capacity is only about a
gallon, and they contain coarsely masti-
cated fodder rather than water. The
main part of the rumen and the other
stomachs contained considerable fluid,
but less than the stomachs of other ru-
minating animals do. Chemical analysis
revealed the similarity of the fluid to di-
gestive juices; in salt content it resem-
bled blood rather than water. Though
it could furnish no significant reserve of
water for the camel, it might well save
the life of a thirsty man. The stories of
travelers who killed their camels for wa-
ter may thus be true. However, a man
would have to be terribly thirsty to re-
sort to such an expedient, because the
fluid is usually a foul-smelling greenish
soup. As for other possible sites of water
storage, we found that neither the hump
nor any other part of the animal’s body
contained an unusual quantity of fluid.

The tale that the camel stores water
has probably gained color from the ani-
mal’s remarkable capacity for rapid and
copious drinking. During a later experi-
ment one of our camels drank more than
27 gallons of water in 10 minutes. Cam-
els are always watered before a long
desert journey, and if they have not been
watered for some days they will drink
greedily. The uncritical observer could
easily conclude that the animals are
storing water in anticipation of future
needs.

Some writers have alleged that the
camel’s fatty hump, though it contains
no water reservoir, nonetheless provides
the animal with a reserve of water as
well as of food. Their logic is simple
enough. All foods contain hydrogen and
therefore produce water when they are
oxidized in the body; the desert rat ob-
tains all its water from this source. Fat
contains a greater proportion of hydro-
gen than any other foodstuff and yields

o BT Uy A - P LR g

CAMEL CAN LOSE WATER amounting to more than 25 per cent of its body weight. A
dehydrated camel (top) appears emaciated but can still move about; a similarly dehydrated
man would be unconscious or dead. The animal can quickly drink back its water losses and
resume its normal appearance (bottom). Photographs were made about 10 minutes apart.
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a correspondingly larger amount of wa-
ter: about 1.1 pounds of water for each
pound of fat. Thus a camel with 100
pounds of fat on its back might seem
to be carrying 110 pounds—more than
13 gallons—of water. But in order to turn

in oxygen through its lungs; in the pro-
cess it loses water by evaporation from
the lung surfaces. Calculation of the rate
of loss indicates that the animal will lose
more water by evaporation than it can
gain through oxidation.

the fat into water the camel must take If the camel possesses no special re-
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CAMEL SURVIVES DEHYDRATION partly by maintaining the volume of its blood. Un-
der normal conditions (top) plasma water in both man and camel accounts for about a 12th
of total body water. In a camel that has lost about a fourth of its body water (center) the
blood volume will drop by less than a 10th. Under the same conditions a man’s blood vol-
ume will drop by a third (bottom). The viscous blood circulates too slowly to carry the
man’s body heat outward to the skin, so that his temperature soon rises to a fatal level.
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He kept the crib
from rocking

For accurate firing, Titan and its
subterranean steelwork crib must be
kept in absolute alignment with the
earth’s center despite natural move-
ments of the crust or nuclear shock.
This AMF production engineer’s
problem was to build the shock ab-
sorbers AMF designed for the job.
These are massive, pneumatic cylin-
ders constructed of precision-fabri-
cated, precision-fitted steel parts.

Now, it’s no particular trick to fit
ultra-fine-tolerance parts together if
they’re of manageable size. But how,
as in this case, could he slide a 600-
pound, 6-foot-long steel tube, 1%
feet in diameter, into another tube
when the clearance between the two
is less than 3/1,000 of an inch ? How
could he maintain alignment to pre-
vent Brinelling or scouring as one
slid a full ten feet into the other?

Here’s what he did: He put down
heavy steel tracks for a series of
wheeled carts. He mounted the tubes
on carts, adjusted position...and,
slid them together.

Single Command Concept

This ingeniously simple but unique
horizontal assembly concept is one
more example of AMF production
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and to complete them faster...in
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serves of water, it must have evolved
methods for economizing on water ex-
penditure. Its kidney functions in par-
ticular seemed worth investigating. All
vertebrates rely on the kidney to rid
their bodies of nitrogenous wastes (in
mammals primarily urea). Few animals
can tolerate any accumulation of these
substances in the body. The kangaroo
rat conserves water by eliminating a
urine very rich in urea, and we were not
surprised to find the camel following its
example. When we kept our camels on
dry fodder, their urine output declined
and its urea content rose. In the case of
one young animal, however, the urea
output dropped sharply along with the
volume of urine. The animal did not re-
tain the urea in its blood, because the
concentration of urea in the blood plas-
ma also fell. Even the injection of urea
into the bloodstream did not raise its
concentration in the urine.

PLANT
AND
ANIMAL
PROTEINS

DIGESTIVE SYSTEM

PLANT
PROTEINS
AND
CELLULOSE

DIGESTIVE SYSTEM

UNUSUAL NITROGEN METABOLISM helps the camel to get
along on low-grade fodder. In man (top) nitrogenous metabolic
wastes are constantly excreted in the form of urea. In the camel
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Further work revealed that the low
level of urea had to do with nutrition
rather than water conservation. The dry
fodder contained too little protein to
meet the nutritional needs of a young
and growing camel. Under these circum-
stances the animal was apparently able
to reprocess “waste” urea into new pro-
tein. From recent studies of sheep we
have found that they share the camel’s
ability to use nitrogenous compounds
over and over again. Experiments with
cows by other investigators suggest that
these ruminants may husband nitrogen
in the same manner [see “The Metab-
olism of Ruminants,” by Terence A.
Rogers; SCIENTIFIC AMERICAN, Febru-
ary, 1958].

To determine the maximum efficiency
with which the camel can excrete urea,
we tried to put one of our camels on a
high-protein  diet. Unfortunately the
camel’s taste in food is exceedingly con-
servative. When we sought to trick the
animal into increasing its protein intake
by feeding it dates stuffed with raw pea-
nuts, it balked at the first date and re-
fused to accept any more for the rest of
the day. Over a period of weeks we
gradually accustomed it to the adul-
terated food, but we were forced to

LIVER
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abandon the experiment when we found
that we had exhausted the entire stock
of peanuts in the oasis!

The kidney of the desert rat has a
remarkable capacity for concentrating
not only urea but also salt, and one
would expect the camel’s kidney to op-
erate with similar efficiency. We were
not able to test this hypothesis because
neither the fodder nor the local wells
contained much salt. We were told,
however, that camels in other areas
could and did drink “bitter waters” con-
taining enough magnesium sulfate (ep-
som salt) to sicken a man. Camels in
coastal regions were said to browse on
seaweed along the shore; these plants
would of course have a salt content
equal to that of sea water. It seems quite
possible that the camel can approach the
performance of the desert rat, whose
efficient kidney permits it to drink sea
water without harm.

F ven the most efficient kidney cannot

- explain the camel’s ability to get
along on low water-rations during the
desert summer. In this season the tem-
perature soars to 120 degrees Fahren-
heit or more. Since higher animals can-
not survive body temperatures much

UREA P N
—_——— 3
| urea
cionevs |

(bottom) urea may return via bloodstream to the stomach, where
in combination with broken-down cellulose it is reprocessed into
new protein. Sheep and perhaps cattle husband nitrogen similarly.
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*True Voltage Rating—the transistors can be operated continuously at

Westinghouse Electric Corporation, Semiconductor Department, Youngwood, Pa.
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over 100 degrees, they must either seek
shelter, as do many small desert crea-
tures, or cool themselves by evaporation
of water from the mouth (panting) or
from the skin (sweating). On a hot
desert day a man may produce more
than a quart of sweat an hour.

A man losing water at this rate rap-
idly becomes intensely thirsty. If the

loss passes 5 per cent of his body weight
(about a gallon), his physical condition
rapidly deteriorates, his perceptions be-
come distorted and his judgment falters.
A loss of 10 per cent brings on delirium,
deafness and insensitivity to pain.

In cool surroundings a man may cling
to life until he has lost water up to 20
per cent of his body weight. In the desert

heat, however, a loss of no more than
12 per cent will result in “explosive heat
death.” As the blood loses water it be-
comes denser and more viscous. The
thickened blood taxes the pumping ca-
pacity of the heart and slows the circu-
lation to the point where metabolic heat
is no longer carried outward to the skin
and dissipated. The internal tempera-
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“FLEXIBLE” BODY TEMPERATURE partly accounts for the
camel’s ability to conserve water. Colored curves show variations
in body temperature for a camel and a donkey over a 20-day period
during the desert summer; a typical temperature curve for a man
is shown for comparison. Solid gray curves show variations in air
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temperature during the same period; the broken curves indicate
the additional heat load due to radiation from the sun and ground.
The camel’s temperature can rise to 105 degrees before the animal
begins to sweat freely; during the night its temperature drops as
low as 93 degrees, thereby delaying the next day’s rise. The camel




ture of the body suddenly increases, and |
death quickly follows.

How does the camel fare under simi-
lar conditions? We kept one camel with-
out water for eight days in the heat of
the desert summer. It had then lost 220
pounds—about 22 per cent—of its body
weight. It looked emaciated; its abdo-
men was drawn in against its vertebrae,
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bator designed especially for home or apartment
use. It includes heating unit control, ventilated
chimney tube, aluminum insulator, spiral egg cra-
dle, humidifier, thermometer and, most important,
a fertile egg.

Simply open up the Chick-U-Bator when it arrives
in the mail, plug the line cord into an ordinary
110 volt AC outlet and with a little care and
attention, you'll have a happy, healthy chick in
just a few weeks.

Through the transparent plastic dome you actu-
ally see the mysterious birth process taking place.
Two days before the chick is born you hear it begin
to peep from inside the shell. Then the shell begins
to crack. Finally the chick emerges and takes its
first breath, its first unsteady look at life.

Now the Chick-U-Bator is easily converted from
an incubator to a brooder. Never at any time is
there any mess. Never any unpleasant odors. And
the Chick-U-Bator is so light and compact it can
be moved at any time to any room in the house.

The Chick-U-Bator can be used again and again
for years, not only to hatch chicken eggs, but duck
eggs, quail eggs, pheasant eggs, even pigeon eggs.

A 12-page illustrated hatching guide tells all
about the hatching process and exactly how to
operate the Chick-U-Bator. Prominent educators
have praised it as a wonderful educational gift
for children. Hundreds are already in use in school
classrooms. Purchase price immediately refunded
if not thoroughly satisfied. Price, $6, plus postage.
Shipping Wt. 2 Ibs. In California, add 4% sales tax.

KELLART CO., 166 Geary, San Francisco 8, Calif.
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HEAT FLOW IN CAMEL AND MAN is compared in these schematic cross sections of a
small portion of body surface. Colored curves show temperature; heat flow, suggested by
arrows, increases with the slope of the curves. Camel (top) can eliminate heat from its
body with an average skin temperature of about 103 degrees; its wool slows the heat flow
from the environment. Man (bottom), with a lower body temperature and an insulating
layer of fat beneath the skin, must maintain a lower skin temperature (that is, must evapo-
rate more sweat) to obtain the same flow of heat from his interior. The lack of insulation
between his skin and the air raises heat flow from the air, necessitating still more evaporation.
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its muscles were shrunken and its legs
were scrawny and appeared even longer
than usual. But even though the animal
would not have been able to do heavy
work or travel a long distance, it was
not in serious condition. It had no diffi-
culty in emptying bucket after bucket
of water and quickly recovered its nor-
mal appearance. Later experiments
showed that camels can lose more than
25 per cent of their body weight with-
out being seriously weakened. The lethal
limit of dehydration is probably consid-
erably higher, but for obvious humani-

- tarian reasons we did not attempt to de-

termine it.

How does a camel that has lost water
amounting to a quarter of its body
weight—more than a third of the water
in its system—manage to avoid the ex-
plosive heat death that would overtake
a man long before this point? It can do
so because it maintains its blood volume
despite the water loss. We were able to
calculate the blood volume before and
after dehydration by injecting a non-
poisonous dye into the bloodstream and
measuring its concentration when it had
become evenly distributed. In the case
of a young camel that had lost about 11
gallons of water the reduction in blood
volume was less than a quart. The water
had been lost not from the blood but
from the other body fluids and from the
tissues.

One might suppose that the camel has
some special physiological mechanism
for maintaining its blood volume. In
theory, however, a man should be able
to do the same thing. When he lacks
water, the osmotic pressure of the pro-
teins in his blood plasma should draw
it from the rest of his body. Since this
does not happen, the real question is not
how the dehydrated camel maintains its
blood volume but why a dehydrated man
does not.

rl‘ he camel not only tolerates dehydra-
tion much better than a man but also
loses water much more slowly. One rea-
son is that it excretes only a small volume
of urine—in summer often as little as a
quart a day. The animal saves much
more water, however, by economizing
on sweat.

In the burning heat of the desert an
inanimate object such as a rock may
reach a temperature of more than 150
degrees F. A camel in such an environ-
ment, like a man, maintains a tolerable
body temperature by sweating. But
where the temperature of the man re-
mains virtually constant as the day
grows hotter, the temperature of the
camel increases slowly to about 105
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degrees. As the temperature of the camel
rises, the animal sweats very little; only
when its temperature reaches 105 de-
grees does it sweat freely. The camel’s
elevated temperature also lessens its
absorption of heat, which of course de-
pends on the difference between the
temperature of its body and that of the
environment.

The camel lowers the heat load on its
body still further by letting its tempera-
ture fall below normal during the cool
desert night. At dawn its temperature
may have dropped as low as 93 degrees.
Thus much of the day will elapse before
the animal’s body heats up to 105 de-
grees and sweating must set in. As a re-
sult of its flexible body temperature the
camel sweats little except during the
hottest hours of the day, where a man
in the same environment perspires al-
most from sunrise to sunset.

These remarkable temperature fluctu-
ations—about 12 degrees for the camel
as against two degrees for a man—might
seem to indicate a failure of normal heat
regulation. This, however, is not so. The
camel’s body temperature never rises
above 105 degrees. Moreover, if the
camel has free access to water, the fluc-
tuations are much smaller: about four
degrees, comparable to the fluctuations
during the cool winter months.

These findings may have implications
for animal husbandry in the tropics.
Cattle breeders have long sought ways
of adapting the highly productive Euro-
pean dairy and beef animals to hot cli-
mates. In the process they have generally
assumed that animals whose body tem-
perature rises in hot weather will adapt
poorly to heat. Although this assumption
is often correct, the camel’s example sug- .
gests that the reverse may sometimes be
true.

People in desert areas and outside

them have long appreciated the ex-
cellent insulating properties of camel
hair. The camel employs camel-hair in-
sulation to lower its heat load still fur-
ther. Even during the summer, when the
camel sheds much of its wool, it retains
a layer several inches thick on its back
where the sun beats down. When we
sheared the wool from one of our camels,
we found that the shorn animal pro-
duced 60 per cent more sweat than an
unshorn one. To Americans, who wear
light clothing during the summer, the
idea that a thick layer of wool is advan-
tageous in the desert may seem unrea-
sonable. The Arabs, however, typically
dress in several layers of loose clothing,
frequently made of wool. I have seen a
nomad returning from the desert shed
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| one thick wool burnous after another.

We ourselves quickly learned that Arab
dress was more comfortable than “civil-
ized” garments.

The camel’s hump also helps indi-
rectly to lessen the heat load on the ani-
mal. Nearly all mammals possess a food
reserve in the form of fat, but in most
of them the fat is distributed fairly uni-
formly over the body just beneath the
skin. In having its fat concentrated in
one place the camel lacks insulation be-
tween its body and its skin, where evapo-
rative cooling takes place. The absence
of insulation facilitates the flow of heat
outward, just as the insulating wool
slows the flow of heat inward.

To clarify the relative importance of

insulation and temperature fluctua-
tion in lowering the camel’s need for
water, we repeated several of our expe-
riments on a donkey. Because the don-
key, like the camel, is a native of the
arid lands of Asia, it should presumably
have developed similar devices for con-
serving water.

We found that the donkey could tol- |

erate as much water loss as the camel—
up to 25 per cent. The donkey, however,
lost water three times more rapidly than
the camel does; thus it could not go as
long without drinking. In one experi-
ment a camel went for 17 days without
drinking, while the donkey had to be
watered at least once every four days.
The difference in water loss seems part-
ly due to the fact that the body tempera-
ture of the donkey is more stable than
that of the camel. The donkey begins to
sweat when its temperature has risen
only slightly. Furthermore, the donkey’s
coat is quite thin in comparison with the
camel’s and thus does not provide so ef-
fective a bamier against heat from the
environment.

The donkey outdoes the camel in one
respect: its drinking capacity. A camel
that has lost 25 per cent of its body
weight can drink back the loss in about
10 minutes; a donkey can perform the
same feat in less than two minutes. A
man drinks much more slowly; after a
day in the desert he will not completely
make up his water losses for several
hours or until he has eaten (when he
tends to drink with his food).

The drinking capacity of both camel
and donkey doubtless came about by
evolutionary adaptation in the wild state.
Water holes are rare in an arid land, and
predators often lie in wait near them.
The animal that can quickly replenish
its water losses and depart is likely to
live longer than one that must linger by
the water to satisfy its needs.
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Differentiation in Social Amoebae

Certain amoebae gather to form a mass of spores and a stalk. The way

in which spore cells and stalk cells segregate may shed light on how

the cells of many-celled organisms differentiate into various types

ecently I was asked to talk to two
R visiting Russian university rectors
(both biologists) about the curi-
ous organisms known as slime molds.
Communication through the interpreter
was somewhat difficult, but my visitors
obviously neither knew nor really cared
what slime molds were. Then, without
anticipating the effect, I wrote on the
blackboard the words “social amoebae,”
a title I had used for an article about
these same organisms some years ago
[see “The Social Amoebae,” by John
Tyler Bonner; SCIENTIFIC AMERICAN,
June, 1949]. The Russians were electri-
fied with delight and curiosity. 1 de-
scribed how individual amoebae can
come together under certain conditions
to form a multicellular organism, the
cells moving into their appropriate
places in the organism and differentiat-
ing to divide the labor of reproduction.
Soon both of my guests were beaming,
evidently pleased that even one-celled
animals could be so sophisticated as to
form collectives.

Of course there are other reasons why
slime molds hold the interest of biolo-
gists. The transformation of free-living,
apparently identical amoebae into dif-
ferentiated cells, members of a larger
organism, presents some of the same
questions as the differentiation of em-
bryonic cells into specialized tissues. In
the budding embryo, moreover, cells go
through “morphogenetic movements”
which seemingly parcel them out to
their assigned positions in the emergent
organism. The only difference is that the
simplicity of the slime molds provides
excellent material for experiments.

The slime-mold amoebae, inhabitants
of the soil, do their feeding as separate,
independent individuals. Flowing about
on their irregular courses they engulf
bacteria, in the manner of our own
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by John Tyler Bonner

amoeboid white blood cells. At this
stage they reproduce simply by divid-
ing in two. Once they have cleared the
food away, wherever they are fairly
dense, the amoebae suddenly flow to-
gether to central collection points. There
the cells, numbering anywhere from 10
to 500,000, heap upward in a little tow-
er which, at least in the species Dicty-
ostelium discoideum, settles over on its
side and crawls about as a tiny, glisten-
ing, bullet-shaped slug, .1 to two milli-
meters long. This slug has a distinct
front and hind end (the pointed end is
at the front) and leaves a trail of slime
as it moves. It is remarkably sensitive
to light and heat; it will move toward
a weak source of heat or a light as faint
as the dial of a luminous wrist watch.
As the slug migrates, the cells in the
front third begin to look different from
the cells in the two thirds at the rear.
The changes are the early signs of dif-
ferentiation; eventually all the hind cells
turn into spores—the seeds for the next
generation—and all the front cells coop-
erate to make a slender, tapering stalk
that thrusts the mass of spores up into
the air.

To accomplish this transformation the
slug first points its tip upward and
stands on end. The uppermost front cells
swell with water like a bit of froth and
become encased in a cellulose cylinder
which is to form the stalk. As new front
cells arrive at the frothy tip of the stalk
they add themselves to its lengthening
structure and push it downward through
the mass of hind-end cells below. When
this process, like a fountain in reverse,
has brought the stalk into contact with
the surface, the continued upward mi-
gration of pre-stalk cells heightens the
stalk lifting the presumptive spore cells
up into the air. Each amoeba in the
spore mass now encases itself in cellu-
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lose and becomes a spore. The end re-
sult is a delicate tapering shaft capped
by a spherical mass of spores. When the
spores are dispersed (by water or by
contact with some passing creature such
as an insect or a worm), each can split
open to liberate a tiny new amoeba.

\V’ hat mechanism brings the inde-
'V pendent slime-mold amoebae to-
gether in a mass? More than a decade
ago we found that they are attracted by
the gradient of a substance which they
themselves produce. In our early experi-
ments we were unable to obtain cell-
free preparations of this substance
(which we named acrasin) ; cells active-
ly secreting it were always necessary to
start an aggregation. Later B. M. Shaffer
of the University of Cambridge got
around this barrier in an ingenious ex-
periment. He took water that had been
near acrasin-producing cells (but was
itself free of cells) and applied it to the
side of a small agar block placed on top
of some amoebae. The amoebae mo-
mentarily streamed toward the side
where the concentration of acrasin was
higher. Shaffer found that the water
must be used immediately after it is col-
lected in order to achieve this effect, and
that it must be applied repeatedly. He
therefore concluded that acrasin loses
its potency rapidly at room temperature.
The loss of potency, he showed, is
caused by enzymes that are secreted by
the amoebae along with acrasin; when
he filtered the fluid through a cellophane
membrane to hold back the large en-
zyme molecules, he was able to secure
a stable preparation of acrasin. Presum-
ably the enzymes serve to clear the en-
vironment of the substance and so en-
hance the establishment of a gradient in
the concentration of acrasin when it is
next secreted. Maurice Sussman and his



SPHERICAL MASSES OF SPORES of the social amoeba Dicty- amoebae of the same species. When the spores are dispersed, each
ostelium discoideum are held aloft by stalks composed of other can liberate a new amoeba. The stalks are about half an inch high.
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AGGREGATING AMOEBAE of Dictyostelium discoideum move
in thin streams toward central collection points. Each of the centers

co-workers at Brandeis University in
Waltham, Mass., have confirmed Shaf-
fer’s work and are now attempting the
difficult task of fractionating and puri-
tying acrasin, steps leading toward its
identification.

Meanwhile Barbara Wright of the
National Institutes of Health in Bethes-
da dropped a bombshell. She discovered
that urine from a pregnant woman could
attract the amoebae under an agar block
just as acrasin does. The active compo-

nents of the urine turned out to be
steroid sex hormones. This does not
necessarily mean that acrasin is such a
steroid. Animal embryologists were
thrown off the track for years when
they found that locally applied steroids
induce the further development of early
embryos. Only after much painful con-
fusion did it become clear that steroids
do not act directly on the embryo, but
stimulate the normal induction sub-
stance. We must therefore consider the

comprises thousands of cells. This photograph and facing one were
made by Kenneth B. Raper of the University of Wisconsin.

possibility that the steroids act in a
similarly indirect manner on the amoe-
bae. The purification of acrasin will, we
hope, soon settle the question.

From observations of the cells during
aggregation, Shaffer has come to the in-
teresting conclusion that the many in-
coming amoebae are not responding to
one large gradient of acrasin but to re-
lays of gradients. That is, a central cell
will release a puff of acrasin that pro-
duces a small gradient in its immediate

DEVELOPMENT OF THE FRUITING BODY of a slime mold is

shown in this series of photographs made at half-hour intervals.
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At far left the tip cells are starting to form a stalk. In the next
two pictures the stalk has pushed down through the mass to the



MIGRATING SLUGS of Dictyostelium discoideum leave trails of
slime behind them as they move. The photographs in this article

vicinity. The surrounding cells become
oriented, and now produce a puff of
their own. This new pufl orients the
cells lying just beyond, and in this way
a wave of orientation passes outward.
Time-lapse motion pictures show the
amoebae moving inward in waves,
which could well represent the relay
system. If this interpretation is sound,
then the rapid breakdown of acrasin by
an enzyme plainly serves to clear the
slate after each puff in preparation for

!

the next. The cells do not depend en-
tirely on acrasin for orientation; once
they are in contact they tend to stick to
one another and the pull-tension of one
guides the cells that follow. This is a
special case of contact guidance, a phe-
nomenon well known in the movements
of embryonic cells of higher animals.

fter the amoebae have gathered to-

+ X gether, what determines their po-
sition within the bullet-shaped slug?
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appear in The Cellular Slime Molds, by John Tyler Bonner, and
are reproduced with permission of Princeton University Press.

One might assume that the cells that ar-
rive at the center of the heap auto-
matically become the tip of the slug,
and that the last cells to come in from
the periphery make up the hind end. If
this were the case, chance alone would
determine whether a cell is to become a
front-end cell and enter into the forma-
tion of the stalk, or a hind-end cell and
become a spore. If, on the other hand,
the cells rearrange themselves as they
organize into a slug, then it is conceiv-

-

surface and is starting to lift the cell mass. In the fourth picture

opaque. In the last two pictures the spore mass moves up to the
the spores have formed their cellulose coats, making the ball more

very top of the stalk, as the stalk itself becomes still longer.
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LIFE CYCLE OF A SLIME MOLD, typified by Dictyostelium

discoideum, involves the aggregation of free-living amoebae into

able that the front end might contain
selected cells, differing in particular
ways from those in the hind end. I am
embarrassed to say that in 1944 I pre-
sented some evidence to support the
idea that their chance position was the
determining factor—evidence that, as
will soon be clear, was inadequate. It is
some comfort, however, that I was able
to rectify the error myself.

The first faint hint that the cells do
redistribute themselves in the slug stage
came when we repeated some experi-
ments first done by Kenneth B. Raper of
the University of Wisconsin. We stained
some slugs with harmless dyes and then
grafted the hind half of a colored slug
onto the front half of an unstained slug.
The division line remained sharp for a

CUTAWAY DRAWINGS of five stages show how the cells change.
At the end of aggregation all cells appear the same (1), but in the
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number of hours, just as Raper had pre-
viously observed. But later we noticed
that a few stained cells were moving
forward into the uncolored part of the
slug. In the reverse graft, with the front
end stained, a similar small group of
colored cells gradually migrated toward
the rear end of the slug. Still, the num-
ber of cells involved was so small that
it could hardly be considered the sign
of a major redistribution. Next we tried
putting some colored front-end cells in
the hind end of an intact slug. The re-
sult was a total surprise: now the colored
cells rapidly moved to the front end,
traveling as a band of color up the
length of the slug.

Here was a clear demonstration that
the cells do rearrange themselves in the
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4
TIME (HOURS)

a unified mass (first three drawings), then the formation of a slug
which moves about for a time (next four drawings) and finally

slug and that there is a difference be-
tween the cells at the front and hind
ends. The difference between front-end
and hind-end cells—whatever its na-
ture—was confirmed in control experi-
ments in which we grafted front-end
cells to the front ends of the slugs and
hind-end cells to the hind ends; in each
case the cells maintained their posi-
tions.

It looked as if front-end cells were
selected by their speed; the colored cells
simply raced from the rear end to the
front. When we placed hind-end cells
in the front end, they traveled to the
rear, outpaced by the faster-moving
cells, which again assumed their forward
positions. We tried to select fast cells
and slow cells over a series of genera-

slug they are of two types (2 and 3). The cells near the tip (3)
gradually turn into stalk cells (4) and move down inside the



7 8

the development of a fruiting body (last six

drawings). Times are only approximate.

tions to see if speed was a hereditary
trait, but after selection the cultures
showed no differences from one another
or from the parent stock.

)uite by accident a new bit of evi-
(, dence turned up in an experiment
designed for totally independent rea-
sons. Instead of using the fully formed
slug we stained amoebae colonies in the
process of aggregation and made grafts
at this stage by removing the center of
the stained group and replacing it with
a colorless center, or vice versa. In either
case the resulting slug was always uni-
formly colored, indicating a rapid reas-
sortment of the cells during the forma-
tion of the slug.

The evidence for a rearrangement of

mass. The others (2) become spores (5) as |
the growing stalk lifts them into the air. |
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Factors. A PhD degree is preferred. Familiarity with engineering con-
cepts in electronics and/or with military operations problems is highly
desirable. Write in confidence to: Mr. George Callender, Dept. 59-M L

HEAVY MILITARY ELECTRONICS DEPARTMENT

GENERAL@ ELECTRIC

Court Street, Syracuse, N.Y.
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cells was becoming impressive, but 1
felt uneasy about the reliability of tests
with dyes because such tests had led me
into my earlier error. We needed to con-
firm our results by a different method.

At about this time M. F. Filosa, who
was working in our laboratory on his
doctoral dissertation, discovered that
many of our amoeba cultures contained
more than one genetic type. By isolating
and cultivating single cells of each type
he was able to obtain pure strains that
displayed various recognizable abnor-
malities—in the way they aggregated, in
the shape of their slugs or in the form
GRAFTED SLUG composed of the hind end of a stained slug and the front end of an un- of their spore masses [see illustration on
stained slug retains a sharp line of demarcation between the parts even after several hours. page 160]. The discovery of these strains

furnished natural “markers” for identi-

fying and following cells.
' Of course there remained one tech-
' nical problem: How could the individual
cells be identified? Fortunately Raper
had shown some time earlier that each
fragment of a slug that has been cut into
pieces will form a midget fruiting body.
Spores derived from the several frag-
ments can then be cultured individually.
The amoeba from each spore will give
rise to many daughter amoebae which
can be scored for mutant or normal
characteristics as they proceed to form
slugs and fruiting bodies.

In one experiment we started with a
culture of cells in the free-living feed-
COLORED TIP taken from a stained slug can be inserted into the hind part of an intact ing stage, into which was mixed 10 to 15
slug. The colored cells then move forward as a band until they again are at the front tip. Per cent of mutant cells. If we were to
find a higher concentration of one type
of cell in one part of the resulting slug,
then we could conclude that there had
been a rearrangement. We allowed the
cells to form a slug and cut it up into
three parts. Upon culturing the individ-
ual spores produced by each part, we
found that the hind third had 36 per
cent mutant cells, the middle third 6
per cent and the front third 1 per cent.
Nothing could be more clear-cut; ob-
viously the cells sort themselves out in
a way that brings the normal cells to
the front end of the slug. In another
experiment, with a larger percentage of
mutant cells in the mixture, hind and
middle fractions contained 91 per cent
mutant cells, and the front end only
66 per cent. Further experiments, in-
cluding some with other species of slime
mold, all led to the same conclusion.
During the process of slug formation
some cells are more likely to reach the
front end than others, and the position
of a cell in the slug does not merely de-
pend upon its chance position before
COLORED AGGREGATE in which the center has been replaced by a colorless center aggregation.
produces a uniformly colored slug, indicating that the cells are rearranged as the slug forms. One must assume that certain cells
The experiment illustrated in these drawings was originally performed by Kenneth B.Raper. Mmove to the front because they travel the
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n advanced concept

The Singer Manufacturing Company announces the formation of its Military Products Division,
which through its three functional units, Haller, Raymond & Brown, Inc.,

Diehl Manufacturing Company, and Singer Bridgeport Division, can efficiently handle

complex electro-mechanical and electronic programs from concept to completion.

SINGER MILITARY PRODUCTS DIVISION
The Singer Manufacturing Company 149 Broadway, New York 6, N. Y.

SINGER-BRIDGEPORT + DIEHL * HRB-SINGER
*A Trademark of THE SINGER MANUFACTURING COMPANY
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fastest, while the other, slower cells are
left behind in the rear end of the slug.
Considering the different fates of the
front and rear cells, however, it is natu-
ral to wonder whether there are any
other discernible differences between
the front and hind cells. Size is one of
the easiest qualities to measure, and
comparison of spores from the front and
rear portions showed that cells of the
front segment are larger. From this it
might be concluded that the fastest cells
are the largest. But size is related to
many other factors; some evidence indi-

cates that cells in the front end divide
less frequently than those in the hind
regions, and this could affect their size.
The possibility of a correlation between
size and speed can only be settled by
further experiment and observation.

But one fact is inescapable. The cells

that tend to go forward are not
identical with those that lag behind. Do
the differences ultimatelv determine
which cells become stalk cells and which
will be spores? The most obvious deduc-
tion is that among feeding amoebae

roughly a third are presumptive stalk
cells, and the rest are predestined to be
spores. This interpretation is clearly
false, however, because then it would
be impossible to explain how a single
fragment of a cut-up slug can produce
a perfect miniature fruiting body. The
cells in the hind piece, which would
normally yield spores, recover from the
surgery that isolates them from the large
slug, and one third of these presumptive
spore cells proceed to form the midget
stalk. This remarkable accommodation
to a new situation is also exhibited by

NORMAL AND MUTANT STRAINS of Dictyostelium mucoroides
are contrasted in these drawings. The normal form (a) aggregates
in thin streams, and its slug remains anchored by a thin stalk. The

“MV” mutant (b) aggregates in broad streams and produces a
starfish-like slug which then breaks up into smaller slugs. The
stalk of the mutant is usually shorter than that of normal strain.

160
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ON TARGET WITH TORRINGTON!

Torrington’s ability to handle the unusual in anti-friction
components is typified by this two-row tapered roller
bearing specially engineered for the Kollmorgen Optical
Corporation, Northampton, Mass.

The bearing plays a critical role in the hoisting yoke of
the type 6C submarine attack periscope. It has been de-
signed with an extended cone to accommodate gear teeth,
and other unusual features include fluted cone bore, key-

ways and drilled and tapped holes. As an integral com-
ponent in the submarine’s fire control system, the bearing
must operate with the utmost precision, efficiency and
reliability.

Whatever your bearing needs—standard or non-stand-
ard—Torrington’s uncompromising workmanship is your
continuing assurance of the best in every aspect of design,
material and performance.

THE TORRINGTON COMPANY

Torrington, Conn. « South Bend 21, Ind.
RESEARCH FOR PROGRESS IN BEARING DESIGN AND PERFORMANCE
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PER CENT MV

REDISTRIBUTION OF CELLS was proved in an experiment in which MV mutant cells
(black) were randomly mixed with normal cells at feeding stage (a). The cells aggregated
(b), and the resulting slug (c) was cut into three parts (d). Each part produced a fruiting
body (e and f). Spores of each were then identified (g) by culturing them separately. The
concentration of mutant cells was markedly higher in spores from the hind part of the slug.
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many types of cells in embryos and in
animals capable of regenerating limbs
and organs.

A more reasonable way to explain the
relation between sorting-out and differ-
entiation is to visualize the aggregating
amoebae as having all shades of varia-
tion in characteristics between the ex-
tremes found at the ends of the slug.
As they form a slug the cells place them-
selves in such an order that from the
rear to the front they display a gradual
increase in speed, in size and perhaps
in other properties not yet measured.
Thus each fragment of a cut-up slug
retains a small gradient of these proper-
ties. It is conceivable that the gradient,
set up in the process of cell rearrange-
ment, actually controls the chain of
events that leads the front cells to form
a stalk and the hind cells to become
spores. For the present, however, this is
only conjecture.

At this point let me emphasize that
the sorting-out process is not unique to
slime molds. Recently A. A. Moscona of
the University of Chicago and others
have found that if the tissues of various
embryos or simple animals are separated
into individual cells, the cells can come
together and sort themselves out [see
“Tissues from Dissociated Cells,” by
A. A. Moscona; SCIENTIFIC AMERICAN,
May]. For instance, if separate single
pre-cartilage cells are mixed with pre-
muscle cells, the cartilage cells will ag-
gregate into a ball and ultimately form
a central mass of cartilage surrounded
by a layer of muscle. By marking the
cells in a most ingenious way Moscona
showed that there was no transforma-
tion of pre-cartilage cells into muscle
cells or vice versa; each cell retained its
original identity but moved to a charac-
teristic location. In animals, then, sort-
ing-out appears to be a general phe-
nomenon when the cells are artificially
dissociated. Since the movement in
slime molds is part of their normal de-
velopment, this raises the challenging
question whether such sorting-out oc-
curs in the normal development of ani-
mal embryos as well.

One must concede that slime-mold
amoebae do profit by collectivization:
the aggregate can do things the indi-
viduals cannot accomplish alone. In the
amoebae’s society, however, all are not
created equal; some rise to the top and
others lag behind. And then there is this
distressing moral: Those that go forward
with such zest to reach the fore are re-
warded with sacrifice and destruction as
stalk cells. It is the laggards that they
lift into the air which survive to propa-
gate the next generation.
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THINKS IN "BITS”
BUT TALKS
YOUR LANGUAGE

The binary combinations of ones and zeros
stored in computers are called “bits”...and
there are 160,000 of them stored in RECOMP.

RECOMP’s exclusive readout panel converts
these “bits” into arabic numerals. .. providing
fast, easy readout of any word or number in the
magnetic disk memory. RECOMP communicates
in your language. Under computer control or
at the push of a button, the unique readout dis-
plays in a choice of three formats: decimal,
octal, or command.

The all-transistorized, general purpose
RECOMP has built-in floating point and square
root arithmetic ... high-speed photoelectric
tape reader (400 characters per second) ...
4,096-word memory, including 16 words placed
in high-speed loops, and a storage capacity of
over 8,000 instructions.

RECOMP provides fast and accurate answers
to problems of engineering, science and indus-
try. It’s available now for sale or lease...and
there’s no extra equipment to buy or cost of
installation. For information on how RECOMP
can solve your special problems, please write
Autonetics Industrial Products, Dept. 112,
3584 Wilshire Blvd., Los Angeles 5, California.

Autonetics @

INDUSTRIAL PRODUCTS

© 1959 SCIENTIFIC AMERICAN, INC




Lockheed Missiles and Space Division

invites your mquary into these

Important career positions are available at Lockheed Missiles and Space Division at its
new facilities on the beautiful San Francisco Peninsula —one of the choicest living areas
in the nation. Headquarters for the Division are at Sunnyvale, California, with Research
and Development Facilities located in the Stanford Industrial Park in nearby Palo Alto.

The Division is widely diversified —having complete capability in more than 40 areas
of science and technology, from concept to operation. Areas of work include: metal-
lurgy: sonics; reconnaissance; computer design and development; propulsion and exotic
fuels; space physics; hydrodynamics; the flight sciences; space medicine; manned space
vehicles; telemetry. electronics; applied mathematics: operations research and analysis;
space communications; reentry; design; and test, both environmental and flight.

Equipment and facilities are completely modern and include one of the largest
computer centers in the world.

The Division is systems manager for several major. long-range projects and its research
and development programs reach far into the future. It is a rewarding future with a
company that has an outstanding record of leadership and progress.

Unusual opportunities exist for experienced engineers and scientists to contribute to
the solution of new problems in the areas listed on the next page. If you are experienced
in these areas, or have background in related fields, we invite your inquiry. Please write:
Research and Development Staff, Dept. 1.-36, 962 West El Camino Real, Sunnyvale,
California. U.S. citizenship required.
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Advanced degree preferred with background in one
or more of the following areas: flight test analysis of
reentry Irajectories and/or systems evaluation; flight
test unalysis of trajectories and separation evaluation;
theory of subsonic and hypersonic aerodynamics;
underwater stahility and control hydrodynamics; aero-
dynamic preliminary design studies; research in gas
dynamics studies of thrust vecior controls, stage sepa-
ration, propulsion systems analysis, und rocket nozzle
design: or wind tunnel studies and testing:

Advanced degree required with real time experience
with analog computers. For the solution of problems
in flight controls; guidance; aero and thermo dynam-
ics; dynamic analysis and process controls.

Advanced degree in E.E. preferred with background
of several years’ experience in antenna design for space
vehicles.

Ph.D. preferred, advanced degree required, with strong
research background for development work in fuel
cells; batteries; the direct conversion of electro-
chemical energy; electrode kinetics; catalysis; photo-
chemistry; thin film; and solid state. Work concerns
both military and commercial applications.
Advanced degree required, Ph.D. preferred with back-
ground in either physical-organic chemistry: inorganic
chemistry; analytical chemistry; or electrochemistry
for research and development work in such areas as:
instrumental analytical techniques including infrared,
ultraviolet and mass spectroscopy: gas solid reaction
kinetics; microchemical analysis techniques; surface
treatment of metals and surface reaction kinetics;
molecular resistance of substances to various environ-
ments including formulation of elastomers; or rein-
forced plastics.

Advanced degree in E.E. or physics preferred but not
required, with experience in infrared systems research
and development, or electrical engineers with back-
ground in electronics information theory: servomecha-
nisms; specialized circuitry, as in low-level voltage
circuits, or physicists with background in optics or
semi-conductors. For work in infrared physics re-
scarch; advanced systems development; or physical
measurements in infrared.

Degree in E.E. or communications with background
in design of UHF, VHF and RF transmitters; telem-
ctry systems and components; ¢ircuit design or logi-
cal design components.

Background of graduate work in E.E. or math., with
interest in advanced areas of computer research in
such cfforts as: pattern recognition; automata studies;
logical design and switching theory; information re-
trieval; and behavior patterns of artificial neurons
patterned closely after those of the human brain.

Advanced degree in MLE. preferred with background
of mechanisms and small structures desirable. For
research in experimental design and the development
of a variety of research lest models.

Advanced degree in M.E. preferred with experience
in the design of aero and thermodynamic missile scale
models including previous work in wind tunnel model
design and test. Shop liaison experience desirable.

Advianced degree preferred for basic and applied
research in one or more of the following areas: metal-
lurgical behavior and mechanisms concerning high
temperature and advanced missile materials with inter-
est in metal physics; deformation and fracture; phase
equilibria; transformations; or diffusion. Also, to con-
duct basic and applied studies in refraciory metals;
dispersed phase systems; fiber metallurgy; ceramics
and thermal protective materials systems. Also, for
X-ray and electron diffraction research and studies in
single crystals; point defects; parameter measurements;
pole figure determinations,

Experience required in MASER amplifiers and vari-
able reactance parametric devices, for experimental
research in microwave.

Degree in E.E. required and several years’ experience
in developmental testing of ordnance and pyrotechnic
devices, preferably in the missile field, with complete
familiarity with high speed oscillography; pin tech-
niques; pulse circuitry techniques; high speed photog-
raphy; and instrumentation methods for recording
pressure; shock; velocity and temperature for the de-
velopment of ordnance equipment for missiles.

Advanced degree required and Ph.D. preferred in
E.E., physics or chemistry and evidence of creative,
original work through published articles, patents or
superior Ph.D. theses for research work in one or more
of the following: thermoelectric; photovoltaic; lumis-
tor; ferrite; logic component; sensor; thermistor; or
cryogenic devices. Also, materials analysis and evalua-
tion; processing techniques design and development of
novel electronics devices and components; circuit
analysis; circuit topology; or microminiaturization.

MISSILES AND SPACE DIVISION

Systems Manager for Navy POLARIS FBM; DISCOVERER, MIDAS and SAMOS;
Army KINGFISHER; Air Force Q-5 and X-7

SUNNYVALE, FALO ALTD., VAN NUYS SANTA CRUZ, SANTA MARIA, CALIF. *

CAPE CANAVERAL, FLA. . ALAMOGORDO. N.M. . HAWAII
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MATHEMATICAL GAMES

Diversions that clarify group theory,

particularly by the weaving of braids

by Martin Gardner

he concept of “group,” one of the
I great unifying ideas of modern
algebra and an indispensable tool
in physics, has been likened by James R.
Newman to the grin of the Cheshire cat.
The body of the cat (algebra as tradi-
tionally taught) vanishes, leaving only
an abstract grin. A grin implies some-
thing amusing. Perhaps we can make
group theory less mysterious if we do
not take it too seriously.

Three computer programmers—Ames,
Baker and Coombs—wish to decide who
pays for the beer. Of course they can
flip pennies, but they prefer a random
decision based on the following network-
tracing game. Three vertical lines are
drawn on a sheet of paper. One pro-
grammer, holding the paper so that his
friends cannot see what he is doing,
randomly labels the lines A, B and C
[see illustration at left below]. He folds
back the top of the sheet to conceal these
letters. A second player now draws a
series of random horizontal lines—call
them shuttles—each connecting two of
the vertical lines [see second illustration
below]. The third player adds a few
more shuttles, then marks an X at the

bottom of one of the vertical lines [see
third illustration].

The paper is unfolded. Ames puts his
finger on the top of line A and traces it
downward. When he reaches the end of
a shuttle he turns, follows the shuttle to
its other end, turns again and continues
downward until he reaches the end of
another shuttle. He keeps doing this until
he reaches the bottom. His path [traced
in color in the fourth illustration] does
not end on the X, so he does not have to
buy the drinks. Baker and Coombs now
trace their lines in similar fashion.
Baker’s path ends on the X, so he picks
up the tab. For any number of vertical
lines, and regardless of how the shuttles
are drawn, each player will always end
on a different line.

A closer look at this game discloses
that it is based on one of the simplest of
groups, the so-called permutation group
for three symbols. What, precisely, is a
group? It is an abstract structure involv-
ing a set of undefined elements (a, b, ¢

.) and a single undefined operation
(here symbolized by . ) that pairs one
element with another to produce a
third. The structure is not a group un-
less it has the following four traits:

1. When two elements of the set are
combined by the operation, the result is
another element in the same set. This is
called “closure.”

2. The operation obeys the “associa-
tive law”: (a.b).c = a.(b.c)

3. There is one element ¢ (called the
“identity”) such thata.e = e.a = a

4. For every element a there is an in-
verse element @’ such thata.a’ = a’.a = ¢

If in addition to these four traits the
operation also obeys the commutative
law (a.b = b.a), the group is called a
commutative or Abelian group.

The most familiar example of a group
is provided by the integers with respect
to the operation of addition. It has clo-
sure (any integer plus any integer is an
integer). It is associative (adding 2 to 3
and then adding 4 is the same as adding
2 to the sum of 3 and 4). The identity
is 0 and the inverse of a positive integer
is the negative of that integer. It is an
Abelian group (2 plus 3 is the same as
3 plus 2). The integers also form an
Abelian group with respect to multiplica-
tion, but here the identity is 1 and the
inverse of an integer is its reciprocal
(e.g., the inverse of 5 is 1/5). The in-
tegers do not form a group with respect
to division: 5 divided by 2 is 2%, which
is not an element in the set.

Let us see how the network game ex-
hibits group structure. The top illustra-
tion on page 169 depicts the six basic
“transformations” that are the elements
of our finite group. Transformation p
switches the paths of A and B so that
the three paths end in the order BAC.
Transformations ¢, 7, s and t give other
permutations. Transformation e is not
much of a change; it consists of drawing
no shuttles at all. These six elements cor-
respond to the six different ways in which
three symbols can be permuted. Our
group operation, symbolized by . , is
simply that of following one transforma-
tion with another; that is, of adding
shuttles.

A quick check reveals that we have
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The network-tracing game
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Report from I1BM ‘ Yorktown Research Center, New York

MAGNETIC EXPLORATION ALONG THE CRYSTAL AXIS

How does the orientation of crystallites within a thin metal-
lic film relate to its magnetic properties? This is the question
under study by a group of scientists at Zurich, Switzerland —
one of the laboratories coordinated from the IBM Yorktown
Research Center.

Electron-diffraction permits the investigation of the crys-
tal structure of thin magnetic films prepared by evaporation
in vacuum. In particular the orientation of the numerous
small crystals in a polverystalline film can be detected. The
uniform distribution of density along the rings in the left-
hand picture results from a random distribution of crystal
axes, whereas the arcing of the rings at the right indicates a

preferred orientatien, known as fiber texture. Alignment of
the axes of the individual crystallites contributes to the film’s
magnetic anisotropy—the variation of magnetic energy with
different directions of magnetization.

Techniques for producing predictable anisotropy in thin
films and for measuring magneto-crystalline relationships
are among the goals of the present work. Thorough under-
standing of all factors influencing the magnetic anisotropy
is mandatory for the development of optimal operation of
magnetic thin film logic and memory devices. Mastery of
anisotropic films may thus offer a promising route to greater
capabilities in tomorrow’s computers.

IBM.RESEARCI

%

Investigate the many career opportunities available in exciting new fields at IBM.
International Business Machines Corporation, Dept. 659L, 590 Madison Avenue, New York 22, New York.

© 1959 SCIENTIFIC AMERICAN, INC



sta-bil'i-ty

Poised in recovery or skimming straight and level — in
any attitude — stability augmentation from American-
Standard* steadies the Kaman H-43B Huskie. This
USAF rescue helicopter adds one more high perforimance
vehicle to the growing list of applications for our
subminiature inertial components. In aircraft — the
F-106, in missiles — the Terrier and Tartar, and in
submarines — the Polaris class, American-Standard,
Military Products Division supplies gyros fundamental to
accurate positioning and control.

Company sponsored development in the Military Products
Division has produced a family of gyroscopes,
accelerometers and miniature components whose quality,
performance and reliability make them unique in the

field of navigation and stabilization systems.

Winning this degree of acceptance has created new
Opportunities for career opportunities in advanced design, production and
Engineers applications engineering. American-Standard, Military
Products Division, Norwood, Massachusetts.

* American-Siandard and Standard ® are trademarks of
American Radiator & Standard Sanitary Corporation.
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The six elements of the network-game group

here a structure with all the properties
of a group. It has closure because no
matter how we pair the elements we
always get a permutation in the order
of the paths that can be achieved by one
element alone. For example, p.t = r be-
cause p followed by ¢ has exactly the
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Results of pairing elements in the network-game group. Broken line indicates r

same effect on the path order as apply-
ing r alone. The operation of adding
shuttles is clearly associative. Adding
no shuttles is the identity. Elements p,
q and r are their own inverses, and s
and t are inverses of each other. (When
an element and its inverse are combined,
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sta-bil'i-ty

The GR-H3 rate gyro in this
application weighs less than
four ounces, has 0.5%, linearity
to half range, 29, to full range.

Constant-damped, the GR-H3
requires no heaters, can be
supplied with compensated
damping from —65°F

to +210°F.

GR-H3 units on test exceed
10,000 hours life at 150°F
ambient, 7000 hours at 200°F
ambient.

If you need gyros

of proven reliability,

write

American-Standard*, Military
Products Division, Norwood,
Massachusetts.

‘A Standard and Standard ® are crademarks of

Amencan Radiator & Standard Sanitary Corporation.

‘ American-Dtandard
MILITARY PRODUCTS DIVISION
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COMMUNICATIONS SYSTEM POWER UNIT

THE RAW MATERIALS OF PROGRESS

POWER...IN THE SPAN OF A MAN'S HAND...

This remarkably small 1 KW linear power amplifier
(entire unit is approximately the size of an 815"
cube) was developed by the Communications Divi-
sion of Hughes Aircraft for the U. S. Air Force
B-58 bomber.

With a blend of 3M Company’s FC-75 and FC-43
as a dielectric coolant, the amplifier provides all the
high-power output required by this huge aircraft’s
HF communications system, yet withstands all
military environments at temperatures from —55°F.
to +-200°F. Here’s why: the circuitry of the ampli-
fier is immersed in this non-corrosive, non-flammable
inert fluid which protects it against internally
generated heat through a highly efficient evaporative

ee+« WHERE RESEARCH IS THE KEY TO TOMORROW\{\‘\
X

cooling process. There are no hot spots, and a uniform
temperature is maintained throughout.

By using FC-75 and FC-43 in this way, Hughes
Communications Division engineers were able to
achieve a ‘“‘compression in volume of a factor of 6’
when developing this amplifier for use in an area
where space is at a premium. Other areas of applica-
tion now under investigation include submarines
and ground base systems.

Why not investigate the remarkable properties of
3M Inert Fluids in terms of your product design,
miniaturization or performance problems? For com-
plete data, write: 3M Chemical Division, Dept.
KMA-129, St. Paul 6, Minn.

CHEMICAL DIVISION
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| the result is the same as drawing no

THERMAL AND CHEMICAL STABILITY as well
as dielectric properties make 3M Brand
Fluorochemical FC-75 and FC-43 right
for use in the Hughes Power Amplifier.
FC-75 has a useful liquid range of —150°F.
to 4-212°F. at atmospheric pressure, with
a viscosity of 16 Centistokes at —90°F.
In addition, it offers these other useful
properties: high dielectric strength in both
liquid and vapor state (37 KV 0.1” gap
for liquid) . . . self-healing in high voltage
electrical equipment . . . excellent wetting
power . . . compatible with materials com-
monly used in the construction of high
temperature equipment . . . thermally
stable to temperatures in excess of 750°F.
and, even under extreme use conditions,
does not form sludge or corrosive products.
Heat capacities in liquid and vapor state
are approximately equal.

FC-75 COOLED!

3M CHEMICAL DIVISION, MANUFACTURERS OF :

o ACIDS

o RESINS

o ELASTOMERS

o PLASTICS

o OILS, WAXES AND GREASES

o DISPERSION COATINGS

o FUNCTIONAL FLUOROCHEMICALS
o SURFACTANTS

o AND INERT LIQUIDS

shuttles at all.) It is not an Abelian
group (e.g., p followed by ¢ is not the
same as ¢ followed by p).

The bottom illustration on page 169
provides a complete description of this
group’s structure. What is the result of
following r with s? We find r on the left
side of the table and s at the top. The
intersection of column and row is the
cell labeled p. In other words, shuttle
pattern r followed by shuttle pattern s
has the same effect on path order as
pattern p. This is a very elementary
group that turns up in many places. For
example, if we label the corners of an
equilateral triangle, then rotate and re-
flect the triangle so that it always occu-
pies the same position on the plane, we
find that there are only six basic trans-
formations possible. These transforma-
tions have the same structure as the
group just described.

It is not necessary to go into group
theory to see intuitively that the network
game will never permit two players to
end their paths on the same vertical line.
Simply think of the three lines as three
ropes. Each shuttle has the same effect
on path order as crossing two ropes, as
though forming a braid. Obviously no
matter how you make the braid or how
long it is, there will always be three sepa-
rate lower ends.

Let us imagine that we are braiding
three strands of a girl’s hair. We can re-
cord successive permutations of strands
by means of the network diagram, but
it will not show how the strands pass over
and under one another. If we take into
account this complicating topological
factor, is it still possible to call on group
theory for a description of what we are
doing? The answer is yes, and Emil
Artin, a distinguished mathematician
now at the University of Hamburg, was
the first to prove it. In his elegant theory
of braids the elements of the group are
“weaving patterns” (infinite in num-
ber), and the operation consists, as in
the network game, of following one pat-
tern with another. As before, the identity
element is a pattern of straight strands—
the result of doing nothing. The inverse
of a weaving pattern is its mirror image.
The illustration at right shows a sample
pattern followed by its inverse. Group
theory tells us that when an element is
added to its inverse, the result is the
identity. Sure enough, the two weaving
patterns combined prove to be topo-
logically equivalent to the identity. A
tug on the end of the braid in the illus-
tration and all strands pull out straight.
(Many magic tricks with rope, known
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Eastman 910 Adhesive
solves another
design bottleneck

Directly measuring dimensional
changes in structural members under
stress, strain gages provide aircraft de-
signers with performance data at al-
most any point in the airframe during
flight testing. As many as 8,000 gages
have been used during the flight test-
ing program of a single aircraft.

Because of its rapid setting charac-
teristics and its ability to adhere to vir-
tually any material, Eastman 910
Adhesive has become the preferred ad-
hesive for attaching strain gages.

Conventional adhesives require up
to 24 hours curing time before reliable
readings can be taken. Use of Eastman
910 Adhesive can reduce this waiting
period to less than 5 minutes.

Eastman 910 Adhesive is making
possible faster, more economical as-
sembly-line 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 simple to
use. No mixing, heat or pressure is re-
quired. Upon spreading into a thin film
between two surfaces, setting begins
immediately. With most materials,
strong bonds are made in minutes.

What production or design problem
can this unique adhesive solve for you?

Bonds Almost Instantly
... Without Heat,
Pressure or Catalyst

For a trial quantity (15-0z.) send five dol-
lars to Armstrong Cork Co., Industrial
Adhesives Div., 9112 Inland Road, Lan-
caster, Pa., or to Eastman Chemical Prod-
ucts, Inc., Chemicals Div., Dept. S-12,
Kingsport, Tenn. (Not for drug use)
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in the trade as releases, are based on this
interesting property of groups.) Artin’s
theory of braids not only provided for
the first time a system that classified all
types of braids; it also furnished a
method by which one could determine
whether two weaving patterns, no mat-
ter how complex, were or were not topo-
logically ecuivalent.

Braid theory is involved in an unusual
game devised by Piet Hein of Copen-
hagen, several of whose mathematical
recreations have been discussed in this
department. Cut a piece of heavy card-
board into the coat-of-arms shape de-
picted below. This will be called the
plaque. Its two sides must be easily dis-
tinguished, so color one side or mark it
with an X as shown. Punch three holes
at the square end. A two-foot length of
heavy but flexible cord (sash cord is
excellent) is knotted to each hole. The
other ends of the three strands are at-
tached to some fixed object like the back
of a chair.

You will find that the plaque can be
given complete rotations in six different
ways to form six different braids. It can
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be rotated sidewise to the right or to the
left; it can be rotated forward or back-
ward between strands A and B; it can
be rotated forward or backward between
strands B and C. The second illustration
below shows the braid obtained by a
forward rotation through B and C. The
question arises: Is it possible to untangle
this braid by weaving the plaque in and
out through the strands, keeping it hori-
zontal at all times, X-side up, and always
pointing toward you? The answer is no.
But if you give the plaque a second rota-
tion, in any of the six different ways, the
result is a braid that can be untangled by
weaving the placque without rotating it.

To make this clear, assume that the
second rotation is forward between A
and B, creating the braid shown in the
third illustration. To remove this braid
without rotating the plaque, first raise
C at the spot marked Y and pass the
plaque under it from right to left. Pull
the strings taut. Next raise A at the spot
marked Z and pass the plaque under it
from left to right. The result is that the
cords pull straight.

The following surprising theorem
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Rotation at left produces braid in center; rotation in center, braid at right
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RADIOSONDE

WALLOPS ISLAND ROCKET

SPAEROBEE

ELECTRICAL CONNECTORS FOR TEST AND RESEARCH MISSILES

Ideas are the payload aboard these
vehicles. From the wealth of data they radio
back to recording stations, concepts grow
to maturity or become stepping stones to
further advance.

In the complex electronic systems that
guide these missiles and telemeter their
findings to earth, electrical connectors are
the most critical links. Integrity and design
flexibility for missile electronic systems are
assured by electrical connections of the

From prototype, thru pilot run to production line— billions of connections depend on

BURNDY

OMATON DIVISION

Norwalk, Connect. e Toledo, Ohio e Toronto, Canada e

compression type. Burndy, which over 25
years ago pioneered the compression prin-
ciple of electrical connections and has led
in this application ever since, is uniquely
equipped for current development prob-
lems. Burndy’s design groups are working
closely with manufacturers of missiles and
components on a systems approach to in-
tegrating connectors with the other vital
components of electrical and electronic
circuits.

T ] Y
) 'ﬁ.z':n
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In Europe: Antwerp, Belgium
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Aluminum wave guide
components, large and small,
are cast smooth, sound and
accurate by the unusual
foundry methods of Morris
Bean & Company, Yellow

Springs 5, Ohio

aluminum
magnesium
ductile iron

foundries
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holds for any number of strands above
two. All braids produced by an even
number of rotations (each rotation may
be in any direction whatever) can always
be untangled by weaving the plaque
without rotating it; braids produced by
an odd number of full rotations can
never be untangled.

It was at a meeting in Niels Bohr’s
Institute for Theoretical Physics, more
than 25 years ago, that Hein first heard
this theorem discussed by Paul Ehren-
fest in connection with a problem in
quantum theory. A demonstration was
worked out, by Hein and others, in which
Mrs. Bohr’s scissors were fastened to the
back of a chair with strands of cord. It
later occurred to Hein that the rotating
body and the surrounding universe en-
tered symmetrically into the problem
and therefore that a symmetrical model
could be created simply by attaching a
plaque to both ends of the cord. With
this model two persons can play a topo-
logical game. Each holds a plaque, and
the three strands are stretched straight
between the two plaques. The players

take turns, one forming a braid and the
other untangling it, timing the operation
to see how long it takes. The player who
untangles the fastest is the winner.

The odd-even theorem also applies to
this two-person game. Beginners should
limit themselves to two-rotation braids,
then proceed to higher even-order braids
as they develop skill. Hein calls his game
“tangloids,” and it has been played in
Europe for a number of years.

Why do odd and even rotations make
such a difference? This is a puzzling
question that is difficult to answer with-
out going more deeply into group theory.
A hint is supplied by the fact that two
rotations in exactly opposite directions
naturally amount to no rotation. And if
two rotations are almost opposite, pre-
vented from being so only by the way
certain strings pass around the plaque,
then the tangle can be untangled by
moving those same strings back around
the plaque. M. H. A. Newman, in an
article published in a London mathe-
matical journal in 1942, says that P. A. M.
Dirac, the noted University of Cam-

Three problems of braid disentanglement
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STEPS IN THE RACE TO OUTER SPACE

Nuclear Rocketship

Despite the sky-high transportation costs,
Lunar manufacturing should prove eco-
nomically viable. With unlimited Solar
power, controlled atmospheres and ad-
vanced automation, a considerable com-
merce could be realized in delicate in-
struments, rare minerals, reactor cores
and other items that might be more ef-
ficiently processed or produced in the
Moon’s perfect vacuum.

To supply the Moon colonists, and to
carry their production back to Earth,
special rocketships will be developed.

Nuclear energy is the most promising
source of propellant power. The ship
shown here utilizes nuclear fission for
heat and hydrogen gas as a working
fuel. From pressurized tanks, the gas is
fed through a heat exchanger, expanded,
and expelled for the motive thrust.
When the craft leaves Earth, it carries
only enough gas for a one-way trip. For,
by extracting hydrogen and oxygen from
Lunar rocks, Moon settlers will be able to

refuel the rocketship for the return voy-
age. This will permit smaller fuel tanks
on the craft and larger payloads.

Inertial navigation systems will play an
increasing role in the exploration of outer
space. ARAIA , now providing such sys-
tems for the Air Force ATLAS ICBM, will
be in the vanguard of the race to outer
space. ARMIA . .. Garden City, N. Y.
A Division of American Bosch Arma Corp.

AMERICAN BOSCH ARMA CORPORATION
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Constant laboratory research and testing of rocket components, such as the valve above being subjected to simulated
flight conditions, assure highly relioble performance from Thiokel rocke! motors and engines
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320°F?

“Malfunction” is the most feared word
a rocket scientist can hear. One of its
most critical sources is femperature.
Ranging from hundreds below zero to
thousands above, temperature extremes
can play havoc with milli-second per-
formance specifications of complex valves
and pumping systems.

In picture left, liquid nitrogen flowing
through a turbo pump valve of a type
used on the powerplant for the Air
Force’s X-15drops thetemperature within
the valve to minus 320°F. This is slightly
cooler than in actual operation, when the
valve will pump highly combustible liquid
oxygen (minus 297°F) and ammonia.

Laboratory tests are an essential part
of the continuing research program in
new materials, new design and new fuels,
carried on by THIOKOL’s rocket builders.
In close support are the scientists of
THIOKOL’S Chemical Division, who con-
tinually seek new properties for their
liquid polymers to meet increasing per-
formance demands.

It is through such scientific team effort
that THIOKOL has been able to design
and build liquid and solid rocket propul-
sion systems having a remarkable record
for flawless functioning.

To become a THIOKOL scientist is to
enter today’s most fascinating industrial
arena. Challenging assignments exist for
research chemists in:

Propellant Analysis; Propellant Formula-
tion; Organic and Inorganic Polymers;
Fluorine and Metal Hydrides Synthesis;
High Vacuum Techniques; Fast Reaction
Kinetics; Shock Wave Phenomena; Come-
bustion Processes.

For engineers, there are scores of
exciting career opportunities in the areas
of servo system and electro mechanical
design, ininstrumentationand many other
phases of advanced propulsion research.

THIOKOL plants are located in areas
that are good places to live—Bristol,
Pennsylvania; Elkton, Maryland; Hunts-
ville, Alabama; Marshall, Texas; Denville,
New Jersey; Trenton, New Jersey;
Brigham City, Utah; Moss Point, Miss.
For further information contact: Person-
nel Director at any plant address above,

T#hcokol.

is Research to the Core

THIOKOL CHEMICAL CORPORATION

Bristol, Pennsylvania
®Registered trademark of the Thiokol Chemical Corp. for
its rocket propellants, liquid polymers, plasticizers and
other chemical products.
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Solution to last month’s card problem

bridge physicist, has for many years used
the solitaire form of this game as a model
“to illustrate the fact that the funda-
mental group of the group of rotations
in 3-space has a single generator of the
period 2.” Newman then draws on
Artin’s braid theory to prove that the
cords cannot be untangled when the
number of rotations is odd.

You will find it a fascinating pastime
to form braids by randomly rotating the
plaque an even number of times, then
seeing how quickly you can untangle the
cords. Three simple braids, each formed
by two rotations, are shown in the illus-
tration on page 174. The braid on the
left is formed by rotating the plaque
forward twice through B and C; the
braid in center, by rotating the plaque
forward through B and C and then back-
ward through A and B; the braid at right,

© 1959 SCIENTIFIC AMERICAN, INC

by two sidewise rotations to the right.
Readers are invited to determine the best
method of untangling each braid. An-
swers will be given in the next issue.

Following a practice inaugurated last
December, I close with a cryptic Yule-
tide message. To find it, you must per-
mute properly all the letters (that is,
form an anagram) of the following
sentence: MANY A SAD HEART CAN WHIS-
PER MY PRAYER.

Unfortunately permutation group the-
ory is of no help here, but the puzzle is
not nearly so hard as it looks.

Bst month readers were asked to form

a square with the 16 highest play-
ing cards so that no value or suit would
appear twice in any row, column or two
main diagonals. One solution is given
in the illustration above.
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SATELLITE RELAY
... for modern long-range communications

Pony Express riders began an American tradition for
the reliable relay of important messages over long dis-
tances. Today, Bendix is proud of its role in extending
this tradition to SAC communications through the active
radio relay satellite program.

Under Project STEER, Bendix has prime responsibility
for the entire communication system. STEER will use
polar orbit satellites to relay commands and pilot mes-
sages between Air Force ground stations in the United
States and SAC bombers ranging on global missions.
The ideal vantage point of a satellite relay will permit
utilization of line-of-sight advanced UHF techniques.
The fading and interference problems inherent in the

Bendix Systems Division [ #99%

ANN ARBOR, MICHIGAN

178

ionospheric transmissions of present HF long-range com-
munications will be avoided.

Other space age projects at the Bendix Systems
Division include magnetohydrodynamics, highly reliable
radiation-resistant communication equipment, interpreta-
tion and prediction of infrared reconnaissance, new
satellite stabilization techniques, and communication
methods to penetrate the ionized shock layer surrounding
hypersonic vehicles. Additional projects involve satellites
for weather and ground infrared reconnaissance, and for
radio navigation.

Opportunities are open to better engineers and scientists
interested in participating in advanced space programs
in an ideal scientific climate.

AVIATION CORPORATION
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Conducted by C. L. Stong

n amateur who likes to perform bio-
A logical experiments is unlikely to
turn to those involving hormones.

The endocrine glands which produce
these “chemical messengers” in the ani-
mal body comprise a complex system
that is poorly understood even by en-
docrinologists. It would also seem that
hormones themselves are not available
for amateur experimentation. Actually
this is not so. A number of animal hor-
mones can now be obtained without
prescription and at modest cost. With
them the amateur can perform relatively
simple experiments that will give him a
deeper understanding both of animal
physiology and of physiological method.

One such experiment has been de-
signed by Robert Lawrence, a physician
at Kings County Hospital in New York
City, and Henry Soloway, a student at
the State University of New York Col-
lege of Medicine. They write:

“The human body can be likened to
an engine. Structures such as the heart,
lungs and kidneys are essential to its
operation. If any of these organ systems
breaks down, the engine stops. Other
structures control the rate at which the
engine operates; they are analogous to
the flywheel, governor and throttle.
These include the endocrine-gland com-
plex, comprised of such organs as the
pituitary, thyroid, adrenals, pancreas
and gonads.

“The product of certain of these
glands, such as the adrenals or the pan-
creas, is essential to life. Their destruc-
tion by injury or disease leads to death
unless the missing hormones are sup-
plied to the body artificially. The de-
struction of others, such as the thyroid
or gonads, need not result in death, but
depriving an animal of them can seri-
ously alter various body structures and
functions such as skin texture and color,

THE AMATEUR SCIENTIST

About experiments that demonstrate

the function of the thyvroid gland

the growth and distribution of hair, the
sex drive, the rate at which the organism
grows, and so on.

“Unlike other glands, those of the en-
docrine complex elaborate and liberate
chemical substances directly into the
bloodstream. Known as hormones, these
substances include insulin, estrogen,
cortisone, testosterone and thyroxin.
Once secreted into the circulation they
act throughout the body to control the
rates of its various processes.

“Obviously the glands can function
at three levels: optimal production, over-
production and underproduction. The
experiment we shall describe is designed
to demonstrate the reaction in a group of
experimental animals when the thyroid
gland is made to function at each of
these three levels.

“The thyroid gland is located just be-
low the Adam’s apple. It elaborates the
iodine-containing hormone thyroxin,
which helps to control the animal’s rate
of metabolism. Our experiment employs
the dried and powdered thyroid gland,
which contains active thyroid hormone.
The preparation may be purchased from
the General Biological Supply House of
8200 South Hoyne Avenue in Chicago.
A 10-gram bottle, sufficient for this ex-
periment, is priced at 95 cents.

“In addition to thyroxin, the experi-
ment requires a second compound: 6-n-
propyl 2-thiouracil, usually called PTU.
When administered in sufficient quan-
tity, this compound will render the thy-
roid gland almost completely incapable
of producing thyroxin. By using either
of the two preparations it is possible to
inhibit the action of the experimental
animal’s thyroid and so reduce its natu-
ral supply of thyroxin far below the opti-
mal level. Then, by administering the
thyroid powder, one can raise the thy-
roxin level to any desired amount. The
animal is physiologically unable to dis-
tinguish between thyroxin produced by
its own thyroid gland and that adminis-
tered to it. This so-called inhibition-re-
placement technique enables the experi-
menter to observe the broad spectrum
of effects that accompanies variations in
the activity of the thyroid gland. The

© 1959 SCIENTIFIC AMERICAN, INC

amount of thyroxin needed to restore
normal function in an animal with a
nonfunctioning thyroid gland will be
measured, and records will be made of
how the various levels of simulated thy-
roid activity modify the body’s responses
to certain abnormal physiological states.

“The experiment requires 20 male al-
bino rats, each weighing between 45
and 50 grams. These can be procured
either through firms specializing in bio-
logical supplies or from pet stores. It is
inadvisable to mix male and female rats
in the experiment. The use of females
rather than males also complicates the
experiment, because the hormones in-
volved in the ovarian cycle interact with
other hormones in a regular manner that
tends to make the analysis of the experi-
ment difficult. It is also inadvisable to
perform the experiment with guinea
pigs, because in these animals the thy-
roid normally functions at a very low
level.

“The experimental rats should be di-
vided into four groups of five each. The
individuals in each group should be se-
lected so that their weights are as simi-
lar as possible. The groups are placed
in four cages, which should be approxi-
mately 12 inches high, 12 inches wide
and 18 inches long. All-metal construc-
tion is recommended, but wooden frames
covered with half-inch wire mesh are
satisfactory. The cages should be
equipped with floors of wire mesh so
that urine and feces can fall through the
wire into a shallow pan.

“The reliability of the experimental
results will depend heavily on how the
animals are maintained during the pe-
riod of the experiment. The cages must
be kept scrupulously clean and out of
drafts. Laboratory rats are more sus-
ceptible to disease than their untamed
cousins.

“When a rat is in a cold environment,
its nervous system senses the loss of
heat and communicates the need for en-
ergy to the thyroid. The gland thereupon
liberates additional thyroxin, which in
turn increases the rate at which food is
‘burned.” Since the objective of the ex-
periment is to observe the effects that
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HIGH
VOLTAGE
AT
WORK

High voltage—we mean the range from 1000
to 600,000 volts—is becoming ever more im-
portant in today’s technology.

Here, for instance, are a few novel uses
that have been found for Sorensen high-
voltage supplies. We’ll bet you haven’t heard
of all of them:

Electrostatic painting. New way of
painting speeds production by painting all
sides at once. Electric field—one auto maker
uses Sorensen 250 kv, 2 ma supplies—deposits
paint evenly and quickly. Similar applica-
tions include: spraying coating within drums

and barrels, depositing films on resistors, and |

depositing flocking fibres.

Kilovolts for depth-sounding. Under-
water spark, powered by Sorensen supply,
eliminates expensive audio transducer for
echo depth-sounding. Spark creates a sound
pulse that’s reflected from underwater sur-
faces.

Perforating pickles. Sparks puncture cu-
cumbers skins with tiny holes for fast absorp-
tion of pickling brine. Energy comes from
Sorensen high-voltage unit (30 kv, 2 ma).

Abrasives snap to attention. An elec-
tric field, sustained by a Sorensen high-
voltage supply, lines abrasive particles up
vertically with cutting edges outward when
cemented to sheet or belt. Cutting quality
and uniformity are vastly improved.

Separating ‘‘wheat from chaff.”” High
voltage now speeds processing of cereals.
Cereal passing between plates, charged from
Sorensen high-voltage supply, is sifted be-
cause grain is attracted at different rate from
dust, metallic particles, etc. Same principle
removes impurities from tobacco and low-
grade ore.

These are just a few of the jobs Sorensen
high-voltage is doing today. Others: dielec-
tric testing (ac and dc), cable fault tracing,
capacitor charging, electron tube testing, in-
jection and focusing for particle accelera-
tors. Many more. Our engineers are always
ready to discuss your high-voltage require-
ments. Write High-Voltage Systems Labora-
tory, Sorensen & Company, Richards Ave-

nue, South Norwalk, Conn. 0.43
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Cage for housing experimental rats

accompany various levels of thyroxin
in the blood independent of environ-
mental factors, the room housing the
rats must be maintained at a uniform
temperature. If possible, the tempera-
ture should be held within the range of
69 to 72 degrees Fahrenheit. The ani-
mals should be exposed to natural day-
light occasionally, but the cages must be
protected from direct sunlight because
the eyes of albino rats contain little pig-
ment and are easily injured by strong
light.

“Each cage should be equipped with
a water-dispenser. An automatic dis-
penser can be made from a pint bottle,
an elbow of glass tubing, a short length
of rubber tubing and a rubber stopper
perforated with a hole the same diameter
as the rubber tubing. The end of the
glass elbow is inserted into the tubing,
which is pushed through the hole in the
stopper. The stoppered bottle is filled
and upended so that a small air space
remains at the top, and is mounted so
that the glass tube is vertical inside the
cage. It is advisable to polish the ex-
posed end of the tube in a gas flame to
prevent the rats from cutting them-
selves.

“PTU can be obtained from the
Lederle Laboratories in Pearl River,
N. Y. A bottle containing 100 five-
gram tablets is priced at $2.61. Ama-
teurs can purchase the substance, how-

© 1959 SCIENTIFIC AMERICAN, INC

ever, only through a recognized scientific
institution, school or board of education.

“PTU is administered in the drinking
water. The required .02-per-cent solu-
tion is made by dissolving .4 gram of
PTU (eight tablets) in two quarts of
boiling water. (PTU does not dissolve
readily in cold water.) After cooling, the
solution may be stored in a stoppered
bottle from which the water bottles are
replenished as required. One group of
rats, which is reserved as a control, re-
ceives plain tap-water. The other three
groups receive the PTU solution.

“The dried-thyroid powder contain-
ing the hormone is administered with
the rat’s food. From the strictly scientific
point of view this technique leaves some-
thing to be desired, because it is impos-
sible to control the dosage accurately.
One can predict neither the precise
quantity of food that will be eaten nor
the amount of thyroxin absorbed from
the digestive tract. Ideally an accurately
measured solution containing the pure
hormone would be injected under the
skin. Pure thyroxin is costly, however,
and injection is inconvenient. In this
experiment it is permissible to sacrifice
some accuracy for a gain in convenience.

“Each of the four experimental groups
receives a diet that varies only in its
concentration of thyroid powder. A
standard ration is stocked by most bio-
logical supply-houses and is relatively



Apgonne

NATIONAL LABORATORY

Operated by the University of Chicago under a
contract with the United States Atomic Energy Commission

Please write to:
DR. LOUIS A. TURNER, DEPUTY DIRECTOR
P.O. BOX 299-U1 - LEMONT, ILLINOIS

Recognizing that research and instrumentation
are always interdependent, Argonne maintains
an intensive instrument program to support
its research efforts. Both the requirements of
the unique problems and the diversified
techniques used have resulted in an instrument
program of unusual breadth and interest.
Research progress is, in turn, immeasurably
enhanced by the devices—both electronic and
otherwise—arising from this program and

by the availability of the instrument

experts involved.

Staff positions are now available in both
instrumentation and research fields for
experienced as well as recently graduated
B.S., M.S., and Ph.D. scientists and engineers.

We would like to hear from you
concerning your interests.
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This Xmas, Give or Get
a UNITRON Refractor!

Orders shipped same day as received

The beginner, advanced amateur, and pro-
fessional alike turn to UNITRON for com-
bined optical and mechanical excellence.
Invest in a UNITRON—the telescope that
has stood the test of time.

UNITRON 2.4~ Altazimuth Refractor with UNIHEX
Complete with eyepieces for 100X, 72X, 50X, 35X;
UNIHEX Rotary Eyepiece selector; altazimuth
mounting with slow motion controls; tripod; 5X

viewfinder; sunglass; and cabinets. only s]zs
UNITRON
\

UNITRON’S 6” and 4” Equatorial Refractors

17 UNITRON REFRACTORS TO SELECT FROM
SATELLITE TELESCOPE... . .8 75
1.6” ALTAZIMUTH 75

2.4" EQUATORIAL 225
3" ALTAZIMUTH 265
3" EQUATORIAL . 435
4" ALTAZIMUTH 465
4" EQUATORIAL 785
6" EQUATORIAL .. ... 5125

All instruments fully guaranteed. Shipment express col-
lect. Prices include Standard accessories. Send check or
M.O. or 209 deposit with balance C.0.D.

TIME PAYMENT PLAN AVAILABLE!

GET UNITRON'S FREE CATALOG and 38 page
OBSERVER'S GUIDE. This valuable introduc-
tion to astronomy is yours for the asking.

Contents include—

® Observing the sun,
moon, planets and
wonders of the sky

® Constellation map
® Hints for observers
® Glovary ol 1elescope Lermi

® Wow to choose a Lefeicop

® Amateur club

Send for your copy o Dept. 6-X

UNITRON

INSTRUMENT DIVISION of UNITED SCIENTIFIC CO.

204-206 MILK STREET = BOSTON 9, MASS,
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inexpensive. Most experimenters prefer
to work with the prepared food unless
a diet is required that is deficient in some
particular element. For those who pre-
fer to make up their own rat food, the
accompanying recipe is recommended
[see table below].

“Because the object of the experiment
is to show the effects of normal, high
and low thyroid activity, two groups of
rats receive the stock ration to which
no thyroid powder is added. One of
these is the control group. It receives
plain food and water. The second is the
group to be deprived of thyroxin. It re-
ceives PTU and plain food. The remain-
ing two groups receive medication in
both food and water. The first receives
PTU and just enough thyroxin to restore
its normal complement of the hormone.
It has been calculated that the addition
of three parts of thyroid powder to 1,000
parts of stock ration almost exactly re-
places the amount of thyroxin that
would be liberated naturally. If all goes
well, the biological functioning of this
group should closely match that of the
control group. The fourth group will
simulate the effects of an overactive thy-
roid. Excessive thyroxin is administered:
12 parts of thyroid powder to 1,000 parts
of stock ration.

“The prescribed diets should be pre-
pared in bulk and stored in appropri-
ately labeled boxes from which individ-
ual food dishes are filled as required. A
50-gram rat will consume on the aver-
age about seven grams of food per day.
The food dishes should be about two
inches high and should have steep sides
to prevent spillage. They should be an-
chored to the floors of the cages and kept
filled, because the capacity of a rat’s
stemach is small. Consequently the ani-
mals will eat almost continuously.

“The experiment gets under way as
soon as the rats have been placed in
their cages and supplied with medicated
food and water. Each animal should
have been marked for identification ei-
ther by an ear punch or a dye and listed

| on an individual record sheet with col-

umn headings for body length, weight,

oxygen consumption and general com-

| ments, including a description of hair

condition.

“As previously mentioned, thyroxin
influences the animals’ metabolism. The
effect can be observed indirectly by
means of a number of tests based on one
or more of the end products of the meta-
bolic process. The test selected for this
experiment measures the rate at which
the animals consume oxygen. As de-
scribed in this department [see “The
SCIENTIFIC AMERI-
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cAN, August, 1957], the apparatus con-
sists of a large, stoppered jar containing
the animal together with approximately
eight ounces of soda lime (calcium hy-
droxide and sodium hydroxide). A grad-
uated pipette serves as a port to connect
the air in the jar with that in the room.

‘Carbon dioxide is exhaled by the ani-
mal and absorbed by the soda lime. Oxy-
gen is absorbed by the animal from the
inhaled air. Consequently air pressure
inside the jar drops, and air from the
room flows into the jar through the
graduated pipette. This flow can be ac-
curately measured by closing the end of
the pipette with a film of soapy water.
Air flowing into the tube from the room
pushes the film, which serves as a
pointer, ahead of it. Graduations indi-
cate the internal volume of the tube at
two points: one at five cubic centimeters
and the other at zero c.c.

“The time required for the soap film
to move from the zero graduation to the
five-c.c. graduation is a function of the
animal’s metabolic rate. Measure this
interval with a stop watch marked off
in hundredths of a minute. Make three
runs, add the three stop-watch readings,
divide the sum by three and divide the
resulting quotient into .3. The result
represents the consumption of oxygen in
liters per hour. Next square the recorded
weight of the animal, find the cube root
of the result and divide it by 1,000.
This gives the approximate surface area
of the animal in square meters. The
ratio of the oxygen consumption per
hour to the surface area is a measure of

NUTRIENT ’}’;"%T’g’f
_WHOLE-WHEAT_FL-OUR |21
YELLOW CORN MEAL | 21
WHOLE-OAT FLOUR | 20
WHOLE-MILK POWDER 20
LINSEED OIL MEAL 10
WCASEIN 3
YEAST 3

CALCIUM CARBONATE 1

SODIUM CHLORIDE 1

Recipe for a rat’s diet



Guided tour

of the
solar system

The new NASA Thor-boosted research rocket, DELTA, now being con-
structed by Douglas, will set up big signposts for further space explorations.
Combining elements already proved in space projects with an advanced
radio-inertial guidance system developed by the Bell Telephone Laboratories
of Western Electric Company, DELTA will have the versatility and accuracy
for a wide variety of satellite, lunar and solar missions. Douglas insistence
on reliability will be riding with these 90 foot, three-stage rockets on every
shoot. At Douglas we are seeking qualified engineers to join us on this and
other equally stimulating projects. Write to C. C. LaVene, Box 620-N, Douglas
Aircraft Company, Santa Monica, California.

Maxwell Hunter, Asst. Chief Engineer—Space Systems, goes over a
proposed lunar trajectory with Arthur E. Raymond, DO U G LAS
Senior Engineering Vice President of

MISSILE AND SPACE SYSTEMS B MILITARY AIRCRAFT Ml DC-8 JETLINERS B CARGO TRANSPORTS ll AIRCOMB M GROUND SUPPORT EQUIPMENT
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ASTRONOMICAL

6” DIA. AIR SPACED
TELESCOPE OBIJECTIVE

Hard coated on 4 surfaces

£/10—60~  focal length MOUNTED $175.00
UNMOUNTED $150.00
£/15—90~  focal length MOUNTED $175.00

UNMOUNTED $150.00

The effective aperture of the above lenses is six inches.
The black anodized aluminum mount fits into seven
inch dia. aluminum tubing.

MOUNTED AIR SPACED OBJECTIVES

The finest American Made, hand-corrected
air-spaced astronomical objectives;
mounted in black anodized aluminum cells.
DIA. F.L. PRICE PRICE
3Ya” 48" Coated $32.00 Not Coated $28.00
4Yg” 62" Coated $69.00 Not Coated $60.00

bé 144 Our selection of diame-
ters and focal lengths is
the largest in the United
States available for immediate delivery. Perfect magnesium
fluoride coated and cemented achromatic telescope objectives.

Aluminum tubing and cells available for lenses listed below.
Send for complete list of other diameters and focal lengths.

Dia, F.L. EACH Dia. F.L. EAC

1" 10” $12.50 s 15”7 $21.00
21" 15" $ 9.75 31" 24‘/2" $22.50
2%” 241" $12.5 31" 30.00
21" 40”7 $12.50 4%” 42*” $67.50
214" 50” 2.50 575" 245" $85.00

$1
We can supply ALUMINUM TUBING for the above lenses.
8 POWER ELBOW TELESCOPE 8x50

This M-17 telescope has a brilliant image 48

degree apparent field——325 feet at 1,000 yards.

It has a 2” objective, focusing eyepiece

28mm focal length with an Amici erecting

system. Turret mounted filters, clear, red,
ATED  $13.50

amber and neutral. Lamp housing
/o‘f <z}
COATED $17.50

to illuminate reticle for night-
ASTRONOMICAL TELESCOPE MIRRORS

time use. Truly the biggest bar-
gain you were ever offered. Origi-
nal (-O\ernment cost $200.

Precision polished to 14 D|a F.L. Postpaid
wave and aluminized. Mir- A 19" § 9.75
ror mount, rack and pin- 4%» Tyrex 457  $13.50
ion, tubing available. 6” Pyrex 60"  $25.00

I Free Catalogue ‘“MILLIONS” of Lenses, etc. I
ay the POSTAGE IN U.S.—C.0.D.’s you pay postage—

We
sahslactmn guaranteed or money refunded if returned
30 days.

A. JAEGERS

BAIA Merrick Road
LYNBROOK, N.Y

Can you think faster
than this Machine?

.
Control Panel of GENIAC® set up to do a problem

Be careful before you answer. GENIAC® the first elec-
trical brain construction kit is equipped to play tic-tac-
toe, cipher and encipher codes, convert from binary to
decimal, reason (in syllogisms) as well as add, sub-
tract, multiply and divide. Specific problems’ in a
variety of fields—actuarial, policy claim_settlement,
physics, etc.—can be set up and solved with the com:
ponents. Co ions are solderless and are_completely
gxplained with templates in the manual. This covers

5 circuits and shows how new ones can be designed.

You will find building and using GENIACS a wonder-
ful experience; one kit user wrote us: ‘‘this kit has
opened up a new world of thinking to me.”" You actus

y see how computing, problem solving. and game
play (Tic-tac-toe. nim, etc.) can be analyzed with
Boolean Algebra’ and the algebraic solutions trans-
formed directly into circuit diagrams. You create from

r 400 specially designed and manufactured com-
ponents a machine that solves problems faster than
you can express them.

Schools and colleges, teachers of science or math,
engineering, philosophy or psychology will find these
excellent demonstrators of circuitry, solutions in sym-
bolic logic, theory of numbers, cybernetics, and auto-
mation.

SEND for your GENIAC kit now. Only $19.95 with
over four hundred components and parts, 7 fully illus-
trated manuals andv\um"dlam"nms We'guarantee that
if you do not want to keep GENIAC after seven days
you ‘can return it for full refund plus Shipping costs:

emmmmmu MAILTHISCOUPON smmwmm=

SCIENCE KITS, Department SA129
Oliver Garfield Company
108 E. 16 Sf., N.Y.3,N. Y.
Please send m
GE \IAC Flectnc Brain Construction Kit and

Manual.

$19.95 (East of Mississippi)

$20.95 (Elsewhere in United States)

$21.95 (Outside the United States)
Returnable in seven days for full refund if not satisfied.
I enclose §... .. in full payment.

My name and address are attached.
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fly screen
floor

soda lime

Apparatus for determining the oxygen consumption of rats

the animal’s metabolic rate. This figure
should be recorded in the appropriate
column,

“The jar should be fitted with a floor
of wire mesh to prevent the animals
from coming into contact with the soda
lime, as shown in the accompanying
drawing [above]. Because soda lime
reacts with the atmosphere, the spent
chemical should be replaced with a fresh
charge before tests are begun.

“The oxygen-consumption rate of each
animal should be measured when the
rats are put in their cages, and once
every three days afterward during the
15-day period of the experiment. Ordi-
narily a correction factor for variations
in atmospheric pressure and tempera-
ture is taken into consideration when
computing the rate of oxygen consump-
tion, but this may be omitted in the pres-
ent experiment because the correction
is small in comparison with experimental
errors. If the initial rate of oxygen con-
sumption of any rat varies more than 25
per cent from the average of those in
all groups, the animal may be considered
abnormal and should be replaced.

“A significant drop in oxygen con-
sumption will follow the administration
of PTU, although the drug requires
about nine days completely to inhibit
the action of the thyroid gland. The ef-
fect will be most apparent in Group III,
which receives no replacing thyroxin.
If Group II assimilates the foreign thy-
roxin, its reactions will match those of
the control group (Group I) and the
amount of oxygen consumed by the two
groups will be similar. In contrast, the
consumption rate of Group IV will in-

© 1959 SCIENTIFIC AMERICAN, INC

crease sharply, demonstrating the simu-
lated effect of an overactive thyroid.

“The length and weight of each ani-
mal should be recorded at least as fre-
quently as the rate of oxygen consump-
tion. At the conclusion of the test run
it is interesting to plot all data as graphs.
Weight, growth and oxygen consump-
tion for experimental and normal ani-
mals should be plotted as three separate
graphs. The curves representing Group
I and Group II should be similar. If not,
then either the replacement dose was
not correct in amount or the animal
failed to assimilate the drug as antici-
pated. The hypothyroid group (those
deprived of thyroxin) should show the
lowest gain in weight and the hyper-
thyroid group the highest gain. The
completed graphs illustrate the general
influence of the thyroid gland on metab-
olism and growth under constant en-
vironmental conditions. The same inhibi-
tion-replacement technique can also be
used to show how the thyroid helps the
animal to cope with changes in its en-
vironment as well as how it modifies the
action of selected vitamins, minerals and
hormones other than thyroxin. It is inter-
esting, for example, to investigate the
role of the thyroid in helping an animal
adapt to a cold environment.

“The four groups of rats are placed in
an air-conditioned room (about 60 de-
grees F.) for three hours with water but
without food. The oxygen-consumption
test is then made. If the test proceeds
normally, the results should show that
the thyroids of the control animals re-
spond to the temaperature stimulus by
stepping up therate of oxygen consump-



"AMAZING OPTICAL BUYS

+and OTHER SCIENTIFIC BARGAINS

Terrific Buy! American Made!
OPAQUE PROJECTOR

Projects illustrations up to 3” x
3%"” and enlarges them to 4 ft.
wide. No film or negatives
needed. Projects charts, dia-
grams, pictures, photos, letter-
ing in full color or black-and-
wlute Operates on 115 volt, A.C. current, 6-ft. ex-
tension cord and plug included. Operates on 60 watt
bulb, not included. Size 12” x 8” x 41,” wide. Weight
1 1b., 2 oz. Plastic case with built-in handle.

Stock No. 70,199-S. $7.95 Postpaid

American Made—
Over 50°: Saving
STEREO MICROSCOPE

Years in development. Equals §300 to
$400 instrument. Precision American
made. Used for checking, inspecting,
small assembly work. Up to 3” work-
mg 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..........$99.50
f.0.b. Barrington, N.J.

Low Power Supplementary Lens Attachment for ahove Stereo
—provides 15X down to 6X with clear, extra large 11%”
field at 6X.

Stock No. 30,276-S $7.50

NEWBINOCULAR-TO-CAMERA HOLDER

. For Exciting Telephoto Pictures

Will Fit Any Camera.
Bring distant ohjects 7 times
nearer with a 35 mm. camera,
7x50 binocular and our NEW
BINOCULAR - TO - CAMERA
HOLDER. Ideal for long-
range shots of wild life, ships,
planes, people, etc. Camera
and binoculars attach easily. Use any binocular or monocu-
lar—any camera, still or movie. Take color or black and
white. Full directions for taking telephotos.

Stock No. 70,223-S.......ccccccveeurunne $11.50 postpaid

NEW' STATIC ELECTRICITY
GENERATOR

Edu:nt-nnal and Lots of Fun!

Gov’t Cost $75—Price $14.95 postpaid

stars

Determines position of

various

quickly.

rotated through 60° angles along calibrat-
ed degree scale. Has single eve lens with
viewing stop, two spirit levels for align-
ing, tangent screw with scale for five pre-
cision readings, azimuth scale graduated
in two-degree intervals, adjustable tilting
azimuth scale for angle reference of stars
on distant objects. War Surplus. Gov't

cost $75. Instructions, carrying case in-
cluded.
Stock No. 70,200-S....... e Only $14.95 postpaid

GIANT MAGNETS! TERRIFIC BARGAINS!

‘War surplus—Alnico V type ! Horse-

shoe shape. Tremendous lifting A T )
power. 5 lb. size. Dimensions: A— i
314"; B—2%"; C—4%1¢”; D—1%"; TM
E—11,"” ; F—23g”. Strength is about d

2,000 Gauss. Will lift over 125 lbs. ~"F——
Stock No. 70,183-S.....5 1b. $8.50 Postpaid

15-% b, Approximately 5,000-6,000 Gauss rating.
Will lift over 250 Ibs,

Stock No. 85,088-S....1534 1. size....$22.50 F.O.B.

Shipping wt. 22 Ibs. Barrington, N. J.

size.

size.

ASSEMBLED S
AND

READY TO USE!

[~

Barlow

of the moon taken through our Astronomxcal
Telescope by a 17-year-old studen

“EASY-CARRY"'SLIDE PROJECTOR 4%"

Ideal for travel or oc-
casional use. PROJECT i

and SHOW 2x2 35mm
slides or 35mm film strips, '
single or double frame. No i !ﬁ
cumbersome equipment to {
lug. 100-watt, 120- volt B —:_'

Projector folds to 2%"” wide, 4%” high, 4%”
long. Opens to 8” long. Wt. less than 3 lbs.
3-element f. 3.5 lens with 80mm focal
length. Plastic leatherette carrying case. 6"
cord included.

Stock No. 70,232-S....$22.95 postpaid

Stock

TO USE Y

Stock No.

NOTICE! EDMUND IS
NOW HEADQUARTERS
FOR MATH LEARNING
AND TEACHING AIDS!
See Offering Below—Plus Dozens
More in FREE CATALOG
5, af Play This Now gane- MATH MAGIC ..
The Fun-Way To Math Skill!
Educator- anprovedl 3 fascinating games in one! Great
fun for the whole family. Increases skill at addition,
subtraction, multiplication, division. Includes Dial and

Spinner, Numbered Cards, Plastic Tokens, etc.—also
rules and directions,
Stock No. 70,204-S............ceecueenee $3.00 Postpaid

D-STIX Construction Kits

)
27|

Shape Your ldeas Fast!
Scientists, executives, planners,
signers—all find D-STIX simplify vis-
ualization and demonstration of complex
ideas. D- STIY—mIored wood sticks 4"
thick and ‘‘easy-on’’ rubber joints ap-
prox. 3/16” diam.—help you work cut
molecular structures, geometric figures,
structural members, shapes, models of
scientific apparatus. Used by profession-
al men, educators, hobbyists. Bxg basic kit contains 230 or
370 pieces. Additional parts in supplementary . Tar
superior to Kkits of wood or metal. Money-back guarantee.
Stock No. 70,209-S (230 pcs)............$3.00 ppd.
Stock No. 70,210-S (370 pes).. $5.00 ppd.

Stock No. 70,211-S (452 pes).. $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 thousands
of dollars.

de-

Stock No. Dia. Mirror Thickness Price
70,003-S 41" t/ $ 7.50 postpaid
70,004-S 6" 1 11.95 postpaid
70,005-S 8" 1%" 19.50 postpaid
70,006-S 10” 1%" 30.75 postpaid
70,007-S 12" 2" 54.75 postpaid

e .— ==
[ Take Telephoto
Shots Thru

7 x 50

MONOCULAR

S!ock No. 50,003- 5

Telescope, alw.

N

Slock No. 85,006-S

Same Telescope as above but equipped with Ele
94-S.. .$111.50

ee the Stars, Moon, Planets Close Up!
37 ASTRONOMICAL REFLECTING TELESCOPE
60 to 180 Power—An Unusual Buy!

Famous Mt. Palomar Type

You’ll see the Rings of Saturn, the fascinating planet Mars,
huge craters on the Moon, Star Clusters, Moons of Ju[nter in
detail, Galaxies! l-q\mlnmdl mount with lock on both axes.

luminized and overcoated 37 diameter high-Speed £/10 mirror,
Telescope comes equipped with a ¢

50X
180

eyepiece and a mounted

Lens, giving you 60 to power.

An Optical Finder
ways so 'essential,

is also included. Sturdy, hard-

wood, portable tripod.
FREE with Scope:—Valuable STAR CHART 27 age ‘‘HAND-
Photographers! This is an sctual photograph  BOOK OF HEAVENS'' plus ‘‘HOW TO USE VR TELELEERE T BO0K

No. 85,050-S. $29.95 Postpaid

REFLECTING TELESCOPE! Up to 255X!

With this scope you can see everything as
'(t but with greater power plus will
. SPIE inbr Sthns T Miror has” farive tha
lght gathering power, Mirror guaranteed
give theorctical limit of resolution.
and pinion focusing, hardwood tri-
, real equatorial motnting—only one
adjustment follows stars! Aluminum tube.
6 power finder telescope, 2 standard size
eyepieces and mounted arlow lens give
you' powers 0X, 90X, 120X. and
5X. Low-cost accessory eyepiece avail-
AVl for DIEher powers, WEREE with Scope:
—Valuable STAR CHA 2 page
THANDBOOK OF HEAVENS'' plus “How
OUR TELESCOPE’’ Book. Shipping weight 25 Ibs

574 50 f.o.b.
Clock Drive—
F.O. B Barrmgton, N. J.

85-0

-150 300 POWER MICROSCOPE

Amazing Value—Equal of a $75.00 In-
strument! 3 Achromatic Objective Lenses
on Revolving Turret! Imported! The color-
corrected, cemented achromatic lenses in
the objectives give you far superior results
to the single lenses found in the micro-
scopes selling in this range. Results are
worth the difference! Fine rack and
pinion focusing.

Stock No. 70,008-S....$14.95 Pstpd.

MOUNTEO 500 POWER OBJECTIVE

Threaded for easy attachment on
above microscope. A(‘hrolnatm lenses for
fine viewing. 3 mm. focal le

Stock #30,197-5.......$5.00 Pstpd.
NEW! CIRCULAR SLIDE RULE!

Pocket Size—Fast—Easy to Use!

Be a Math Whiz! New Circular
Slide Rule multiplies, divides,
figures fractions, percentages,
squares, cubes, roots, proportions,
circumferences, areas, retail
prices, fuel consumption. Elimi-
nates the confusions of ordinary
slide rules. Priced far lower.
Faster, easier to learn and use. Constructed of 2 alumi-
num discs with plastic indicator. 3%” diameter. Direc-
tions included.

Stock No. 30,336-S

$4.95 postpaid

P

REPLICA GRATING—Low, Low Cost
Take Unusual Color Photos At Night!

/ £ 1It’s here—after decades of effort. Replica
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. I"irst time available such large size—
s0 cheaply—comes in clear plastic protector.

Stock No. 50,202-S—includes 2 pes. 8” x 51%"—1
transmission type 1 reflecting type. $2.00 pstpd.

WRITE

form. FREE CATALOG-S

128 Pages! Over 1000 Bargains! Optics for the
Space Era! Huge selection of lenses, prisms, war
surplus optical instruments, parts and accessories.
Telescopes, Microscopes, Satellite Scopes, Binocu-
lars, Infrared Sniperscopes, sci-
ence experiment items, math
learning and teaching aids.
Request Catalog-S.

FAST SERVICE ON LAST MINUTE
XMAS ORDERS! (-

Wire order with ysur name and
address  for immediale C.0.D
shipment.

ORDIR BY STOCK NUMBER .SIND CHICK OR MONIEY ORDER ., SATISFACTION GUARANTEID!

EDMUND SCIENTIFIC €O.,BARRINGTON, NEW JERSEY

© 1959 SCIENTIFIC AMERICAN, INC
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The New
Ramo-Wooldridge
Laboratories

in Canoga Park
% =4

...an environment dedicated
to technological research
and development

The new Ramo-Wooldridge Laboratories in Canoga Park, Cali-
fornia, will provide an excellent environment for scientists and
engineers engaged in technological research and development.
Because of the high degree of scientific and engineering effort
involved in Ramo-Wooldridge programs, technically trained
people are assigned a more dominant role in the management of
the organization than is customary.

The ninety-acre landscaped site, with modern buildings
grouped around a central mall, contributes to the academic envi-
ronment necessary for creative work. The new Laboratories will
be the West Coast headquarters of Thompson Ramo Wooldridge
Inc. as well as house the Ramo-Wooldridge division of TRW.

The Ramo-Wooldridge Laboratories are engaged in the broad
fields of electronic systems technology, computers, and data proc-
essing. Outstanding opportunities exist for scientists and engineers.

For specific information on current openings write to Mr. D. L.
Pyke.

THE RAMO-WOOLDRIDGE LABORATORIES

8433 FALLBROOK AVENUE, CANOGA PARK, CALIFORNIA

© 1959 SCIENTIFIC AMERICAN, INC

| tion, suggesting an increased rate of

thyroxin production. This implies that
the thyroid plays an important role in
helping warm-blooded animals to main-
tain constant internal temperature, a
factwith important clinical implications.
Patients with underactive thyvroids feel
unbearably cold at temperatures that are
only mildly uncomfortable to most per-
sons. a symptom that disappears when
they are treated with the appropriate
thyroid preparation.

“The experiment can be varied to
study the effect on related hormones
and assorted dietary deficiencies. One
variation requires seven groups of ex-
perimental animals. One group is re-
served as a control. Three groups are
treated as in the experiment described:
one with PTU, the second with PTU
plus a replacement dose of thyroid pow-

. der and the third with PTU plus a large

overdose of thyvroid powder. The re-
maining three groups receive precisely
the same treatment plus daily injections
of growth hormone. By comparing the
slopes of the resulting rate-of-growth
curves it will become apparent that
growth hormone has little effect in the
absence of a functioning thvroid gland.
For the most interesting results the ani-
mals used in this experiment should be
selected at the age when the normal rate
of growth has become almost impercep-
tible. Similar experiments based on the
inhibition-replacement technique can
be designed for investigating vitamin-
deficient and mineral-deficient diets.
Materials for these, as well as the growth
hormone experiment, can be purchased
from the General Biological Supply
House, mentioned earlier.”

I?rank Hughes, an amateur telescope-
maker of Wausau, Wis., submits the
design for a machine to grind and polish

| small telescope mirrors that approaches

the ultimate in simplicity.

“Latelv I have been turning my atten-
tion to grinding and polishing ma-
chines,” he writes, “and have been look-
ing for ways to lop off little pieces here
and there without spoiling the basic
mechanism. The result is a device so
simple that it scarcely justifies the name
‘machine.

“Imagine a turntable on which a disk
of thick glass, the ‘tool,” is mounted. The
surface of the mirror to be worked is
placed on the tool with wet abrasive be-
tween the two. The mirror blankisloose-
ly confined by three stationary buffers
spaced at 120 degrees. If the tool, mir-
ror and turntable are concentric and
the buffers do not make contact with
the edge of the mirror (which has been



ELECTRONIC-ELEGTRICAL CAREER BULLETIN

-
o
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MARS VEHICLE. Drawing, based on Boeing study, of space
vehicle designed for launching from orbiting platform for recon-
naissance flight to Mars and return. Lunar, orbital and interplane-
tary system studies, and expanding programs such as the advanced
Minuteman solid-propellant ICBM, are typical of challenging, long-
range assignments Boeing offers electronic-electrical engineers.

DARK TUNNEL.View in 100-foot dark tunnel, part of extensive
Boeing infrared research and development facilities. Boeing investi-
gations include use of infrared, Visi%le and ultra-violet techniques
for use in communication, navigation, detection and guidance at
altitudes above tropopause. IR systems, inertial navigation, electrical
power systems for satellites, shockwave radiation and refraction and
irdome heating are other areas of assignments open at Boeing.

SEATTLE area, boating capital of U.S., offers world-famous recre-
ational facilities. Fresh and salt water boating and fishing are only
one hour from dramatic snow-capped mountains renowned for six-
months-a-year skiing. Mild year-round climate. Excellent schools
and universities, cultural activities, modern housing and shopping
centers. Wonderful Western living for the whole family!

ANTENNA PATTERN RANGE, with movable towers
capable of handling models up to 1000 pounds. Boeing
has openings in ECM antenna development, and in gas,
solid and liquid dielectric research, as well as large-
aperture antennas for ASMs, orbital vehicles and air-
borne warning systems. Other openings are available
in instrumentation, missile guidance and control.

ELECTRONIC-ELECTRICAL ENGINEERS

Write today for details of challenging,
long-range positions available to you
right now at Boeing. You’ll find at
Boeing a dynamic professional
environment that’s conducive to
rapid advancement and deeply
rewarding achievement.

L i ———————————————
: Mr. Stanley M. Little,

| Boeing Airplane Company,

| P. 0. Box 3822 - SAK, Seattle 24, Wash.

: Send me details of electronic-electrical positions, and the

| booklet, “Environment for Dynamic Career Growth.”

: NaMe . oottt Degree(s)..........
|
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|
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|

| Field of interest.................. . CRRRTaR e
|

| BOEING

) Seattle + Wichita ¢ Cape Canaveral
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NEW

Automatic
Recording

Vacuum
Balance

by AINSWORTH

Will weigh samples...
in air or inert gases

at atmospheric or reduced pressures
at room or higher temperatures

on bal pan or suspended below the
balance in a furnace for thermogravimetry
or differential thermal weighing

Remote control, built-in weights

Recorder charts weight or weight
and temperature against time

Semi Micro
Capacity . . .. ... ... . 100g
Sensitivity . . .. ... ... 1/100 mg
Range of automatic
weight operation . . . . .. 400 mg
Analytical
Capacity « « v v v v v a 200 g
Sensitivity . . . . ... ... 1/10 mg
Range of automatic
weight operation . . ... 4000 mgq

Write for Bulletin 459

WM. AINSWORTIH & SONS, [INC.

2151 LAWRENCE STREET . DENVER 5. COLORADO
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edge-ground to a circle), the tool and
mirror will simply rotate with the turn-
table. No work will be accomplished. If
the turntable and tool are now offset by
a fraction of the radius of the mirror,
the mirror will be rotated by the tool
against two of the buffers and will be
abraded. Similarly, if the tool has been
coated with pitch and rouge, the mirror
will be polished. The polish will divide
sharply, however, where the edge of the
tool touches the mirror, and the result-
ing figure will suffer. If the tool is now
offset on the turntable, the mirror will
be pushed irregularly by the buffers
with respect to the tool in a nonrepeti-
tive path, the axial amplitude of which
can be altered as desired. A turntable
speed of about 30 revolutions can be
used. The variables include the hori-
zontal relationship of the turntable, the
position and size of the triangle formed
by the buffers and the eccentricity of
the tool on the turntable. The turntable

of my prototype is driven by a low-
speed motor of an old ironing machine,
and the buffers consist of three wooden
slats fastened to the workbench. No
cranks, no levers, no belting!”

David A. Whitmore of Natick, Mass.,
writes: “I read with interest George
W. Ginn’s description of the transistor-
izea telescope drive in ‘The Amateur
Scientist’ for October. He is to be com-
plimented on a remarkably good design.
Being a transistor-circuit engineer, how-
ever, I must mention two errors that ap-
pear in the schematic circuit-diagram.
First, there must be a connection be-
tween the junction of the two .5-micro-
tarad capacitors nearest the CK 722
transistor and the base of that transistor.
Second, and not so obvious, is the value
of the collector resistor in the second
stage (the General Electric 2N 188 A
transistor). This should be 470 ohms,
not 470 K as shown.”
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A.L. Feldman

Al Feldman is thirty-one. A Cornell BSME, he
joined Aerojet as a development engineer in 1954.
His present job: Head, Propulsion Systems De-
partment, Liquid Rocket Plant, Sacramento. The
assignment: design and development of rocket
engines for the TITAN missile.

His talent for careful analysis and willingness to

o

meet the toughest problems have brought Al Feld-
man recognition and responsibility. But his prog-
ress at Aerojet is not unique. We’d welcome the
chance to discuss similar opportunities with you.
Send your resume to: Director of Scientific and
Engineering Personnel, Box 296P—Azusa, Califor-
nia, or, Box 1947P—Sacramento, California.

\qw'é,mg/'doconpom&ﬂom

AZUSA AND NEAR SACRAMENTO, CALIFORNIA ¢« A SUBSIDIARY OF THE GENERAL TIRE & RUBBER COMPANY
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VAN NOSTRAND’S
SCIENTIFIC
ENCYCLOPEDIA

Newly revised and enlarged
Third Edition. Over 1800
pages, 1400 illustrations
(many in color), 10,000 defi-
nitions and more than 14,000
separate articles. Thumb-
indexed and cross-referenced,
it presents the most advanced
theories, findings and applica-
tions of every important field

of science.
List Price $29.75

L

BRAINIAC K-30 KIT and Martin Gardner’s
LOGIC MACHINES AND DIAGRAMS

An unusual opportunity for firsthand exploration of the
principles and applications of computers—Gardner’s com-
prehensive survey of this important new science, con-
taining material never published before, is presented in
combination with an improved version of the famous
specially
adapted for us by its originator, Edmund C. Berkeley.
Kit solves problems in logic, reasoning, mathematics; ac-

Brainiac “electric brain” construction Kkit,

companied by 64-page manual.

Total Retail Value $23.95

=l )¢ Library of Science

invites you to accept
either of these works

of scientific exploration
as a gift with membership

To nearly 50,000 working scientists, educators and other readers of
broad scientific interests, The Library of Science regularly makes avail-
able the choicest works in every major area of the sciences—always at
meaningful savings. By joining now, for example, you may choose any
of the six timely and authoritative volumes listed below as your first
Selection—and receive one of the valuable sets pictured, as a welcoming
gift. As a member, you need purchase as few as five more Selections in
the next 24 months from the 75 or more offered at reduced Member’s
Prices. After every fourth Selection, you receive a Free Bonus Book

of your choice.

BRAINIAC

The Library of Science Ht
59 Fourth Avenue, New York 3, N. Y.

Enroll me as a member and send my choice of Membership
Gift, along with my first Selection at the reduced Member’s
Price, as indicated below. I need take as few as 5 more Selec-
tions during the next 24 months, and I will receive a free Bonus
Book of my choice after every four Selections.

Membership Gift

First Selection

Additional Selections Desired

Name.

Address

Zone. State.

City.

among these

CHOOSE YOUR FIRST SELECTIONS
from six important works

MATTER, EARTH AND SKY
By George Gamow
““A most fascinating jour-
ney of the entire physical
cosmos” (The New York
Times), with “one of the

foremost interpretive
writers in the field”
(Science).

LIST PRICE $10.00
Member’s Price $6.50

FRONTIERS IN SCIENCE
Edited by
Edward Hutchings, Jr.
29 leading scientists re-
port the latest findings
in important areas of re-
search. “Certainly worth
reading.” Physics Today.

LIST PRICE $6.00
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Member’s Price $4.95
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FROM HIROSHIMA
TO THE MOON

By Daniel Lang
An extraordinary account
of the minds and morality
of the men who bear the
burden of research in
atomic physics and space

exploration today.
LIST PRICE $5.95

Member’s Price $4.95

EDUCATION IN THE AGE
OF SCIENCE
Ed. by Brand Blanshard
A probing appraisal of
American schools and
the major proposals for
their reform —
outstanding scientists, ed-
ucators and philosophers.
LIST'PRICE $4.50
Member’s Price $3.95

MATHEMATICS IN
WESTERN CULTURE
By Morris Kline
“A highly successful at-
tempt to describe some
of the outstanding events
in the history of mathe-
matics.” The American
Scientist.
LIST PRICE $8.00
Member’s Price $5.75
THE LAWS OF NATURE
By R.E. Peierls
“A remarkable insight
into the logic and unity
of physics...how the sep-
arate ideas fit together to
make a wonderfully co-
herent structure.” Scien-
tific American.
LIST PRICE $4.50
Member’s Price $3.95
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by James R. Newman

Braise Pascar: THE Lire anp Work
or A Rearist, by Ernest Mortimer.
Harper & Brothers ($4).

id religion consume Blaise Pascal?
D Did it lead him to immolate the
intellect, to forsake reason for
faith? He stands out for his achievements
even in the century of genius in which
he lived; yet how much more, one won-
ders, might he have accomplished had
he not wasted himself on theological
sterilities and on religious quarrels? In
one of Nietzsche’s eloquent polemics
against Christianity it is Pascal whom
he holds up as a tragic victim of the
ravages of religion: “What is it that we
combat in Christianity? That it aims at
destroying the strong, at breaking their
spirit, at exploiting their moments of
weariness and debility, at converting
their proud assurance into anxiety and
conscience-trouble; that it knows how
to poison the noblest instincts and to
infect them with disease, until their
strength, their will to power, turns in-
wards, against themselves—until the
strong perish through their excessive
self-contempt and self-immolation: that
gruesome way of perishing, of which
Pascal is the most famous example.”
No doubt Pascal’s struggle with him-
self, his attempt to reconcile religious
taith with the spirit of geometry, and
his final justification of religion on a
nonintellectual basis cost him dear. He
was not a saint by nature. He had fero-
cious energy and a fiery temper (his
sister Jacqueline tells us he had une
humeur bouillante); he was a man of
passion in his arguments, his friendships,
his scientific exertions, his religious be-
liefs. He had a passion even for self-
torture. But there are other facts which
cast doubt on the opinion that Pascal
sacrificed his magnificent creative pow-
ers to his God. They are set forth in
this lucid, insightful biography by Er-

BOOAY

The tortured life of Blaise Pascal,

one of the great minds of all time

nest Mortimer, an English clergyman.

The subtitle of Mortimer’s book is
“The Life and Work of a Realist,” and
he endows the word realist, as a British
reviewer has said, with its full breadth
of meaning. Two of his major points
should be mentioned at the outset. The
first is that it is simply untrue that Pascal
abjured science and society after his
conversion in 1654. Over the years his
religious interests deepened, but until
the very end of his life he clung to his
“free-thinking friends” and retained his
scientific curiosity. The second point is
that Pascal held facts to be no less sacred
than faith. He believed in sense-data
as a source of knowledge and truth; he
recognized that the contradictory im-
pressions of nature are no excuse for
mystery-mongering; he respected the
power of the intellect and reason to
enlarge the “gates of perception” upon
the universe. In all this he was a mod-
ern thinker. He was no less modern,
it can be argued, in believing that the
emotions are another gate of percep-
tion. It was he who said that the heart
has its reasons which reason knows noth-
ing of; modern psychology and psycho-
analysis have also said it, but not so
well.

Pascal was born at Clermont in Au-
vergne on June 19, 1623. His father,
Etienne Pascal, was a well-to-do high
public official (a judge and tax commis-
sioner) who was to rise even higher.
Blaise’s mother, who came of a family
of prosperous merchants, died at the age
of 30, leaving him, aged three, an elder
sister Gilberte and a younger sister Jac-
queline.

The boy was sickly and precocious.
The nature of his illness is not fully
known (a witch was said to have been
partly responsible), but an anatomical
anomaly discovered after his death was
probably a contributing factor. Of the
two apertures in a baby’s skull that
should knit in the early weeks of life,
one had never properly closed, and the
other had clamped or overlapped so as
to form a bony ridge. Pascal suffered
from headaches all his life. His precocity
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served him better. His family was bound
close by natural affection and by be-
reavement; they loved him and recog-
nized his exceptional powers. Blaise was
“encouraged rather than forbidden to
stare.”

On the death of his wife Etienne
Pascal resolved to be father, mother and
tutor to his children. They had their
governess, but he alone gave them their
formal education. His instruction, says
Mortimer, was remarkable for its pater-
nal self-denial, its eccentricity, rigor and
patience; also for its fruits. He scorned
“the sort of pedagogy which he had suf-
fered himself”; he had his own theories
of teaching and did not hesitate to prac-
tice them. His principal maxim, Gil-
berte tells us, “was to hold the child
always above his work,” not to rush him
or overload him. Instruction was by easy
conversation. The object was to quicken
the child’s interest, to let natural curi-
osity about language, about the things
around him guide the direction and em-
phasis. It was time enough for a child
to learn Latin when he was 12, when he
could do it more easily. “By good for-
tune,” Pascal wrote to a friend in later
years, “for which I cannot be too grate-
ful, I was taught on a peculiar plan and
with more than fatherly care.”

Etienne had a bent for mathematics,
and decided to make that subject “the
coping stone of his plan.” Not until he
was 16, after he had learned Latin,
Greek, history and geography, was
Blaise to be introduced to geometry.
Meanwhile books on mathematics were
not allowed in the house and the sub-
ject was not discussed in the daily con-
versational instructions. But the boy had

EpiTor’s NOTE

Each December since 1949 this
department has reviewed a num-
ber of books about science for
younger readers. The reviews be-

| gin on page 201.
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secretly made his own way. One day
when he was 12 his father came upon
him surrounded with diagrams, “so ab-
sorbed that he still thought himself
alone.” He had been trying to work out
for himself the principles of geometry,
calling straight lines “bars” and circles
“rounds,” and he was now trying to
prove that the three angles of a triangle
add up to two right angles. (Another
version of the story is that he had re-
discovered the whole of Euclid up to
the 32nd proposition of the first book,
but there is no evidence that this is so.)
Etienne forgot his theoretical scruples
and was overcome with pride and joy.
Admirable though it was, Blaise’s edu-
cation had its gaps. History and litera-
ture were sketchily imparted; the natural
sciences even more sketchily. Fortunate-
ly Blaise was not overburdened with
theology; for the time being elementary
religious teaching was enough. But he
was soon to come out into the world
and to glimpse new horizons of learning,
including both science and theology.
When he was eight, the family had
moved to Paris. Etienne had rented a
house in the Rue de Tisseranderie
(which, it is delightful to learn, was in-
tersected by the Street of the Two Doors,
the Street of the Bad Boys, Cock Street
and the Street of the Devilish Wind) and
had entered into the life of this marvel-
ous city. He now had few professional
duties and could give even more time
to the education of his children. He was
a sociable man, with a taste and talent
for natural science, and he found friends
with whom he could share his interests.
Social groups in which the arts and sci-
ences were discussed seriously “but out-
side academic settings” were a feature
of the time. He was close to Guillaume
Montory, the leading actor of the day,
and to Charles Dalibray, the poet; the
fashionable circles of literature and art
were open to him. More important was
his membership in the Abbé Bourdelot’s
group, which included, among others,
the aging but still lively mathematician
and physicist Pére Mersenne (“a bold,
capacious, untidy and extraordinarily
vivacious mind”), who managed to rec-
oncile his support both of Galileo and
orthodox theology; the gifted but pro-
saic mathematician Gilles Personne de
Roberval (who, it is told, saw a per-
formance of Le Cid and complained that
he could not see what it proved); the
brilliant young engineer Pierre Petit;
and Gérard Desargues, who invented
projective geometry and introduced the
method of perspective. Blaise was al-
lowed, while still a child, to accompany
his father to the séances of this group
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and was even encouraged to utter his
own ideas. He was much influenced by
Desargues, not only in mathematics but
also in a concern, which the older man
telt deeply, for improving the educa-
tion and lightening the labors of plain
workmen.

Pascal’s first contribution to mathe-
matics, composed at the age of 16, was
his celebrated theorem. He had read
Desargues’ writings and had recognized
as no one else had the worth of De-
sargues’ method. His little Essay on
Conic Sections, which acknowledged his
debt to Desargues, described a property
common to all conic curves that is in-
variant under projection and section: If
any six points on the curve are joined
by straight lines and the sides of the re-
sulting hexagon are prolonged beyond
the curve, the three pairs of opposite
sides will intersect at three points that
lie on one straight line.

The theorem was widely praised, but
not by the great Descartes. In reply to
Mersenne’s enthusiastic letter he wrote:
“He seems to have copied Desargues. I
cannot pretend to be interested in the
work of a boy.” It is true Desargues’
treatise suggested the property, but
Pascal “isolated and proved it.” It was
a beautiful piece of work in its own
right, and not merely a feat of precocity.

And now Pascal was no longer a child.
The eight years in Paris had been “in-
tensely formative.” He was mastering
Latin, beginning Greek, “absorbing pa-
ternal disquisitions on philosophy at
mealtimes.” He had met leading scien-
tific thinkers; he had had his first taste
of la vie mondaine. His energy matched
the fecundity of his intellect; it is said,
for example, that he followed up his
theorem on conics with some 400 corol-
laries. Mathematics was unquestionably
his great passion; he put his whole spirit
into it. He reserved mathematics, to be
sure, for his leisure moments; because it
came easy to him he may have regarded
it as a self-indulgence. But like the
young Bertrand Russell he hoped to find
in mathematics the solace and perfection
of eternal truth.

In 1640 the Pascals moved to Rouen,
Etienne having through the favor of
Cardinal Richelieu been awarded the
important but unpopular post of tax as-
sessor for that city. There they remained
for seven years. For Blaise it was a pe-
riod of “much hard work, a religious
awakening and the beginnings of a pro-
found spiritual dilemma.”

Etienne’s job was backbreaking; in
addition to various administrative chores
he had the task of reassessing the taxes
of 18 townships, which meant, among
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other things, copying endless columns of
figures. “I never get to bed before two
o’clock,” he wrote Gilberte. The specta-
cle of his father’s drudgery put an idea
into Blaise’s head. Why not make a ma-
chine to do the donkey calculations?
During the first year at Rouen he con-
ceived a mechanism that would perform
all the operations of arithmetic; it would
have a device for carrying digits from
one column to the next, and another for
recording the result. With the help of
local craftsmen he worked on the idea.
Some 50 experimental models were con-
structed over five years, and in 1645 he
had his machine. It was the size of a
glove box, simple in appearance, porta-
ble and workable. (It is believed that
this very machine is now in private
hands in the south of France.) Pascal
hoped to get rich on the invention and
staked a claim for a patent; by 1652 a
standard model was in production and
was placed on sale at 100 livres. His
hopes were not realized. The manufac-
turing costs were too high, and the in-
vention of logarithms cut the demand
for the machine. Yet it was the first of
all computers; as Gilberte writes in her
life of her brother: “He reduced to
mechanism a science which is wholly in
the human mind.” Now Blaise began to
be referred to as le grand M. Pascal.

His concern with religion was grow-
ing, but it was still far from pervading
his thoughts. The drama and poetry of
the day did not appeal to him. He dis-
liked and distrusted their emotional in-
fluence; he found them artificial and
stilted. He read in philosophy and was
attracted to the ancient Stoic writings
and to Epictetus. What he admired was
the value they placed on fortitude and
duty, the high notion that man’s fate is
in his own power, that no outside force
can crush him. But it was a “fatal flaw,”
he believed, to make man the complete
master, to leave no place for God. Stoi-
cism was too self-assured, too filled with
self-pride, too apt “to greet the unseen
with a sneer.”

When his computer was finished, a
new interest came to Pascal. On a visit
to Rouen, Pierre Petit brought news of
experiments in Florence two years be-
fore in which Evangelista Torricelli had
demonstrated that we live at the bottom
of a sea of air and that air has weight.
Torricelli had taken a glass tube closed
at one end, filled it with mercury and
covered the open end with his finger;
when he inverted the tube, placed the
open end in a bowl of mercury and re-
moved his finger, the liquid in the tube
did not fall into the bowl but sank only
part of the way down the tube and re-
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picture?

Some engineers are content to stay in their
own technological backyards. But many others
prefer to work in an inter-disciplinary
environment, where everything they do is
concerned with the total system.

If you are interested in seeing and understanding
the whole picture, rather than just a small
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your inquiry to Mr. E. A. Shaw, SDC, 2420
Colorado Avenue, Santa Monica, California.
“A Mathematical Model of an Air Defense
Operation and a Method of Evaluation,” a paper
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A Short History of
Scientific Ideas to 1900

By CHARLES SINGER. The
book begins with Babylonian
mathematics and astronomy and
goes on to trace the development
of scientific ideas until 1900.
It has grown from Dr. Singer’s 4
Short History of Science, pub-
lished in 1941 and rapidly ac-
cepted as a standard work.

Illustrated. $8.00

An Introduction to
Differential Geometry

By T. J. WILLMORE. This text-
book of differential geometry and
tensor calculus deals with the class-
ical theory of curves and surfaces
and with basic theory of tensor al-
gebra, tensor calculus, the calculus
of differential forms and elements
of Riemannian geometry. 21 text
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only modern book in English deal-
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lustrates the relationship between
industrial practice and physical
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structure of the industry in Eng-
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transportation, and uses of the |
products; and the history of the
industry. Line figures and plates.
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Ammonia
By A. J. HARDING. This book

deals with the industrial synthesis
of ammonia and how the end-
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Line figures and plates. $1.05
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mained mysteriously suspended. “I as-
sert,” he wrote, “that the force [holding
up the mercury in the tube] comes from
without [and that the mercury stands]
in a column high enough to make equi-
librium with the weight of the external
air which forces it up.”

This was a remarkable and highly
controversial conclusion because it con-
tradicted what Aristotle, the Scholastics
and Descartes had said about the impos-
sibility of a vacuum. When the mercury
that had originally filled it sank in the
tube, what remained in the vacant
space? Nothing, said Torricelli; but, said
Descartes, nothing can be filled with
Nothing. If any portion of the tube were
truly empty, it would instantaneously
collapse. Pascal, excited by Torricelli’s
discovery, decided to make his own ex-
periments to extend it. Rouen had the
best glassworks in Europe; Etienne had
money to pay for the research; Petit had
the engineering experience; Blaise had
the enthusiasm. With glass tubes of dif-
ferent lengths, breadths and shapes (two
were 46 feet long and were bound to
ship’s masts to strengthen them) he was
able to show that the space vacated by
the falling liquid was indeed a void.
Neither rarefied air nor mercury vapor,
as the “plenists” desperately asserted,
was to be found in the vacant space. He
varied the apparatus; he invented the
plunger-type syringe to serve as a vacu-
um pump; he gave sensational public
demonstrations with five-story-high si-
phons before 500 of the city’s Emi-
nences. All his ingenious experiments
gave a consistent result: For a given
liquid the height of the column in the
tube was always the same; it was un-
affected by the space at the top; it was
not being sucked up from above but
must be pressed up from below and
from outside.

He now had in mind the writing of
a treatise on the vacuum, and for this
purpose other experiments were needed.
Momentarily, however, he was diverted
by a religious crisis.

It was occasioned, as Mortimer tells
us, by an accident to Pascal’s father. On
a night in January, 1646, Etienne has-
tened out of doors to prevent a duel,
slipped on ice and dislocated his hip.
First aid was given by two “reformed
characters,” brothers named Deschamps
who had been converted by a pious curé
of a Rouen suburb and were devoting
their lives to good works, “especially the
good work of bone-setting, at which
they were adept.” The example of their
charity and fervor awakened religious
feelings in the whole Pascal family. Each
was deeply stirred, and each responded
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in character. Etienne decided the time
had come to look to his spiritual prog-
ress; Gilberte and her husband became
“consistently devout”; Jacqueline moved
closer to the decision of giving herself
entirely to the religious life. Blaise’s re-
sponse was “more enigmatic.” He im-
mersed himself in theological tracts and
began serious study of the Bible. His
letters begin to show that he was “aflame
with religious zeal.” “Corporeal things,”
he wrote Gilberte, “are nothing but an
image of the spiritual, and God has rep-
resented the invisible in the visible.”
Undoubtedly he was in conflict with
himself over his scientific interests. They
were “morally dangerous” in the eyes of
the Deschamps brothers, “as leading to
intellectual pride and distracting the at-
tention from the quest of salvation” and
of dubious value. But the realist and the
lover of natural philosophy could not
bring himself to renounce his experi-
ments. He had undergone a crisis, and
had turned in a direction that he would
never abandon, yet the years 1648 to
1654 were to be his most fruitful and
triumphant period of scientific discovery.
In 1647 he fell seriously ill, the diag-
nosis being “overwork.” He was medi-
cally advised to avoid all intellectual
exertion and to seek relaxation in society.
(His physician was obviously a realist.)
He retired to Paris with Jacqueline as
his housekeeper and secretary. Soon he
was back at his experiments and work-
ing on his New Experiments Touching
on Vacuum. Descartes visited him in
Paris and they discussed Torricelli’s
work. A couple of months later Pascal
arranged to have his brother-in-law con-
duct an experiment on the Puy-de-
Dome, a mountain near Clermont, to
determine whether a column of mercury
would stand higher at the base of the
mountain than at the summit. The results
were conclusive, and the way was open
for hydrostatics and hydrodynamics.
He sketched two treatises: The Great
Experiment on the Equilibrium of Liq-
uids and On the Weight and Mass of
Air, neither of which was published till
after his death. The pressure of the air
was, he saw, a clue to a more general
law of the behavior of “liquids” (in-
cluding gases) . His experiments led him
to a startling principle. Pressure, it ap-
peared, exerted at any place on a fluid
in a closed vessel is transmitted un-
diminished throughout the fluid and acts
at right angles to all surfaces. Suppose
two tanks of equal size are filled with
water and joined by a pipe at the base;
obviously the water in the tanks will be
in equilibrium, like equal weights in the
pans of a scale. But suppose one tank is
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100 times larger than the other? The
water will” still be in equilibrium. As
Pascal ained, by putting into each
tank a piston that fits it exactly, “a man
pushing on the small piston will exert a
force equal to that of one hundred men
who are pushing on the piston which is
one hundred times as large. . . . It may
be added, for greater clearness, that the
water is under equal pressure beneath
the two pistons; for if one of them has
one hundred times more weight than
the other, it also touches one hundred
times as many parts of the liquid.” From
this principle, which leads to anomalies
and paradoxes that have puzzled stu-
dents for years, came the hydraulic press.
“Nothing that has to do with faith
can be the concern of the reason.” This
was the principle Blaise had learned in
his boyhood. Some might regard it as
even more anomalous than the principle
of the behavior of fluids, but he lived by
it and worked it into greater fullness. He
held his religious beliefs with a growing
fervor, but he refused to be “stampeded
into a flight from reason.” In one of the
most famous of his Pensées he says: “It
is the way of God, who does all things
gently, to put religion into the mind by
reason, and into the heart by grace.”
The period from 1648 to 1653 was
one of uncertainty and inner struggle in
Pascal’s life. His father died, his beloved
sister Jacqueline, who had been his
closest companion, finally renounced the
outer world and entered a convent at
Port-Royal. He contemplated marriage,
but not very seriously. Bleak and lonely
though his life had suddenly become, he
was better off single; like Charles Lamb
he was one of “nature’s bachelors.” He
did not, however, cut himself off from
the salons of Paris society. He was a man
of science, but he was also a man of
fashion and ambition, besides which he
enjoyed “savoring human types.” He
formed an important friendship with a
great nobleman who liked science bet-
ter than women, the young Duc de
Roannez; he lectured to a brilliant as-
sembly in the drawing room of the
Duchesse d’Aiguillon, Richelieu’s niece,
demonstrating his calculating machine
and speaking on recent advances in
hydrostatics; he sent Queen Christina of
Sweden—who had recently finished off
poor Descartes by requiring him to ex-
pound science and philosophy to her on
cold mornings before breakfast—a gift
of one of his calculating machines. This
was accompanied by a celebrated letter
which, though suitably gracious in tone,
said in effect: “Your Majesty is a very
great person by virtue of your sovereign
rank. As we may agree, I am a still

greater person by virtue of my sovereign
intellect.”

His social relaxations did not prevent
him from reading and writing. At the
very height of this period it is likely
that he produced, in addition to scien-
tific essays, a large part of the marvelous
Pensées, which was not published until
after his death. He was also immersed
in Montaigne’s Essays, which filled him
with contradictory emotions. He cher-
ished Montaigne’s honesty, his hatred of
cruelty, his scorn of dogmatism and love
of intellectual freedom, his benevolent
interest in human nature, “the stoical
tranquility he practised and preached
in an evil time”; and he admired the
incomparable vitality of his style. But
the Essays also shocked and horrified
him. Montaigne had an ironical and de-
tached view of religion. If religion was
sublime, it was also celestial; it was
heaven’s affair rather than man’s. Why
should one imagine that municipal laws
are the laws of the universe? Man is
miserably weak, supremely foolish,
moved by base passions and vanity.
Wisdom and justice are unknown to him.
His sages and philosophers are chatter-
ers. He can rely neither upon his senses
nor upon his sense. There was no vast
difference, says Mortimer, between
Montaigne’s outlook and Hobbes’s view
that “the life of man is solitary, poor,
nasty, brutish and short.” Man, Mon-
taigne said, is the prey of trivial chances.
He wrote (in a translation of the time):
“A gust of contrarie winds, the croking
of a flight of Ravens, the false pase of a
Horse, the casual flight of an Eagle, a
dreame, a sodaine voyce, a false signe,
a mornings mist, an evening fogge, are
enough to overthrow, sufficient to over-
whelme and pull him to the ground.”
And if it be urged in mitigation that,
despite man’s wretched condition and
contemptible character, he has religion,
the reply is yes, he has the religion that
chance flung in his way: “Man cannot
make a worm, but he makes Gods by
the dozen.”

In Sainte-Beuve’s phrase, Montaigne
became anchored in the soul of Pascal.
He would not follow where Montaigne
beckoned, but he could not turn away
from him. This dilemma, centered on
one man, was the epitome of the crisis
of Pascal’s entire outlook, of his doubt-
ing faith, his troubled convictions, his
fluctuating commitments.

In 1653 Pascal made a trip to Poitou
with the Duc de Roannez. One of the
party was the Chevalier de Méré, a
member of the great house of Condé, a
soldier, scholar, skeptic and “cultivated
libertine.” To this man the world owes
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a debt made up of strangely incongruous
parts. Méré was an elegant and skillful
writer; Pascal’s style, says Mortimer, at-
tained “its complete freedom from affec-
tation and verbiage” from Méré’s teach-
ing. The other part of the debt is more
intriguing and important. Méré was a
gambler, and the occasion arose, shortly
after the journey to Poitou, for him to
ask Pascal to solve two problems of
practical use to gamblers. Pascal had
for some months been disaffected and
weary, preoccupied with his soul. On
his return to Paris, however, he began
to settle his estate, to buy property, to
renew his efforts to sell his arithmetical
machine, and before long his scientific
interests, touched off by Méré, “awoke
from a long sleep.” The first problem
was: “When one plays with two dice,
what is the minimum number of throws
on which one can advantageously bet
that a double six will turn up?” This was
easy for Pascal; 24 throws would be a
bad bet; 25, a good one. The other ques-
tion was harder.

Two players have agreed that the
stakes will go to the one who first wins
three games. Before this happens their
play is interrupted. How, under differ-
ent circumstances, are the stakes to be
divided? Pascal found an ingenious and
simple answer. Suppose A has won two
games and B one, and the stake is 16
pistoles. In that case A should receive
12 pistoles and B four. Pascal reasoned
as follows: Assume that one more game
could be played. If A won it, he would
be entitled to the full 16 pistoles; if B
won it, at that point he could claim half
the stakes. So when only three games
have been played, A can say to B: “Win
or lose the next game, I have at least
eight pistoles due me. That leaves the
other eight for the next game, in which
the chances are equal, so if we cannot
play the next game, we divide equally,
and I get four.” Pascal worked out the
other cases. He sent his solution to Pierre
de Fermat in Toulouse, who had got the
same results by algebraic methods. Pas-
cal was very pleased. “I see,” he wrote,
“that the truth is the same in Toulouse
and in Paris.” The independent work of
both men laid the basis of the mathe-
matical theory of probability. (Girolamo
Cardano had anticipated some of their
results in the preceding century, but his
book on the subject lay unnoticed.)

Pascal’s success in solving Méré’s
problems stimulated him to further study
of the mathematical theory of chance.
One of his brilliant ideas was the arith-
metical triangle, a capsule of the cal-
culus of probabilities. Pascal flung him-
self into this work with immense energy;
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it was his way when his interest had been |
roused to tackle a subject—physics, the-
ology, mathematics, even business—in a
frenzy, as if nothing else mattered, as if
time were running out. His program was
unbelievably ambitious. He proposed to
write treatises on the theory of numbers,
on the equilibrium of liquids, on the
arithmetical triangle; to write papers on
magic squares, on circles, on conic sec-
tions, on perspective; and “to reduce to
an exact art, with the rigour of mathe-
matical demonstration, the incertitude
of chance, thus creating a new science
which could justly claim the stupefying
title: the geometry of hazard.”

Of this fantastic plan only a small
part came to fruition. Its grandiosity
marked his desperation. He had to keep
going, to drive himself, whether in high
society or high science, so as not to be
alone with his dark thoughts. He was
“a made man and a celebrity,” yet he
was a tormented man. He doubted his
God; he felt empty and lost.

On November 23, 1654, he experi-
enced another intense religious episode,
“a timeless eternal moment.” Immedi-
ately after his vision he wrote at head-
long speed an account which, together
with a parchment copy, was found after
his death, sewn into his doublet. His
life from then on was changed. Prayer
and sacred study were his main con-
cerns. He never again attached his name |
to any of his writings (“an evident disci-
pline against vanity”); he withdrew
more and more from society. His health
began to deteriorate. For a brief period
he entered a retreat of the Port-Royalists.
Doctrinal questions fevered him. We are
“tied and bound with the chain of our
sins,” but does this mean there is no
hope, that the truth is beyond us? He
thought not; there is a function for the
human will, a way to salvation; it is not
as prideful as the way of Epictetus, nor
as limited as the way of Montaigne. Out
of the quarrel between the assignment
of moral power and moral weakness Pas-
cal drew a synthesis: “Faith teaches us
to assign these two inclinations to differ-
ent things: infirmity to human nature,
but power to grace.”

I shall not follow him in his career as
a pamphleteer. His famous anti-Jesuit
Provincial Letters are a mixture of tedi-
ous theological claptrap, moral grandeur,
humor and irony. They are masterpieces
of polemical literature; even Voltaire,
who despised everything about Pascal,
found the wit of the letters a match for
Moliére’s finest comedies. The Provin-
cial Letters, the background of the dis-
pute that occasioned them, the history
of Port-Royal, and Pascal’s relation to
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Jansenism are all well described in Mor-
timer’s excellent book.

In the years that remained, Pascal
neither entirely abandoned science nor
renounced fashionable society, though
religious questions were uppermost in
his thoughts. He wrote his Spirit of
Geometry, a philosophical essay that, in
Mortimer’s view, is Pascal’s equivalent
of Descartes’ Discourse on Method. He
greatly advanced knowledge of the
mathematics of the cycloid. One night,
awakened by a violent toothache, there
came, as his sister Gilberte tells it, “un-
invited into his mind some thought on
the problem of the roulette [i.e., cy-
cloid].” A whole crowd of thoughts
followed. He determined the area of a
section produced by any line parallel to

the base, the volume generated by it re- |
volving around its base, and the centers |

of gravity of these volumes. Anony-
mously he sent out a challenge to all
mathematicians to solve these problems;
entries came from Christiaan Huygens,
Christopher Wren, John Wallis and oth-
ers. No one matched Pascal’s solutions
which, when published, caused a sensa-
tion, not only as an intellectual feat but
also because he stirred up old and bitter
scientific quarrels. He did not attach
his name to the publications, but there
was no doubt who was the author.

Now at last—this was 1659—he “bade
a final farewell to the glories and quar-
rels of science.” This may be the
moment “at which he began to wear

next his skin an iron belt with small |

spikes which he pressed at any tempta-
tion to pride.” As his health deteriorated
he became a solitary and an ascetic.
He gave up his carriage and horses, his
tapestries, even his books—“except the
Bible . . . and (surely) Montaigne.” He
found it difficult to eat and could take
only liquids.

He wished once more to meet with his
friend Fermat, but he was not strong
enough to make the journey even to a
midway point. His letter to Fermat ex-
plaining why he could not come gives
a moving self-portrait. “I find geometry
the noblest exercise of the mind, yet I
know it to be so useless that I see no
difference between a geometer and a
clever artisan. I call it the loveliest occu-
pation in the world, but only an occupa-
tion. . .. A singular chance about a year
or two ago did set me at mathematics,
but having settled the matter I am not
likely ever to touch the subject again.”

He was dying. He had resigned him-
self and was waiting upon God, filling
a page of the Pensées when he could.
Yet in the midst of his departure came
an almost comic interlude. Suddenly he

© 1959 SCIENTIFIC AMERICAN, INC

010

The engineer
moves ahead

as Vought

forms b divisions

Advantages of divisionalization
will be felt up and down the
Chance Vought roster. And the
engineer — mining new knowl-
edge in five broad areas —is
benefiting particularly. New,
self-managing divisions give the
professional man the career
stability that comes from a bal-
anced, integrated program.
And, from among these divi-
sions’ many technical specialty
areas, the engineer can find the
position that most ideally fits
his talents.

AERONAUTICS DIVISION

Developing new generations
of manned aircraft, missiles
and antisubmarine apparatus.
Projects include Navy-spon-
sored ASW studies, and pro-
duction of Vought F8U
Crusader fighters.

ASTRONAUTICS DIVISION

Concentrating on vehicles for
space exploration and on bal-
listic and anti-ballistic missile
systems. Supplying Scout
research rockets to NASA.

ELECTRONICS DIVISION

Developing, manufacturing
and marketing antennas and
related electronics, ground
support electronics, antisub-
marine apparatus and other
military as well as commer-
cial systems.

RANGE SYSTEMS DIVISION

Establishing and operating
test ranges and test equip-
ment for missiles and space
vehicles.

RESEARCH DIVISION

Looking forward to a new
center for basic research into
astronautics, undersea war-
fare, the life sciences (relat-
ing to the human factors of
flight), and other areas.

AERONAUTICS

ASTRONAUTICS

1010

ELECTRONICS

Ty

RANGE
SYSTEMS

RESEARCH

In which Vought division would you
make your most rapid advancement? Why
not write for further information?

Professional Placement Office
Dept. SA-7

CHANCE, i

i oucHT

LAacias, Taxas



immersed himself in the formation of
the first omnibus company, which soon
ran its first line from the Porte Saint-
Antoine to the Luxembourg Palace. It
was a far more profitable venture than
his calculating machine. He gave the
money to charity and bequeathed half
his interest in the company to the hos-
pitals of Clermont and Paris.

In June, 1663, he was attacked by ter-
rible headaches. Convulsions followed.
On August 18 he died, aged 39.

Mortimer has made Pascal under-
standable. But perhaps, after all, “real-
ist” is not the best word for him. He had
many gifts; he was many things. He
was divided as experience itself is di- |
vided; he was uncertain in an uncertain
world. His scientific achievements were
extraordinary, yet it is in the Pensées
that he achieved supremely. He had a
profound sense of man’s loneliness, of
his terror of nothingness and longing to
find his place in a vast, indifferent uni-
verse; and an exquisite way of transfix-
ing truth, of making anguish stand still,
of speaking the (uestions that men have
asked since the beginning. No one,
neither scientist nor philosopher, neither
rationalist nor mystic, has transcended
his insight into man’s condition:

“For after all what is man in nature?
A nothing in relation to infinity, all in
relation to nothing, a central point be-
tween nothing and all, and infinitely
from understanding either. The end of
things and their beginnings are impreg-
nably concealed from him in an impene-
trable secret. He is equally incapable of
seeing the nothingness out of which he
was drawn and the infinite in which he

is engulfed.”
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teen-agers. Primarily this is the story
of Zeta, the British machine for achiev-
ing very high temperatures as a first step
toward fusion power; but the author, a
research engineer at the British Atomic
Energy Research Establishment, pre-
pares the ground by giving an admirable
account of the fundamentals of elec-
tricity and electric power, of the struc-
ture of atoms and nuclei, of nuclear
physics, of fission and fusion. He has a
remarkable facility for straight talk and
lucid, metaphorless exposition; he takes
apart a very complex problem and never
for a moment forgets that his readers

INTRODUCING

Is/p/E@

g/ /M)

THE WORLD OF SCIENCE

A new kind of science publication
Edited under the guidance of eight distinguished scientists

Making New Building Blocks of Matter

Animals with Double Lives

Building Brooklyn Bridge

Inside the Living Cell
Round Trip from Space
Probability

The Stream of Consciousness

By GLENN T. SEABORG
By BOBB SCHAEFFER
By D. B. STEINMAN
By PHILIP SIEKEVITZ
By MELVIN CALVIN
By HERBERT ROBBINS

By WILLIAM JAMES

Plus briefer articles and photographic essays
More than 100 illustrations, including the distinctive
full-color aid—Trans-Vision

At all bookstores.

$3.95

HENRY HOLT AND COMPANY, INC.
383 Madison Avenue, New York 17, N. Y.

VIVALDI

“Sheer listening joy!’ —That’s what
Leonard Bernstein calls the Library
of Recorded Masterpieces exciting new
VIVALDI recording project.

For the first time in musical and re-
cording history, the music lover, music
school or library receives—

““Recording in depth” of the complete out-
put of a great composer played in the style
of the original following the authentic scores
as they appear in the composer’s hand-
writing ;

Recorded by leading artists with the most
advanced high fidelity techniques and made
available in both monaural and stereo;

Permanent availability of all recordings,
plus replacement of damaged or worn
records at minimal cost, plus protection
against technical obsolescence by exchange
of monaural for stereo recordings when
desired ;

Provision of remarkable written and re-
corded musical indices;

Inclusion of the authentic Ricordi scores of
all the recorded music.

And all this at less than the scores alone would
cost. In the words of Dr. Paul Henry Lang, “This
is not only a good project, it is an exciting one.””

Write Today for Free Prospectus
If you love music, just ask for VIVALDI.

Library of Recorded Masterpieces, Dept.
SA-1, 150 W. 82nd St., New York 24.
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DEVELOPMENT
A%| " ENGINEERS

career opportunities

For 75 years, Honeywell has been “first
in controls”’—in the home, in industry,
in business, and now climbing into space.
Within this diversified area, choice and
lasting careers currently exist for the
following engineers:

INFRA-RED. Graduate engineer with 3
to 5 years’ experience in the field of
electronics. One to 2 years’ experience
in infra-red systems, design and applied
research. Knowledge of optic system
application desirable.

RF — UHF. Graduate engineer with 3 to
5 years’ RF development experience.
Design experience in radio frequency
circuits in VHF range and up. Radar
type pulse circuits and antenna design
experience desirable.

BAROSWITCH. Graduate mechanical en-
gineer with 5 to 7 years’ product design
experience in the field of small mechan-
ical or electro-mechanical devices. Min-
imum 3 years’ experience in field of baro-
metric switches. Will independently di-
rect a baroswitch development program.

If you are a qualified engineer interested
in one of these openings, send informa-
tion on your background and accom-
plishments to F. W. Miller, Dept. 121,
Honeywell, 2753 Fourth Avenue South,
Minneapolis.

Honeywell
Fratr wo Coitinls-
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A euphoric memo from Simon and Schuster about

THE SCIENTIFIC AMERICAN BOOK

OF MATHEMATICAL PUZZLES
& DIVERSIONS |

E’RE delighted to report to all

hexaflexagon-flexers and other
readers of this magazine that Martin
Gardner’s first book of mathematical
games from Scientific American is an
immediate success.

It’s out just 10 days as we write.
It’s already in its 3rd printing and
40th thousand (better order your
copy and your gift copies without
delay) and winning the warmest of
praise. Here are the first tributes:

VANNEVAR BUSH writes: “A
grand book! Enjoyed it hugely.
Martin Gardner accomplishes
the seemingly impossible. He
has produced a book which will
be enjoyed by a layman and
which will also make a good
mathematician scratch his brow
in perplexity.”

CLIFTON FADIMAN says: “With
this delightful collection, Mr.
Gardner takes his place among
the classic masters in the field.
His book poses a grave problem
for the lover of mathematical
recreations. It will seduce him
for hours, for days, for weeks
from the duller business of prac-
tical life. Enter these enchanted
mazes you who dare!”

and PIET HEIN writes us from
Denmark that he is “thoroughly
enjoying MATH Puzz & DIVERs
—to make a long title short.”

What’s in the book? A lively se-
lection of mathematical recreations
from Four Dimensional Ticktacktoe
to Flexagons, Topological Curiosities
and the latest twist on the Moebius
Strip. And Mr. Gardner has added
new variations and solutions — and
some piquant mathematical backtalk
from Scientific American readers.

Price $3.50.

In short: a perfect gift for (1)
yourself (2) numberless (literally)
laymen who will get from it their
first taste of the heady joys of mathe-
matical discovery. (3) your favorite
atomic physicist, and (4) the bright
adolescent who likes puzzles and
may, through them, be lured into the
world of mathematics.

—SIMON AND SCHUSTER

—=—=— SEND NO MONEY — MAIL THE COUPON TODAY =—=—=—=
l To your bookseller or l
: SIMON AND SCHUSTER, INC., Dept. G., 630 Fifth Avenue, New York 20, N. Y. :
Please send me for free examination......... copies of Martin Gardner’s SCIENTIFIC AMERICAN I
| Book oF MATHEMATICAL PuzzLes & Diversions. If not delighted I'll return it in 10 days. Other-
l wise you bill me $3.50 per copy plus postage. I
l NI, ¢ et tettieeenieeeiaeeneneneneennneaneeeaeeeesaoonnsenansesnsnnsssnssennsssnnncnns i
I (Please Print) I
I AdAress. . oveitiieettteeureneeeeeeesonnnneeeeeeeeesnsnnssesesesseesesssonnneeannnnnnns II
| {81 Zone. .... State....ooviiiiiiiiin I
| D Check here if enclosing remittance. This way publishers pay postage. Same return-for- |
| refund guarantee. |
I e e 2
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are not specialists, cannot be driven too
hard and must be gently led. The result
is fascinating. We should have more
books by John Jukes.

ISAA(: NEWTON: PIONEER OF SPACE
- MatHEMATICS, by Beulah Tannen-
baum and Myra Stillman. McGraw-Hill
Book Company, Inc. ($3). The sub-
title is absurd and vulgar, as if Madison
Avenue had been retained to put the
man over, but this is a capable young
people’s  biography of Newton that
makes an honest if not very deep-
probing attempt to describe his discov-
eries in mathematics and physics. For
readers of 12 and older.

"'HE WONDERFUL WORLD OF THE AlIR,

by James Fisher. THE WONDERFUL
WorLp oF LiFE, by Julian Huxley. Gar-
den City Books ($2.95 each). These
recent additions to an attractive, color-
ful, large-format series are better than
average but suffer by comparison with
the best of the earlier volumes, in par-
ticular, Lord Boyd-Orr’s The Wonder-
ful World of Food, reviewed here last
December. Fisher uses air as an excuse
for soaring through a variety of topics.
In 60 pages of pictures and brief text
he covers bacteria, airports, the chem-
istry of gases, music, Benjamin Frank-
lin, bird navigation, vol¢anoes, algae,
anticyclones, flying fish, photosynthesis,
squids, insects, paleontology, fungi, bats,
sailing, the flight of an arrow, Torri-
celli, rockets and missiles, von Guericke’s
experiments, thunderclouds, mine ex-
plosions, ballooning, the history of
aviation, Lindbergh, commercial air
travel, radar, Pascal, comets, da Vinci.
Mach number, the anatomy of the lungs,
troposphere, Galileo and a hundred oth-
er topics. The effect is confusion and
mild exhilaration. Huxley’s book is more
disciplined because it sticks to the story
of evolution. It considers how the dif-
ferent forms of life are related, how life
changes with time, how it produces its
amazing variety, how it advances. Many
of the pages are too busy, with arrows
darting in all directions, crowded se-
quences and insets, and the illustrations
lean to the lurid, but there is plenty of
good stuff for mind and eye. Both books
are addressed to teenagers.

THE Story oF FricuT, by John Lew-

ellen and Irwin Shapiro. Golden
Press, Inc. ($3.95). From ancient leg-
ends to the age of space, illustrated with
old prints, photographs, original paint-
ings and drawings. The emphasis on the
military aspect of aviation is heavy, but

| there is no doubt that the appetite for



symbol of creative research

Expanding
corporate sponsored
program of advanced

research offers
opportunity to . . .

SCIENTISTS
ENGINEERS

As part of a continuing pro-
gram of scientific inquiry,
the Research Laboratories of
United Aircraft Corporation
are again expanding their
activities.

The record of this organi-
zation over the past thirty
years has shown a consistent
trend toward basic research.
The present expansion is
part of this pattern and of-
fers Scientists and Engineers
a unique opportunity for cre-
ative work coupled with job
stability. Independence of sci-
entific thinking and action
are encouraged.

Our unusual complex of
supporting services includes:
modern laboratories and
equipment, the nation’s
largest industrial digital and
analog computing facility and
a coordinated program for
the design and development
of advanced instrumentation.

If you can make creative con-
tributions in any of the follow-
ing fields . . .

Chemical Kinetics
Fuel and Combustion Analysis
Thermodynamic Cycle Analysis
Space Mechanics
Electrical Propulsion
Plasma Physics
Gaseous Electronics
Vehicle Trajectory and
Performance Analysis
High Temperature Materials
Particle Physics
Direct Conversion
Surface Chemistry
Nuclear Engineering

. . and if you are now limited
to ordinary problems — only
partially using your training
and mental abilities — these
openings should be of particu-
lar interest.

Please write Mr. W. M. Walsh
or phone Hartford, Conn.
JAckson 8-4811

RESEARCH LABORATORIES

UNITED AIRCRAFT CORPORATION
400 Main Street,East Hartford 8, Connecticut

murder has played a large part in turn-
ing man’s eyes to the sky and propelling
him toward heaven. For readers of 12
and older.

HE DiscovERER OF INsuLIN, Dgr.

Freperick G. BaxTting, by I. E.
Levine. Julian Messner, Inc. ($2.95). A
well-paced biography for teenagers
which describes in considerable detail
the scientific researches that brought
Banting a Nobel prize and the gratitude
of millions of sufferers from diabetes.

P[ow PareEr Is MapE, by David C.

4 Cooke. Dodd, Mead & Company
($2.75). From tree to this page. Photo-
graphs, straightforward captions. For
readers of 10 and older.

rMMuae UnkNowN OceaN, by Amabel

Williams-Ellis. G. P. Putnam’s Sons
($2). Chapters on the adventures and
researches of Alain Bombard (across
the Atlantic in a rubber raft), Thor
Heyerdahl (Kon-Tiki), Jacques-Yves
Cousteau (aqualung inventor and ex-
plorer of old sunken ships), William
Beebe and the Piccards (bathysphere
and bathyscaph), and others who have
helped make the ocean less unknown.
For readers from 8 to 11.

HE MooN, by George Gamow.

Abelard-Schuman ($2.75). Revised
edition of an excellent popularization,
bringing matters up to date—but who
can keep up with the Russians? For
teenagers and older readers.

THEY WANTED THE REAL ANSWERS,

by Amabel Williams-Ellis. G. P. Put-
nam’s Sons ($2). The stories of four men
who got the answers. “They” are Aris-
totle, Pasteur, Darwin, Edison. For 9-

to 11-year-olds.
l) LaNTs THAT HEaL, by Millicent E.
Selsam. William Morrow and Com-
pany, Inc. ($2.50). A shortsketch about
plants that have medicinal properties.
Among the healersare Rauwolfia, ipecac,
castor beans, cascara, aloes, psyllium,
senna, foxglove, ephedra, Jimson weed,
Eucalyptus, Cinchona, opium poppy,
coca leaves, Strychnos, henbane, bella-
donna, ergot, curare—and of course the
molds. Miss Selsam tells when and how
they were first used, and their status in
the pharmacopoeia today. For readers
of 12 to 14.

|
[_Iow BoaTs Go UpHILL, by Roger Pilk-
ington. Abelard-Schuman ($2.50). | PHILOSOPHICAL LIBRARY

The story of canal locks, elevators and
other lifts to help boats climb. The illus-
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NEW and IMPORTANT BOOKS from
PHILOSOPHICAL LIBRARY

ATOMIC TERMINOLOGY—English-
German-French-Italian, edited by Lore Let-
tenmeyer. A dictionary of essential terms in
atomic and nuclear physics and associated
fields. $6.00

UNIVERSITY MATHEMATICS by
Joseph Blakey. In one volume; all that is
necessary for a rapid yet thorough study of
algebra, trigonometry, co-ordinate geometry,
calculus, etc. “The best book of its kind.”
Leeds University Review $10.00

MODERN ELECTRONIC COMPO-
NENTS by G. W. A. Dwmmer. The first
complete survey of the characteristics of the
more common electronic components, and
their behavior under normal and stress con-
ditions. $15.00

DICTIONARY OF AERONAUTI-
CAL ENGINEERING by J. L. Nayler.
An up-to-date dictionary which includes de-
tails of the new terminology which has
arisen with advent of guided missiles, satel-

lites, etc. $10.00

NUCLEAR POWER PLANT by E.
Oppenshaw Taylor. A review of the basic
ideas underlying nuclear power generation.

7.50

ELECTRIC MOTORS AND GEN-
ERATORS Illustrated by E. T. G. Emery
¢t al. The design, construction, installation,
operation, testing and maintenance of all
types of AC and DC motors and generators.
Over 400 illustrations—diagrammatic and
pictorial. $12.00

AUTOMATION, CYBERNETICS
AND SOCIETY by F. H. George. An
over-all survey of cybernetics and its appli-
cations as automation. [/lustrated. $12.00

ELECTRONIC COMPUTERS Revised
by T. E. [vall. Largely revised, with new,
modern diagrams and pictures. The em-
phasis is on digital and analogue computers
and their applications in industry, com-
merce and science. $12.00

THE CHALLENGE OF SCIENCE
EDUCATION Editedby Joseph S. Roucek.
Twenty-five international authorities discuss
the level of science in American education,
the relation of science to classical education,
religion, and national welfare, and many
other aspects of science in society. $10.00

PROPERTIES OF MATTER by F. C.
Champion and N. Davy. An enlarged edition
of a standard text; the subject reoriented
from a philosophical point of view to atomic
interpretations. 10.00

CHEMISTRY OF NUCLEAR POW-
ER by J. K. Dawson and G. Long. An
authoritative account of the part played by
chemists in the development program of nu-
clear power. 10.00

THE STORY OF CHEMISTRY by

Georg Lockemann. A completely new com-

prehensive history which not only includes

the newest advances in nuclear chemistry but

sheds new light on theories of ancient chem-

istry. $4.75
You can expedite shipment

by enclosing remittance

15 East 40th Street, New York 16, N.Y.
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CAREER
OPPORTUNITIES
AT TH

DEVICE DEVELOPMENT
ENGINEER

sistors will be pit
fanium crystal seen in container
above being inserted into diffusion furnace.
Magnified in circle above are 37 of more
than 1,000 transistor hearts per slice.

your future:
a challenging opportunity
with an industry leader

Now take advantage of maximum
professional growth at Texas
Instruments by participating in
development of the most advanced
semiconductor-component devices.
Working with the newest facilities,
take part in:

® DEVICE DEVELOPMENT Development
of new devices by studies in solid-
state diffusion, alloying of metals and
semiconductors, vacuum deposition
of metals, surface chemistry, and
solid state physical measurements.

® SURFACE STUDIES Surface reactions
and surface energy phenomena on
silicon and germanium.

® ADVANCED COMPONENT DESIGN
Development of new components by
studies of deposition of thin films,
electrolytic studies such as anodic
oxidation rates and film structures.

@ NUCLEAR RADIATION experiments on
semiconductor materials and devices.

With TI, receive liberal company-
paid benefits, including profit shar-
ing (last year 15% of base salary).

Interviews will be held in your area
soon. I'f you have an Electrical En-
gineering, Physical Chemistry or
Physics degree and experience in
semiconductor or related develop-
ment areas, please send a resume to:

W. T. Hudson, Dept. 201-E-SA
(for immediate Eastern appointment)

1141 E. Jersey Street, Elizabeth, New Jersey

or o)
C. A. Besio, { il;\ Dept. 201-SA

TEXAS INSTRUMENTS
INCORPORATED

SEMICONDUCTOR -~ COMPONENTS DIVISION
POST OFFICE BOX 312 « DALLAS. TEXAS
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trations are more decorative than eluci-
dative.

WATER, Ricues or Ruin, by Helen

Bauer. Doubleday & Company, Inc.
($3). There are many books on water
conservation. This one has nothing to
say that has not been said much better,
but the photographs, drawings and dia-
grams, of which there are many, tell the
story well for 8- to 10-year-olds.

MATHEMATICS, by Irving Adler. Gold-

en Press (50 cents). Fifty color-
fully and imaginatively illustrated pages
containing a remarkable amount of
mathematical information. Snapshots of
the origins of mathematics; the history
of written numbers; the meaning of
rectangular, triangular, square and cubic
numbers, and of primes; Fibonacci
series; the anatomy of triangles; the
Pythagorean theorem; pi; polygons;
mathematics in nature; equations; navi-
gation; coordinate axes; probability;
Pascal’s triangle; slide rules; computers;
mathematics and music; mathematics
and art; card tricks; magic squares.
Adler does not give more than a couple
of pages to each of these, yet he man-
ages to explain fundamentals and to
whet the reader’s appetite for more. A
tour de force. For readers of 12 and older.

MEN, Moss anND REINDEER, by Erick |
1 Berry. Coward-McCann, Inc.
($2.50). An introduction to Lapland:
the life of the people, the character of
the country and climate, the story of the
reindeer herds. Modest and informative.
For ages 10 to 14.

HE QUEST OF GALILEO, by Patricia

Lauber. Garden City Books ($2.50).
The merit of this short biography of
Galileo is its clear exposition of the
fundamentals of his studies in motion
and mechanics, and his work in astron-
omy. Good diagrams. A nice entry into
the subject for a thoughtful 12- to 14-
year-old.

WORDS OF SCIENCE, AND THE HiSTORY

BEHIND THEM, by Isaac Asimov.
Houghton Mifflin Company ($5). The
purpose of this portmanteau of words,
from absolute zero to zodiac, is to
entertain. It contains an assortment of
historical, etymological, biographical,
anecdotal and scientific tidbits. Informa-
tion about the word zero (from the
Arabic word sifr, meaning empty), oxy-
gen (meaning “that of which a sharp
taste is born”), cobalt (from the German
kobold, an underground spirit), ion

(“going” in Greek), influenza (“influ-
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AN INVITATION
T0 JOIN ORO

Pioneer In
Operations Research

Operations Research is a young
science, earning recognition rapidly
as a significant aid to decision-mak-
ing. It employs the services of
mathematicians, physicists, econo-
mists, engineers, political scientists,
psychologists, and others working
on teams to synthesize all phases of
a problem.

At ORO, a civilian and non-
governmental organization, you
will become one of a team assigned
to vital military problems in the
area of tactics, strategy, logistics,
weapons systems analysis and
communications.

No other Operations Research
organization has the broad expe-
rience of ORO. Founded in 1948 by
Dr. Ellis A. Johnson, pioneer of
U. S. Opsearch, ORO’s research
findings have influenced decision-
making on the highest military
levels.

ORO’s professional atmosphere
encourages those with initiative and
imagination to broaden their scien-
tific capabilities. For example, staff
members are taught to “‘program’
their own material for the Univac
computer so that they can use its
services at any time they so desire.

ORO starting salaries are com-
petitive with those of industry and
other private research organiza-
tions. Promotions are based solely
on merit. The “fringe” benefits
offered are ahead of those given
by many companies.

The cultural and historical fea-
tures which attract visitors to
Washington, D. C. are but a short
drive from the pleasant Bethesda
suburb in which ORO is located.
Attractive homes and apartments
are within walking distance and
readily available in all price ranges.
Schools are excellent.

For further information write:
Professional Appointments

OPERATIONS RESEARCH
OFFIGE [ore]

The Johns Hopkins University

6935 ARLINGTON ROAD
BETHESDA 14, MARYLAND
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ence” in Italian), gas (from the Greek |
“chaos”), ellipse (“defect” in Greek, i.e.,
a defective circle), bowels (from the
Latin for “little sausage”), cortisone
(short for 11-dehydro-17-hydroxycorti-
costerone), and so on. Dinner-table con-
versation for teenagers and adults.

DISCOVERING CHEMISTRY, by Eliza-

beth K. Cooper. Harcourt, Brace
and Company ($3). Miss Cooper tells
how to set up your own home laboratory,
lists the simple; inexpensive apparatus
you will need, describes 30 common
chemical elements to be found in house-
hold items and ordinary, easy-to-get

| things, introduces the structure of atoms

and molecules, discusses the principles |
of chemical reactions and gives precise
instructions for performing a wide

[ variety of non—dangerous experiments.

She writes clearly and has a sure feeling
for a youngster’s curiosity as well as the
limits of his patience. (There is nothing
more dismaying to the parents of young
chemists than half-finished, overambi-
tious experiments whose remains are
apt to tincture the stew.) An excellent,

helpfully illustrated primer for 12’s

SEMIBUHD“BTURS | and older |

IN

HOME OF THE MESA TRANSISTOR

Keep a sharp eye on your professional horizon
— look into the career opportunities offered
by Motorola’s fast-growing, fast-moving Semi-
conductor Products Division. Immediate open-
ings for junior and senior personnel:

IN MARKETING: Sales Engineers e District
Managers ¢ Contract Administrators e
Product Planners  Applications Engineers

IN RESEARCH AND PRODUCTION: Electronic
Engineers o Mechanical Engineers o
Physicists-Chemists ¢ Quality Control
Engineers ¢ Process Engineers ¢ Project
Engineers ¢ Reliability Engineers

The working climate is as attractive as the
living climate in this famed ‘“Valley of the
Sun” resort area.

Warm, dry and sunny the year around. .. plus
countless recreational activities for leisure
fun. Salaries commensurate with your abilities
and experience . . . plus unlimited opportunity
for advancement.

Investigate Motorola! Send complete resume
in confidence to

Mr. Vernon Sorenson

MOTOROLA, INC.

Semiconductor Products Division
50056G East McDowell, Phoenix, Arizona

A

MESA TRANSISTORS ~ SWITCHING TRANSISTORS
POWER TRANSISTORS SILICON RECTIFIERS
AUDIO TRANSISTORS ~ SILICON ZENER DIODES

SEMICONDUCTOR PRODUCTS DIVISION

MOTOROLA

| each). Newmembers of a series designed

HE NEw MaTERIALs, by Gerald

Leach. Roy Publishers ($2.50). A
brief, illustrated account of new metals,
plastics and other materials introduced
by modern technology. Good for readers
of 12 and up.

HE FIrsT Book OF MaPs AND GLOBES,

by Sam and Beryl Epstein. Franklin
Watts, Inc. ($1.95). For 10- to 12-year-
olds, the different kinds of maps, how to
read them, their uses, the meaning of
various symbols and scales, how maps
are made, the concepts of latitude, longi-
tude, great circle, meridian and so on.

%LL ABOUT THE ICE AGE, by Patricia
Lauber; ALL ABOUT PREHISTORIC
Cave MEN, by Sam and Beryl Epstein;
ALL ABOUT ARCHAEOLOGY, by Anne
Terry White. Random House ($1.95

for 10- to 14-year-olds and well received
by them. Miss Lauber sometimes finds
it hard to nail down her point but she
succeeds in giving a sound account of
the causes, history and effects of the
most recent ice age. Her chapters deal
with the pioneer glacier-studies of Louis
Agassiz, life in the ice age, paleonto-
logical research, modern exploration of
glaciers, the “greenhouse” effect, con-
tinental drift and polar wandering, the
Ewing-Donn theory of the meteorolog-
ical cause of ice ages. The Epsteins spin
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GORL
LOGIG

Core logic is one of the new
techniques being applied by
the Research and Develop-
ment staff at Hermes Elec-
tronics Co. to produce a new
family of digital equipments.
The growing demand for
these and other equipments
have created a number of
career opportunities for en-
gineers and scientists with
backgrounds in magnetic
core circuits, computer logi-
cal design, and transistor cir-
cuits for digital and pulse
applications.

Hermes Electronics Co. is a
unique organization where re-
sponsibility and initiative are
encouraged. Here you will
also find the stimulation and
environment of a young and
growing company. Your as-
sociation will be with staff
members who are in the van-
guard of many of today’s
rapidly expanding technical
frontiers.

Salaries and other benefits
are comparable to those of
major research and develop-
ment organizations. The com-
pany’s location in Cam-
bridge, Mass. affords un-
equaled cultural, living and
recreational facilities. Lib-
eral educational benefits are

‘allowed for graduate study at

leading universities in this
area.

Interested scientists and en-
gineers are invited to address
inquiries to: Mr. E. E. Lan-
defeld, Personnel Director.

17

Hermes

Electronics Co.
75 CAMBRIDGE PARKWAY
CAMBRIDGE 42, MASSACHUSETTS
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off the well-worn stories about Peking
man, the tooth found in the Chinese
druggist’s shop, ancient stone tools,
Neanderthalers, Cro-Magnons, the caves
of Altamira and Lascaux. The informa-
tion is accurate, but other books accessi-
ble to this age group cover the field
better. Miss White does the able job one
expects of her in this sort of sketch,
which has to cover a broad subject
quickly without making the reader feel
rushed. She explains the evidence ar-
chaeologists look for, the work they do,
how they interpret what they find and
piece together their results. Her exam-
ples include the discoveries of Boucher
de Perthes, the exploration of Neander-
thal burial caves, the uncovering of
Etruscan tombs, Heinrich Schliemann’s
digs in Troy, Arthur Evans’s labors at
Minos, the tomb of Tut-ankh-amen, and
Sumerian, Aztec, Mayan and Inca re-
mains.

JEoPLE AND PrAcEs, by Margaret
Mead. The World Publishing Com-
pany ($4.95). Though she is a highly
competent anthropologist and can write
well, Miss Mead has never learned how
to be brief and direct. In this book,
however, which touches on a rich variety
of ideas and topics, and which is properly
discursive, her weakness as an expositor
is her strength. She ambles hither and
yon, drawing effectively on her wide ex-
perience and knowledge, and succeeds
in imparting a better general notion of
the community of man than a teen-ager
is likely to find in any other single book.
Her survey is in three parts. The first
deals with man’s discovery of man: his
curiosity about those different from
himself, his coming together with others
by travel and trade, the work of the
anthropologist. The second describes
how some peoples live: the Eskimos,
the Plains Indians, the Ashanti of West
Africa, the Balinese, the Minoans of
Crete. The third considers what men
have contributed to each other: their
essential interdependence; the steps
that must be taken to improve the con-
ditions of great numbers of people, to
make better use of the world’s resources,
to guard against the possibility of sui-
cidal wars. An admirable, exceptionally
interesting and elevating book. For teen-
agers.

l)USH axp Purr, by Paul E. Black-

wood. Whittlesey House ($3). About
solar energy, mechanics, chemical en-
ergy, electricity, radiant and nuclear
energy. The facts are correct; the presen-
tation is pedestrian; the illustrations are
insipid and inadequate.

206

AEROJET-GENERAL CORPORATION, A SUB-
SIDIARY OF THE GENERAL TIRE &

RUBBER COMPANY ... 189
Agency: D’Arcy Advertising Company
AERC')NCA MANUFACTURING CORPORA-
TION ...t
Agency: Penn and Hamaker, Inc.
AINSWORTH, WM., & SONS, INC..... . 188
Agency: Walter L. Schump, Advertising
ALLEN-BRADLEY COMPANY. 10
Agency: The Fensholt Advertising Agency, Inc.
ALLIED CHEMICAL CORPORATION.. 15
Agency : Benton & Bowles, Inc.
ALLIS-CHALMERS MFG. CO. . 2

Agency : Bert S. Gittins Advertising, Inc.

ALUMINUM COMPANY OF AMERICA, CHEM-
ICALS DIVISION.. 85
Agency: Ketchum, MacL eod & Grove, Inc.
AMERICAN BOSCH ARMA CORPORATION,
ARMA DIVISION. .
Agency: Doyle, Kitchen & McCormick, Inc

AMERICAN ELECTRONICS, INC., CORPO-
RATE OFFICE 40
Agency : MacManus, John & Adams, Inc.

AMERICAN MACHINE & FOUNDRY COM-
PANY, GOVERNMENT PRODUCTS GROUP 143
Agency: Cunningham & Walsh Inec.

AMERICAN RECORD GUIDE, THE. ... 200
Agency: Sam Groden, Incorporated

AMERICAN-STANDARD, MILITARY PROD-

UCTS D|V|S|O ........ ..168, 169
Agency: S. Gunnar Myrbeck & Company, In(‘
AMPEREX ELECTRONIC CORP........ 28

Agency: Sam Groden, Incorporated

AMPEX CORPORATION, INSTRUMENTATION
DIVISION

41

Agency: McCann-Erickson, Inc.

ARGONNE NATIONAL LABORATORY ...
Agency: Grant-Jacoby Studios, Inc.

AUTONETICS, A DIVISION OF NORTH AMER-

ICAN AV|AT|ON INC. 163
Agency : Batten, Barton. Durslme&Oclmrn Inc.
AVCO CORPORATION. 19
Agency: Benton & Bowles, Inc.
AVCO EVERETT RESEARCH LABORATORY......... 133

Agency: Allied Advertising Agency Inc.

BAUSCH & LOMB OPTICALCO. . ... 79
Agency : Wolff Associates, Inc.

BEAN, MORRIS, & COMPANY.... e 174
Agem\ Odmrne Industrial -\xlvernsmg Inc

BELL TELEPHONE LABORATORIES. 29
Agency: N. W. Ayer & Son, Incorporated

BENDIX AVIATION CORPORATION...... 50

Agency: MacManus, John & Adams, Inc.

BENDIX AVIATION CORPORATION, KAN-
SAS CITY DIVISION.... 30

Agency : Selders-Jones-Covington, Inc.

BENDIX AVIATION CORPORATION, SYSTEMS
DIVISION

Agency: MacManus, John & Adams, Inc.

BENDIX COMPUTER DIVISION OF BENDIX

AVIATION CORPORATION.. 36
Agency: Shaw Advertising, Inc.

BOEING AIRPLANE COMPANY... 44
Agency: McCorm'ck-Armstrong Advertising Agency
BOEING AIRPLANE COMPANY.. . 187
Agency: Fletcher Richards, Calkins & Holden. Inc.
BORG-WARNER CORPORATION.. ................86, 87

Agency: Clinton E. Frank, Inc.

BUDD COMPANY, THE
Agency : The Aitkin-Kynett Co.,

BURNDY CORPORATION, OMATON DIVI-
SION 173

. 15

Agency: Ted Gravenson, Inc.

BURROUGHS CORPORATION .....ccccooverirrrrrrnarinns 139
Agency : Campbell-Ewald Company

CHANCE VOUGHT AIRCRAFT, INCORPO-

RATED 200
Agency : Tracy-Locke Company, Inc.
COLLINS RADIO COMPANY... SR | /3

Agency: W. D. Lyon Company

CONTROLS COMPANY OF AMERICA e 83

Agency : Klau-Van Pietersom-Dunlap, Inc.

CORNELL AERONAUTICAL LABORATORY,

INC. OF CORNELL UNIVERSITY ... 119
Agency : Barber & Drullard Inc.
CORNING GLASS WORKS..... 81

Agency: The Rumrill Company Inc.

DONNER SCIENTIFIC COMPANY.... ... 16
Agency: Bonfield Associates. Inc.
DOUGLAS AIRCRAFT COMPANY, INC........ 183

Agency: J. Walter Thompson Company

DOW METAL PRODUCTS COMPANY, THE,
DIVISION OF THE DOW CHEMICAL
COMPANY . 12

Agency : MacManus, John & Adams, Inc.

DU PONT DE NEMOURS, E. I, & CO., INC.,
FILM DEPT . 31

Agency: Batten, Barton, Durstine & Osborn, Inc.

EASTMAN CHEMICAL PRODUCTS, INC., SUB-
SIDIARY OF EASTMAN KODAK COM-
PANY 126, 127

Agency : Fred Wittner Company

EASTMAN CHEMICAL PRODUCTS, INC., SUB-
SIDIARY OF EASTMAN KODAK COM-

PANY, CHEMICALS DIV.... 172
Agency: Fred Wittner Company
EASTMAN KODAK COMPANY.. 77
Agency : The Rumrill Company Inc.
EDMUND SCIENTIFIC CO.... ... 185
Agency: Walter S. Chittick Company
ELECTRIC AUTOLITE CO., THE..... ..... ... 20, 21

Agency: Grant Advertising, Inc.

ELECTRONIC ASSOCIATES, INCORPORATED 26

Agency : Gaynor & Ducas, Inc.

FAI%?(;\I'LD SEMICONDUCTOR CORPORA-

Agency: Boland Associates

GARFIELD, OLIVER, CO., INC.. .. 184
Agency: Daniel & Charles, Inc.

GENERAL DYNAMICS CORPORATION
Back Cover
Agency : D’Arcy Advertising Company

GENERAL ELECTRIC COMPANY, DEFENSE
SYSTEMS DEPARTMENT.. ...

Agency: Deutsch & Shea. Inc.

GENERAL ELECTRIC COMPANY, DEFENSE
SYSTEMS DEPARTMENT..... .3
Agency: G. M. Basford Company

GENERAL ELECTRIC COMPANY, HEAVY MIL-
ITARY ELECTRONICS DEPT. 157

Agency: Deutsch & Shea, Inc.

GENERAL ELECTRIC COMPANY, SEMICON-
DUCTOR PRODUCTS DEPARTMENT.

Agency: Brooke, Smith. French & Dorrance,

GENERAL MOTORS RESEARCH LABORATO-
RIES

2

..... . 1

Agency : Campbell-Ewald Company
GILSON SLIDE RULE CO.... E7)
GLOBE INDUSTRIES, INC... 45

Agency: Odiorne Industrial Advertising, Inc.

GOODYEAR AIRCRAFT CORPORATION, A
SUBSIDIARY OF THE GOODYEAR TIRE &
RUBBER CO..ccovvciicecec 208

GOVERNMENT PRODUCTS GROUP, AMERI-
CAN MACHINE & FOUNDRY COMPANY.. 143
Agency: Cunningham & Walsh Inc.

GRAPHIC SYSTEMS.. e 200
Agency : Diener & Dorskind Incorporated
GURLEY, W. & L. E...... 32

Agency : Fred Wittner Company

HALOID XEROX INC., INDUSTRIAL RELA-

TIONS DIVISION ... 208
Agency: Hutchins Ad\ernsmg Company, Inc
HERMES ELECTRONICS CO .. ... .o 205

Agency: L. K. Frank Company
HOLT, HENRY, AND COMPANY,

Agency: Denhard & Stewart, Inc.

INTERNATIONAL BUSINESS MACHINES COR-
PORATION 82

Agency: Benton & Bowles, Inc.

© 1959 SCIENTIFIC AMERICAN, INC



NDEX OF ADVERTISERS

DECEMBER, 1959

JAEGERS, A. 184
Agency: Carol Advertising Agency

JANITROL AIRCRAFT DIVISION, SURFACE
COMBUSTION CORPORATION..

Agency : Odiorne Industrial thrnsmg, Inc.

KAMAN NUCLEAR, A DIVISION OF KAMAN 209
0

AIRCRAFT CORP
Agency : Gabel & Associates

KELLART COMPANY..... .. 147
Agency : Vernor Advertising Agency

LEEDS & NORTHRUP COMPANY..
Agency : Harris D. McKinney Incorp

LIBRARY OF SCIENCE, THE.... . . ... 190

Agency : Wunderman, Ricotta & Kline, Inc.

LINDSAY CHEMICAL DIVISION, AMERICAN
POTASH & CHEMICAL CORPORATION... 22
Agency: C. Franklin Brown, Inc.

LITTON INDUSTRIES, INC,,
EQUIPMENTS DIVISION..
Agency: Fletcher Richards, Calkms & Holden, Inc.

LOCKHEED AIRCRAFT CORPORATION, CALI-
FORNIA DIVISION..
Agency : Hal Stebbins, Inc.

LOCKHEED AIRCRAFT CORPORATION, ELEC-
TRONICS & AVIONICS DIVISION.. 149
Agency : Donahue & Coe, Inc.

LOCKHEED AIRCRAFT CORPORATION,
GEORGIA NUCLEAR DIV ...52,53
Agency: Foote, Cone & Bel(lmg

LOCKHEED MISSILES AND SPACE DIVISION,
LOCKHEED AIRCRAFT CORPORATION
164, 165

ELECTRONIC

Agency: Hal Stebbins, Inc.

LOS ALAMOS SCIENTIFIC LABORATORY OF
THE UNIVERSITY OF CALIFORNIA....... 103
Agency: Ward Hicks Advertising

MARQUARDT CORPORATION, THE..... 106, 107
Agency: Grant Advertising, Inc.

MARRIOTT MOTOR HOTELS. . 147
Agency: M. Belmont Ver Stand C.

VMARTIN COMPANY, THE, DENVER DIVISION 125
Agency: E. M. Halvorson Co.

M. 1. T. LINCOLN LABORATORY. .. ... 138
Agency: Randolph Associates

VMELPAR, INC., A SUBSIDIARY OF WESTING-

HOUSE AIR BRAKE COMPANY...... 47
Agency : Larrabee Associates Advertising
VMETAL & THERMIT CORPORATION. 27
Agency : Marsteller, Rickard, Gebhardt and
Reed, Inc.
AETALLIZING ENGINEERING CO., INC........ 78
Agency: The Schuyler Hopper Co.
AINNEAPOLIS-HONEYWELL oo 34,35
Agency: The Aitkin-Kynett Co., Inc.
AINNEAPOLIS-HONEYWELL . ... 201

Agency : Kerker-Peterson, Inc.
AINNEAPOLIS-HONEYWELL, HEILAND DIVI-
SION

9
Agency: Tool and Armstrong Advertising, Inc.
AINNESOTA MINING AND MANUFACTUR-
ING COMPANY, CHEMICAL DIVISION
170, 171

Agency: MacManus, John & Adams, Inc.

AINNESOTA MINING AND MANUFACTUR-
ING COMPANY, MAGNETIC PRODUCTS
DIVISION .

Agency : MacManus, John & Adams, Inc.

MISSILES & SPACE SYSTEMS, A DIVISION OF
UNITED AIRCRAFT CORPORATION..... 128, 129
Agency: Chambers, Wiswell, Shattuck, Cllﬂord&
McMillan, Inc.

MOTOROLA, |NC SEMlCONDUCTOR PROD-
UCTS DIV
Agency: Gelz dll(l Q‘m(llmrg, Inc.

MOTOROLA, INC., WESTERN MILITARY ELEC-
TRONICS CENTER..... . 104

Agency: Jennings & Thompson Advertising, Im

NATIONAL CASH REGISTER COMPANY, THE,
ELECTRONICS DIVISION
Agency : Allen, Dorsey & Hatfield, Inc.

NATIONAL COMPANY, INC... 37
Agency: Burton Browne Advertising

NATIONAL RESEARCH COUNCIL... . ... 198

NORTON COMPANY, ELECTRO-CHEMICAL

DIVISION

Agency : James Thomas Chirurg Company

OPERATIONS RESEARCH OFFICE, THE JOHNS
HOPKINS UNIVERSITY. ... - 204
Agency: M. Belmont Ver Standig, Im

OXFORD UNIVERSITY PRESS, INC.. 194

Agency : Denhard & Stewart, Inc.

PACKARD BELL ELECTRONICS, TECHNICAL
PRODUCTS DIVISION
Agency: Robinson, Fenwick & Haynes, Inc.

PAILLARD INCORPORATED.. 151
Agency: Fuller & Smith & Ross Inc.
PERKIN-ELMER CORPORATION.. bl

Agency: G. M. Basford Company

PHILCO CORPORATION, GOVERNMENT AND
INDUSTRIAL DIVISION... ... 101
Agency: Maxwell Associates, Inc.

PHILOSOPHICAL LIBRARY, PUBLISHERS. 197, 203
Agency : Franklin Spier, Inc.

PITTSBURGH LECTRODRYER DIVISION,
McGRAW-EDISON COMPANY ... 151
Agency : The Griswold-Eshleman Co.

QUESTAR CORPORATION. ...t 89

RADIO CORPORATION OF AMERICA, AD-
VANCED MILITARY SYSTEMS.... 84
Agency: Al Paul Lefton Company, Inc.

RADIO CORPORATION OF AMERICA, ELEC-
TRON TUBE DIVISION.. . ..., 46
Agency : Al Paul Lefton Company,
New York Division Inc.

RADIO ENGINEERING LABORATORIES, INC. 13
Agency : Thomas Franklin Burroughs Co.

RAMO-WOOLDRIDGE LABORATORIES, THE... 186
Agency: The McCarty Co.

RAND CORPORATION, THE........cccoocovnrirrrrircee 54
Agency : Fletcher Richards, Calkins & Holden, Inc.
RANSBURG ELECTRO-COATING CORP.......... 114

Agency: H. L. Ross, Advertising
RAYTHEON COMPANY.... 43

Agency: Donahue & Coe, Inc.

RAYTHEON COMPANY, GOVERNMENT
EQUIPMENT DIVISION.. 195
Agency: Hoag & Provandie, Inc.

RAYT:-{EI?IN COMPANY, MISSILE SYSTEMS
DIVISION
Agency: James Thomas Chirurg Company

REPUBLIC AVIATION CORPORATION
Inside Back Cover
Agency: De Garmo Incorporated

RESEARCH LABORATORIES,
CRAFT CORPORATION.. .
Agency: B. E. Burrell & Associates

UNITED AIR-
................ . 203

SKF INDUSTRIES, INC..
Agency: G. M. Basford Company

SHELL CHEMICAL CORPORATION
Inside Front Cover
Agency: J. Walter Thompson Company

SIGMA INSTRUMENTS, INC.. 18
Agency: Culver Advertising, Inc.
SIMON AND SCHUSTER, PUBLISHERS..... .. 202

Agency: Schwab, Beatty & Porter, Inc.

SINCLAIR PETROCHEMICALS, INC., SUBSID-
IARY OF SINCLAIR OIL CORPORATION.. 105
Agency: Geyer, Morey, Madden & Ballard, Inc.

SINGER MANUFACTURING COMPANY, THE,
MILITARY PRODUCTS DIVISION..... . 159
Agency: O. S. Tyson and Company, Inc.

SORENSEN & COMPANY, INC., SUBSIDIARY
OF RAYTHEON CO.. 180

Agency: James Thomas Chirurg Company

SPACE TECHNOLOGY LABORATORIES, INC. &
Agency: Gaynor & Ducas, Inc.

SPERRY MICROWAVE ELECTRONICS CO.,
DIVISION OF SPERRY RAND CORPORA-
TION . 137

Agency: Reach, Mc leton & Lo - Im‘m’pumled

SYLVANIA ELECTRIC PRODUCTS, INC., ELEC-
TRONIC TUBES DIVISION.. .
Agency: J. Walter Thompson Company

SYLVANIA ELECTRIC PRODUCTS, INC.,
SEMICONDUCTOR DIVISION. 48

Agency: J. Walter Thompson Company

SYSTEM DEVELOPMENT CORPORATION........... 193
Agency: Stromberger, LaVene, McKenzie :
Advertising

TECHNIBOOK, INC..

TEXAS INSTRUMENTS INCORPORATED, SEMI-
CONDUCTOR-COMPONENTS DIVISION 17, 204
Agency: Don L. Baxter, Inc.

THIOKOL CHEMICAL CORPORATION........ 176,177
Agency : Brown & Butcher, Inc.

TORRINGTON COMPANY, THE. ... 161

Agency: Hazard Advertising Company, In

TRANSITRON ELECTRONIC CORPORATION... 23

Agency : The Bresnick Company, Inc.

UNITED STATES GRAPHITE COMPANY, THE,
DIVISION OF THE WICKES CORPORA-
TION 33

Agency : Price, Tanner & Willox, Inc.

UNITED STATES STEEL CORPORATION...... 24,25

Agency: Batten, Barton, Durstine & Osborn, Inc.

UNITRON INSTRUMENT DIVISION OF
UNITED SCIENTIFIC CO......

Agency : Larcom Randall Advertising, Inc.

UNIVERSITY OF CHICAGO PRESS

Agency : Franklin Spier, Inc.

WALLACE & TIERNAN INCORPORATED... 42
Agency : Branstater Associates, Inc.
WESTERN ELECTRIC COMPANY... 49

Agency: Cunningham & Walsh Inc.

WESTINGHOUSE ELECTRIC CORPORATION,
ATOMIC POWER DEPARTMENT... 90
Agency: Groody Advertising Co.

WESTINGHOUSE ELECTRIC CORPORATION,
BETTIS ATOMIC POWER LABORATORY...... n7
Agency: Groody Advertising Co.

WESTINGHOUSE ELECTRIC CORPORATION,
SEMICONDUCTOR DEPARTMENT... 145

Agency: McCann-Erickson, Incorporated

WHITE, S. S, DENTAL MFG. CO., INDUS-
TRIAL DIVISION.. o142
Agency: W. L. Towne Company, Inc.
WORLD PUBLISHING COMPANY, THE.......... 198

Agency: Denhard & Stewart, Ine.

© 1959 SCIENTIFIC AMERICAN, INC

207



P
H
o
PHOENIX
N
1
X

At the crossroads of opportunity for men with
vision in Electronic Engineering.

GOODYEAR
AIRCRAFT
CORPORATION
ELECTRONIC LABORATORY

OPENINGS FOR HANDBOOK

WRITERS AND ILLUSTRATORS.
ALSO FOR SR. ENGINEERS IN
RELIABILITY, ENVIRONMENTAL
TEST AND GROUND SUPPORT.

Long range research and
development projects.
studies available under
financed evening courses.

LEISURE LIVING AT ITS BEST

“IN THE VALLEY OF THE SUN”

Send resume to: A. E. Manning

Engineering and Scientific Personnel
GOODSYEAR AIRCRAFT

LITCHFIELD PARK
PHOENIX, ARIZONA

Similar opportunities available in our
Akron, Ohio, Laboratory

Graduate company

OPPORTUNITIES
with a
| GROWTH COMPANY

| Progressive, rapidly expanding man-
ufacturer in the field of xerography
(physical photography based on solid-
state and electrostatic phenomena)
has outstanding opportunities for:

SENIOR PROJECT PHYSICISTS

PH.D. or M.S. in solid-state
physics, preferably with exper-
ience or training in photo-con-

| ductivity and/or single-crystal
electronic devices.

| Also THEORETICAL PHYSICIST
with two-three years’ experience
in analysis of semi-conductor de-
vices—especially single-crystal di-
odes and transistor devices.
Openings in field of photo-conductiv- |
ity and semi-conductivity as applied
to electro-optical devices.
Emphasis will be on study of proper-
ties of photo-conductive materialsand
relationship of transport mechanisms
to device behavior. Individual will ‘
have major responsibility for plan-
ning, supervising, and carrying out
experimental programs.
Kindly send resume and salary re-
quirements to:

Fred A. Weterrings ‘
Industrial Relations Division
HALOID XEROX INC.

P.O. Box 1540, Rochester 3, N. Y.

208

BIBLIOGRAPHY

Readers interested in further reading
on the subjects covered by articles in this
issue may find the lists below helpful.

NUCLEIC ACIDS AND PROTEINS

THE BlosynTHESIS OF PROTEIN. Rob-
ert B. Loftfield in Progress in Bio-
physics and Biophysical Chemistry,
No. 8, pages 348-382; 1957.

O~ ProTEIN SynTHESIS. F. H. C. Crick
in Symposia of the Society for Experi-
mental Biology, No. 12, pages 138-
163; 1958.

THE PROTO-CASTLES
OF SARDINIA

THE NURAGHI OF SARDINIA. Giovanni
Lilliu in Antiguity, Vol. 33, pages 32-
38; 1959.

BODY FAT

THE INFLUENCE OF INSULIN ON GLUCOSE
UTILIZATION IN ADIPOSE AND HEPAT-
ic Tissues iIn Vitro. F. X. Haus-
berger, Seymour W. Milstein and
Robert J. Rutman in The Journal of
Biological Chemistry, Vol. 208, No. 1-
2, pages 431-443; May, 1954.

Stubies ox RAT Apirose TISSUE IN
Vitro. I: EFFECTS OF INSULIN ON THE
MEeTaBoLISM OF GLUCOSE, PYRUVATE
AND ACETATE. II: EFFECTS OF INSULIN
ON THE METABOLISM OF SPECIFICAL-
Ly LaBeLEp Grucose. Albert I
Winegrad and Albert E. Renold in
The Journal of Biological Chemistry,
Vol. 233, No. 2, pages 267-276; Au-
gust, 1958.

THE ARMS OF THE GALAXY

THE DISTRIBUTION OF THE STARS IN
Space. Bart ]. Bok. The University
of Chicago Press, 1937.

THE LARGE-SCALE STRUCTURE OF THE
Garaxy. F.J. Kerr, J. V. Hindman
and Martha Stahr Carpenter in Na-
ture, Vol. 180, No. 4,588, pages 677-
679; October 5, 1957.

A SurveEYy OF SoUTHERN H;; REecIoNs.
Colin S. Gum in Memoirs of the Royal
Astronomical Society, Vol. 67, Part 4,
pages 155-176; 1955.

COMPUTER MUSIC

ExPERIMENTAL Music. Lejaren A.
Hiller, Jr., and Leonard M. Isaacson.

© 1959 SCIENTIFIC AMERICAN, INC

McGraw-Hill Book Company, Inc.,
1959.

THE FLOW
OF MATTER

INDUSTRIAL RHEOLOGY AND RHEOLOGI-
caL  Structures. Henry Green.
John Wiley & Sons, Inc., 1949.

THEORY OF ELASTICITY AND PLASTICITY.
Harold Malcolm Westergaard. Har-
vard University Press, 1952.

A TREATISE ON THE MATHEMATICAL
Tueory or Evasticity. A. E. H.
Love. Dover Publications, Inc., 1944.

TweLVE LECTURES oON THEORETICAL
Rueorocy. Marcus Reiner. North-
Holland Publishing Company, 1949.

THE PHYSIOLOGY
OF THE CAMEL

Bopy TEMPERATURE OF THE CAMEL
AND ITs RELAaTION TO WATER ECono-
my. Knut Schmidt-Nielsen, Bodil
Schmidt-Nielsen, S. A. Jarnum and
T. R. Houpt. Department of Zoology,
Duke University, 1959.

THe CaMEeL, Its Uses AND MANAGE-
MENT. Major Arthur Glyn Leonard.
Longmans, Green and Co., 1894.

PHyYsioLocy oF MAN IN THE DESERT.
E. F. Adolph and associates. Inter-
science Publishers, 1947.

DIFFERENTIATION
IN SOCIAL AMOEBAE

Tue CELLULAR SLiME Morps. John
Tyler Bonner. Princeton University
Press, 1959.

EVIDENCE FOR THE SORTING OUT OF
CeLLS IN THE DEVELOPMENT OF THE
CELLULAR SLIME MovLps. John Ty-
ler Bonner in Proceedings of the Na-
tional Academy of Sciences, Vol. 45,
No. 3, pages 379-384; March, 1959.

MATHEMATICAL GAMES

ON A STrRING PrOBLEM OF Dirac. M.
H. A. Newman in The Journal of the
London Mathematical Society, Vol.
17, Part 3, No. 67, pages 173-177;
July, 1942.

Tae THEORY OF BrAIDS. Emil Artin in
American Scientist, Vol. 38, No. 1,
pages 112-119; January, 1950.

Tue THEORY OF Groups. Marshall Hall,
Jr. The Macmillan Company, 1959.

THE AMATEUR SCIENTIST
LecTURES ON THE THYROID. James How-

ard Means. Harvard University Press,
1954.



the Kaman neutron source
small - lightweight - portable

107 neutron/pulse - nominal.

5 microseconds — pulse length.
Adjustable - 1-10 pulses/sec.

H3 (d, n) He* reaction.

Accelerator Unit — 4" OD x 18" long.
Control Unit — 2134" x 151" x 101/,".

The NT-60-8 Pulsed Neutron Generator Assembly . . . an Exclusive Development by k‘M‘” ””c‘[‘ﬁ

COLORADO SPRINGS, COLORADO
Research and Development in Nuclear Weaponry and Instrumentation. A Division of the Kaman Aircraft Corporation

Scientists and Engineers . . . Live and Work in the fabulous Garden of the Gods vacationland. Write Employment Division 15

209

© 1959 SCIENTIFIC AMERICAN, INC



ANNUAL
[NDEX

The following index lists all the
articles and authors that appeared in
ScienTIFIC AMERICAN during 1959. The
index also lists the principal book review
in each issue.

Abortion in the United States,

edited by Mary Steichen Cal-
derone. A book review by James R.
Newman; January, page 149.

Adams, Elijah. proisons; November,
page 76.

Alder, B. J, and Thomas E. Wain-
wright. MOLECULAR MOTIONS; Octo-
ber, page 113.

ALKALOIDS, by Trevor Robinson; July,
page 113.

Allen, Robert D. THE MOMENT OF FER-
TILIZATION; July, page 124.

Amos, William H. THE LIFE OF A SAND
DUNE; July, page 91.

AMPLIFIERS, JUNCTION-DIODE, by Arthur
Uhlir, Jr.; June, page 118.

Anderson, A. J.,, and E. J. Underwood.
TRACE-ELEMENT DESERTS; January,
page 97.

ANGIOTENSIN, by Irvine H. Page, F.
Merlin Bumpus and Hans J.
Schwartz; March, page 54.

ARCHAEOLOGY IN THE MAYA HIGHLANDS,
UNDERWATER, by Stephan F. Borheg-
yi; March, page 100.

Arnold, James R., and E. A. Martell.
THE CIRCULATION OF RADIOACTIVE ISO-
TOPES; September, page 84.

Ashby, Sir Eric. Technology and the
Academics. A book review by Asa
Briggs; October, page 201.

ASTRONOMY, BALLOON, by Martin and
Barbara Schwarzschild; May, page
52.

ASTRONOMY, ROCKET, by Herbert Fried-
man; June, page 52.

Austin, Leonard G. FUEL CELLS; Oc-
tober, page 72.

B Bascom, Willard. THE MOHOLE;

April, page 41.

Bascom, Willard. OCEAN WAVES; Au-
gust, page 74.

Beadle, George W. IONIZING RADIA-
TION AND THE CITIZEN; September,
page 219.

BEER, by Anthony H. Rose; June, page
90.

Bettelheim, Bruno. JOEY: A “MECHAN-
ICAL BOY’’; March, page 116.

Biddulph, Susann and Orlin. THE CIR-
CULATORY SYSTEM OF PLANTS; Febru-
ary, page 44.

Billington, Douglas S. IONIZING RADI-
ATION AND METALS; September, page
200.

BIRDS, INCUBATOR, by H. J. Frith; Au-
gust, page 52.

210

BLOOD, THE MICROCIRCULATION OF THE,
by Benjamin W. Zweifach; January,
page 54.

Blue and Brown Books, The, by Lud-
wig Wittgenstein. A book review by
James R. Newman; August, page 149.

Bogert, Charles M. HOW REPTILES
REGULATE THEIR BODY TEMPERATURE;
April, page 105.

Bok, Bart J. THE ARMS OF THE GALAXY;
December, page 92.

Bonner, John Tyler. DIFFERENTIA-
TION IN SOCIAL AMOEBAE; December,
page 152.

Borhegyi, Stephan F. UNDERWATER
ARCHAEOLOGY IN THE MAYA HIGH-
LANDS; March, page 100.

BRAIN WAVES, CONDITIONING AND, by
Vernon Rowland; August, page 89.

Breck,D. W, and J. V. Smith. MoOLEC-
ULAR SIEVES; January, page 85.

Briggs, Asa. Technology and the
Academics, by Sir Eric Ashby (a
book review) ; October, page 201.

Briggs, Asa. The Two Cultures and
the Scientific Revolution, by C. P.
Snow (a book review); October,
page 201.

Buck, Pearl S. Command the Morning.
A book review by V. S. Pritchett;
July, page 159.

Bumpus, F. Merlin, Irvine H. Page and
Hans J. Schwartz. ANGIOTENSIN;
March, page 54.

Burks, Arthur W., editor. Collected
Papers of Charles Sanders Peirce:
Vol. VII, Science and Philosophy;
Vol. VIII, Reviews, Correspondence
and Bibliography. A book review by
Ernest Nagel; April, page 185.

C Calderone, Mary Steichen, edi-

tor. Abortion in the United

States. A book review by James R.
Newman; January, page 149.

CAMEL, THE PHYSIOLOGY OF THE, by Knut
Schmidt-Nielsen; December, page
140.

Campbell, Arthur A., Pascal K. Whelp-
ton and Ronald F. Freedman. FaM-
ILY PLANNING IN THE U. S.; April, page
50.

CARGO CcULTS, by Peter M. Worsley;
May, page 117.

Causes of World War Three, The, by C.
Wright Mills. A book review by
James R. Newman; February, page
155.

CELLS, TISSUES FROM DISSOCIATED, by A.
A. Moscona; May, page 132.

Chalmers, Bruce. HOW WATER FREEZES;
February, page 114.

Chapman, Sydney. THE EARTH IN THE
SUN’S ATMOSPHERE; October, page 64.

Charlesby, A. IONIZING RADIATION
AND ORGANIC CHEMISTRY; September,
page 180.

CLIMATE, CARBON DIOXIDE AND, by Gil-
bert N. Plass; July, page 41.

Cobb, William C., and John S. Nieder-
hauser. THE LATE BLIGHT OF POTA-
TOES; May, page 100.

Cohen, I. Bernard. The Sleepwalk-
ers: A History of Man’s Changing
View of the Universe, by Arthur
Koestler (a book review); June,
page 187.

Cole, Fay-Cooper. A WITNESS AT THE
SCOPES TRIAL; January, page 120.

© 1959 SCIENTIFIC AMERICAN, INC

Collected Papers of Charles Sanders
Peirce: Vol. VII, Science and Phi-
losophy; Vol. VIII, Reviews, Corres-
pondence and Bibliography, edited
by Arthur W. Burks. A book review
by Ernest Nagel; April, page 185.

COLOR VISION, EXPERIMENTS IN, by Ed-
win H. Land; May, page 84.

Command the Morning, by Pearl S.
Buck. A book review by V. S. Prit-
chett; July, page 159.

COMPUTER, AN ANCIENT GREEK, by Derek
J. de Solla Price; June, page 60.

COSMIC RAYS, HIGH-ENERGY, by Bruno
Rossi; November, page 134.

Crombie, A. C. DESCARTES; October,
page 160.

Crow, James F. IONIZING RADIATION
AND EVOLUTION; September, page 138.

CROWS, THE LANGUAGE OF, by Hubert
and Mable Frings; November, page
119.

Cullity, B. D. ALIGNED CRYSTALS IN
METALS; April, page 125.

THE IDEA OF
November,

Daniel, Glyn E.
MAN’S ANTIQUITY;
page 167.

Darlington, C. D. THE ORIGIN OF DAR-
WINISM; May, page 60.

Darwin and the Darwinian Revolution,
by Gertrude Himmelfarb. A book re-
view by Ernst Mayr; November,
page 209.

DARWINISM, THE ORIGIN OF, by C. D.
Darlington; May, page 60.

DARWIN’S MISSING EVIDENCE, by H. B. D.
Kettlewell; March, page 48.

DESCARTES, by A. C. Crombie; October,
page 160.

DIFFERENTIATION IN SOCIAL AMOEBAE, by
John Tyler Bonner; December, page
152.

Dole, Vincent P.
page 70.

BODY FAT; December,

EARTH IN THE SUN’S ATMOSPHERE,
THE, by Sydney Chapman; Octo-
ber, page 64.

EARTHQUAKE WAVES, LONG, by Jack Oli-
ver; March, page 131.

Ebert, James D. THE FIRST HEART-
BEATS; March, page 87.

Eiseley, Loren C. CHARLES LYELL;
August, page 98.

Eiseley, Loren C. ALFRED RUSSEL WAL~
LACE; February, page 70.

ELECTRIC LIGHT, THE INVENTION OF THE,
by Matthew Josephson; November,
page 98.

ENTEROVIRUSES, by Joseph L. Melnick;
February, page 88.

ENZYME-SUBSTRATE COMPLEX, THE, by
Earl Frieden; August, page 119.

EXCLUSION PRINCIPLE, THE, by George
Gamow; July, page 74.

F FAMILY PLANNING IN THE U. S., by
Ronald F. Freedman, Pascal K.

Whelpton and Arthur A. Campbell;
April, page 50.

FAT, BODY, by Vincent P. Dole; Decem-
ber, page 70.

FERTILIZATION, THE MOMENT OF, by
Robert D. Allen; July, page 124.

Fortes, Meyer. PRIMITIVE KINSHIP;
June, page 146.

Freedman, Ronald F., Pascal K. Whelp-
ton and Arthur A. Campbell. FAMILY



PLANNING IN THE U. S.; April, page 50.

Freud: The Mind of the Moralist, by
Philip Rieff. A book review by Rob-
ert W. White; September, page 267.

Frieden, Earl. THE ENZYME-SUBSTRATE
COMPLEX; August, page 119.

Friedman, Herbert. ROCKET ASTRONO-
MY; June, page 52.

Frings, Hubert and Mable. THE LAN-
GUAGE OF CROWS; November, page 119.

Frith, H. J. INCUBATOR BIRDS; August,
page 52.

FUEL CELLS, by Leonard G. Austin;
October, page 72.

G GALAXY, THE RADIO, by Gart

Westerhout; August, page 44.

GALAXY, THE ARMS OF THE, by Bart J.
Bok; December, page 92.

Gamow, George. THE EXCLUSION PRIN-
cIPLE; July, page 74.

GERMINATION, by Dov Koller; April,
page 75.
Gingerich, Owen. THE SOLAR SYSTEM
BEYOND NEPTUNE; April, page 86.
Ginzburg, V. L. ARTIFICIAL SATEL-
LITES AND THE THEORY OF RELATIVITY;
May, page 149.

GLANDS, SALT, by Knut Schmidt-Niel-
sen; January, page 109.

GLAUCOMA, by Sidney Lerman; August,
page 110.

Greenstein, Jesse L.
January, page 46.

H Hall, H. Tracy. ULTRAHIGH
PRESSURES; November, page 61.

Hall, Robert A, Jr. PIDGIN LANGUAGES;
February, page 124.

Harlow, Harry F. LOVE IN
MONKEYS; June, page 68.

HEARTBEATS, THE FIRST, by James D.
Ebert; March, page 87.

Hiller, Lejaren A, Jr. COMPUTER MU-
sic; December, page 109.

Himmelfarb, Gertrude. Darwin and the
Darwinian Revolution. A book re-
view by Ernst Mayr; November,
page 209.
Hoagland, Mahlon B. NUCLEAR ACIDS
AND PROTEINS; December, page 55.
Hollaender, Alexander, and George E.
Stapleton. IONIZING RADIATION AND
"E LIVING CELL; September, page 94.

Hook, Sidney, editor. Psychoanalysis,
Scientific Method and Philosophy. A
book review by Robert W. White;
September, page 267.

Hovanitz, William. INSECTS AND PLANT
caLLs; November, page 151.

HYDRA, THE SEX GAS OF, by W. F. Loomis;
April, page 145.

DYING STARS,

INFANT

' Inspection for Disarmament, ed-

ited by Seymour Melman. A

book review by James R. Newman;
February, page 155.

INTERACTIONS, THE WEAK, by S. B. Trei-
man; March, page 72.

IONIZING RADIATION AND THE CITIZEN, by
George W. Beadle; September, page
219.

IONIZING RADIATION AND EVOLUTION, by
James F. Crow; September, page 138.

IONIZING RADIATION AND THE LIVING
CELL, by Alexander Hollaender and
George E. Stapleton; September,
page 94.

IONIZING RADIATION AND MEDICINE, by

Shields Warren; September, page
164.

IONIZING RADIATION AND METALS, by
Douglas S. Billington; September,
page 200.

IONIZING RADIATION AND ORGANIC CHEM-
1STRY, by A. Charlesby; September,
page 180.

IONIZING RADIATION?, WHAT IS, by Rob-
ert L. Platzman; September, page 74.

IONIZING RADIATION AND THE WHOLE
ANIMAL, by John F. Loutit; Septem-
ber, page 117.

J Jastrow, Robert. ARTIFICIAL
SATELLITES AND THE EARTH'S AT-

MOSPHERE; August, page 37.

JOEY: A “MECHANICAL BOY,” by Bruno
Bettelheim; March, page 116.

Josephson, Matthew. THE INVENTION
OF THE ELECTRIC LIGHT; November,
page 98.

K Kettlewell, H. B. D. DARWIN’S
MISSING EVIDENCE; March, page
48.

KIDNEY, THE TRANSPLANTATION OF THE,
by John P. Merrill; October, page
57.

King, John A. THE SOCIAL BEHAVIOR OF
PRAIRIE DOGS; October, page 128.

KINSHIP, PRIMITIVE, by Meyer Fortes;
June, page 146.

Koestler, Arthur. The Sleepwalkers: A
History of Man’s Changing View of
the Universe. A book review by I.
Bernard Cohen; June, page 187.

Koller, Dov. GERMINATION; April,
page 5.

Kraft, Robert P. PULSATING STARS AND
COSMIC DISTANCES; July, page 48.

L Lamb, I. Mackenzie.
October, page 144.

Land, Edwin H. EXPERIMENTS IN COL-
OR VISION; May, page 84.

Lerman, Sidney. cLaucoMmA; August,
page 110.

Levoy, Myron, and John J. Newgard.
NUCLEAR ROCKETS; May, page 46.

LICHENS, by I. Mackenzie Lamb; Octo-
ber, page 144.

LIFE AND LIGHT, by George Wald; Octo-
ber, page 92.

Lilliu, Giovanni. = THE PROTO-CASTLES
OF SARDINIA; December, page 62.

Logic of Scientific Discovery, The, by
Karl R. Popper. A book review by
Stephen E. Toulmin; May, page 189.

Loomis, W. F. THE SEX GAS OF HYDRA;
April, page 145.

Loutit, John F. IONIZING RADIATION
AND THE WHOLE ANIMAL; September,
page 117.

LOVE IN INFANT MONKEYS, by Harry F.
Harlow; June, page 68.

LYELL, CHARLES, by Loren C. Eiseley;

August, page 98.
M MACHINES, SELF-REPRODUCING, by
L. S. Penrose; June, page 105.
Malcolm, Norman. Ludwig Wittgen-
stein: A Memoir. A book review by
James R. Newman; August, page 149.
MAN’S ANTIQUITY, THE IDEA OF, by Glyn
E. Daniel; November, page 167.
Martell, E. A.,, and James R. Arnold.
THE CIRCULATION OF RADIOACTIVE ISO-
TOPES; September, page 84.

LICHENS;

© 1959 SCIENTIFIC AMERICAN, INC

MATTER, THE FLOW OF, by Marcus Rein-
er; December, page 122.

Mayr, Ernst.  Darwin and the Dar-
winian Rewvolution, by Gertrude
Himmelfarb (a book review); No-
vember, page 209.

Mellink, Machteld J.
MiIpas; July, page 100.

Melman, Seymour, editor. Inspection
for Disarmament. A book review by
James R. Newman; February, page
155.

Melnick, Joseph L.
February, page 88.

Merrill, John P. THE TRANSPLANTA-
TION OF THE KIDNEY; October, page 57.

METALS, ALIGNED CRYSTALS IN, by B. D.
Cullity; April, page 125.

METAMORPHOSIS, POLYMORPHISM, DIF-
FERENTIATION, by V. B. Wiggles-
worth; February, page 100.

MIDAS, THE CITY OF, by Machteld J. Mel-
link; July, page 100.

Mills, C. Wright. The Causes of World
War Three. A book review by James
R. Newman; February, page 155.

Mind and Matter, by Erwin Schrodin-
ger. A book review by James R.
Newman; March, page 169.

MOHOLE, THE, by Willard Bascom;
April, page 41.

MOLECULAR MOTIONS, by B. J. Alder and
Thomas E. Wainwright; October,
page 113.

MOLECULAR SIEVES, by D. W. Breck and
J. V. Smith; January, page 85.

Mortimer, Ernest. Blaise Pascal. A
book review by James R. Newman;
December, page 191.

Moscona, A. A. TISSUES FROM DISSO-
CIATED CELLS; May, page 132.

Mudd, Stuart. THE STAPHYLOCOCCUS
PROBLEM; January, page 41.

MUSIC, COMPUTER, by Lejaren A. Hiller,
Jr.; December, page 109.

THE CITY OF

ENTEROVIRUSES;

Nagel, Ernest. Collected Pa-

pers of Charles Sanders Peirce:
Vol. VII, Science and Philosophy;
Vol. VIII, Reviews, Correspondence
and Bibliography, edited by Arthur
W. Burks (a book review); April,
page 185.

NERVE CIRCUITS, THE GROWTH OF, by R.
W. Sperry; November, page 68.

Newgard, John J., and Myron Levoy.
NUCLEAR ROCKETS; May, page 46.

Newman, James R. Abortion in the
United States, edited by Mary
Steichen Calderone (a book review) ;
January, page 149.

Newman, James R. The Blue and
Brown Books, by Ludwig Wittgen-
stein (a book review) ; August, page
149.

Newman, James R. The Causes of
World War Three, by C. Wright Mills
(a book review) ; February, page 155.

Newman, James R. Inspection for
Disarmament, edited by Seymour
Melman (a book review) ; February,
page 155.

Newman, JamesR. Ludwig Wittgen-
stein: A Memoir, by Norman Mal-
colm (a book review) ; August, page
149.

Newman, James R. Mind and Matter,
by Erwin Schrodinger (a book re-
view) ; March, page 169.

211



Newman, James R. No More War!,
by Linus Pauling (a book review);
February, page 155.

Newman, James R. Blaise Pascal, by
Ernest Mortimer (a book review);
December, page 191.

Newman, James R. Peace or Atomic
War?, by Albert Schweitzer (a book
review) ; February, page 155.

Niederhauser, John S., and William C.
Cobb. THE LATE BLIGHT OF POTA-
TOES; May, page 100.

No More War!, by Linus Pauling. A
book review by James R. Newman;
February, page 155.

NUCLEIC ACIDS AND PROTEINS, by Mahlon
B. Hoagland; December, page 55.
NUCLEUS, THE ATOMIC, by R. E. Peierls;

January, page 75.

O OCEAN WAVES, by Willard Bas-
com; August, page 74.

Oliver, Jack. LONG EARTHQUAKE
waVESs; March, page 131.

P Page, Irvine H., F. Merlin Bum-
pus and Hans J. Schwartz. AN-
GIOTENSIN; March, page 54.

Pascal, Blaise, by Ernest Mortimer. A
book review by James R. Newman;
December, page 191.

Pauling, Linus. No More War! A book
review by James R. Newman; Feb-
ruary, page 155.

Peace or Atomic War?, by Albert
Schweitzer. A book review by James
R. Newman; February, page 155.

Peierls, R. E. THE ATOMIC NUCLEUS;
January, page 75.

Penrose, L. S. SELF-REPRODUCING MA-
CHINES; June, page 105.

PERCEPTION OF MOTION, THE, by Hans
Wallach; July, page 56.

PERCEPTION OF THE UPRIGHT, THE, by
Herman A. Witkin; February, page
50.

PERSONALITY, VISUAL PERCEPTION AND,
by Warren J. Wittreich; April, page
56.

PIDGIN LANGUAGES, by Robert A. Hall,
Jr.; February, page 124.

PLANT GALLS, INSECTS AND, by William
Hovanitz; November, page 151.

PLANTS, THE CIRCULATORY SYSTEM OF, by
Susann and Orlin Biddulph; Febru-
ary, page 44.

Plass, Gilbert N. CARBON DIOXIDE AND
cLIMATE; July, page 41.

Platzman, Robert L. WHAT 1S IONIZ-
ING RADIATION?; September, page 74.

pPoIsONS, by Elijah Adams; November,
page 76.

Popper, Karl R. The Logic of Scientific
Discovery. A book review by Ste-
phen E. Toulmin; May, page 189.

POTATOES, THE LATE BLIGHT OF, by John
S. Niederhauser and William C.
Cobb; May, page 100.

PRAIRIE DOGS, THE SOCIAL BEHAVIOR OF, by
John A. King; October, page 128.
PRESSURES, ULTRAHIGH, by H. Tracy

Hall; November, page 61.

Price, Derek J. de Solla. AN ANCIENT
GREEK COMPUTER; June, page 60.

Pritchett, V. S. Command the Morning,
by Pearl S. Buck (a book review);
July, page 159.

Psychoanalysis, Scientific Method and
Philosophy, edited by Sidney Hook.

212

A book review by Robert W. White;
September, page 267.

R RADIATION BELTS AROUND THE
EARTH, by James A. Van Allen;
March, page 39.

RADIOACTIVE ISOTOPES, THE CIRCULATION
or, by James R. Arnold and E. A.
Martell; September, page 84.

REACTOR FUEL ELEMENTS, by James F.
Schumar; February, page 37.

Reiner, Marcus. THE FLOW OF MAT-
TER; December, page 122.

REPTILES REGULATE THEIR BODY TEMPERA-
TURE, HOW, by Charles M. Bogert;
April, page 105.

Rieff, Philip. Freud: The Mind of the
Moralist. A book review by Robert
W. White; September, page 267.

Robinson, Trevor. ALKALoOIDS; July,
page 113.

ROCKETS, NUCLEAR, by John J. Newgard
and Myron Levoy; May, page 46.
Rose, Anthony H. BEER; June, page 90.
Rossi, Bruno. HIGH-ENERGY COSMIC

rRAYS; November, page 134.

Rowland, Vernon. CONDITIONING AND

BRAIN WAVES; August, page 89.

S SAND DUNE, THE LIFE OF A, by Wil-
liam H. Amos; July, page 91.

SARDINIA, THE PROTO-CASTLES OF, by
Giovanni Lilliu; December, page 62.

SATELLITES AND THE EARTH'S ATMOS-
PHERE, ARTIFICIAL, by Robert Jastrow;
August, page 37.

SATELLITES AND THE THEORY OF RELATIVI-
TY, ARTIFICIAL, by V. L. Ginzburg;
May, page 149.

Schmidt-Nielsen, Knut. @ THE PHYSI-
OLOGY OF THE CAMEL; December, page
140.

Schmidt-Nielsen, Knut.
January, page 109.

Schrédinger, Erwin. Mind and Matter.
A book review by James R. New-
man; March, page 169.

Schumar, James F. REACTOR FUEL ELE-
MENTS; February, page 37.

Schwartz, Hans J., F. Merlin Bumpus
and Irvine H. Page. ANGIOTENSIN;
March, page 54.

Schwarzschild, Martin and Barbara.
BALLOON ASTRONOMY; May, page 52.

Schweitzer, Albert. Peace or Atomic
War? A book review by James R.
Newman; February, page 155.

SCOPES TRIAL, A WITNESS AT THE, by Fay-
Cooper Cole; January, page 120.

Sleepwalkers, The: A History of Man’s
Changing View of the Universe, by
Arthur Koestler. A book review by
I. Bernard Cohen; June, page 187.

Smith, J. V., and D. W. Breck. MOLEC-
ULAR SIEVES; January, page 85.

Snow, C. P. The Two Cultures and the
Scientific Revolution. A book review
by Asa Briggs; October, page 201.

SOLAR SYSTEM BEYOND NEPTUNE, THE,
by Owen Gingerich; April, page 86.

Sperry, R. W. THE GROWTH OF NERVE
cIrcUITS; November, page 68.

STAPHYLOCOCCUS PROBLEM, THE, by
Stuart Mudd; January, page 41.

Stapleton, George E., and Alexander
Hollaender. IONIZING RADIATION AND
THE LIVING CELL; September, page 94.

STARS, DYING, by Jesse L. Greenstein;
January, page 46.

SALT GLANDS;

© 1959 SCIENTIFIC AMERICAN, INC

STARS AND COSMIC DISTANCES, PULSAT-
ING, by Robert P. Kraft; July, page
48.

T Technology and the Academics,

by Sir Eric Ashby. A book re-

view by Asa Briggs; October, page
201.

Toulmin, Stephen E. The Logic of Sci-
entific Discovery, by Karl R. Popper
(a book review) ; May, page 189.

TRACE-ELEMENT DESERTS, by A. J. An-
derson and E. J. Underwood; Janu-
ary, page 97.

Treiman, S. B. THE WEAK INTERAC-
TIONS; March, page 72.

Two Cultures and the Scientific Revo-
lution, The, by C. P. Snow. A book
review by Asa Briggs; October, page
201.

Uhlir, Arthur, Jr. JUNCTION-
DIODE AMPLIFIERS; June, page 118.
Underwood, E. J., and A. J. Anderson.

TRACE-ELEMENT DESERTS; January,
page 97.
Van Allen, James A. RADIATION

BELTS AROUND THE EARTH; March,

page 39.
w Wainwright, Thomas E., and B.
J. Alder. MOLECULAR MOTIONS;
October, page 113.

Wald, George. LIFE AND LIGHT; Octo-
ber, page 92.

WALLACE, ALFRED RUSSEL, by Loren C.
Eiseley; February, page 70.

Wallach, Hans. THE PERCEPTION OF
MoTION; July, page 56.

Warren, Shields. IONIZING RADIATION
AND MEDICINE; September, page 164.

WATER FREEZES, HOW, by Bruce Chal-
mers; February, page 114.

Wells, G. P. WORM AUTOBIOGRAPHIES;
June, page 132.

Westerhout, Gart.
August, page 44.

Whelpton, Pascal K., Ronald F. Freed-
man and Arthur A. Campbell. ram-
ILY PLANNING IN THE U. S.; April, page
50.

White, Robert W. Freud: The Mind of
the Moralist, by Philip Rieff (a book
review) ; September, page 267.

White, Robert W. Psychoanalysis, Sci-
entific Method and Philosophy, edi-
ted by Sidney Hook (a book review) ;
September, page 267.

Wigglesworth, V. B. METAMORPHOSIS,
POLYMORPHISM, DIFFERENTIATION;
February, page 100.

Witkin, Herman A. THE PERCEPTION OF
THE UPRIGHT; February, page 50.

Wittgenstein, Ludwig. The Blue and
Brown Books. A book review by
James R. Newman; August, page 149.

Wittgenstein, Ludwig: A Memoir, by
Norman Malcolm. A book review by
James R. Newman; August, page 149.

Wittreich, Warren J. VISUAL PERCEPTION
AND PERSONALITY; April, page 56.

WORM AUTOBIOGRAPHIES, by G. P. Wells;
June, page 132.

Worsley, Peter M.
page 117.

Z Zweifach, Benjamin W. THE
MICROCIRCULATION OF THE BLOOD;
January, page 54.

THE RADIO GALAXY,

CARGO CULTS; May,



NTOON GARIDEN

You can’t grow anything on moon soil . . . but Republic is . . . raising turnips, carrots, beets and snap beans in its
lunar greenhouse experimental garden. > > > Republic is working on lunar garden studies as part of a research
program to determine the feasibility of establishing a base on the moon. > » > Hyman Stein, manager of space
/ projects and studies for Republic’s Applied Research and Development Division . . . and his "’green thumb staff”’
/ (Bill Taufman seen here), maintain a constant, studious vigil over these tests. > > > A basic aim is to determine at
/ how low a pressure vegetables can be grown to maturity. The lower the pressure, the less weight of the greenhouse
';"{ structure. And weight is critical in delivering a payload to the moon. » > > These experiments will determine
/ whether significant increases in crop production can be obtained by lengthening the working day as past tests
indicate. Our Moon Garden studies are but one of many bold concepts under development as part of Republic’s
multi-million dollar exploration into the realm of advanced aircraft, missiles, space travel and space.

- - L

FARMINGDALE, LONG ISLAND, N. Y.

94'7?«&:/ andd’ Buidlobrs ?/ Z %w»/waw/é TIIONDER-EERAFT

Experiments being carried
out in Republic’s preliminary
laboratory will be housed
in our new 14 million dollar

research and development
center, scheduled for op-
eration early in 1960.

NCETICHY L Areme
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WORLD’S FASTEST COMMERCIAL JET TRANSPORT, the Convair 880 cruises at 615 miles per hour; performs economically at ranges of 300
to 3450 miles; can operate from existing airstrips at hundreds of airports, including more than 300 in the United States; seats 88 to 110 passengers.
Built by Convair Division of General Dynamics, the first of the new 880 jets will fly on schedule in 1960.

© 1959 SCIENTIFIC AMERICAN, INC



	Binder5.pdf
	195912_0014
	195912_0028
	195912_0042
	195912_0055
	195912_0062
	195912_0070
	195912_0078
	195912_0092
	195912_0109
	195912_0122
	195912_0140
	195912_0152
	195912_0166
	195912_0179
	195912_0191
	195912_0208




