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Bottle Imp Tamed for Keeps

WHETHER HE ATTACKS metal jar lids and
bottle caps from inside or out, this cor-
rosive imp is a threat to foods and bever-
ages. ..

But now Shell Chemical’s Epon® resin-
based coatings form an imp-proof armor that
tames corrosive attacks for keeps. Used as a
coating, only one-fifth as thick as the cello-
phane on your cigarette pack, an Epon
primer is impervious to corrosion vapors—

Shell Chemical Company

Chemical Partner of Industry and Agriculture
NEW YORK

even to pickling solutions of salt and vine-
gar. And on bottle caps, despite heavy pres-
sures used to crimp and seal, Epon resin
coatings remain uncracked, unchipped, and
uninvaded.

Result: Better eating for everyone but the
bottle imp. His appetite for
metal lids and caps is effec-

tively curbed by Shell Chem-
ical’s Epon resin.
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Bulova dual channel balance wheel escapements

Bulova’s talent for design, engineering
and production of reliable timing de-
vices has secured an important place
for these critical mechanisms in our
nation’s industrial and defense com-
munities.

The timing regulation of the sophisti-
cated system shown above is based on
the action of a simple balance wheel
escapement. For every complete oscil-
lation of the balance wheel, the levers
permit scape wheel to advance one
tooth according to the following.

In any given escapement, the principal
variables which must be established are:
balance wheel frequency, f»;
the gear reduction from scape wheel
to mainspring, R;
and the torsional spring constant, @,
of the balance wheel halrsprlng

The desired time per balance wheel
cycle is determined by
1 t = BnR
(1) 2xf,

For optimum scape wheel functions
over the range of malnsprlng torques,
it is desirable to use the maximum bal-
ance wheel amplitude, just short of
overbanking. Thus the balance wheel
will have sufficient amplitude, @, at
lower mainspring torques.

The maximum energy imparted to the
lever by the scape wheel must not ex-
ceed the energy absorbed by the bal-
ance hairspring, Therefore

(@) HQ(Ap)rzZa Ln (00

where % is the efficiency of energy
transmission from mainspring to hair-
spring, T'», the maximum torque at
hairspring, and 6, the angular displace-
ment of the pallet. The factor, », must
generally be experimentally deter-
mined.

The third equation takes into account
the fact that the balance wheel vibra-
tion system exhibits, by its nature,
simple harmonic motion. Thus
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(3) fb:#V(—’)

Where I is balance wheel inertia (con-
stant for a given system).

The design procedure involves the
choice of a convenient gear ratio and
the definition of @. Once @ is deter-
mined, f» can be found by using Equ.
(3). The R and f, selected must be
compatible with ¢.

Bulova’s mastery of time and the high
order of precision demanded in its
regulation, materially contributes to
our national well being.

BuLova

Research & Development Laboratories, Inc.
62-10 Woodside Avenue, Woodside 77, N. Y.



SAHARA SUNRISE

Modern art is as difficult to interpret and describe as the struc-
ture and action of silica gel. The science of optics is not ad-
vanced enough to permit examination of the internal structure
of silica gel. Some say it is like raw cotton fibers. Others de-
scribe it as @ homogeneous mass.

As for its action, one group says it is purely physical, operat-
ing under such laws as capillary attraction and surface tension.
Another group maintains the phenomenon is based on chemical
and electrochemical action.

Whichever theory is correct, the fact remains that Davison
Silica Gel works. . . it is used for gas and liquid dehydration, pe-

IN MONOCHROME

troleum cracking, and hydrocarbon recovery from natural gas. It
finds wide use in the paintindustry, coated paper industry, adhe-
sives, and as the newly developed non-toxic, sorptive dust in-
secticide. And Davison Silica Gel still remains the preferred
desiccant in packaging applications. Discover how industry's
most versatile chemical can prove helpful to you. Write today:

DEPARTMENT 5107

w.r.GRACE = co.!

DAVISON CHEMICAL DIVISION

BALTIMORE 3. MARYLAND
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ALPHATRON® GAUGES SPEED
ANALYSIS OF HYPERSONIC DATA

The tried and true Alphatron® ionization
vacuum gauge now has a new job —
speeding the results of hypersonic wind
tunnel tests. Multi-point pressures are
measured almost instantaneously and fed
into high speed computers. Accuracy is
better than =29, in the range of 1-30 mm.
Hg. The 20 channel system pictured above
is a modification of the standard Alpha-
tron® gauge, which provides continuous
and accurate measurements of pressure
from 1000-0.0001 mm. Hg.

ELECTRONS WELD THE UNWELDABLE!

Welding problems posed by reactive metals,
dissimilar materials, heat sensitivity, or
unusual geometry are now solved with
electron beam welders. Freedom from
contamination, porosity, and distortion;
spot size controllable from 10 mils to 3
inches; depth/width ratios of 4/1; and
precision welding at the bottom of 1/16
inch wide slot are some of the advantages
of the new process. And equipment prices
are surprisingly low.

f 3]
NRC

*Free NRC Vacuum
Micronicle

a periodical containing
details of above and
other news about mak-
B ing products better with

NRC high vacuum

E— equipment. Write on
your company letter-
e 4 head.

EQUIPMENT
CORPORATION

A Subsidiary of National Research Corporation
Dept. S-4, 160 Charlemont St., Newton 61, Mass.
DEcatur 2-5800 NEO-13

o S

W

THE COVER

The photograph on the cover shows a plastic tank used for the large-scale
cultivation of green algae in heavy water (see page 106). The pump
at the left keeps the algae moving through the tank, the shape of which
keeps cells from settling. Lamps behind the tank provide illumination.
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SIGNIFICANT ADVANCES IN BERYLLIUM TECHNOLOGY COME FIRST FROM BRUSH

BERYLLIUM COPPER HELPS BLOW MOLDERS FILL HUGE DEMAND

Cost beryllium copper molds ollow shorter molding cycles,
give longer, more economical production runs.

Blow molders produced 500,000,000 polyethylene
containers last year. This year, the big question
seems to be, ‘‘Can they puff out enough containers
' to meet the expected one billion demand?”’

Molds made of beryllium copper ' offer part
of the answer. \

For mold makers, this Brush- | supplied
alloy is easy to cast to shape % without
expensive machining, simple to heat
treat to hardnesses of Rockwell C44 and tensile
strengths to 175,000 psi. For producers of plastics,
tough beryllium copper molds last longer, reducing
replacement downtime. The alloy’s high
thermal . conductivity aids in shorten-
ing mold i\
output per . machine hour. A I
1
Molds for y 3 plastics may not be 1 1
your_ prob- lem, but Brush may |
have the answer to some of your tough !
material requirements. For more infor-
mation on beryllium, its oxide and its versatile
alloys, contact us at 5209 Euclid Avenue or ENdicott
1-5400 in Cleveland, Ohio.

SH BERYLLIUM COMPANY

- L

cycles for more
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PLASTICS CAN
WORK WONDERS
MOLDED ... This attractively functional medi- FOR YOUR P&L

cine cabinet plays a partin a leading builder’s program
‘to construct quality homes that require minimum
care. The cabinet—including shelf supports and

groaves for sliding mirror-door—is custom-molded in Plastics can lower manufacturing costs, improve
fé}ﬁé"%i%'&??f:ﬁ;ﬁ;yﬂ?&ﬁ'e éti;':f‘ élge??na;g:n? product performance, increase consumer acceptance.
This cabinet won't rust, corrode, stain, or discolor. Its Some times one or another; many times, all

hard smooth surface wipes clean with a damp cloth. profit-making three!

Custom-molding the medicine cabinet is a case in
point. It eliminates the need and cost of multiple
parts. It assures close tolerances with minimum

finishing. Molded-in colors eliminate expensive

enamel spraying and baking. It mass-produces

i 7 “quality” at low cost.

‘The air-cooler capitalizes on the decorative and

P i | Sg.{ protective qualities of plastics, the strength of

metals, and the fabricating short cuts of
vinyl-on-metal. Chairs, desks, luggage, walls,

and partitions are some of the many other products

}\\ now being made of this versatile new material.
Z = & New and improved families of plastics are making

profitable things happen in many manufacturing

fields. Let two new Monsanto booklets bring you

up-to-date. Write for your free copies of
= “How To Buy Custom Molded Plastics,” and
N \\\_‘ “Vinyl-on-Metal,” to Monsanto Chemical Company,

Plastics Division, Room 765, Springfield 2, Mass.

OR FABRICATED . . . This handsome
streamlined air-cooler cabinet was “finished” before
it was started! Stamped out of vinyl-fused-on-metal,
then formed, it required little or no finishing, since it

A i Monsanto does not make finished plastic
a|ready had a ngh' colorful ﬁmSh' gramed and products. For leading molders, extruders,
embossed, that was washable with soap and water, and fabricators, who make these products,
and unusually resistant toabrasion, acids, and alkalis. Monsanto has developed a broad range of

Lustrex styrene, Monsanto Polyethylene,
and Opalon® vinyl compounds.

MONSANTO acrivatorin PLASTICS

© 1960 SCIENTIFIC AMERICAN, INC
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@ THE RAW MATERIALS OF PROGRESS in packaging

How a 3M Fluorochemical
keeps baler twine o1l on the job
—and off the package

Baler twine must remain oily for good service.
Yet on the shelf, the vital oil bleeds through
most twine containers rapidly. For 70 years,
every attempt to stop this bleeding was either
ineffective, or too costly. Then a cure was found.

The answer came back in the form of
a new product from the Chemical
Division of the 3M Company . . .
SCOTCHGARD® Brand Grease and Oil
Repellent Paper Size. And baler twine
now reaches customers in clean, bright
packages, factory fresh for a minimum
of seven months.

A Paper Size With Many Virtues

ScOTCHGARD Paper Size brings bene-
fits to the packaging industry in many
areas. Its use not only stops grease
and oil penetration into paper; it also
permits use of thinner-than-normal
polycoating and prevents unnecessary
wax penetration on waxed papers.
Grease crawl and staining at seams
and closure in multi-wall bags can be
eliminated with SCOTCHGARD Paper
Size. So, too, can asphalt penetration.
Even carbonizing tissue is aided in
resisting carbon dope strike-through
because of this 3M product.

How can SCOTCHGARD Paper Size do
all these things so well? Because it is

TMinnEsora Mmmc AND MANUFACTURING COMPANY ,,//'

e o« WHERE RESEARCH

a member of the 3M family of fluoro-
chemicals. It is not laid on as a film or
coating; SCOTCHGARD Paper Size treats
each fibre of the paper, providing it
with an invisible armor for maximum
resistance. And it does this without
sacrifice of color, strength, porosity,
flexibility, or any other important
paper characteristic.

Practical Packaging Aid

You’ll find SCOTCHGARD Paper Size at
work today . . . preventing loss of
protective oil on packaged machine
parts . . . protecting seed packages
from asphalt discoloration . . . locking
in the oil from baler twine and extend-
ing shelf life to a most satisfactory
degree . . . helping solve packaging
problems of long standing for many of
America’s leading manufacturers.

Versatile Plastic

Another 3M product for the packag-
ing industry is film and tubing made

CHEMICAL

IS THE KEY TO

© 1960 SCIENTIFIC AMERICAN, INC
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of KEL-F® Brand Plastic. This flexible
and transparent plastic offers positive
heavy-duty protection for such prod-
ucts as paint, cosmetics, pharma-
ceuticals and chemicals. It is com-
pletely impermeable and virtually un-
affected by heat, causties, acids and
wide temperature variation. KEL-F
Brand Plastic withstands heavy abuse
in handling, shipping and storage.
It provides see-through packaging
with maximum security, good looks
and convenience.

More Than 300 Chemicals

Learn what 3M specialty chemicals
can do for you! More than 300 are
at work today in the packaging indus-
try, in electronics, textiles, plating,
rubber, plastics, aircraft and missiles.
For detailed information, write today
on your company letterhead, specify-
ing area of interest, to: 3M Chemical
Division, Dept. KAM-70, St. Paul 6,
Minnesota.

“KEL-F" and ‘“‘SCOTCHGARD” are reg. T.M.'s of 3M Co.

DIVISION ‘
44401( .>>;AA

1
A\

A}>> e = 4“
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NEW @ I85A 500 MC oscilloscope

now for these important measurements:

Analyze millimicrosecond pulses
Measure transistor response time

Make fractional millimicrosecond
time comparisons

Measure diode switching time
Determine pulse jitter

Make permanent X-Y plots
Measure memory-unit switching
Measure uhf voltage amplitude

& 185A Sampling Oscilloscope with
@® 187A Dual Trace Ampliﬁer

ventional scopes.
Bright, clear dual pulse presentation on -hp-
185A’s big 5” scope face. Top trace shows

pulse from mercury pulser applied to 2N1385 FOR COMPLETE DETAILS of this totally new, easy-to-use instrument,
B h, d
mesa transistor. Bottom trace shows respond- . . .
ing turn-on of transistor. Dip in bottom trace call your ® representative or write direct.
at start of turn-on results from capacitance. @ 185A 500 MC Oscilloscope $2 000.00
. y s .

Scope sweep speed is 1 musec/cm.

® 187A Dual Trace (plug-in) Amplifier, $1,000.00
Data subject to change without notice. Prices f.0.b. factory

HEWLETT-PACKARD COMPANY
1026S Page Mill Road, Palo Alto, California, U.S.A.
Cable “HEWPACK” DAvenport 6-7000

HEWLETT-PACKARD S. A.
Rue du Vieux Billard No. 1, Geneva, Switzerland
Cable “HEWPACKSA” Tel. No. (022) 26. 43. 36

Brilliant, steady trace of a 2 millimicrosecond

Seen specd (time- between vertienl graticute @p over 300 fast, accurate measuring instruments

lines) is 0.5 musec/cm.

© 1960 SCIENTIFIC AMERICAN, INC

IMPORTANT FEATURES: Less than 0.7 musec rise time. 500 MC pass
band; bright steady traces even at rep rates down to 50 cps. Sensitivity
10 mv/cm to 200 mv/cm; vernier increases sensitivity to 3 mv/cm.

Sweep times 10 mesec/cm to 100 mesec/ecm with expander to 0.1 mesec.

Front panel delayed sync pulse for triggering circuits under test. Dual
channel input. 10 cm vertical display. High sensitivity, wide dynamic
range. 100,000 ohm probe minimizes circuit disturbance. X-Y recorder
output. Time-amplitude calibrators, beam finder, panel similar to con-



From missile cable to magnet wire

ANACONDA OFFERS YOU A GOMPLETE
AND MANUFACTURE OF ELECTRICAL

Anaconda Wire and Cable Company manufactures the
broadest line of wire and cable in the industry. A nation-
wide network of nine fully integrated plants offers cable
capability marked by continuous research, product de-
velopment and rigorous quality control. Some of the
many complex cable constructions currently being manu-
factured by Anaconda are described below.

Umbilical Breakaway Cable. Anaconda designed and manufac-
tured this 99-conductor composite breakaway cable for the “Corporal”’
—one of America’s first missiles.

Portable Power Cable, Designed for maximum durability and
meets flame tests of the Bureau of Mines. Available with or without
grounding wires, round or flat constructions.

Ground Support Cable (M".. -C- 13777) Power and control

cables for interconnecting units of pl p y

Launch Control Cable, Seventy-conductor, flexible copper strand,
polyethylene insulation, tinned-copper braid shield, nylon jacket,
planetary stranded, oil-, gas-, flame-, moisture-resistant over-all jacket.

.

i e e y - - -

Polaris Cable. Digital transmission and synchro resolver cable
developed for the firing system of Polaris submarines. Withstands
open-end hydrostatic pressure of 300 psig.

?'J"'.-
-,n-qu-u..
-ﬁ_‘d

Nuclear Reactor Cable. Developed by Anaconda for U.S. Navy.
In addition to its absolute watertight features withstands high-
temperature operations in the order of 500 F.

e e———
Instrument Probe Cable, Miniature coaxial construction. No. 40

Awg Evanohm resistance conductor, cellular polyethylene insulation,
tinned-copper braid shield, PVC jacket. Overall diameter 0.100".

Radiation Resistant Satellite Cable. Fourconductor minie-  THE COMPLEX ELECTRICAL NERVE SYSTEM of many of America’s prime missiles,
ture construction. Tinned-copper conductors, color-coded HYRAD such as ATLAS, TITAN, POLARIS, is composed of many specially designed
[irradiated polyolefin] insulation, flame-retardant, 90% copper braid cables built by Anaconda to strictest military specifications. This proven ex-
shield, irradiated HYRAD jacket overall. perience is ready to solve your most critical cable problems.

10
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SOURCE FOR RESEARCH, DEVELOPMENT,
AND ELECTRONIC WIRE AND CABLE

THE TYPES OF ANACONDA WIRE AND CABLE range from the simplest bare wire
to complex multi-conductor control, communication and power cables. And the
range of applications from standard commercial installations such as this elec-
tronic data processing computer to the most exacting military requirements.

For more information about any one of the product =

Computer Cable. Multiconductor construction for interconnecting
units. Conductors to MIL-W-16878, extruded nylon jacket over primary
PVC insulation, tinned-copper braid shield, color-coded PVC jacket
over each pair, overall PVC jacket.

EEwa g —
260C High Temperature Missile Cable. Silver-plated copper
conductors, fused-wrapped Teflon insulation, flor-glass tape abrasion
barrier, Teflon impregnated fiberglass inner braid, silver-plated cop-
per braid shield 90% coverage, Teflon impregnated fiberglass outer
braid, conductors cabled, Teflon impregnated fiberglass braid overall.

 e— e, - |

Quality Military Hook-up Wire. Single and multiconductor,
shielded or nonshielded, PVC, Polyethylene, nylon, Teflon, HYRAD
insulations, with plastic or braided jackets. Fully water-tested.

Communication Cable — High Reliability. Direct burial
telephone cable specially designed for missile complexes. High-
molecular-weight polyethylene insulation and jacket, cadmium bronze
tapes for shielding and mechanical protection.

High Frequency Cable. Custom deslgned to meet all industrial
and military requirements. Flexible, ial and triaxial
cable as radio-frequency lines in radar and commumcuhons systems.

Power Cable. For generation, transmission, distribution and utiliza-
tion of electric power. Paper, rubber, plastic, cambric insulation. Solid,
gas-filled, oil-filled or pipe type. All voltages up to 345KV,

> S ==

Magnet Wire. Round, square and rectangular magnet wire in
any single or practical combinations of film or fibrous coverings.

Epoxy, enamel, Formvar, nylon, cotton, paper, glass-fiber yarn. Sol-
derable Analac. 250C Silicone-Teflon. 500C Silotex-N.

categories mentioned on these pages, write: The Ana- | I am interested in additional information on the following—

conda Wire & Cable Company, 25 Broadway, New
York 4, New York. 60255

[0 mMagnet Wire [ Power Cable [ Control Cable [] Hook-up Wire
[ High Frequency Cable [ Communication Cable [ Missile Cahle

|
|
ASK THE MAN FROM { [ Speclalty Electronic Wire and Cable SA
® | Name Title
ANACONDA |~
|  Address
ABOUT ELECTRONIC WIRE AND CABLE ! City Zone State

© 1960 SCIENTIFIC AMERICAN, INC



LETTERS

Sergio DeBenedetti, in his article
“The Mossbauer Effect” [SciExTiFic
AMERICAN, April], begins by saying that
Zeus, the chief deity of Olympus, was
the son of Chronos, the god of time. He
goes on to say this shows that the Greeks
realized that time is the first of all mys-
teries. He is doubly mixed up. The Greek
form of chronos does mean time, but it
hasnothing to do with Cronos or Kronos,
who was the father of Zeus in the myth.
Though the father of Zeus, he was not
the first chief of the gods. That was his
father Uranus (Heaven), who mated
with Gaia (Earth) and produced their
son Kronos, who displaced Uranus, as
Zeus later displaced Kronos. If one does
bring in Greek myths as evidence of the
insight of the ancient Greeks, or for any
purpose, one should certainly take care
to get them right and not muddle up the
nature of the insights.

Hucn W. HECKSTALL-SMITH, M.A.

Totnes, England

Sirs:

Sergio DeBenedetti, “an obstinate
humanist and classicist” makes much of
the “very old and very wise myth” ac-
cording to which Zeus “was the son of
Chronos, the god of time.” He holds,
for instance, that this “myth” demon-

Scientific American, July, 1960; Vol. 203,
No. 1. Published monthly by Scientific American,
Inc., 415 Madison Avenue, New York 17, N. Y.;
Gerard Piel, president; Dennis Flanagan, vice
president; Donald H. Miller, Jr., vice president
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Change of address: Please notify us four weeks
in advance of change. If available, kindly furnish
an address imprint from a recent issue. Be sure to
give both old and new addresses, including postal
zone numbers, if any.

12

strates the Greeks’ “deep intuitive un-
derstanding of the natural world.” But
this depth is no greater than that of
the story of Atom and Eve. Zeus’s father
is Kronos (latinized Cronus); “time” (no
god) is khronos (or chronos, whichever
transliteration is preferred). The words
were quite different to the Greeks, and
are quite different to less obstinate
humanists and classicists.

Henry M. HOENIGSWALD

Swarthmore, Pa.

Sirs:

The revelation that Cronos is not the
god of time was a very severe blow to
one of my most profoundly rooted reli-
gious convictions. But if the Greek gods,
being many, may put the faithful in a
position of embarrassment and confusion,
this is compensated by the fact that they
have a good nature and a good humor.
They do not, I hope, resent the uses and
misuses of their names in the manner of
the solitary God of the Hebrews.

Each legend has many classical ver-
sions; by adding some new ones we only
prove that the age of legend is not yet
dead.

As a partial excuse for my ignorance
I want to say that I was taught Greek
mythology in the Italian public-school
system (where it was the only religion
taught before Mussolini) and that, in
the Italian language, the combination
of the letters “chr” is forbidden by some
kind of exclusion principle. Thus Crono
(the god) and cronometro (the time-
piece) are spelled in the same manner.

I hope that my very learned critics
will agree with me that “Se non é vero
¢ ben trovato” [If it is not true, it is
well invented]!

SERGIO DEBENEDETTI

Carnegie Institute of Technology
Pittsburgh, Pa.

Sirs:

In your department “Science and the
Citizen” for May it is stated that J. L.
Brenner, R. Fulton and N. Sherman have
shown that perturbations in the orbit of
Vanguard 1 do not warrant the conclu-
sion that the earth is pear-shaped.

The paper of Brenner, Fulton and
Sherman is based on a misunderstanding
of the significance of the orbit param-
eters which are published weekly by the
Vanguard Center. Brenner et al. have
made a numerical study of the osculat-
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ing elements of satellite orbits, i.e., the
values of eccentricity, period, etc., which
the orbit would have if all perturbations
on the pure ellipse were to be removed.
They find that spurious oscillations may
occur in these osculating parameters,
and they remark that these spurious os-
cillations could imitate the features of
the Vanguard orbit on which we based
our conclusions regarding the shape of
the earth.

It is a well-known fact that the oscu-
lating elements may contain such spu-
rious oscillations, but our analysis does
not use osculating elements. It uses or-
bit elements that are actually the con-
stants of integration in a Hansen-type
theory; these have precisely the property
of suppressing the spurious variations
obtained in the Brenner calculation,
while preserving the genuine variations
produced by drag and by gravitational
harmonics of odd degree. Therefore, the
particular criticism of our results pre-
sented by Brenner, Fulton and Sherman
is not valid.

There is, of course, the possibility that
our calculations may have included
some numerical or algebraic error that
would invalidate our conclusions. How-
ever, Yoshihide Kozai of the Smith-
sonian Astrophysical Observatory has
repeated and extended our work, using
an orbit theory derived by him inde-
pendently of work by Peter Musen.
Kozai’s investigation has carried our
analysis to a higher approximation
(terms in the square of the eccentricity),
which reduces the magnitude of the
“pear-shaped” component by 10 per
cent. Apart from this correction, how-
ever, his calculations confirm our earlier
results on the size and sign of the “pear-
shaped” term.

Joux A. O'’KEEFE

Theoretical Division

Goddard Space Flight Center

National Aeronautics and Space
Administration

Washington, D.C.

Sirs:

With reference to “The Exploration of
the Moon,” by Robert Jastrow [Scien-
TIFIC AMERICAN, May], it may be of in-
terest to point out that on May 4, 1782
Sir William Herschel, the great German-
born English astronomer, noticed, while
observing the dark side of the moon, a
bright point of light that had “the ap-
pearance-of a red star of about the fourth
magnitude.” It was also observed, with-
out prompting, by a Dr. Lind and his



MISSILEGS

I

) SPACE
ZZ7 s VEHICLE

DEPARTMENT

;
L
B
3
b
§
[ =
A
£
v
| 4
-
i
5
r
e
©
¥
.
—
T

FOR THE AIR FORCE, MSVD
developed experimental 12-foot
ablating ICBM re-entry vehicle, the
RVX-2, largest ever to be recov-
ered. Vehicle, with its recovery
package (upper left) developed for
General Electric by Cook Research
Laboratories, is shown here being
hauled on board ship.

Progress in search and recovery

With each recovery of a space vehicle, scientists gain
important new knowledge about the environment of
space and its potential effect on man and the opera-
tion of vehicles and equipment. As more advanced
vehicles are developed for space flight—some with
life aboard—successful location and recovery become
increasingly vital.

General Electric’'s Missile and Space Vehicle
Department pioneered in the development of space
vehicle search and recovery techniques as part of
its re-entry and recovery vehicle program for the
U.S. Air Force. MSVD developed and built the first
payload to be recovered from space—an 18-inch
data capsule ejected from an Air Force Thor re-entry
vehicle on June 13, 1958. Many such data capsules
have since been recovered from both Thor and Atlas
flights—some carried cameras providing films from
space. MSVD also developed and built the 12-foot
long, one-ton re-entry vehicle shown above which
the Air Force recovered on July 21, 1959—the

largest to be returned to date. Today, as MSVD
builds and flight tests more complex vehicles, it is
continually expanding and improving its already
successful search and recovery program.

Currently, this search and recovery experience is
being applied to the development of such important
space programs as the Air Force ‘“Discoverer” re-
covery satellites and NASA’s radiation research
recovery vehicles (NERV).

For more information about MSVD’s work in
search and recovery, write to Section 160-79A, Gen-
eral Electric Co., Missile and Space Vehicle Depart-
ment, Philadelphia 4, Penna.

GENERAL @D ELECTRIC

MISSILE AND SPACE VEHICLE DEPARTMENT

A Department of the Defense Electronics Division

Scientists and Engineers interested in career opportunities in Space Technology, contact Mr. T. H. Sebring, Dept. 160, MSVD
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...center for missile and space technology research
and development at General Electric



Hitching Fost”
1or Nowy Blimp.”

uses a 19-foot Saginaw %, Screw!

A Saginaw Ball Bearing Screw is located in the vertical column of these
telescoping Goodyear Blimp Mooring Masts! The screw’s extremely low
friction and rapid positioning ability synchronizes the mooring fixture
with the nose of the blimp to quickly and safely secure the Navy craft.

The huge Saginaw b/b Screw used here is a Standard rolled thread
assembly, over 19 feet long and with a B.C.D. of 6 inches. From the
tiniest Saginaw Screw used in instrumentation, to this giant used in the
Goodyear Mooring Mast, the principle of the Saginaw Ball Bearing Screw
is almost universally adaptable. Its ability to replace acme screws and
hydraulic devices with over 90% efficiency has already assured smoother,
more dependable actuation for over 5,000 satisfied customers!

The Saginaw Screw may be able to improve your product’s performance,
give you greater power and maintenance savings, and lower your initial
cost. Talk your actuation problem over with Saginaw’s engineers. Just
write or phone Saginaw Steering Gear Division, General Motors Corpora-
tion, Saginaw, Michigan—uworld’s largest producers of b/b screws and splines.

Actuation To Fit Your Individval Requirements

Have been built as small as % in. B.C.D. and % in. long, as large as
6 in. B.C.D. and 40 ft. long. Larger sizes can be built to your order.

WORLD'S MOST EFFICIENT ACTUATION DEVICE
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wife, who were visiting him. Herschel
concluded that he had observed a vol-
cano in eruption, and examined the same
location when it was illuminated later,
recording on 23 May: “I saw two small
conical mountains, which I suppose to
have been thrown up in the last erup-
tion of the volcano. They are situated
just by a third much larger which I have
often seen before and remarked, tho™ the
two small ones were never before per-
ceived in that place nor expressed in a
drawing I had made of the spot.” His
paper, “On Three Volcanos in the
Moon,” appeared in the Philosophical
Transactions of the Royal Society of
London, 1787.

E. ScorT BARR

Department of Physics
University of Alabama
University, Ala.

Sirs:

I read with keen interest your report
on the work of R. F. Legget and T. D.
Northwood in the psychobiophysics of
the cocktail party [“Science and the Cit-
izen”; SCIENTIFIC AMERICAN, April].
Though they have apparently been pri-
marily concerned with alcoholic acous-
tics, they should also be aware of the
study made by Professor C. Northcote
Parkinson on the rate and direction of
flow at cocktail parties.

Parkinson, who was at the time Raflles
Professor of History at the University of
Malaya, found that the typical cocktail
party in and around Singapore was con-
veniently “stained” by black-clothed
government officials. This permitted him
to plot the location of the important peo-
ple at a cocktail party for any given
amount of elapsed time.

He noted an almost invariable tend-
ency towards a leftward drift that
amounts to a clockwise flow around the
edges of the room, leaving the most im-

I portant guests in the area of the right-

hand corner of the room, 75 minutes
after the party begins. His conclusions,
which have a theoretical interest as well
as important practical applications, are
presented in some detail in the book
Parkinson’s Law. . . .

As book publishers we are naturally
unusually interested in cocktail-party
dynamics and welcome such studies as
those made by Legget and Northwood.

AusTiN OLNEY

Houghton Mifflin Company
Boston, Mass.



+ WRITE AVCO TODAY

Blasting new materials to make missile nose cones. The first ICBM
nose cone ever to be recovered after flight was protected by a new, high-temperature
material. Its name: Avcoite. Its construction: specially reinforced ceramic. Avcoite was
the first of a family of new heat-shielding materials. They were developed for re-
entering nose cones and satellites by Avco’s Research and Advanced Development
Division. Newest addition to this materials family is Avcoat, a plastic heat-shield here
ablating smoothly in a hydrogen-oxygen jet simulating satellite re-entry temperatures.

Avco

AVCO CORPORATION, 750 THIRD AVENUE, NEW YORK 7?7, NEW YORK

UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS ..

I5
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Two tiny indicators, tucked into the corner of a panel

or even mounted internally, give you complete ‘*how-

long-and-how-often'" data on equipment operation . . . a. ELGIN MICRONICS ELAPSED TIME INDICATOR—weight, 1.3
to permit accurate reliability evaluation, logistic studies c:ar;:m ﬁg?ﬁéigoﬁfglc:gg:cl::'gth. 1,420 inches , . . draws approxi-
or replacement schedule planning. On the left, the b. ELGIN MICRONICS EVENTS INDICATOR—approximately same
ELAPSED TIME INDICATOR integrates operating weight, size and power draw as above... counts circuit activations
time in hours. On the right, the EVENTS INDICATOR ~ °° °riefas one halfsecond in duration.

counts individual on-off, temperature, pressure or
acceleration events as desired. Both are designed to
meet requirements for airborne and missile equip-
ments . . . conservatively rated to operate over a —65°
to 165° F temperature range and withstand 15G-11ms
shocks or 20G, 20-2,000 cps vibration. Write for de-
tailed data, including alternate mounting provisions,
or order test units for evaluation.

for instruments that read out reliability

ELGIN MICRONICS

DIVISION OF ELGIN NATIONAL WATCH COMPANY, ELGIN, ILLINOIS
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~+. Grumman
+  QGulfstream

newest business aircraft
equipped with Kelsey-Hayes
wing-flap actuators

This new twin turbo-prop
business airplane carries up to
12 passengers in pressurized
comfort well above 30,000 ft.
and at airspeeds exceeding
350 mph.

Capable of operating from
short runway airports,
Gulfstream gets its wing flap
action from a hydro-mechanical
actuation system designed and
produced by our SPECO
Division in Springfield, Ohio.

SPECO, supplier to the aircraft
industry for over 40 years,
also produces helicopter
transmissions, lightweight
special hoists, precision radar
antenna mounts, precision
gears and gear assemblies for
the aerospace industries.
Kelsey-Hayes Company,
Detroit 32, Michigan.

KELSEY
HAYES

GCOMIEARNNY

Automotive, Aviation and Agricultural Parts
Hand Tools for Industry and Home

18 PLANTS: Detroit and Jackson, Michigan;
Los Angeles; Philadelphia and McKeesport,
Pennsylvania; Springfield, Ohio; New Hartford
and Utica, New York; Davenport, lowa;
Windsor, Ontario, Canada.




IN THE AIR...ON THE GROUND...HERE'S HOW

WESTERN GEAR

SERVES THE AEROSPACE INDUSTRY
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OROTARY CONTROL SURFACE
ACTUATOR a LAUNCHER ELEVATION DRIVE

e

GU(DANCE SENSING UNIT

GUIOANCE SERVO MECHANISM

TURBOPUMP DRIVE

LIN EAR CONTROL SURFACE
ACTUATOR

@ TURBOPUMP DRIVE

NOZZLES AND THRUST
COMPONENTS

-

@ ANTENNA AZIMUTH DRIVE m ANTENNA BEARING ASSEMBLY

Western Gear Precision Products like those shown might well be called the electro-mechanical brains and muscles of the
space age. Western Gear supplies launcher drives, radar drives, control surface drives, servo mechanisms and super-precision
assemblies to perform vital functions in everything from missiles to ground support equipment. In these areas, where there
can be no substitute for absolute precision, there is no substitute for Western Gear experience—over 70 years of design and
manufacturing experience. Moreover, Western Gear products must perform reliably under a range of exacting tests in the

Western Gear Metrology Laboratory, acknowledged as one of the nation’s finest
finishes to .027 microns, accuracies to ten-millionths of an inch and gear tooth
tolerances to 5 seconds arc, inspections are conducted with such instruments as
auto collimators, air micrometers, interference microscopes and microcaters.
For detailed information on products and capabilities, write Western Gear
Corporation, Precision Products Division, P.O. Box 192, Lynwood, California.
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. To meet such rigid requirements as surface

WESTERN GEAR CORPORATION

PRECISION PRODUCTS DIVISION



COMPUTENCE

total competence in computation and data processing—the breadth, the brains, and the background

The term: the essence of Burroughs Corporation, expanding the meaning of compu-
tation to new and unique dimensions for the contract team program and airborne,
space, surface and underwater systems. Its breadth: total competence, ranging from
basic research through production to the broadest field service support. Its back-
ground: total competence, from 75 years devoted to computation and data process-
ing; from membership on the Polaris and Atlas teams, system-management of the
ALRI team. Its brain-children: current crop includes the Atlas guidance computers,
high-speed data processing for Polaris and miniaturized airborne computers for ALRI.
The point of purpose: “Computence’—total competence in computation and data
processing, closing in on a problem with an intensity and range all its own.

Burroughs Corporation nmw.u...

“NEW DIMENSIONS / in computation for military systems”
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NEW CYANOCEL (iee
HIGHEST DIELECTRIC CONSTANT!
LOW DISSIPATION FACTOR!

CELLULOSE POLYVINYL CELLULOSE POLYMETHYL

CYANOCEL NITRATE CHLORIDE ACETATE METHACRYLATE ACETAL RESIN  POLYSTYRENE
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Cyanoce! is new and different! It can be cast into film—molded at very high temperatures. It’s
already being used in electroluminescent lighting—and it’s ready for your investigations!
Write on your letterhead for technical literature and experimental samples. *Trademark

AMERICAN CYANAMID COMPANY
PETROCHEMICALS DEPARTMENT « 30 ROCKEFELLER PLAZA « NEW YORK 20, NEW YORK

. CYANAMID
CYANAMID
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better power

In man’s struggle to master his environment, he has
invented machines to supplement the strength and
stamina of his own muscle fibers.

Today, man boosts the efficiency of his machines
with smaller, stronger V-belts, thanks to reinforce-
ments of a synthetic fiber— “Dacron’ polyester fiber.

The stamina of ““Dacron’ is remarkable. It com-
bines all the advantages of dimensional stability,
high initial modulus, good recovery and high resis-
tance to shock loading (11 times that of wire). In
everything from V-belt reinforcements to flexible
pistons, “Dacron” continues to show new values.
Perhaps “Dacron’ may prove valuable to you.

Du Pont’s family of man-made fibers offers you ex-
ceptional versatility. Even now—tailored to specific
needs or combined with other materials—fbers can
outperform such materials as steel, wood or even
lubricants.

Please tell us your requirements. We’ll be happy
to provide any information or technical assistance
regarding your use of Du Pont fibers for industry.

E. I. du Pont de Nemours & Co. (Inc.), 31K1
Centre Road Building, Wilmington 98, Delaware.

NYLON

‘““DACRON""* polyester fiber

“ORLON’"* acrylic fiber

“TEFLON"* TFE-fluorocarbon fiber

“SUPER CORDURA"* high tenacity rayon yarn

DU PONT fibers for industry ﬂmb

REG.U. 5. PAT.OFF.

BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY

.OV PONT'S REGISTERED TRADEMARKS

i
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20 AND 100
YEARS AGO

SICENTIFiC A MERIEAN

JULY, 1910: “The successful 300-
mile trip of the new Zeppelin passenger
airship and the 109-mile flight of a
Farman biplane with two army officers
are forcible auguries of the practical
utilization of both lighter-than-air and
heavier-than-air craft for the carrying of
passengers. The new airship Deutsch-
land, piloted by Count von Zeppelin
himself, carried no less than 20 passen-
gers from Friedrichshafen to Diissel-
dorf in about nine hours, at an average
speed of 33.33 miles an hour. The pas-
sengers were carried in a mahogany-
finished cabin that had all the comforts
of a Pullman car. Most significant of
all, the trip was made on schedule and
with all the regularity of an express
train.”

“One of the greatest additions to the
pleasure and convenience of night mo-
toring is an improved electric lighting
system recently perfected. By means of
it a greatly increased efficiency for all
the lights of the auto is secured, as well
as a much safer and more convenient
system than has heretofore been fur-
nished by means of gas or oil. The new
system consists of a small generator hav-
ing a positive drive from the engine, a
load regulator and a small storage bat-
tery. The generator produces the re-
quired current to light all the lamps and
also furnishes the ignition spark for the
engine. If the engine is running at high
speed, the load regulator diverts the ex-
cess current generated into the storage
battery, thus keeping it fully charged
and able to supply current for the lamps
when the machine is standing idle.”

“The results of the 1910 aeronautical
meetings at Rheims have demonstrated
the progress that has been made in the
last eleven months. At the 1909 meeting
the longest distance flown without com-
ing in contact with the ground was 111
miles, accomplished by Henri Farman in
his biplane. This record has been left
far behind, for René Labouchere, pilot-
ing an Antoinette monoplane, covered
a distance of 212 miles in a single flight.

24

A year ago experts were amazed at the
audacity of Hubert Latham, who rose to
the record height of 508 feet. This year
the same pilot established a height rec-
ord of 4,540 feet. The fastest time in
public competition a year ago was made
by Glenn H. Curtiss when he flew 12.42
miles in 15 minutes 50% seconds (47.04
miles per hour). This year Leon Morane
flew the same distance in 12 minutes
45% seconds (58.4 miles per hour). Ev-
ery other speed record established last
year has been wiped out of existence. In
every competition the first place has
fallen to a monoplane. The single plane
machines were decidedly the fastest;
they could fly the highest, and they were
able to come forth in wind and rain
that kept the biplanists in their sheds.”

JULY, 1860: “Rickett’s steam car-
riage, which was recently submitted to
Prince Albert and the Queen, is a private
carriage, with room for three persons in
front and a fireman behind. It is ar-
ranged to run at an average speed of 10
miles per hour; indeed, on good roads,
16 miles per hour has been easily at-
tained. The carriage is mounted on three
wheels, one small wheel in front, for
steering, and two behind, which are
employed in propelling. The engine is
built upon a tank, which contains 90 gal-
lons of water, sufficient for 10 miles’
run. The boiler is worked at a pressure
of 150 Ibs. to the square inch, and sup-
plies steam to a pair of 3%-inch cylinders
with seven-inch stroke.”

“A method of employing steam, lately
introduced, is the “‘Wethered system.” It
consists in using superheated and com-
mon steam in combination in the cylin-
ders of engines. Mr. J. Wethered, of
Baltimore, recently read a paper on the
application and advantages of his system
before the Institution of Civil Engineers
in England. As applied to the British
screw frigate Dee, it was stated that the
result of 20 experimental voyages gave,
with combined steam, 500 H.P. in the
engine; with superheated steam alone,
409 H.P.; and with common steam, but
404 H.P. It was also stated that the com-
bined steam had also been applied to a
non-expansive engine, in which the con-
sumption of fuel fell from 35 to 24 cwt.
per week.”

“After many disappointments, the
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Great Eastern has at last safely and
slowly breasted the billows of the Atlan-
tic and is now moored in Manhattan
waters. There are three leading features
connected with the Great Eastern which
naturally excite attention. These are,
first, her great magnitude—she being 692
feet in extreme length, 83 feet beam, and
of 27,000 tuns actual capacity; second,
her peculiarity of construction—being of
iron, and double cased to about three
feet above the water line, and built on
the cellular principle; third, she is pro-
pelled by the combination of paddle
wheels at the sides and a screw at the
stern. She can carry 4,800 passengers,
with good and full accommodations; or
an army of 10,000 men, in a superior
manner to any troop ship. The Great
Eastern left Southampton on Sunday
morning, June 17th, at 8 A M., and ar-
rived at Sandy Hook, outside of New
York Bay, at 7:20 A.M., on Thursday,
the 28th ult. Allowing for the difference
of time, the actual period of passage was
11 days and 2 hours.”

“It has just been ascertained that an
amendment was incorporated into the
civil appropriation bill, on the eve of the
adjournment of the Congress, by Senator
Jefterson Davis, of Mississippi, which
strikes directly at the mechanical genius
of the country. It positively prohibits the
purchase, either by the Navy or War De-
partment, of any patented article, how-
ever necessary it may be, for the use of
those departments, without special au-
thority of Congress, naming, at the same
time, the article required. It seems to us
to be an exceedingly harsh and unwise
provision, because an exigency may arise
in which an important invention for war
purposes may be imperatively demand-
ed, and yet it could not be purchased by
either the Navy or War Department
without calling a special session of Con-
gress to make a specific appropriation
for it. The idea of collecting tolls at the
Patent Office from inventors, and then
making a law forbidding the purchase
of their inventions, is not only ridiculous
but severely unjust. This law of Sena-
tor Davis’s may have grown out of the
fact that when he was Secretary of War
he purchased Maynard’s primer, at a
cost to the government of $75,000,
which has proved a total failure.”

“The law has gone into force in New
York State forbidding any person to sell
or give any poisonous substance without
making a record of it in a book, taking
the name and residence of a witness to
the sale. The penalty for disobeying it is
$50 in each case.”



ASSIGNMENT: HIT A TARGET 6000 MILES AWAY

Can you guide a 110-ton Air Force Titan missile
far up into the sky, to bring its nuclear warhead
down with pinpoint accuracy on a target one-
fourth the way around the globe—a target you not

only can’t see but which continually
moves with the spinning earth?

This was the problem in missile
guidance the Air Force presented
to Bell Telephone Laboratories and
its manufacturing partner, West-
ern Electric. The answer was the
development of a command guid-
ance system which steers the Titan
with high accuracy.

Unlike self-contained systems
which demand complex guidance
equipment in the missile itself, Bell
Laboratories Command Guidance
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System keeps its master control equipment on the
ground where it can be used over and over again.
Thus a minimum of equipment is carried in the
missile, and the ground station has full control

of the missile during its guided
flight. Techniques drawn from the
communications art render the sys-
tem immune to radio jamming.

Bell Laboratories scientists and
engineers designed the trans-
mission and switching systems for
the world’s most versatile telephone
network, developed much of our
nation’s radar, and pioneered in
missile systems. From their vast
storehouse of knowledge and ex-
perience comes the guidance system
for the Titan.

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT
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Celanese chemicals make heat

From Celanese research come the chemical answers to industry’s critical problems of high-temperature application.

By eliminating many of the basic hazards of heat and fire, Celanese is contributing to the safety of industry.

Synthetic chemicals by Celanese help protect against extreme loss by fire or explosion. They include Cellulubes, fire
resistant lubricants and hydraulic fluids . . . Cellutherms, for jet engine-temperature applications . . . fire resistant
plasticizers . . . fire retardant additives for paints and varnishes. Celanese research has contributed substantially toward
conquering the problems of fire and heat in industry. A pioneer in fire-resistant fluids and chemicals, Celanese has years
of experience to put to work to make your plant or application safer, more efficient. For more details, please write to us,
outlining your specific interest. Celanese Chemical Company, a Division of Celanese Corporation of America,

Dept. 582-G, 180 Madison Avenue, New York 16, N. Y. Celanese® Cellulube® Cellutherm®
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CHEMICALS

Canadian Affiliate: Canadian Chemical Company Limited, Montreal, Toronto, Vancouver
Export Sales: Amcel Co., and Pan Amcel Co., Inc., 180 Madison Avenue, New York 16
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Whether you're controlling or recording

. - . how you can mix electric and pneumatic components

28

The introduction of Honeywell’s complete line of
ElectriK Tel-O-Set instruments makes electric
and pneumatic components completely compatible.

Now you can add the advantages of electric instru-
mentation to your present pneumatic systems.
Or, if you are designing a new system, you can use
your favorite pneumatic components in an other-
wise completely electric system.

Here’s an example: You have a pneumatic system
but want to record a key variable on an ElectroniK
strip chart recorder. The answer is an ElectriK
Tel-O-Set pressure-to-current (P/I) transducer
which converts the standard 3-15 psi signal to a
standard 4-20 ma signal which can be fed to a
data logger or computer as well as to a potenti-
ometer.

Now let’s assume that you are putting in an all-
electric system but prefer pneumatic control valve
operators. Here the answer is an easily installed
ElectriK Tel-O-Set current-to-pressure (I/P) valve
operator which converts the standard 4-20 ma
signal to a standard 3-15 psi signal.

Used separately, ElectriK Tel-O-Set transducers
allow you to easily intermix electric and pneumatic
components. Used together, in pneumatic loops,
they give you long distance high-speed trans-
mission and eliminate the lags inherent in long
runs of pneumatic tubing.
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High-Speed
Electric
Transmission

These twins have a calibrated accuracy of + 4%
of span. They’re completely transistorized for
long, reliable service. Only two wires, forming a
series circuit between the two transducers, are
needed to carry the signal as well as the system’s
power. Line power is not required in the field.

Transducers are just part of the story. ElectriK
Tel-O-Set transmitters are available to convert
temperature, pressure, differential pressure, and
other process variables into a current signal. To
complete your system, you have a wide choice of
different types of electric control . . . readouts in-
cluding meters, indicators, and large case recorders
. . . and final control elements.

Get complete details from your nearby Honeywell
field engineer. Call him today . . . he’s as near as
your phone.

MINNEAPOLIS-HONEYWELL, Wayne & Windrim
Avenues, Phila. In Canada, Honeywell Controls
Limited, Toronto 17, Ont.

Honeywell

© 1960 SCIENTIFIC AMERICAN, INC



__ ) \ 4’:\
of} ,

O with thelone

Keeping of enpou@h ... The ideaisto keep
at least one step ahead —and it should be a go®d [o®€ One. In business and industry,
Beckman makes giant steps easy.@ It may be a precision potentiometer in an electronic
system, an analog computer to help pre-test a space vehicle still on the drawing board,
an amino acid analyzer for medical research or a transfer oscillator in microwave com-
munications. .. each establishing a commanding lead in its field. ® A component or a
complete system — wherever electronics has, or should have application — thoughtful
research, manufacturing and processing groups put Beckman on their shopping
list. Wherever quality is something that is not just sprayed on, Beckman is a symbol

of performance above and beyond the call of duty. @ In any business or service today,

it pays to keep a step ahead.

LN
&S (o)

Beckman

BECKMAN INSTRUMENTS, INC. FULLERTON,CAL. |[ELECTRONIC COMPONENTS,INSTRUMENTS,SYSTEMS..FORANALYSIS,MEASUREMENT,COUNTING
AND CONTROL | DIVISIONS: BERKELEY » HELIPOT - SCIENTIFIC & PROCESS INSTRUMENTS « SPECIAL PROJECTS « SPINCO - SYSTEMS | BECKMAN
INSTRUMENTS INTERNATIONAL, S.A,, SWITZERLAND + BECKMAN INSTRUMENTS, G.m.b.H., GERMANY - BECKMAN INSTRUMENTS, LTD., SCOTLAND
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Power a flight to Mars or the Stars?

Wee 4
qood. //7///0’

Toao i at

Sustain a low-altitude satellite against drag, change its orbital plane,
vary the eccentricity of its orbit—

Launch space vehicles from a satellite, drive manned spaceships
on interplanetary flights, power scientific solar system explorations—

Ultimately provide the drive to move large payloads within our
solar system—

These are some of the applications of the annular configuration
magnetic shock rocket currently being developed by Allison.

Such a magnetofluidynamic test device is already in being. It grew
out of the efforts of our scientists and engineers working in our
Space Propulsion, Physical Optics, Solid State Physics and other
laboratories.

Their efforts are aided by complete electronic computation and
simulation facilities, our Scientific Advisory Committee and Ameri-
can and European Consultants, plus every resource General Motors
possesses.

Whether your problem is concerned with the heavens, the earth or
the oceans, Allison has the will and—if it can be solved—the way to
solve it. We're doing it for others, we could do it for you.

Illustrated is the internal assembly for a high-speed vacuum spark
gap used to test pulsed plasma accelerators for space vehicle
propulsion.
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DIVISION OF GENERAL MOTORS, INDIANAPOLIS, INDIANA
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THE VALUE
OF INCIDENTAL
DISCOVERY

The originality and usefulness of a company’s incidental discoveries

is one measure of the organization’s vitality. If its environment has a richly
stimulating interplay of knowledge, the “scientific by-products” can be

of such stature as to revolutionize entire industries. An example

is the Vaclon® Pump from Varian Associates.

The Vaclon® Pump produces vacuums of better than 10-° mm Hg. — with
no moving parts, no fluids, no heated filaments and no refrigerants — thus
eliminating every possible source of contamination. Varian needed

such a device for its own microwave tube manufacture. But the pump’s
attributes proved universally useful. It is now rapidly displacing classical
evacuation methods in every other high vacuum application from

space chambers to linear accelerators.

The Vaclon® Pump drew on technologies in which Varian is particularly rich:
Magnetic-field phenomena, electron behavior, high-voltage power supplies,
and to a lesser extent on metallurgy and chemistry. The Vaclon® Pump
operates like “a game of pool on an atomic level.” Electrons spun by a strong
magnetic field collide with gas atoms. The positive ions that result knock
titanium atoms out of the cathode. The titanium and gas atoms combine and
are finally “pocketed” on the electrodes. The pump’s operating life

is greater than 5 years at 10-* mm Hg.

The creative environment that produces such discoveries is rewarding
both to the individuals within and the customers without.

% VA RIAN associates

611 HANSEN WAY o PALO ALTO 7, CALIFORNIA

BOMAC LABORATORIES, INC., BEVERLY, MASSACHUSETTS/VARMN ASSOCIATES OF CANADA, LTD., GEORGETOWN, ONTARIO/ S.F.D. LABORATORIES, INC., UNION, NEW JERSEY/ VARIAN, A.G., ZUG, SWITZERLAND
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BQ cln ‘Ls, oice through 2000 miles of space...

AR
Another Philco achievement
in global communications

As part of a major study of space communications tech- . i ..
niques, Philco is prime contractor for an Air Force project ¥ A ’
to relay high frequency radio communications around the M‘

curvature of the earth, through space. Known as the R
Passive Satellite Relay Link, it will reflect voice and tele- L.
type signals from a 100 ft. aluminum-skinned plastic balloon. S
Under NASA’s Project Echo, the balloon is to be launched \

into a 1,000 mile earth orbit for use as a passive commu- : u\#
nications reflector.

The parametric amplifiers, receiving antennas, and track-
ing and receiving systems are Philco designed, built and
installed. The entire program is managed by Philco, under
the supervision of the Communications Directorate, Rome
Air Development Center.

This is one more step in man’s utilization of outer
space . . .and another important Philco achievement in
global communications. For capacity, facilities and expe-
rience in advanced electronic systems, look to the leader . . .
look to Philco.

Government & Industrial Group, Philadelphia 44, Pennsylvania

F:HILC

—=_] ~Femious /u (er(f&/y the tWiorte Crer

Communications and Weapons Division ® Computer Division e Sierra Electronic Division

Western Development Laboratories

-
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is experienced...
in Advanced Systems

In times past, the leader in man’s chal-
lenge of the unknown was the mariner
with compass and sextant, and the
vision to follow the stars.

Today, this challenge is being met
by scientists with advanced training
working in well-equipped laboratories.

At LFE, where one man in five is a
physicist, mathematician or engineer,
2,700 years of advanced technical
training are combined with 8,000 years
of systems experience. This know-how
has been a major factor in the fre-
quent choice of LFE as prime con-
tractor on Advanced Systems projects.

LFE has recently prepared a new series
of Technical Data Digests covering
each area of Company activity. Write
the Vice-President of Marketing for
series No. 6061.

E LABORATORY FOR ELECTRONICS, INC., Boston 15, Massachusetts

SYSTEMS, EQUIPMENT & COMPONENTS FOR

AIRBORNE NAVIGATION « RADAR and SURVEILLANCE - ELECTRONIC DATA PROCESSING « AUTOMATIC CONTROLS « GROUND SUPPORT
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FRO M HIGH CAPACITY STATIC INVERTERS WITH NO MOVING PARTS
Delco Radio’s high capacity Static Inverters and Converters fill a critical
need in missile guidance and control—offering extremely reliable, very
highly regulated power of precise frequency. The Static Inverters use direct

crystal-frequency control and digital logic circuits to produce accurate,

single or polyphase power output. They have no moving parts. There is nothing
that can get out of adjustment. Electrical characteristics are: High Capacity—
150 to 4,000 volt-amperes. High Efficiency—65 to 90% depending on power and

control (precision and regulation) required. Accurate Phase Angle Control—to
0.5 degree. Precise Frequency Control—up to 6 parts per million maximum variation under all load and
environmental conditions. Voltage Amplitude Control—to +1% no load to full load. Low Distortion—

typically 2% total harmonic distortion. Delco Radio has developed and produced power supplies for

missiles such as the Air Force’s Ballistic Intermediate Range Thor, Intercontinental
Titan, and the pilotless aircraft Mace. For further information on military electronics,
write to our Sales Department. Physicists and electronics engineers: Join Delco Radio’s

search for new and better products through Solid State Physics. E LC O

PIONEERING PRECISION PRODUCTS THROUGH SOLID STATE PHYSICS AD'O
Division of General Motors « Kokomo, Indiana A
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Today’s sophisticated buyer of scientific and business

data processing equipment knows that expandability,

efficiency, and simplicity of operation must be
considered right along with speed specifications. @W dic) G 2 O
The Bendix G-20, with “organization chart” design

/)

offers an optimum combination of ALL these features that you’

find in no other system . ..at any price! To see why,

compare the G-20 to an efficient business organization. O O %

The “boss” of the system is the Central Processor... ZUZ th 0719@%?/2“ t?/ 07/[/
a very fast digital computer. Unlike other data processors

which must direct every operation, this boss delegates many of its

responsibilities to highly skilled “line supervisors;’ called o

control buffers. These units direct input-output operations, data transfers c hd?ﬂt d es 7/ g n
and code translations—independently, but under program control. The

Central Processor remains free to do the work that only it is qualified

to do...high speed computing, as well as scheduling and directing the

work flow in the proper order of importance. medns
This “organization chart” efficiency is what makes the G-20 system

so fast and economical. It makes multiple, simultaneous operations

completely practical, and with a minimum of equipment. The G-20’s

own management skill eliminates most operator decisions. u%e ua lled
Truly modular, a G-20 system can vary in size from medium-scale to very large. ‘ q

Note carefully the specifications below. Check them against any other data

processing system you wish...then compare price. You will see why we can state

so confidently that the Bendix G-20 offers unequalled:performance for your 873 07/3m a%ce
data processing dollar. Write or wire for detailed descriptive literature. p

SPECIFICATIONS : MEMORY: Core, to 32,768 words in 4096 word modules.

EXECUTE +-: 7us. avg., fixed point, one-word precision. 13 gs. avg., floating point,
one-word precision. EXECUTE X : 49 s avg., fixed point, one-word precision.

49 ps. avg., floating point, one-word precision. ARITHMETIC: Built-in floating point, 07/3 you ;

12 decimal digit precision. CIRCUITRY: Solid-state; parallel; 2.5 kva.

PROGRAMMING: Algebraic compiler or symbolic assembler. INPUT/OUTPUT: 165,000

character/second max., asynchronous. MAGNETIC TAPE: 120,000 decimal digit/second

read-write. LINE PRINTERS: 600-1250 lines per minute. PUNCHED TAPE: 500 or more

character/second readers. 100 or more character/second punches.

PUNCHED CARDS: Standard high-speed 80 column units. CONTROL BUFFERS: 1024 dd ta

character memory for data and commands. Controls transmission on-line or off-lin€,

Bendix Computer Division

DEPT. C-26 LOS ANGELES 45, CALIF. COEee

Processing

dollar

© 1960 SCIENTIFIC AMERICAN, INC



ORGANIZATION OF A TYPICAL MEDIUM SCALE G-20 SYSTEM
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THE P-E SPECTRUM

9000000000000 0 2000000000000 000000000000000

news of advanced systems and

instruments from Perkin-El/mer

P-E'S TRACKING SYSTEM AND IR RAPID SCAN
TEAM UP FOR IN-FLIGHT SPECTRAL STUDIES OF MISSILES

Spectrometric studies of in-flight missile plumes are
currently being made on the Atlantic Missile Range by
Perkin-Elmer in a project under contract from the Air
Force Cambridge Research Center.

Data on the missile flights are obtained with a combi-
nation of two P-E systems: A ROTI (Recording Optical
Tracking Instrument) tracks and photographs the mis-
sile in flight; simultaneously, an IR Rapid Scan System
measures the spectral characteristics of the missile’s
plume. (Both instruments can be seen at right, in place
in an observation dome, and in close-up.)

IR Rapid Scan, a new concept developed by P-E over
the past several years, has made the present studies
possible. Basically it is a spectrometer designed to ana-
lyze a particular wavelength region of the spectrum in
very short periods of time. With it, progressive spectra
of a reaction (such as burning rocket fuel) can be
obtained while the reaction is going on, and a record can
be obtained of various components throughout the
course of the reaction.

While the potential of this method is only just
beginning to be recognized, information gained from
measurements of this kind could be pertinent to such
advances as the development of more efficient fuels
and engines, development of homing systems for anti-
missile-missiles, improvement of nose cones, and even
for the development of characteristic missile “signa-
tures” for detection and identification.

CONTINUOUS STREAM ANALYZERS

Taking a cue from Mohammed and his mountain, Esso
Research and Engineering Co. has come up with a
unique answer to the problem of distance. It has de-
signed a portable laboratory to be shipped to the parent
company’s refineries for on-the-spot exploration of
possible new process analyzer applications.

The new unit, housed in an aluminum truck body,
was built by Perkin-Elmer to Esso specification. Heart
of the unique lab is a P-E Process Vapor Fractometer,
which continually monitors, qualitatively and quanti-
tatively, up to 12 components in a process stream.

At each location, Esso hopes to document the econo-
mies of successful analyzer applications as well as
establish where analyzers should be installed. This will
be done by comparing before data with data taken after
analyzer results have been used for corrective action.

* * * *

CAREER OPPORTUNITIES—Perkin-Elmer’s continu-
ing growth has created the need, at both East and West
Coast locations, for additional engineers and physicists
experienced in transistorized electronic circuits, relia-
bility standards and opto-mechanical systems.

You will be happy with the opportunities for indi-
vidual recognition, professional growth, and advance-
ment in responsibility and salary these positions offer.
To investigate, forward resume to R. H. Byles, Electro-
Optical Division, Perkin-Elmer Corporation, 915e Main
Ave., Norwalk, Conn., or J. Armitage, Perkin-Elmer Cor-
poration, 5670 E. Washington Blvd., Los Angeles 22, Calif.

' ‘ PORTABLE LAB EXPLORES APPLICATIONS FOR

Perkin-Elmex in
NORWALK, CONNECTICUT

ANALYTICAL INSTRUMENTS - MILITARY SYSTEMS
FINE OPTICS _ PRECISION ELECTRONIC COMPONENTS
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When users turn a neat profit with ceramic cutting tools, ceramic manufacturers learn why it pays to

mix imagination with Alcoa Aluminas

See how ceramic cutting tools fortified with Alcoa® Aluminas are turning up new highs in tool performance, new lows
in cutting costs. Consider this recent example: one company has been saving some $260 per month by rough-turning
hardened stock mandrels rather than grinding them completely. The mandrels are about 80Ra, are turned at 150
surface ft. with a feed of .006 in. and a depth of cut of .100 in. The user reports tool life far exceeds that of any other
type of tool previously used. The reason: outstanding hardness, thermal shock resistance and mechanical strength
imparted to the tools by Alcoa Aluminas. (Alcoa does not make ceramic tools—but does supply aluminas to a number
of manufacturers who do.)
Here you see one more example of the remarkable things

ceramics can do when ceramists mix imagination with Alcoa ' ALCOA CHEMICALS

Alumix'las.. To disc_over others, ‘send for our booklet, Ceran.zics ALUMINUM COMPANY OF AMERICA
—Unlimited Horizons. Aluminum Company of America,
Chemicals Division, 701-G Alcoa Building, Pittsburgh 19, Pa.

For finer products . . . let Alcoa add new dimension to your creative thinking!
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THE AUTHORS

BORIS V. DERJAGUIN (“The Force
between Molecules™) is the founder and
director of the Laboratory of Surface
Forces in the Institute of Physical Chem-
istry of the Soviet Academy of Sciences.
He has held the title of Academician
since 1946. From 1935, when he founded
the Laboratory of Surface Forces, until
1941 he worked with Academician
M. M. Kusanov investigating the forces
involved in the coagulation of material
suspended in solution. His studies have
included the molecular theory of friction
and the theory of adhesion of particles.
He is 58 years old.

D. E. BLACKWELL (“The Zodiacal
Light”) has since 1949 been assistant
director of the Solar Physics Observa-
tory at the University of Cambridge. In
October he will become Savilian Pro-
fessor of Astronomy at the University
of Oxford. He was born in 1921, at-
tended Merchant Taylors’ School and
took his degree in physics at Sidney Sus-
sex College in Cambridge. After study-
ing physiological optics for three years
at the Royal Aircraft Establishment in
Farnborough, he returned to Cambridge
to work on infrared spectroscopy and the
properties of diamond, and acquired his
Ph.D. in 1949. “Most of my astronomi-
cal work,” he explains, “has been done
on expeditions from England. In 1952
I went to Khartoum to observe the total
eclipse, and I saw the zodiacal light
there for the first time. In 1954 I ob-
served the total eclipse from an open
R.A.F. aircraft flying at 30,000 feet near
the Faroe Islands.” Blackwell was
aboard a seaplane near the Fiji Islands
during the 1955 eclipse, but clouds
prevented observation. Accompanying
D. W. Dewhirst and A. Dollfus, he made
two 18,000-foot balloon flights from
Paris to photograph the sun under good
atmospheric conditions. Blackwell’s lat-
est astronomical expedition took him to
the Andes in 1958, and he plans another
journey for this year.

S. S. BRENNER (“Metal ‘Whisk-
ers’”) is amember of the metallurgy and
ceramics research department at the
General Electric Research Laboratory in
Schenectady, N. Y. A native of Nurem-
berg, Germany, he went to England in
1939 at the age of 12, and came to the
U. S. in 1940. From 1945 to 1947 he
was in the Army. Then he went to the
Massachusetts Institute of Technology,

40

where he took his B.S. in metallurgy in
1951. He had intended to become a
practicing foundry-metallurgist, but, he
reports, “after spending the summer of
1950 doing research at Brookhaven Na-
tional Laboratory, I decided that re-
search would be more to my liking.” He
joined the General Electric Laboratory
in 1951 and has done experimental work
on corrosion, electrochemistry, crystal
growth and the mechanical properties
of solids. He also studied in the evening
division of Rensselaer Polytechnic In-
stitute, which awarded him a Ph.D. in
1957. Brenner entered the whisker field,
he says, “about six years ago, shortly
after iron whiskers were accidentally
discovered in our laboratory.”

EGON GLESINGER (“The Mediter-
ranean Project”) is director of the For-
estry and Forest Products Division of the
United Nations Food and Agriculture
Organization in Rome and leader of the
group responsible for the imposing pro-
gram that is the subject of this article.
Glesinger was born in 1907 in Austria
and attended school in Austria and
Czechoslovakia. He graduated in busi-
ness administration at the University of
Geneva in 1928, received a doctorate
in law at Prague in 1929 and a doctorate
in social science at the Geneva Institute
for International Studies in 1932. His
thesis was on European forests. From
1933 to 1940 Glesinger was secretary-
general of the International Timber
Committee, a League of Nations body.
For help with the present article he
wishes that special acknowledgement be
made to his colleagues Daphne Wilson
and Luis Gimenez-Quintana.

JOSEPH ]. KATZ (“The Biology of
Heavy Water”) is a senior scientist at
the Argonne National Laboratory. He
was born in Detroit in 1912, took his
B.S. in chemistry at Wayne State Uni-
versity in 1932 and his Ph.D. at the
University of Chicago in 1942. He joined
the Metallurgical Laboratory in Chicago,
and since World War II has been a
member of the chemistry division of its
successor, the Argonne National Labora-
tory. In 1955 he served as a technical
advisor to the U. S. delegation to the
United Nations Conference on the
Peaceful Usesof Atomic Energy. Wayne
State honored him in 1955 with its Dis-
tinguished Alumnus Award. During
1956 and 1957 he held a Guggen-
heim Fellowship to the University of
Cambridge. In addition to his work
on the effects of deuterium on living
organisms, he has carried out extensive
researches on uranium and on trans-

© 1960 SCIENTIFIC AMERICAN, INC

uranium elements and is the co-author
and co-editor of several standard works
on the subject.

ERIC DENTON (“The Buoyancy of
Marine Animals”) is a physiologist on
the staff of the Marine Biological As-
sociation Laboratory in Plymouth, Eng-
land. He acquired his degrees at the
University of Cambridge and University
College London. His field was physics,
and during World War II he worked on
aircraft radar. “At the end of the war,”
he reports, “I had the good fortune to
be one of three young physicists taken
on by A. V. Hill, the physiologist who
is one of England’s kindest as well as
greatest scientists. He at once sent me
down to Plymouth ‘to learn biology
through the skin.” This period was fol-
lowed by seven happy years with E. W.
H. Cruickshank at the University of
Aberdeen, Scotland, and one year in
Paris with Y. Le Grand.”

DOUGLAS W. SCHWARTZ (“Pre-
historic Man in Mammoth Cave”) is as-
sociate professor of anthropology and
director of the Museum of Anthropology
at the University of Kentucky. He was
born in Erie, Pa., in 1929 and acquired
his Ph.D. at Yale University in 1955. His
explorations of the Grand Canyon, be-
gun in 1949, resulted in an article “Pre-
historic Man in the Grand Canyon,”
which appeared in SCIENTIFIC AMERI-
can for February, 1958. Grants from
Yale and the Wenner-Gren Foundation
helped him pursue his studies of the
Canyon, which continue. After receiv-
ing his Ph.D., he taught for a year at
the University of Oklahoma. He has
been at Kentucky since 1956. Three
research contracts from the National
Park Service enabled him to investigate
the prehistory of Mammoth Cave and
the surrounding area.

MILTON A. ROTHMAN (“Things
That Go Faster Than Light”) is a re-
search physicist at Project Matterhorn,
which is investigating fusion power at
Princeton University. He was born in
Philadelphia in 1919 and obtained his
B.S. degree at Oregon State University
in 1944, his M.S. at the University of
Pennsylvania in 1948 and his Ph.D. in
physics at Pennsylvania in 1952. From
1952 to 1959 he was associated with the
Bartol Research Foundation in Swarth-
more, Pa., where he investigated nuclear
energy-levels by means of inelastic neu-
tron scattering. In 1959 he went to Pro-
ject Matterhorn. There he studies meth-
ods of heating an ionized gas to very
high temperatures.



“Fly" jet engines before they're built?

)

Now there’s a machine that tests jet engines in their blueprint
stage, discovers operating errors before they’re made, does
months of mathematical work in a matter of minutes. And AE
had a hand in its development.

Called a “jet engine simulator,” this computer is fed flight prob-
lems, then goes to work calculating engine performance under
specific flight conditions . .. before the engine is built. The
answers come, in part, from AE switches and relays of the
same sort that operate dial telephone exchanges.

Today, most devices or systems for automatic control use the
type of switching and relay units originated or manufactured
by Automatic Electric.

If you’re grounded by problems in communications or control,
AE can help. Whether you need basic components, a control
“package,” or engineering advice, write the Director, Industrial
Products Engineering, Automatic Electric, Northlake, Illinois.

MAKING

IDEAS

WORK
AUTOMATICALLY

~ JUTOMATIC FLECTRIC

Subsidiary of

" GENERAL TELEPHONE & ELECTRON/CS

® . 0 0
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Vasco da Gama
sailed an
uncharted route

Vasco da Gama’s route to the wealth of the East was un-
charted. But when it comes to chemicals, you can steer a
sure course to better, more uniform products when you
use high quality Sinclair solvents.

Sinclair aromatic, aliphatic and odorless solvents set in-
dustry’s standards for quality. These Sinclair solvents are

available from nearby supply points—in the type of trans-
portation equipment you require.

To guard against contamination, Sinclair ships aromatic,
aliphatic and odorless solvents in three separate tank car
fleets used exclusively for this purpose. For prompt, de-
pendable deliveries, write or call...

SINCLAIR PETROCHEMICALS, INC.

Subsidiary of Sinclair Oil Corporation, 600 Fifth Avenue, New York 20, N.Y.

PARAXYLENE (98%) ¢ PROPYLENE (99+ %) » DURENE (1,2,4,5-TETRAMETHYLBENZENE) ¢ ANHYDROUS AMMONIA ¢ AMMONIUM NITRATE SOLUTIONS ¢« AQUA
AMMONIA e NITROGEN FERTILIZER SOLUTIONS o ALIPHATIC SOLVENTS ¢ ODORLESS SOLVENTS ¢« AROMATIC SOLVENTS ¢ HEAVY AROMATIC SOLVENT
TOLUENE (NITRATION GRADE) ¢ XYLENE (FIVE DEGREE) ¢ SULFUR ¢ SULFONATES (OIL SOLUBLE) « CORROSION INHIBITORS ¢ LUBE OIL ADDITIVES
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The challenge of silence

The wide and deep sea is a near-perfect hiding place . . . and
an infinitely mobile missile launching pad. This makes anti-
submarine warfare a high-priority defense problem.

Not just the sea, but the surface and the air as well, comprise
the theatre of ASW. And in all these areas, Sperry is making
advanced contributions: submarine sonar detection gear
. . . submarine fire control systems . . . submarine depth and
maneuvering controls . . . countermeasures and counter-
countermeasures . . . sophisticated navigational computers for
helicopters, capable of programming a systematically precise
sub search . . . automatic flight controls for the helicopter to
permit it to do its job despite the vagaries of weather or mis-

sion complexity . . . for surface ships, precision torpedo fire
control and hydrofoil stabilization and control systems.

Most of today’s ASW programs utilize sound radiation tech-
niques. But being explored are myriad “unsound” techniques
of sea-hunting, vast new frontier for scientist and engineer
. .. investigations in the electro-magnetic spectrum . . . devel-
opment of advanced transducers, data processors, and means
of displaying data that is gathered.

These anti-submarine warfare programs, ranging through
the three dimensions of our environment, typify the integrated
capability of the Sperry organization today. General offices,

SURFACE

AIR + AEROSPACE
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"ESCAPE WITH SAFETY AT

THIOKOL'S ADVANCED
ENGINEERING SKILLS

HELP ANSWER
ANOTHER SPACE AGE
PROBLEM... NOW pPILOT
EJECTION FROM AlR-
CRAFT MOVING AT
MACH 2 OR BETTER.

ESCAPE CARSULE DEVELOPED 8Y STANLEY
AV/IATION CORP FOR THE COMVAIR B-58
UN/IQUE LOW THRUST

/S POWERED BY
ROCKETS SPEC/IALLY DESIGNED 8Y 7H/IOKOL

-

44

© 1960 SCIENTIFIC AMERICAN, INC
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Fig. 1. Pilot sits and works in escape unit. THIOKOL two-

parrelled catapult powered by dual rocket engines attached
to back of capsule.

Fig. 2. At start of escape cycle, THIOKOL slow burning propel-
lant activates catapult. Acceleration control pbuilt into pro-
pellant saves occupant from injury. Capsule is propelled from
airframe.

Fig. 3. Rocket motors, ignited automatically at end of cata-
pult stroke, propel capsule to safe area above airframe—clear
of vertical tail. In high or zero altitude escape, capsule attains
sufficient height for parachute to open and arrest fall.

From design, development and production of propulsion sys*
tems for major missiles to specialized applications of rocket
power, THIOKOL engineering skills are meeting the problems
of the space age. THIOKOL means reliability—in every way.

Scientists, Engineers: perhaps there’s a place for you on the
rHIOKOL team. Our new projects present stimulating chal-
lenge, opportunity for growth and commensurate rewards.

—yor

CHEMICAL CORPORATION
Hunter - Bristol Division
Bristol, Pennsylvania
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Max Planck...on problems

“The world is teeming with prol)lems. Wherever man
looks, he encounters some new prob]em~in his home
life and in his job, in economics and in technology, in
the arts and in the sciences. And some problems are very
stubborn; they refuse to leave us in peace. They torture
our thoughts, sometimes haunting us throughout the day
and even robbing us of s[eep at night. If by lucky chance
we succeed in solving a problem, we experience a sense
of deliverance and rejoice over the enrichment of our

knowledge. But it is a different story, and highly annoy-
ing, to discover after tedious efforts that the prob[em is
incapa]ole of solution —either because there exists no
indisputable method of solving it or, because soberly
looked at, it is void of meaning — a phantom prol)lem on
which our labors and thoughts were wasted. There are a
good many such phantom problems —~ in my opinion, far
more than is ordinari[y assumed — even in the sciences.”

— Scheinprobleme der Wissenschaft, 1947

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A nonprofit organization conducting multidisciplinary research in the pl’xysical and social sciences, and engineering on prol:)lems related
to national security and the pu[')lic interest. RAND economists are concerned with applying rational principles to problems of choice,
with estimates of economic war potential, with system costs, and provide economic data and models for other research projects.
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SCIENTIFIC
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The Force between Molecules

Its nature has long been a myvstery. Physicists in the U.S.S.R.

have now succeeded both in measuring the intermolecular force

and in demonstrating that it is purely electromagnetic in origin

ne of the great traditions of sci-
O ence has been the study of the
forces that hold the parts of the
material world together. The tradition
runs from Isaac Newton’s work on grav-
ity and celestial mechanics to the mod-
ern examination of the nucleus of the
atom. In this long line of inquiry there
has been, until very recently, an odd
gap. The smallest units of matter, in its
everyday forms, are molecules; and the
force between molecules determines
many characteristics of the substances
with which we are familiar. Yet physi-
cists have been unable eitiier to measure
intermolecular forces experimentally or
to deduce them from theory.

These forces are not the chemical at-
tractions, or valence bonds, that link
atoms in compounds. They are forces of
longer range that draw together the
molecules of solids and liquids, and, to
amuch smaller extent, of gases. Valence
forces can be “saturated”; when the
available bonds of an atom are fully
satisfied by attachment to its partners in
a compound molecule, it exerts no force
on other neighboring particles. Thus the
oxygen atoms in two molecules of water
do not attract each other. On the other
hand, every molecule in a sample of wa-
ter exerts some attraction on every other
molecule.

Without these long-range forces there
would be no sharp boundary between
liquids and their vapors. Intermolecular
forces are responsible for surface ten-
sion, capillary action, adsorption and

by Boris V. Derjaguin

other surface phenomena. They deter-
mine most of the properties of liquids:
viscosity, heat of evaporation, solubility
in other liquids. They cause colloids to
coagulate. Each of these phenomena has
been intensively studied for years. But
without an understanding of their under-
lying principle there could be no funda-
mental and unifying theory.

In the U.S.S.R. during the past few
years there have been two significant
break-throughs. Irene Abrikossova and
the author have succeeded in measuring
the molecular force directly. Following
this development the theoretical physi-
cist E. M. Lifshitz derived a mathemat-
ical formula for the force of molecular
attraction from very general principles.

rl‘o put these developments in proper

perspective let us begin with some
history. The earliest speculations about
molecular forces were those of the 18th-
century French mathematicians Alexis
Claude Clairaut and Pierre Simon de
Laplace. Theirs was the triumphant era
when Newton’s law of universal gravi-
tation seemed capable of explaining the
motions of heavenly bodies down to the
minutest detail. By analogy with gravity
Clairaut and Laplace assumed the exist-
ence of an attractive force acting along
the line between the centers of mole-
cules. It was apparent, however, that
such a force must fall off not as the
square of the distance of separation, as
in the case of gravity, but more sharply.
Furthermore, the constant of propor-
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tionality could be different for different
molecules.

In arithmetical terms Newton’s law
contains the fraction G/r2, where G is
the constant of proportionality. What
makes gravity comparatively easy to deal
with is that G is a universal constant
whose value is determined for all masses
simply by measuring the force between
any two known masses at any known dis-
tance (r). On the other hand, the as-
sumed law of molecular force has the
form C/rn, where both C and n are un-
known, and where C presumably differs
for different kinds of molecules. It is of
course impossible to pick out two indi-
vidual molecules, hold them at a known
distance and measure the force between
them. Hence the unknowns cannot be
directly determined. Nor, it turns out,
they be determined indirectly
through bulk properties that depend on
molecular forces. Measurements of sur-
face tension and similar quantities can-
not even settle the power law, let alone
establish the constant C. No real prog-
ress could be made without a better the-
oretical platform from which to attack
the problem.

At the end of the last century it
seemed that the classical theory of elec-
tromagnetism could provide such a
platform. The laws governing electric
and magnetic fields and their interac-
tions with material bodies had been
worked out. Molecules were known to
be composed of electrically charged par-
ticles. The visible radiation given out by

can
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molecules had just been proved to be
electromagnetic waves. Perhaps electro-
magnetism could account completely for
the intermolecular force. (It should be
realized that this was just an assumption.
It was also possible that some new force,
previously unknown, might come into
play at the molecular level, as has since
proved to be the case at the nuclear
level.)

One of the first workers to see clearly
the implications of electromagnetic
theory was the Russian physicist P. N.
Lebedev, best known as the first experi-
menter to measure the pressure exerted
by light. In 1894 he wrote, with pro-
phetic insight: “Hertz’s research into the
interpretation of light waves as electro-
magnetic processes conceals another
problem, as yet untouched. This is the
problem of a radiation source, of those
processes which a molecular vibrator un-
dergoes when it emits light energy to its
surroundings. On the one hand this
problem leads into the field of spectro-
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scopic analysis. On the other hand, al-
most entirely unexpectedly, it leads to
one of the most complicated questions of
modern physics, the science of molecular
forces. This situation results from the
following concepts. From the point of
view of the electromagnetic theory of
light one may state that two radiating
molecules are two vibrators in which
electromagnetic vibrations are excited.
They must therefore experience forces
resulting from the electromagnetic inter-
actions of the varying electrical currents
(according to Ampeére’s law) and vary-
ing charges (according to Coulomb’s
law) in them. We may therefore also as-
sert that there must then exist molecular
forces whose origin is directly related to
radiative processes. . . . The most inter-
esting as well as the most complicated
case is that of a physical body in which
many molecules act simultaneously on
one another and are so closely packed
that their vibrations are not independ-
ent. If it ever becomes possible to solve
this problem completely, we will be able

LIGHT
SOURCE

to use spectroscopic data to predict the
magnitude of the molecular forces due
to the mutual radiation of the molecules,
to calculate the temperature dependence
of these forces, and by comparing these
calculated quantities with experiment to
solve the problem at the root of molecu-
lar physics. This problem is whether all
so-called molecular forces reduce to the
already known and above-mentioned ac-
tion of radiation—to electromagnetic
forces—or whether they involve other
forces whose source is still unknown.”

ebedev came as close to the latest
views on the nature of molecular
forces as was possible before the devel-
opment of quantum mechanics. But his
statement, while ahead of its time, was
very far from a quantitative law. As so
often happens in science, the next step
was backward. The first quantitative
theories of molecular forces treated
them as entirely electrostatic rather than
electromagnetic. These static theories
began to be developed shortly after

RASTER

FIXED b

r,I'l

QUARTZ PLATE

MAGNET

—

CONTROLLED BALANCE for measuring the molecular attrac-
tion between macroscopic bodies is illustrated schematically. The
broken colored line at left is the path of the light beam used to de-

termine the width of the gap between the bodies. The broken col-
ored line at top right is the path of light beam by which the posi-
tion of the balance arm is set and automatically stabilized. Solid
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Ernest Rutherford, by his discovery of
the nucleus, showed how electric charge
is distributed in the atom. However,
they did not reach their final form un-
til 1930, when the German physicist
Fritz London applied to them the newly
discovered principles of quantum me-
chanics.

According to London’s theory, the
force between two molecules is C/r7.
The force varies inversely as the seventh
power of the distance between their cen-
ters. The constant C depends on certain
electrical properties of the molecules,
including their “polarizability.” This
measures the degree to which an electric
field distorts a molecule, shifting its
electrons with respect to the positive nu-
clei of its atoms.

Unfortunately the polarizabilities of
individual molecules are themselves un-
known quantities, so we cannot use Lon-
don’s formula to calculate the absolute
value of the force. If it were possible to
compare molecular forces at various dis-
tances, the seventh-power law could at
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colored lines trace the electrical portion of
the control circuit. The operation of the
system is described in detail in the text.

least be tested, but for a long time there
was no way of doing this either. At-
tempts were made to verify the formula
indirectly, for example by measuring the
amount of heat energy required to va-
porize a liquid (i.e., pull its molecules
apart). However, it can be proved that
most of the energy is used up in the in-
terval when the molecules are still within
a diameter or two of each other. At such
close distances London’s theory is not
strictly applicable, and even the concept
of distance between molecules (which
are not really spheres) is not clearly de-
fined.

Despite the lack of experimental con-
firmation, or perhaps because of it, the
London theory was generally accepted
for almost 20 years. Yet it was clearly
unrealistic for large distances of separa-
tion as well as for very small ones. Being
an electrostatic theory, it regarded force
as communicated instantaneously be-
tween molecules. In fact electric forces
travel at the finite speed of light (186,
000 miles per second).

Now the “large” distances just men-
tioned are large only compared with
molecular diameters. On the everyday
scale of distance the attractive force be-
tween molecules falls away to essentially
nothing at a very small separation in-
deed—a few ten thousandths of a milli-
meter. The time required by an electro-
magnetic impulse to travel such a dis-
tance is of the order of a ten-million bil-
lionth of a second. How can so tiny an
interval make a difference in the force?

To understand this let us recall Le-
bedev’s picture of “molecular vibrators”
sending out radiation. The molecules are
like radio antennas in which oscillating
electric charges emit a train of electric
and magnetic vibrations. When the vi-
brations from one antenna reach a sec-
ond, they set its charges into oscillation.
These oscillations become
source of waves that reach back to the
first antenna, exerting a force on its mov-
ing charges. Thus the two antennas in-
teract by exchanging radiation. The
strength of the interaction varies with
the relative phase of the arriving waves
and the oscillating charges; the interac-
tion is stronger if the waves and particles
swing back and forth together rather
than being totally or partially out of
step. But the relative phase depends on
the distance between antennas and on
the frequency of the vibrations; in other
words, on the number of wavelengths in
the distance of separation. If, for exam-
ple, the antennas are half a wavelength
apart, the emitted and absorbed waves
will be exactly out of phase. At smaller

in turn a
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(or larger) fractions of a wavelength
the shift will be correspondingly less. At
very small fractions of a wavelength the
phase shift is negligible.

The wavelength of most radio waves
is measured in meters or centimeters.
But the radiation sent out and absorbed
by molecules are light waves, only a ten
thousandth of a millimeter long. Thus if
two molecules are separated by a ten
thousandth or even a hundred thou-
sandth of a millimeter, there will be con-
siderable phase shift in the exchanged
radiation. The shift must be considered
in computing the force.

he first theoreticians to take the

phase shift into account in their cal-
culations were the Dutch physicists H.
B. G. Casimir and D. Polder, who
worked out an electromagnetic theory of
molecular force in 1948. In their calcu-
lations they did not, of course, use the
classical picture of radiation that we
have just outlined but rather the ideas
of quantum electrodynamics. These dif-
ter from the older view in two important
respects. First, molecules do not radiate
(or absorb) continuously, but in discrete
amounts. Moreover, the waves they send
out travel in packets or photons. Second,
molecules can interact electrically with-
out actually emitting or absorbing ener-
gy. In that case they are said to exchange
“virtual” photons.

At relatively large distances the Casi-
mir-Polder electromagnetic theory gives
the formula K/r8 for the attractive force
between two molecules. Thus when the
effects of phase shift are allowed for, the
force decreases with the eighth power of
the distance rather than with the sev-
enth, as in London’s formula. The con-
stant K is different from London’s C, but
it also contains the polarizability of the
molecules. Therefore it cannot be evalu-
ated directly either.

We shall see shortly that each of the
two formulas appears to be correct for
an appropriate range of the distance r.
London’s formula applies when the dis-
tance is small enough to make the phase
shift of the exchanged radiation negli-
gible. The Casimir-Polder result de-
scribes the force at larger distances,
where the phase shift cannot be disre-
garded.

Both theories, however, concern only
pairs of isolated molecules. They do not
themselves give the force of molecular
attraction between two condensed bod-
ies, each containing many molecules
packed close together. Yet this is the
only force one can hope to observe di-
rectly, for example by measuring the at-
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traction between two solids separated by
an extremely narrow gap. (This is pre-
cisely the measurement that my col-
leagues and I have finally succeeded in
making.) Furthermore, it is this force
that presumably causes the tiny parti-
cles of a colloid (which are nevertheless
large enough to contain many mole-
cules) to stick together and coagulate.
Thus it is fundamental to the theory of
the colloidal state.

If we assume that molecular forces are
not influenced by interactions with
neighbors, that each molecule in one
dense body exerts the same force on each
molecule of a nearby body as if they
were so many separate pairs, then it
should be possible to obtain the total
force simply by addition. Some workers
have made this assumption and have
proceeded to compute the total force be-
tween condensed bodies both by the
London and the Casimir-Polder formu-
las. However, there is good reason to

ROUGH BALANCE
ADJUSTMENT

TILTABLE PLATE

MAGNET

BRASS PLATE

SHOCK
ABSORBER

BALANCE IS MOUNTED on a brass plate connected through
shock absorbers to a table, which in turn rests on a concrete foun-
dation. Tiltable plate allows the entire balance to be rotated,
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believe that the forces are not strictly
additive, so these computations cannot
give the right answer.

Clearly the individual-particle ap-
proach to molecular forces had proved
unprofitable. Its formulas contained un-
known quantities, and so could not be
evaluated. Even if they could, there was
no way of proceeding from isolated pairs
of molecules 1o the gross samples of mat-
ter with which experimenters are obliged
to deal.

This was the unsatisfactory state of

theoretical knowledge when Mrs.
Abrikossova and I set out in 1951 to
measure the molecular attraction be-
tween a pair of solid objects. With the
help of Fanny Leib, a colleague at the
Academy of Sciences in Moscow, we
were able to design an apparatus that
met the stringent, and in some ways con-
tradictory, requirements of the job.

In the first place we were trying to
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measure a small force—as little as a ten
thousandth of a gram. This in itself is
not too difficult; microchemists routinely
deal with far smaller forces. But in our
problem the attraction to be measured
shows up only when the two bodies are
extremely close together—within a few
ten thousandths of a millimeter, or little
more than a thousandth the thickness of
a human hair. Furthermore, the force
varies enormously as the distance of sep-
aration is changed. It is precisely this
variation that we wanted to determine.
Thus we needed a way to set the width
of the gap accurately at any desired dis-
tance, and to maintain the separation
against the attraction force being meas-
ured. Not only that; the equilibrium had
to be extremely stable so that chance
variations in the gap were corrected be-
fore they could build up.

The requirements of sensitivity, sta-
bility and rapid response are not easy to
reconcile. A sensitive balance tends to

HORIZONTAL SLIDER

colt

BEAM
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TABLE
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changing the position of the gap with respect to the surfaces of the
objects whose attraction is being measured. Glass fiber extending
through the balance arm can be shifted for rough balancing.



swing widely in response to a small
change in force. Our apparatus achieved
these diverse aims by means of auto-
matic control.

The bodies whose mutual attraction
we measured were a flat plate and a
plate with a spherical surface. (It is
easier to set the distance between a
sphere and a plane than between two
planes, which must be held parallel.)
The flat plate was fixed to one end of a
balance arm three centimeters long,
weighing about a tenth of a gram and
balanced on a fulerum made of a wedge-
shaped agate bearing. Above the flat
plate was mounted the rounded plate in
an adjustable bracket [see illustration
on pages 48 and 49].

To determine the width of the gap
between the two surfaces we made use
of the optical phenomenon known as
Newton’s rings. When light of a single
color shines through a lens-shaped disk
held near a flat surface, interference be-
tween the rays reflected from different
surfaces produces a pattern of concen-
tric light and dark circles [see top illus-
tration on next page]. The diameter of
the circles depends on the distance be-
tween the surfaces. We observed the
Newton’s rings in our sample through a
microscope, accurately determining their
diameter and thus measuring the gap
width.

he automatic-control circuit, which

is the heart of the arrangement, ac-
complishes a quadruple purpose: (1) it
allows us to set the gap at any desired
distance, (2) it maintains the separation
by producing a force equal and opposite
to the attraction, (3) through negative
feedback it corrects any drift in the bal-
ance arm away from the preset position
and (4) it provides a means of measur-
ing the opposing force, and thus the at-
traction.

The circuit works as follows. A beam
of light shines through a grid, or raster,
of alternate opaque and transparent
stripes. A mirror on the balance arm re-
flects the beam through a lens, forming
an image of the grid. The image falls on
a second identical grid, beyond which is
a photocell. Light passing through the
second grid and reaching the cell sets up
an electric current that is amplified and
fed into a coil of wire rigidly attached to
the arm. This coil is pivoted between the
poles of a magnet and thus tends to turn,
like the coil in an ammeter, carrying
the arm with it. The turning force de-
pends on the amount of current passing
through the coil, and is arranged to be
opposite in direction to the turning force

>

TEST BODIES for the measurement of molecular force were a highly polished flat plate
(left) and an equally smooth spherical lens (right). In most trials the bodies were made
of quartz, but some other materials were tested. The lens diameter was also varied.

on the arm due to molecular attraction.

The current in the coil is determined
by the amount of light that reaches the
photocell. Let us see what controls this.
If the image of the first grid falls on the
second grid in such a way that the trans-
parent stripes of the image exactly cover
the black stripes of the grid, no light
gets through. The current through the
coil is zero. Rotating the arm slightly
shifts the angle of the mirror, thus mov-
ing the image. Now part of the trans-
parent stripes in the image overlap the
transparent stripes on the second grid,
and some light passes through. The far-
ther the arm turns, the more light passes,
and the stronger the current.

In setting the gap initially at the
desired width, we shift one grid by
means of a micrometer screw forcing the
arm to turn as the equilibrium position
varies. We then read the current on an
ammeter, thereby determining the force
at this gap width. If a stray vibration al-
ters the distance of separation, the cur-
rent changes in such a way as to bring
the arm back to its initial position. With-
out the control circuit, the balance arm
takes several seconds to swing back and
forth when it is displaced from equili-
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brium. When the control is switched on,
this period is reduced to a thousandth
of a second.

Fluctuations of the current in response
to outside vibrations set the eventual
limit on the accuracy of our measure-
ment. To minimize the disturbances we
mounted the balance on a heavy pedes-
tal, connected by means of a hydraulic
shock-absorber to a cement pier sunk in
the ground. Air currents were eliminated
by enclosing the apparatus in an evacu-
ated chamber. This also reduced the vis-
cous drag of the air in the narrow gap
on the motions of the balance arm.

The most annoying and persistent dif-
ficulty we encountered in getting the
balance to work properly was in trying
to keep the surfaces of the plates free
from both electrostatic charge and dust
particles. Electrostatic forces are thou-
sands of times stronger than the molecu-
lar attraction, and would completely ob-
scure it. Dust particles on the surfaces
would change the effective gap width.

To eliminate dust we cleaned the
plates with cotton dipped in ether.
Charge was removed by ionizing the air
in the gap with a radioactive material.
Repeated treatments were often re-

OVERLAPPING GRIDS, or rasters, determine the amount of light reaching the photocell
in the balance-control circuit. Image of opaque bands (colored stripes) on one grid falls
on second grid (circle). Light transmitted varies from a maximum when the two sets of
bands coincide (left) to zero when image bands wholly fill transparent spaces (right).
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NEWTON’S RINGS (photograph at right), used to determine gap width in the author’s
experiment, are formed when monochromatic light passes through a lens and is reflected
from a flat plate. Some light is also reflected from lens surface, and the rays at any given
point reinforce or interfere depending on the width of the gap between lens and plate.

quired, because the surfaces tend to be-
come charged as they are cleaned, and
to get dusty when the charge is removed.

In our first experiments in 1951 we
measured forces that were about
5,000 times as large as predicted by any
theory. Experimenters in the Nether-
lands got the same sort of result at this
time. When we finally were able to get
rid of all electric charge, however, the
spurious forces disappeared. Other
workers have duplicated our results.

We measured the force between two
quartz plates, between a quartz and a
chromium plate and between crystals
made of a mixture of thallium bromide
and thallium iodide. For gaps ranging
from about two to four ten-thousandths
of a millimeter the force varied from
approximately 20 to two ten-thousandths
of a gram [see graphs on opposite page].
The force obviously depended on the
types of molecule of which the plates
were composed.

When we obtained our first successful
measurements, we could compare them
only with the London and Casimir-
Polder theories. It was at once apparent

that the Casimir-Polder formula fit our
results better than did London’s. (A gap
of a ten thousandth of a millimeter is,
of course, large on the scale of molecular
diameters.) However, we could not
check the formula absolutely, for the
reasons already mentioned: it contained
undetermined constants, and there was
no rule for applying the microscopic
equation to macroscopic bodies.

hen Lifshitz heard of our results, he

was encouraged to attack the theo-
retical problem anew. In 1955 he devel-
oped a remarkable method for finding
the molecular interaction of two macro-
scopic bodies. The method ignores the
individual particles completely, and de-
pends only on macroscopic properties,
which can be measured experimentally.
We can do no more here than give a
hint as to the basis of his highly abstract,
mathematical approach.

As every amateur radio-operator
knows, the effort to receive extremely
weak signals from distant stations is in
the end frustrated by noise originating
in the receiver itself. This noise arises
out of the thermal vibrations of the mole-

NONADDITIVITY of molecular force on the macroscopic scale is demonstrated by the
fact that the total force of attraction between the large block and the small ones is changed
by shifting the small blocks from the arrangement shown at left to the one shown at right.
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cules in the wiring and other parts of the
set. The resulting electromagnetic fluctu-
ations are noticeable when a radio re-
ceiver emits a hiss. But they exist silently
in any material body. The only way to
suppress them completely is by cooling
the bodies to absolute zero and thus re-
moving all their thermal energy.

According to quantum theory, how-
ever, there must be fluctuations in the
electromagnetic field even at absolute
zero. These fluctuations are the result of
the so-called zero-point energy of the
electrons. By definition this energy can-
not be detected or extracted from mat-
ter; it is represented entirely by the emis-
sion and absorption of virtual photons.
Nevertheless it is there, and it is a means
of interaction of the particles.

Lifshitz realized that such universal
zero-point vibrations should in fact ac-
count for the molecular force. In his the-
ory, however, he does not deal with dis-
crete particles and light quanta, or pho-
tons, but with continuous matter and
fields, along the lines of classical electro-
magnetic theory. He considers two close-
ly spaced bodies and calculates the elec-
tro magnetic fields produced in the nar-
row gap between them and in the space
around them by the fluctuations in the
various regions of the material. From
the difference between the field strength
in the gap and in the surrounding space
the force can be calculated.

The formulas are very complicated,
but they do not contain any quantities
that cannot be measured. To find the
force it is necessary to know only the
wavelengths absorbed by the materials
(i.e., their absorption spectra in the in-
frared, visible and ultraviolet regions)
and their polarizabilities or “dielectric
permeabilities.” Unlike the polarizability
of individual molecules the dielectric
permeability of a macroscopic sample of
a substance is easily determined.

Not only does the theory account for
a force at absolute zero; it also shows
that thermal oscillations contribute very
little to the force at higher tempera-
tures. In the range near absolute zero
the force is almost independent of tem-
perature. As the temperature is in-
creased, the force does vary, but only
through an indirect effect. Changing the
temperature changes the quantum state
of the electrons in the bodies, altering
their absorption spectra and hence the
force.

It is surely remarkable that a purely
molecular effect can be calculated by
ignoring the very existence of particles.
(They are ignored except for one point:



The theory is valid only for gap widths
substantially greater than the molecular
diameter.) But there is an even greater
surprise. Whereas it is impossible, as we
have seen, to pass mathematically from
a microscopic, two-molecule theory to
the macroscopic situation, the reverse
transition is straightforward. The attrac-
tion between a pair of isolated molecules
comes out of the Lifshitz theory as a spe-
cial limiting case. For small distances it
reduces to the London seventh-power
law, and for larger distances, to the
Casimir-Polder eighth-power law. And
these equations are reached more easily
by the roundabout method of Lifshitz
than by the earlier direct calculations!

Furthermore, the calculations settle
definitely the question of whether the
force is additive. It is not. The attraction
between two bodies is not the simple
sum of the attraction between all pairs
of their molecules. In fact, even on the
macroscopic scale the force does not add
[bottom illustration on opposite page].

In the case of macroscopic samples of
matter the force depends on many fac-
tors, including the shapes of the bodies.
When two flat, parallel plates are sepa-
rated by a gap much smaller than the
wavelengths of their main absorption
lines, the complex formula reduces to a
comparatively simple expression: The
force varies inversely as the cube of the
gap width. When the separation is much
greater than the absorption wavelength,
the force varies inversely as the fourth
power of the distance. (These formulas
correspond respectively to the inverse
seventh- and eighth-power laws for pairs
of individual molecules.)

As soon as Lifshitz announced his re-
sults, we applied them to a calculation
of the force between the bodies we had
used in our experiments. The curves at
right represent the theoretical pre-
dictions. As can be seen, our experi-
mental points cluster quite closely
around the curves. This agreement be-
tween theory and experiment is particu-
larly convincing because the theory con-
tains no undetermined constants; the
comparison is absolute and applies suc-
cessfully to several different substances.

Although our experiments verify the
Lifshitz formulas only for the special
case of “large” gaps, they tend to sup-
port the whole theory. And so the elec-
tromagnetic nature of molecular forces
and their relation to spectra, so long ago
postulated by Lebedev, have now been
demonstrated. He would be glad to
know that the attraction between mole-
cules does not “involve other forces
whose source is still unknown.”
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EXPERIMENT AND THEORY are compared in these graphs. The curves show the varia-
tion of the molecular force of attraction with distance for the bodies used in the author’s
experiments, according to the Lifshitz theory. The points represent experimental values.
The upper graph refers to experiments on a flat plate and a spherical lens 10 centimeters
in radius. Data for quartz bodies are in black; for thallium halide, in solid color; for a
quartz and chromium body, in broken colored line and open dots. Lower graph shows data

for a 10-centimeter quartz sphere (black)
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and for a 26-centimeter sphere (color).
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THE ZODIACAL LIGHT

On a clear. dark night in the tropics a luminous pyramid is seen

in the sky after sunset and before sunrise. The phenomenon seems

to be caused by the scattering of sunlight by interplanetary dust

bout an hour after sunset on a clear,
A moonless night in the tropics a
faint pyramid of light glows in
the western sky. About as luminous as
the Milky Way, the pyramid is broadest
and brightest at the horizon and fades
out toward the =zenith. Because it
stretches along the zodiac (the imagin-
ary belt in the sky that contains the
paths of the sun, the moon and the
major planets), the glow is known as the
zodiacal light.

As the earth turns on its axis, the
glowing pyramid sinks beneath the hori-
zon, the last and faintest vestige disap-
pearing a few hours after sunset. To-
ward morning the spectacle is repeated
in reverse order in the eastern sky. The
faint apex appears a few hours before
dawn; the entire pyramid attains its full
splendor about an hour before sunrise.
Thereafter the sky brightens, and the
zodiacal light vanishes from sight. Away
from the equatorial regions the zodiacal
light can be seen occasionally, but at
higher latitudes it is tilted at a sharp
angle to the horizon, and so is quite
difficult to detect except during certain
seasons.

The origin of the light has been a sub-
ject of speculation for centuries. The
classical explanation was worked out
nearly 300 years ago by the French
astronomer Jean-Dominique Cassini,
who began a 10-year study of the phe-
nomenon in 1683. Although some of his
contemporaries argued that the zodiacal
light was an atmospheric phenomenon,
Cassini observed that its position in the
sky was the same when it was viewed
from different locations, and concluded
that it must originate somewhere in
space. He speculated that the light is
caused by a disk-shaped cloud of inter-
planetary dust that reflects the light of
the sun. Such a cloud would scatter sun-
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light in much the same way that a
cloud of moths scatters the light from a
street lamp at night: to an observer
some distance away the lamp seems to
be surrounded by a luminous haze. Be-
cause the zodiacal light appeared to be
symmetrical about the plane of the sun’s
equator, Cassini postulated that the dust
cloud was also symmetrical about this
plane and extended to the outer limits of
the solar system.

When Cassini proposed this explana-
tion of the zodiacal light, John Dal-
ton’s atomic theory of matter was still
more than a century in the future. Cassi-
ni could scarcely have imagined that the
light of the sun might also be scattered
by particles or atoms much smaller than
dust. It has been only in the past century
that physicists have demonstrated that
the atom itself is composed of still small-
er particles, such as protons and elec-
trons, and that the atoms in the sun and
in other stars are highly ionized, that is,
many of their planetary electrons are re-
moved. In the immediate vicinity of the
sun the free electrons in the solar atmos-
phere scatter sunlight to give rise to the
corona that is visible around the sun dur-
ing a total eclipse. A number of investi-
gators have postulated that the solar at-
mosphere reaches outward from the sun
for millions of miles, perhaps even be-
yond the orbit of the earth [see “The
Earth in the Sun’s Atmosphere,” by Syd-
ney Chapman; SCIENTIFIC AMERICAN,
October, 1959]. They have therefore
been amending Cassini’s explanation,
contending that the zodiacal light is an
extension of the solar corona and repre-
sents the scattering of sunlight by elec-
trons rather than by dust.
Quite apart from the question of what
kind of particles are involved, there are
observers who hold, as some did in Cas-
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sini’s time, that the zodiacal light orig-
inates in the earth’s atmosphere. In
deference to these workers it must be
admitted that the evidence connecting
the zodiacal light to the corona is indi-
rect. In a photograph such as the one on
page 58 the corona seems to end a rel-
atively short distance from the sun.
When the corona is seen from the
ground under favorable conditions, it is
scarcely perceptible beyond about two
degrees of arc from the solar disk. (The
apparent diameter of the solar disk is
half a degree.) But at high altitude the
sky during a total eclipse appears dark-
er than it does on the ground, and the
corona seems much larger. I photo-
graphed the eclipse of June 30, 1954,
from an open aircraft flying at 30,000
feet, and my plates showed the corona
extending 13.5 degrees from the sun.
No doubt it could be traced outward
even farther if it were photographed
from higher altitudes. The zodiacal
light, on the other hand, cannot be seen
closer than 18 degrees from the sun:
the sun must be that far below the hori-
zon before the brightest portion of the
pyramid becomes visible in the morning
or evening sky. If the zodiacal light is
indeed an extension of the corona, it is
impossible to see it as such during an
eclipse. The sky during an eclipse is
much brighter than a moonlit sky, and
even a trace of moonlight obliterates the
zodiacal light. Thus there is a gap be-

ZODIACAL LIGHT was photographed by
the author and M. F. Ingham from Chacal-
taya in the Bolivian Andes, at an altitude
of 17,100 feet. Stars caused the narrow
streaks as the earth turned during the 10-
minute exposure. Dark line in middle was
caused by cross hair in telescope system.
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tween the inner edge of the zodiacal
light and the observed outer edge of the
corona.

The gap can be seen in the diagram
on page 59, which plots the brightness
of the corona and the zodiacal light as a
function of angular distance of the sun.
The values for the zodiacal light are
those obtained by Franklin E. Roach
and his colleagues on Cactus Peak in
California, at a latitude of 36 degrees
North; the values for the inner corona
are my aerial measurements from the

eclipse of 1954. The two sets of meas-
urements form two straight-line curves.
Were it not for the gap in the region
where no observations are available,
the two curves would join quite smooth-
ly to form a single one. They would
hardly match so well if the corona and
the zodiacal light were of different ori-
gin. This piece of indirect evidence
therefore weighs against the possibility
that the zodiacal light is an atmospheric
effect.

Another item of evidence in favor of

extraterrestrial origin is the position of
the zodiacal light in the sky. When
there are no conspicuous eruptions on
the sun’s surface, the glow is symmetri-
cal about a line that is close to the eclip-
tic: the projection of the plane of the
earth’s orbit in the sky. To produce such
a pattern the earth’s atmosphere would
have to be extended in some way in the
plane of the earth’s orbit. This is not an
impossible idea; indeed, some Soviet
investigators have supposed that the
earth does possess such a gaseous tail.

L{gu des Crepuscules

beliefs that the light was symmetrical about the plane of the
solar equator and that the light was broader in March than in June.
He argued that the light was due to a dusty nebula around the sun.

CLASSICAL VIEW of the zodiacal light was developed by the
17th-century French astronomer J. D. Cassini. His diagram of the
zodiacal light is basically correct, although he was mistaken in his
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But the axis of symmetry of the zodiacal
light does not lie precisely on the eclip-
tic. The pyramid of light is more nearly
symmetrical about the plane of the orbit
of Jupiter, which lies at an angle of 1.3
degrees to the ecliptic. In placing the
axis of symmetry on the solar equator
Cassini was about 7 degrees off, an error
that is understandable in view of the
fact that he made his observations in
northern latitudes. But the orbital plane
of Jupiter comports even better with his
model of an interplanetary dust cloud.
The gravitational forces accounting for
the distribution of the cloud would
logically find their plane of symmetry
close to the orbital plane of Jupiter, the
most massive planet. Thus it is safe to
conclude that, although scattering by
the atmosphere may play a small role in
the zodiacal light, the major part of the
light is scattered by matter in interplane-
tary space.

The question that remains is whether
the scattering agent is dust, as Cas-
sini proposed, or some other kind of
particle. To make this choice it is neces-
sary to consider the nature of the solar
corona and to compare it to the zo-
diacal light. When the sun is photo-
graphed with a telescope, the edge of
the solar disk appears to be perfectly
sharp. Studies of the corona have shown,
however, that the density of solar ma-
terial does not change so abruptly as this
would suggest, but diminishes gradual-
ly. The sharp difference in brightness is
due to a change in the mechanism of
radiation. Up to the edge of its clearly
visible disk the sun radiates light simply
because it is hot. Beyond the edge of the
disk, in the region of the corona, the
solar atmosphere is even hotter, but it is
too thin to radiate much light; it can be
seen during an eclipse chiefly because
it scatters the light of the visible disk.
The behavior of the flame of a gas stove
illustrates the difference between the
two regions. When the air supply is lim-
ited, the flame is luminous but opaque;
when the air supply is increased, the
flame becomes hotter and more trans-
parent but less luminous. The analogy
should not be carried too far, however,
because conditions on the sun are quite
different from those in stoves.
Karl Schwarzschild of the Potsdam
Astrophysical Observatory first advanced
(in 1905) the notion that free electrons
in the atmosphere surrounding the sun
scatter sunlight and thus give rise to the
faint luminosity of the corona. He ob-
served, in the first instance, that the
color of the coronal light is almost iden-

PLANE OF JUPITER'S ORBIT,

ECUPTIC

HORIZON

MODERN VIEW depicts the zodiacal light as the outer fringe of the solar corona, visible
only when the sun (broken circle) has sunk beneath the horizon. The light is symmetrical
about the plane of Jupiter’s orbit, which lies at an angle of 1.3 degrees to the ecliptie.

© 1960 SCIENTIFIC AMERICAN, INC

57



SPECTRUM OF SOLAR CORONA was photographed during the
total eclipse of February 25, 1952, by Bernard Lyot and M. K. M.

tical with that of sunlight; accordingly
he concluded that the corona is not an
independent source of thermal radiation,
but a region in which sunlight is scat-
tered by electrons. This view is sup-
ported by the fact that the light of the
corona is polarized. And because the

SOLAR CORONA was also photographed during the eclipse of
1952. The brightness of the eclipse sky makes the corona appear

58

W s, T 5 S 7

spectrum of the corona, unlike that of
the solar disk, is continuous (that is,
grading almost uninterruptedly from red
through green to violet) he concluded
that the electrons must be moving at
high speeds, equivalent to a tempera-
ture of the order of a million degrees
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Aly. Spectrum is almost continuous, shading without interruption
from red (left) through violet (right). The labels indicate the

Fahrenheit. If the temperature were
much lower, the spectrum of the scat-
tered light would be interrupted by the
same dark absorption lines—the Fraun-
hofer lines—that cross the spectrum of
the solar disk. In a gas at a million de-
grees F., however, the velocity of the

to end a short distance from the sun. Photograph was made by
H. Von Kliiber during the Cambridge expedition to Khartoum.
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wavelength (in angstroms) of the bright spots and lines. The lines
are bent, because the slit of the spectrograph is curved to fit the

electrons is high enough to induce a
Doppler shift in the light incident upon
them. An electron traveling at a high
velocity away from an observer shifts
the wavelength of light toward the red
end of the spectrum; conversely, an elec-
tron moving toward the observer shifts
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BRIGHTNESS CURVES of the solar corona and the zodiacal light
almost join to form a single straight-line curve. Broken line
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the wavelength toward the violet. The
random motion of electrons in a gas at a
million degrees would scatter light of a
given wavelength over a band of wave-
lengths 250 angstrom units wide. Since
most of the Fraunhofer lines in the solar
spectrum are less than one angstrom

SOLAR COROMNA
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edge of the sun. Both the lines and the spots are produced by
hydrogen and ionized heavier atoms in the atmosphere of the sun.

wide, the scattering of light by electrons
in a gas at this temperature would ob-
literate all but perhaps the broadest of
them, producing a continuous spectrum.
The extent to which the Fraunhofer lines
are suppressed thus provides a measure-
ment of the coronal temperature. Spec-

ZODIACAL UGHT

20 50

100

indicates region where no observations are available. Shading in-
dicates brightness of the sky at night and during total eclipse.
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SUNLIGHT 1S SCATTERED by particles in interplanetary space, shows how some light is scattered (2) by electrons near the sun
and so reaches the earth via several optical paths (arrows). Most (small dots) to produce the inner corona (top left). The diagram
of the sunlight travels in a straight path (1). The diagram at left at center shows how sunlight is diffracted (3) by dust particles
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(large dots) near the earth, thus increasing the size of the solar corona (top center). The
diagram at right shows how sunlight is reflected (4) by dust particles farther from the
earth to give rise to the outermost or zodiacal-light region of the corona (top right).
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trograms of the inner corona, within
about a quarter of a degree of the edge
of the solar disk, show that the tempera-
ture there is about a million degrees F.,
which agrees with Schwarzschild’s cal-
culations.

QUCh a high temperature makes it clear
%’ where the electrons in the gas come
from: they are torn from atoms in high-
speed collisions. Practically every hy-
drogen atom is stripped of its single
electron, and some iron atoms lose as
many as 13 electrons. These iron atoms
can be detected spectroscopically be-
cause of their characteristic emission
lines, but the stripped hydrogen atoms
(protons), although much more abun-
dant, cannot be detected, because naked
atomic nuclei cannot radiate. Electrons
thus account for most of the light of the
inner corona. From the total brightness
of the corona it is possible to calculate
the coronal electron-density and so de-
rive an estimate of the total density of
the solar atmosphere. Within one degree
of the edge of the solar disk the electron
density comes to about a million elec-
trons per cubic centimeter, but at great-
er distances the density falls off rapidly.
This decrease is reflected by a gradual
change in the spectrum of the corona.
Beyond a quarter of a degree from the
solar disk, in the region sometimes called
the middle corona, Fraunhofer lines be-
gin to appear. Although the lines are
weak, they are just as sharp as those in
the solar spectrum. Their presence in-
dicates that not all the light of the coro-
na can be explained by electron scat-
tering; at larger angular distances from
the sun most of the corona appears to
be due to scattering by larger, slow-mov-
ing particles—probably dust—in inter-
planetary space. This explanation was
first suggested by Walter Grotrian of the
Potsdam Astrophysical Observatory in
1934, but it immediately encountered a
major difficulty. It was originally sup-
posed that the dust involved in the mid-
dle corona is mixed with electrons, pro-
tons and ions such as compose the inner
corona; yet the high temperatures en-
countered so close to the sun would in-
stantly vaporize any dust particles.

In 1946 the difficulty was resolved
almost simultaneously by two astro-
physicists, C. W. Allen of the Common-
wealth Observatory in Australia and
H. C. van de Hulst of the Leiden Ob-
servatory, who suggested that the sun-
light in this region is not scattered by
reflection but by diffraction. The angle
at which the light is diffracted makes the
dust particles appear to be closer to the
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sun than they actually are [see illustra-
tion on preceding two pages]. Allen and
van de Hulst postulated that the dust
cloud forming the middle corona is situ-
ated far enough from the sun to permit
the particles to remain intact. The mid-
dle corona thus arises in much the same
way as does the halo that sometimes en-
circles the moon or the sun when they
are seen through a thin layer of cloud.
The only difference is that in one case
the particles are in interplanetary space,
while in the other they are in the earth’s
atmosphere.

By measuring the brightness of the
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ELECTRON DENSITY PER CUBIC CENTIMETER
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middle corona it is possible to calculate
the size of the dust particles and their
distribution in space. On the assumption
that the particles are the same size,
their diameter turns out to be about one
micron (.001 millimeter) and their den-
sity about one particle per cubic kilo-
meter. A more refined calculation, which
allows for particle sizes ranging from one
to 300 microns, gives a somewhat great-
er number of particles per cubic kilo-
meter. But the number is still so small
that a space vehicle six feet in diameter
traveling through the region would col-
lide with perhaps one particle every

1 AU
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DISTANCE FROM SUN

W

20 50 100
(SOLAR RADI

200

ELECTRON DENSITY of interplanetary space decreases with increasing distance from
the sun. Arrow indicates one astronomical unit, the distance from earth to the sun. This
curve is deduced from polarization of zodiacal light and from data on “whistlers.” Author
and M. F. Ingham found density at one astronomical unit lower than value shown here.
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200,000 miles. Such thinly distributed
particles produce a perceptible scatter-
ing effect only because of the great
length of the optical path from the sun
to the earth.

hus free electrons close to the sun

and interplanetary dust farther away
from the sun both contribute to the
scattering of sunlight in the corona.
Moving outward to the zodiacal light,
the question of what causes it may now
be rephrased. Do electrons as well as
dust particles contribute to the scatter-
ing of sunlight in this region of space?
Or, to put the question still another way,
can the study of the zodiacal light help
determine how far the atmosphere of
the sun reaches into space?

The most compelling evidence in fa-
vor of the idea that free electrons in
interplanetary space contribute signifi-
cantly to the zodiacal light was adduced
by the German astronomer H. Sieden-
topf in 1953. From a station on the
Jungfrau, 11,000 feet above sea level,
he made a study of the polarization of
the light and found that the degree of
polarization increases with angular dis-
tance from the sun. According to his
measurements, it reaches a maximum of
about 22 per cent approximately 35
degrees from the sun, and then gradual-
ly decreases. In other words, if it were
possible to view the zodiacal light
through a Polaroid screen, the apparent
brightness of the light would change
over the ratio of 1.22 to 1 with the ro-
tation of the screen. (It would change
in the ratio of 1.5 to 1, or 50 per cent,
if the experiment were performed in an
artificial satellite, where the zodiacal
light would not be diluted by night-sky
radiation.)

Siedentopf believed that such a high
degree of polarization could not be at-
tributed to dust scattering alone, and he
proposed electron scattering as the most
likely mechanism to account for it. From
his results he calculated that the elec-
tron density at the distance of the earth
from the sun is roughly 600 electrons per
cubic centimeter. This value is unex-
pectedly high, although an electron den-
sity of this order of magnitude had been
predicted seven years earlier by Fred
Hoyle, R. A. Lyttleton and Hermann
Bondi of the University of Cambridge.
Their “solar accretion” theory explained
the corona as an effect incidental to the
accretion of mass by the sun; the solar
gravitational field was supposed to be
drawing in matter from interstellar
space. In line with this idea, the gas
would gradually increase in density clos-
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SPECTRUM OF ZODIACAL LIGHT (bottom) resembles the
absorption spectrum of the sun (top) rather than the continuous
spectrum of the solar corona (shown at top of pages 58 and 59).
The labels indicate the wavelengths of the spectral lines (in

er to the sun, and in the vicinity of the
earth’s orbit it would have a density of
approximately 1,000 electrons per cubic
centimeter.

There was soon an apparent confirma-
- tion of this value from still another
unexpected source. In 1953 L. R. O.
Storey of the Cavendish Laboratory Ra-
dio Group at the University of Cam-
bridge was investigating a curious radio
phenomenon called whistling atmospher-
ics, or whistlers; he showed that these
whistling noises originate in lightning
discharges in the hemisphere of the
earth opposite the hemisphere in which
they are detected. The disturbance
caused by the lightning stroke is propa-
gated along a line of force in the earth’s
magnetic field that arches from hem-
isphere to hemisphere. In the course of
propagation the original “white” radio
noise of the stroke is sorted out accord-
ing to frequency: the higher frequen-
cies arrive first, and the noise is heard as
a whistle of descending pitch [see
“Whistlers,” by L. R. O. Storey; Scien-
TIFIC AMERICAN, January, 1956]. Storey
found that the particular sorting of fre-
quencies depends on the number of
electrons along the path of the dis-
turbance, and thus provides a measure
of the electron density in the vicinity
of the earth. As a result he was able to
estimate that the electron density at a
distance of 1.7 earth radii (about 7,000
miles) is about 400 electrons per cubic
centimeter. If the electron density at
this distance from the earth can be
taken as representative of interplanetary
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space, then the agreement with Sieden-
topf’s conclusions is excellent.

It is remarkable that the three lines
of argument developed independently
by Siedentopf, Storey, and Hoyle and his
colleagues all indicate the presence of
an interplanetary gas, and that all give
approximately the same value (within
an order of magnitude) for the electron
density at the distance of the earth
from the sun. But there are also power-
ful arguments against the existence of
this gas. One of these is especially per-
suasive: Since the plane of symmetry of
the zodiacal light is close to the plane
of Jupiter’s orbit, it follows that if the
light is scattered by an electron gas, the
gas must also lie in this plane. But this
is difficult to believe, because the dis-
tribution of a gas composed of charged
particles would be controlled by the
magnetic fields that are known to exist in
the solar system. These fields would
distribute the particles in a sphere
around the sun and not in the plane of
Jupiter’s orbit.

M. F. Ingham and I, working at the
University of Cambridge, found such
arguments so convincing that we decid-
ed to carry out a detailed study of the
spectrum of the zodiacal light to de-
termine whether any of it could be as-
cribed to electron scattering. Since the
experiment required the best possible
viewing conditions, we undertook an
expedition to the cosmic-ray station of
Chacaltaya in the Bolivian Andes. Here
the air is so transparent that the zodiacal
light can be traced to the zenith. Our
method was similar to that used in the
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angstroms) and the elements that emit them: hydrogen (H), iron
(Fe), ionized molecular nitrogen (N2*), and calcium with one
electron removed (Ca II). The bright emission lines that appear
in the spectrum of zodiacal light are due to night-sky radiation.

studies of the inner and middle corona.
We reasoned that if the zodiacal light
is caused by dust scattering alone, its
spectrum would be identical with that
of the solar disk, but if it is caused by
electron scattering it would show a con-
tinuous spectrum. Previously Sydney
Chapman had shown that even at the
distance of the earth from the sun the
temperature of an electron gas should
be high enough to scatter light in a
continuous spectrum. By comparing the
spectrum of the solar disk with that of
the zodiacal light, we hoped to settle
the question of which mechanism is
chiefly responsible for the zodiacal light.

With the help of the most sensitive
photographic plates, a very fast spectro-
graph and exposure times up to seven
hours we obtained several successful
spectrograms. Since the zodiacal light
can be observed for only an hour each
evening, each spectrum required multi-
ple exposures over the course of a week.
The spectrograms of the zodiacal light
show quite clearly the Fraunhofer lines
of the solar spectrum [see illustration
above].

Although the spectrograms are still
being studied, we can already say that
the electron density in the vicinity of
the earth is far lower than has hitherto
been supposed, and that electron scat-
tering can make only a small contribu-
tion to the zodiacal light. It seems,
therefore, that Cassini is right after all;
the zodiacal light is due to dust scat-
tering. By the same token the much-
discussed interplanetary gas is too thin
to be of significance.
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SILVER AND IRON WHISKERS of varying shapes are shown diameters) were grown by heating silver sulfide; iron whiskers at
in these photographs. The silver whiskers at top (magnified 6.5 bottom (magnified seven diameters), by reducing iron bromide.

64

© 1960 SCIENTIFIC AMERICAN, INC



Metal Whiskers”

They are tiny filamentary crystals that grow from the surfaces

of metals (as well as other crystalline solids). Their unusual

properties are aiding investigators in many areas of research

uring the middle 1940’s designers
D of electronic equipment were
confronted with an annoying
puzzle. As they attempted to build
smaller and smaller devices, leaving less
space between neighboring metallic
components, mysterious short circuits
occurred with increasing frequency. The
cause of the trouble, when it was identi-
fied, presented an even deeper mystery.
The metal surfaces were sprouting tiny
metal “whiskers.” These whiskers, only
.0001 inch thick (less than a tenth the
thickness of a human hair) and several
hundredths of an inch long, were mak-
ing the unwanted electrical contacts in
the miniaturized circuits.

Bell Telephone Laboratories insti-
tuted a thorough investigation to find
out what causes metal whiskers to grow,
and how their growth can be prevented.
Then in 1952 interest in the subject took
quite a different direction when W.
Conyers Herring and John K. Galt of
Bell Laboratories made an unexpected
discovery. Working with tin whiskers
from a faulty piece of telephone equip-
ment, they found that the whiskers were
as much as 1,000 times stronger than
ordinary tin crystals. The discovery
helped resolve a problem that had con-
founded investigators for almost half a
century: the discrepancy between the
actual and the theoretical strength of
solids.

Most solids exhibit only a fraction of
their ideal strength. The weakness of
pure single crystals is especially striking.
Crystals of copper, tin and aluminum
deform at stresses 100 to 1,000 times
smaller than those suggested by theory.
Iron crystals, the basic units of struc-
tural steel, begin to deform at stresses
of a few thousand pounds per square
inch (p.s.i.). Theoretically iron crystals
should resist deformation at stresses ap-

by S. S. Brenner

proaching several million p.s.i. Such an
extreme departure from the ideal was
explained in due course by defects in
real crystals and the interactions of these
defects. Metallurgists and other workers
seeking stronger metals and alloys con-
centrated on developing methods of
turning the interactions to advantage
[see “Dislocations in Metals,” by
Frank B. Cuff, Jr., and L. McD. Schet-
ky; SCIENTIFIC AMERICAN, July, 1955].
By such means the strength of some
steels has been raised to as much as
400,000 p.s.i. But this strength, while
quite high, not only falls far below the
theoretical estimate for crystals without
defects, it is also metastable: it disap-
pears with increased temperature.
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The large and apparently unbridge-
able gap between the real and the ideal
seemed to indicate that the theoretical
strengths were too high. Investigators
began to ask whether the theoretical es-
timates might not be wrong. The answer,
provided by the whiskers of tin, was a
definite no. The small dimensions of
these whiskers apparently allow little
room for the defects that weaken larger
crystals, and their strength closely ap-
proximates the prediction of theory. The
growing of metal whiskers, and the
study of the process by which these
nearly ideal crystals grow, have led to
deeper understanding of the relation-
ship between crystal structure and many
of the gross properties of solids, includ-
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BASAL AND TIP GROWTH of whiskers are depicted schematically. The two kinds of
growth are differentiated by position of kink in the whisker. In basal growth (top) new
material (broken line) is added at the base. The whisker is thus extruded and the kink
rises. In tip growth (bottom) kink remains fixed, new material being added only at tip.
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ing their magnetic as well as their me-
chanical behavior.

he workers at Bell Laboratories were

by no means the first to observe the
growth of metal whiskers. As early as
1580 Lazarus Ercker recorded in his
Treatise on Ores and Assaying the curi-
ous phenomenon of the growth of metal
hairs from minerals containing silver and
copper. In 1661 Robert Boyle’s The
Sceptical Chymist gave a third-hand ac-
count of how “in the Joachimsthal valley
silver is squeezed out from the mineral
rocks in the form and manner of grass
as long as a finger, as if from the root.”
The many speculations on the nature of
these filamentary growths even included
a few attempts to show that they were a
link between the mineral and vegetable
worlds. Some time later the silver whisk-
ers described by Ercker and Boyle were
grown in the laboratory by heating sil-
ver sulfide in air. Around 1930 the Ger-
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TWO TYPES OF CRYSTAL GROWTH are shown schematically.
Classical crystal growth (top) requires a highly supersaturated
solution or vapor of the crystal material because new atoms (col-
ored cubes) condense with difficulty on a smooth crystal surface.
After several atoms have condensed on the surface (top left-hand
drawing), the layer is soon completed (middle). To start a new
layer, the process must repeat itself (right). Most crystals (includ-
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man physicists H. W. Kohlschiitter and
Carl Wagner provided a reasonable de-
scription of this type of whisker growth
in chemical terms.

The early investigations at Bell Labo-
ratories disclosed that whiskers fre-
quently appear in profusion on thin
coatings of zinc, tin or cadmium applied
by one of the standard techniques such
as electroplating or hot-dipping. The
whiskers grow extremely slowly; it some-
times takes months or even years for a
whisker to extend to a length of an
eighth of an inch. Thin protective coat-
ings of lacquer or varnish will not re-
strain their growth, and thicker coatings
can do so only so long as they are free
from cracks.

More recently, as interest in the sub-
ject has increased, whiskers have been
found growing from many materials. It
was thought, for example, that the re-
action of oxygen with metals formed a
uniform coating of oxide on the metal

S S S ETR
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surface. Electron micrographs made in
1954, however, revealed the presence of
thin oxide filaments less than .004 inch
in length [see top illustration on oppo-
site page]. Such filamentary growth is
not peculiar to metals or their oxides.
Organic as well as inorganic crystalline
solids form whiskers, either spontane-
ously or under experimental induce-
ment. ]. E. Gordon of the Tube Invest-
ment Laboratory in England found that
many of the familiar organic and inor-
ganic salts which crystallize as needles
initially precipitate as very thin whisk-
ers. When an aqueous solution of hydro-
quinone, resorcinol or nickel sulfate
evaporates slowly, filaments less than
.0001 inch in diameter can be seen
weaving their way through the solution.
As each filament grows in length it
thickens at some constant distance be-
hind the advancing tip, which thus acts
as a “leader” for the rest of the crystal.
The leader is very strong and may with-
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ing whiskers) grow by means of one or more screw dislocations
(bottom) . The screw dislocation, which is a line of atomic misfit
(broken line), provides the crystal with a permanent growth step
where atoms are able to condense at low supersaturation (bottom
left-hand drawing). As atoms condense and the crystal grows, the
step spirals around the dislocation line, forming a continuous
crystal layer (colored areas in middle and right-hand drawings).



stand stresses of 500,000 p.s.i. or more.
After thickening to many times the
diameter of the leader, the needle be-
comes considerably weaker, breaking at
stresses only a thousandth as great.

Even common table salt, which nor-
mally consists of small cubic crystals,
will form whiskers if it is allowed to pre-
cipitate slowly out of solution. Evapora-
tion of a salt solution from a covered
porous ceramic dish causes both cubic
and whisker crystals to form. One meth-
od of growing whiskers frequently used
today was devised during the early part
of this century to purify enzymes by
separating salts from them. In its present
form the method requires only that a
solution of chemically pure salt be put
in a thin cellophane bag, which is sus-
pended in air. In a few hours the outside
of the bag is covered with numerous
whiskers of solid salt, some of which are
more than half an inch long.

Mercury, zince, cadmium sulfide and
graphite form whiskers when super-
saturated vapors of these substances
condense. The supersaturated vapor is
obtained by vaporizing the material in
an evacuated tube and permitting it to
drift into a cooler region; the greater the
difference between the evaporation and
condensation temperatures, the greater
the degree of supersaturation. Whiskers
form at low supersaturations. At high
supersaturations small plates, large crys-
tals and continuous films of the material
predominate.

For experimental purposes the reduc-
tion of metal halides provides a quick
means of obtaining whiskers. When iron
bromide, silver chloride or copper iodide
is heated in the presence of hydrogen,
the reduced metal forms whiskers in a
few hours. Larger whiskers result if the
reaction takes place over longer periods.
With this method it is possible to grow
whiskers several inches long.

Despite their diverse origins, whiskers

have a number of properties in
common. Most of them are single crys-
tals. They are often polygonal in cross
section and generally have a smooth,
mirror-like finish. All whiskers grow
much faster in length than in diameter,
some of them as much as 10,000 times
faster. Many whiskers, regardless of ori-
gin, are far stronger than the strongest
alloys. A few even resist a stress of sev-
eral million p.s.i.

Two kinds of whisker growth can be
distinguished: tip growth and basal
growth [see illustration on page 65]. Tip
growth may be promoted by simple con-
densation and precipitation or by a num-
ber of chemical reactions; in any case it

— "'

EXTREMELY SMALL WHISKERS are frequently found growing from the surfaces of uni-
form oxide coatings, as shown in this electron micrograph of copper oxide whiskers. The
whiskers, which attain a maximum length of .004 inch, have been magnified 4,000 diameters.

SCREW DISLOCATION in rock salt whisker (magnified 210 diameters) is “decorated™
with gold particles (thin line along central axis of whisker). Bright areas show gold that
precipitated at random. S. Amelinckx of the University of Ghent made photomicrograph.
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CROSS-SECTIONAL VIEWS of some of the various shapes that
different types of whisker take are shown in the six photographs

reflects the addition of new material at
the whisker tip. This preferential addi-
tion of material at the tip implies a
structural difference between the tip
and the rest of the whisker. In some or-
ganic and hydrated inorganic whiskers
the difference is quite clear. Crystalline
materials such as trioxane consist of
thousands of parallel columns of mole-
cules. The bonding forces within each
column are very strong, while between
columns they are very weak. When the
molecules condense from the vapor, they
prefer to attach themselves at sites of
strongest bonding, that is, at the tip
rather than along the sides. Occasionally
a molecule condenses on the side, thus
starting a new column and thickening

the whisker. The growth of most whisk-
ers, however, requires a different ex-
planation, since the cohesive forces in
metal and ionic crystals are more uni-
form and less directional. Although
variations in growth may still exist be-
cause of differences between individual
crystal faces, many whiskers are bound-
ed on all sides by identical crystallo-
graphic surfaces.

The reason for the preference for
growth at the tip becomes clear when
one considers the surface structure of a
growing crystal. Crystal growth occurs
in one of two ways. According to the
classical mechanism the crystal continu-
ously forms new layers one on top of an-
other [see top drawings on page 66].

at the top of these two pages. The two photographs at left reveal
the square and polygonal cross-sections often found in iron whisk-

Such growth requires heavily supersatu-
rated vapors or solutions, because it is
difficult to nucleate a new layer each
time one has been completed. As an
atom from the vapor condenses on a
smooth, completed surface, it can bond
itself only to a single neighboring atom—
the one immediately below it—and may
return to the vapor before another atom
arrives. Once a few atoms have con-
densed on the surface, each additional
atom has neighbors both below and
around it. Starting a new layer is like
starting a new housing development.
The difficult part is to get the first few
tenants to move in. After that it is rela-
tively easy to attract others. When the
layer is completed, the process begins

COPPER WHISKER in the form of a circular helix is magnified
120 diameters in this photograph. The dark blocks on the helix
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are facets, and number six per turn in the example shown, though
they may appear less or more frequently in different helices.



ers. The third photograph, also of an iron whisker, shows a rec-
tangular cross-section. Silver whiskers may be circular (fourth

over again [see illustration on page 66].

But this mechanism could not explain
crystal and whisker growth at low super-
saturations. In 1948 F. C. Frank of the
University of Bristol accounted for
growth at low supersaturations by pos-
tulating that a type of crystal imperfec-
tion known as a screw dislocation facili-
tates crystal growth. A screw dislocation
is essentially a line of atomic misfit,
slightly shearing one section of a crystal
with respect to another [see bottom
drawings on page 66]. As Frank pointed
out, so long as this dislocation intersects
the surface, the crystal contains a per-
manent growth step. The atoms con-
densing or precipitating on the surface
are thus able to deposit in a region

where there are more neighbors, that is,
at the steps arising from the dislocation.
The growing layer spirals around the
line of misfit.

t remained for G. W. Sears of the Gen-

eral Electric Research Laboratory to
combine the concepts of classical and
screw-dislocation growth and to suggest
a reasonable theory of whisker growth.
He proposed that crystals grow into
whiskers if they contain only a single
screw dislocation or, at most, a few
parallel dislocations. The surface per-
pendicular to the dislocation—the tip—
will have permanent growth steps, and
the sides, which are parallel to the dis-
location, will not. When the emergent

photograph) or like a slightly truncated hexagonal polygon (fifth).
At right is the rhomboidal cross-section of a copper whisker.

whisker is exposed to its vapor at low
supersaturations, the tip grows rapidly
by the Frank mechanism, while the sides
grow very slowly, if at all, by the classi-
cal mechanism.

S. Amelinckx of the University of
Ghent has recently demonstrated the
validity of Sears’s theory. Dislocations
in ionic crystals (e.g., common salt) can
be “decorated” by adding impurities
that precipitate preferentially along the
dislocation lines. Using whiskers of so-
dium chloride “doped” with gold,
Amelinckx has made photomicrographs
which show that some of the thinner
whiskers contain only one or at most a
few dislocations along their axes.

Basal growth, though apparently a

TWISTED IRON-WHISKER with flat facets is shown here magni-
fied 120 diameters. The whisker’s configuration is a natural one
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and is not the result of artificial twisting. The photograph was made
by R. W. DeBlois of the General Electric Research Laboratory,
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simpler mechanism, is not so well un-
derstood. In the case of silver whiskers
on silver sulfide and tin whiskers on elec-
troplated tin, small crystallites form just
below the surface of the crystal. In silver
sulfide the crystallite is a small precipi-
tated silver particle, while in tin it is a
recrystallized grain. For a reason still
unknown, lateral growth of the crystal-
lites is prevented, and the additional ma-
terial deposited at the base causes the
whisker to extrude from the surface.
Investigators are not certain that basal
growth requires a screw dislocation and
recent evidence indicates that it may not
be necessary in every case.

Both tip growth and basal growth can
explain the appearance of straight, uni-
form whiskers. But the shape of some
whiskers presents something of a puzzle.
Some are kinked, others are curved and
still others grow in flat spirals or broad
ribbons. Perhaps the most fascinating
are the twisted and helical whiskers,
which occur as open helices or closed
ones resembling a machine screw. The
helix may make right-angle turns and so
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have a square configuration, and the sur-
face of the crystal may have facets
spaced at regular intervals. The pitch of
the helix varies from a few turns per
inch to as many as 10,000 turns per
inch. Often the pitch abruptly changes.
Sometimes the helix becomes a solid
straight whisker, and sometimes the re-
verse takes place. In other cases a whisk-
er appears to lose its “memory” and
takes off haphazardly to end as a dis-
torted, nondescript fiber. Certain protein
crystals possess similar helical shapes.
The protein in the outer coat of the
tobacco-mosaic virus, for example, crys-
tallizes in open helices 3,000 angstrom
units long and 150 angstroms in diam-
eter. (One angstrom unit is a hundred
millionth of a centimeter.) Efforts are
now being made to explain this helical
configuration on the basis of whisker
growth.

Graphite whiskers grown at high tem-
perature and high pressure show another
unusual structure. They form as tightly
wound scrolls. The scroll leaves are
sheets of strongly bonded carbon atoms,

and some of these graphite whiskers
possess strengths in the neighborhood
of two to three million p.s.i.

In addition to explaining whisker
growth, Sears’s theory also suggests
why whiskers are so strong. Normal crys-
tals deform easily because they contain
numerous dislocations of two types:
screw and so-called edge dislocations.
Under stress these lines of atomic mis-
match move easily, causing the crystal
to elongate every time a dislocation
moves completely through it. The re-
sulting deformation may be compared to
wrinkles in a rug. To move the rug all at
once requires a large force, but a single
wrinkle can be moved quite easily, and
the rug moves forward with little resist-
ance. To move the rug a considerable
distance many wrinkles would have to
be introduced. Similarly, any apprecia-
ble crystal deformation requires millions
of dislocations. In large crystals the dislo-
cations interact to generate new ones.
In contrast, the size of whiskers and
the means by which they grow greatly
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WHISKER DIAMETER (INCHES)

WHISKER STRENGTH is a function of whisker diameter and
drops sharply within the first .0005 inch, slowly decreasing with
further increases in diameter. The curve shown represents the re-
lationship of strength to diameter in one type of iron whisker.
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ELONGATION

ELASTICITY in a copper bar (broken line) is compared with
that in a specific copper whisker (solid line). The bar turns plastic
almost at once (bottom of broken line). The whisker elongates
about 1.5 per cent of its length before it turns plastic suddenly.



limit the number of dislocations that can
occur. The few dislocations present can-
not themselves cause any measurable de-
formation, and they are too few to in-
teract and generate others. Thus a
whisker’s strength is equal to the external
force needed to introduce new disloca-
tions. This has been estimated to be be-
tween 500,000 and four million p.s.i. in
the common structural materials.

To conclude that whiskers are synony-
mous with high strength, however,
would not be entirely correct. There are
great variations in whisker strength, and
for every strong whisker there are others
that are weak by comparison. Generally
the thinnest whiskers have the greatest
strength; the larger the diameter, the
weaker the whisker.

The dependence of strength on size
may be due to the presence of surface
defects. During crystal growth it is pos-
sible that cracks and other defects form
sites at which active dislocations de-
velop. The longer and thicker the whisk-
er, the greater will be the number and
size of the defects it contains. Whiskers
are comparable to a chain with a few
weak links; most of the links are stronger
than the chain as a whole. Consequently
if a whisker is broken in half several
times, the strength of each succeeding
half rapidly increases.

In addition to their strength, whiskers
have other properties that differ from
those of commonly encountered mate-
rials. When an ordinary copper bar is
stretched, it first elongates elastically
about .1 per cent of its original length.
If the stress is released, the bar returns
to its original form. Up to this point, in
accord with Hooke’s law, the strain or
change in length is proportional to the
stress producing it. But if the stress is in-
creased beyond the elastic limit, the de-
formation becomes permanent, and the
bar behaves plastically. The transition
from elastic to plastic behavior occurs
gradually. As a greater number of dislo-
cations are generated under increased
deformation, they begin to impede and
block one another’s movement; the bar
thus becomes stronger and more resist-
ant to further deformation. The final
strength is many times what it was at
the transition point.

In copper whiskers the region of elas-
tic behavior is much wider; a single
whisker may elongate 5 per cent of its
original length before becoming plastic.
Beyond a certain point, however, elastic
deformation in some whiskers ceases to
obey Hooke’s law. Further stress no
longer produces the proportional strain
predicted by the law even though the

NORMAL STRENGTH

WHISKER STRENGTH

MATERIAL (POUNDS PER SQUARE INCH) (POUNDS PER SQUARE INCH)
IRON 4,000 1,900,000 N
COPPER 200 400,000 _
GOLD 200 230,000 _
SILICON 5,000 550,000
SODIUM CHLORIDE 100 160,000
ALUMINUM OXIDE 80,000 1,800,000
GRAPHITE 40,000 3,000,000

WHISKER’S STRENGTH is compared with normal strength in different materials in the
table above. By “normal strength” is meant the stress at which large crystals of a given
material begin to deform permanently (ductile materials) or fracture (brittle materials).

whisker regains its original dimensions
when the stress is removed. Further-
more, transition from elastic to plastic
behavior is not gradual but sharp, and
the whisker’s strength drops precipitous-
ly to as little as a hundredth of its
strength before transition. At the transi-
tion point the stress is large enough to
introduce new dislocations, which can
then generate others at much lower
stresses. The whisker hardens somewhat
under further deformation (as the dislo-
cations multiply enough to interfere
with one another), but never regains its
original strength.

he relation between dislocations and

strength has its counterpart in the
magnetic behavior of crystals. Disloca-
tions, which are regions of distortion be-
tween perfect sections of a crystal, cor-
respond to the boundaries between
“domains,” the portions of a crystal
where all the individual atomic magnets
are aligned in the same direction. But
whereas dislocations are only a few
atoms thick, the boundaries, or domain
walls, may extend more than a hundred
atomic layers. In an unmagnetized ma-
terial the directions of magnetization of
the various domains are generally dis-
ordered, and the net magnetization is
zero. But when a magnetic field is ap-
plied, the domain walls begin to move,
and domains favorably oriented with re-
spect to the field grow at the expense of
those that are unfavorably oriented.
When a crystal is itself a single domain,
higher field-strengths are required to
nucleate a domain wall and to reverse
the direction of magnetization.

Before whiskers had attracted scientif-
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ic interest it had been observed that
domain walls form in fields 100 times
smaller than theory predicted. This at
first cast doubt on the whole domain-
wall theory. Investigators later pointed
out that imperfections such as voids,
pits and cracks could create strong lo-
calized magnetic fields and that domain-
wall formation at these points would re-
quire a much lower applied field. In
1957 Charles P. Bean and R. W. DeBlois
of the General Electric Research Labora-
tory confirmed that high field-strengths
are required to nucleate domain walls.
Using single-domain iron whiskers, they
found it necessary to apply fields of the
predicted strength in order to nucleate
a domain wall and thus reverse the mag-
netization. When the whiskers contained
visible defects, domain walls nucleated
at lower fields, depending on the sever-
ity of the defects. Because of their great-
er width, domain walls are influenced
by coarser defects than dislocations are.
Thus a magnetic material such as iron
may have high magnetic “strength” and
still be mechanically weak.

A}other study that whiskers have made

possible is the measurement of the
rate at which domain walls move in fields
of varying strength. This relationship
has practical interest, since many of the
components in large-scale computers
must reverse their magnetization very
rapidly. Until recently, however, the
movement of domain walls could be
studied only at low speed, because a
single domain wall could be followed
only in low-strength fields. Crystal de-
fects caused the formation of extraneous
domain boundaries at fields of higher

71



strength and confused the picture. The
structural perfection of iron whiskers
eliminates this complication, and bound-
ary speeds of up to 120,000 miles per
hour have been measured. The speeds
observed previously had been less than
250 miles per hour.

Metal whiskers have thus served their
students well. The inevitable question
is whether whisker strength can be ex-
ploited in technology. It has been sug-
gested that whiskers might be woven in-

to cables for suspension bridges. This
seems farfetched at the moment, but it
may be feasible to use whiskers in high-
strength reinforced laminates. Such
laminates, while costly to manufacture,
would be valuable in applications that
require a high strength-to-weight ratio.
The development of whisker-reinforced
laminates will depend on a number of
factors. The load to be carried must be
transmitted efficiently to all the whiskers
so that the strength of the whole ap-

proaches that of a single whisker. More-
over, the whiskers will require special
handling, since their strength falls cata-
strophically once defects are introduced.

It is not inconceivable that further in-
vestigation of whiskers may find ways to
harness a greater part of the ideal
strength of solids and bring about a
revolutionary change in materials tech-
nology. In the meantime whiskers will
continue to be useful in the study of the
solid state.

MAGNETIC-DOMAIN MOVEMENT in an iron whisker under an
applied magnetic field is shown in these four photographs. Arrow
at bottom shows direction of applied field
show magnetic directions. As the field increases from 0 (top) to 20
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oersteds (bottom), domains favorably oriented (arrows pointing
left) grow in size, while unfavorably oriented domains decrease
in size. The photographs were made by R. W. DeBlois and
C. D. Graham, Jr., of the General Electric Research Laboratory.



____ Kodak reports on:

photography for biologists . . . the parts-per-billion business . .. what to do with wiggle-

bearing paper. .. a commercially interesting four-membered ring

Four of us at Woods Hole

Four of us expect to put in a rugged
week on Cape Cod, beginning early on
the morning of August 1. It’s not ex-
actly an exhibit or symposium or any-
thing as formal as that. It’s just that
the management of the Marine Bio-
logical Laboratory at Woods Hole has
given us to understand that if we want
to hang around for five days dispensing
free advice on how to use photography
to communicate results of biological
investigation, they will probably re-
frain from calling the cops to throw
us off the premises.

We figure any time spent feasting on
Homarus americanus is time lost from

showing our movie of Homarus americanus
hatching in glorious Eastman color.

Spectroscopy in electronics

We wish we could inspire several
dozen more persons to enter the craft
of emission spectrography. They would
become customers for Kodak Spectrum
Analysis Plates and Films as well as
occupants of a secure place in technical
society, one of waxing importance.

To convince that the importance in-
deed waxes we could send copies of a
disquisition written by one of our
dealers, a gent willing to undertake
some deep thinking and digging out of
useful information in hope of the favor
of an order.

Think of the old days, he suggests,
when electronics meant radio and the
man at the end of the radio assembly
line was given plenty of adjustable re-
sistors, capacitors, and coils on the
chassis to adjust in compensation for
the unpredictable characteristics of the
vacuum tubes. Electronics isn’t that
way any more, he implies. Today elec-
tronics is supposed to assume that its
solid-state devices and the cathodes of
its vacuum tubes will behave predicta-
bly within very narrow limits.

And what sets these limits?

Among other things, the presence
or absence of certain chemical ele-
ments in the range of parts per
billion.

How determined?

By emission spectrography.

Is this easy?

Not particularly.

What’s one way to start surveying
the techniques?

Writing for a copy of ‘“Spectros-
copy in Electronics” to Eastman
Kodak Company, Special Sensi-
tized Products Division, Rochester
4, N. Y.

Back from the brink

When visitors come shuffling through
your laboratory, it makes a terrific im-
pression to show you are equipped for:
Infrared absorption spectroscopy
Ultraviolet absorption spectroscopy
Visible absorption spectroscopy
X-ray diffraction
Nuclear magnetic resonance spec-
troscopy
Fluorescence spectroscopy
Raman spectroscopy
Mass spectroscopy
Gas chromatography
Miscellaneous analytical
like polarography
Miscellaneous physical testing
methods
Aside from creating an impression,
these procedures generate strips of pa-
per bearing wiggles. That there would
be produced many such useful strips
of wiggles to keep and compare had
justified the acquisition of the instru-
mentation. The truer this has proved,
the worse you may need help. We our-
selves did. Fortunately, as we ap-
proached the brink of madness in cop-
ing with the sheer volume of spectro-
photometric curves generated at the
research laboratories of our division,
Tennessee Eastman Company, we were
able to call on our subsidiary, Recor-
dak Corporation.

The Recordak people are experts at
working out systems that combine micro-

methods

Neat, like this.

filming with punched cards. They say they
would be willing to help you, too. They
suggest you write them at 415 Madison
Avenue, New York 17, N. Y., for a copy
of “The Use of Aperture Cards for the Con-
solidation of Spectrophotometric Data.”

Smells like menthol

Our pilot plant for Tetramethyl-1,3-
cyclobutanedione from dimerized ke-
tene has gone on stream.

It is a promising organic intermedi-
ate. This is a colorless way of saying
that even if we knew the route by which
Joe Public eventually buys it, it would

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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be too long a story to tell. If Fortune
smiles, some chemical descendant of
this dione, a remote descendant very
likely, will have a part in pleasing Joe.
It may wash cars, kill weeds, scare
sharks, shed rain, smell good, fight
fires, heal the sick, or die on the vine.
Such language is unsuitably direct.
At this stage, sales talk must be kept
scholarly. Our chemists proceed like a
chef with a fresh, fat partridge and an
armory of herbs and spices for sauce.
We offer

(o)
[
c

H,c\c / \\C /CH3

ch/ \c / \CH,
I

0]

the first four-membered ring at a price
we believe commercially interesting.
It can be left a ring or be split open in
interesting ways. It reacts with the
usual carbonyl group reagents, but the
reaction can proceed further to yield
heterocyclics. It resembles menthol
and camphor in odor and volatility.
We also offer the ring hydrogenated
to the secondary glycol, 2,2,4,4-Tetra-
methyl-1,3-cyclobutanediol,

H OH

W
mc\C / \C/cm
HJC/ \C/ \CHs

/ N\

HO H

which forms very stable diesters, as for
plasticizers and lubricants. It forms
both saturated and unsaturated poly-
esters. Not the least of its charms is the
white, translucent, waxy polymer in
which silicon atoms can link it.

To get a line on price, one writes Eastman
Chemical Products, Inc., Kingsport, Tenn.
(Subsidiary of Eastman Kodak Company)
and thus gives us an opportunity
to send the scholarly details
complete.




NOW-15,000°F.
PLASMA FLAME
SPRAY IN YOUR
OWN PLANT

Apply coatings of high melting point
materials such as tungsten, tungsten
carhide, molybdenum, chromium car-
hide, 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.

Metallizing 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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Funds for University Research

r I Yo allow universities greater free-
dom in planning their scientific-re-
search programs, the National Sci-

ence Foundation will for the first time

make unrestricted grants during the
coming academic year. Previously it has
given funds only for specified projects.

Each institution is to receive 5 per cent

of the amount it got from the Foundation

for the year just ended. On this basis

230 colleges and universities will share

$2.9 million in unrestricted funds.

The Foundation’s latest report on re-
search and development shows that ex-
penditures for these purposes by col-
leges and universities increased 80 per
cent between 1954 and 1958. In the lat-
ter year the amount was $735,800,000,
of which 72 per cent came from the
Federal Government. More than half
the money went to agriculture experi-
ment-stations and contract research-
centers, for applied research. Colleges

TO OBSERVER

In a Newtonian system an observer would see the cube at left as it appears
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VELOCITY
OF CUBE

SGIENGE AND

and universities proper spent $327,500,-
000, 74 per cent of it for basic research.
Of the Government’s share of the cost,
42 per cent was contributed by the De-
partment of Defense; 33 per cent by
the Department of Health, Education
and Welfare; 15 per cent by the Atomic
Energy Commission and 7 per cent by
the National Science Foundation.

Relativity and the Backside

Athough the special theory of relativ-

ity is 55 years old, it still seems a
wonderland of paradox to laymen. Now
it appears that even physicists, for whom
the theory has become just another tool
of the trade, have not fully appreciated
its subtleties.

This was made clear recently when
J. Terrell of the Los Alamos Scientific
Laboratory, writing in The Physical Pe-
view, reopened a question that most au-
thorities considered to have been an-
swered long since. The question: In
view of the FitzGerald contraction (the
shrinking of moving bodies in the direc-
tion of their motion), what would ob-
jects moving at nearly the speed of light
look like if we had eyes, or cameras, fast
enough to form an instantaneous picture
of them? It has generally been supposed
that they would simply appear squashed
in the direction of motion. Thus the
square side of a cube traveling horizon-
tally across the field of view and seen di-
rectly broadside would presumably look
like a rectangle as high as the cube, but
narrower. At speeds very close to that of
light the horizontal dimension would
shrink almost to nothing and the cube
would look like a vertical knife edge.

F D

NEWTONIAN VIEW



THE GITIZEN

Not so, says Terrell. His reasoning, as
summarized by V. F. Weisskopf of the
Massachusetts Institute of Technology
in an article to be published in Physics
Today, runs as follows: The instantane-
ous picture of an object on the retina or
on a photographic plate is formed by
light photons that arrive simultaneously
from all visible points on the object. This
means that photons from more distant
parts of the object started on their jour-
ney earlier than those from the closer
parts. When the object is stationary, the
difference in travel time does not mat-
ter. But when it is moving, the lag
causes a distortion of the image.

The distortion is exhibited, for ex-
ample, by a cube moving from left to
right across the field of view of an ob-
server [see illustration on these two
pages]. The object is assumed to be
small enough so that the rays from all of
its parts are very nearly parallel. Neg-
lecting relativity, when the cube is di-
rectly opposite the observer, its side face
ABCD appears as a square.

At the instant that a group of photons
starts out from the edge AD there are
photons abreast of it, which started out
a short time earlier from the back edge
EF of the trailing face ADFE. At that
time the edge was in the position E'F”.
(Of course, at that time the trailing face
was pointed slightly away from the ob-
server so it might seem that no light
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in middle; in a relativistic system, as at right

Bausch & Lomb

SPECTRONIC 505°
. | . Recording Spectrophotometer

... less than half 3685 TANOE

the COSt OfOthe,r (UV-VISIBLE, $4285)
recording
spectrophotometers!

See the revolutionary new instrument that directly
records transmittance, absorbance, reflectance and
emission in UV and visible ranges. . .

with an exclusive electronic sensor that automatically
adjusts drum speed to variations in curve complexity . . .
featuring B&L Certified-Precision Gratings.

Only 36” x 22” x 15”, it’s as streamlined as the universally
accepted B&L Spectronic 20* Colorimeter . . .

with a complete line of accessories including an exclusive
new air-cooled Hydrogen lamp . ..

at less than half the cost of other recording
spectrophotometers.

*Trademark, Bausch & Lomb

WRITE for your copy of Catalog D-2009,
Bausch & Lomb, 69407 Bausch Street,
Rochester 2, N. Y.

BAUSCH & LOMB

SINC[@IBSJ
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. unusual potting,

push-pull design increase stability

of new 400-cycle magnetic amplifier relay

If you pried the base off the can of this
new magnetic amplifier relay (which you
probably wouldn’t after paying good
money for a hermetically sealed device)
you might be surprised. Sitting there in
quiet intimacy would be an isolation
transformer, reactor, one or two relays and
sundry other items— all immersed in a
transparent, slightly wiggly material, just
like grapes in a gelatin salad. The com-
pound is selected for its ability to soak up
shock, vibration and thermal expansion.
In that order, the specs for this device are
100 g’s, 10 g to 55 cps, —55° to -+100°C.

BIAS DESENSE
[ ]

i
(4
120V INPUT (INPUT)

400 CPS

[

v Y
H H
LA

What you can do with the Series 8300 is
the same thing you can almost do with
any good transistor- or meter-relay —
except this one will work on DC inputs
as low as 0.2 pw. and remain stable (circuit
is push-pull ) under =10% variations in
line voltage, frequency, and the 155°
spread mentioned earlier. Standard
models also have single or dual coils, a
contact rating of 1 amp. at 28 VDC/120
VAGC, resistive, for at least 100,000 opera-
tions, and terminals for connecting bias
and desensing resistors. The connection
schematic looks like this, but has the
circular floral arrangement as pictured:

(TRANSFER
ON + INPUT)

(TRANSFER ON
~ INPUT)

If you have an application that demands an even fancier version with such features as

DPDT output contacts, higher vibration and load ratings (and less sensitivity ), built-in

DC power supplies, reference sources, etc., we may be able to do something for youona
special order basis. First, however, it would probably be a good idea to see our 5 £20%-
page Series 8300 Preliminary Bulletin — collated, stapled, 3-hole punched and unpotted.

.

GMA

SIGMA INSTRUMENTS, INC.
40 Pearl St., So. Braintree 85, Mass.
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from it could reach him. However, the
photons emitted or reflected by that
surface can have a rightward component
of motion because of the motion of the
cube.) Hence at the same instant that
the observer sees the edges AD and BD,

| he also sees the edge EF in its earlier

position. The net effect, if relativity is
not taken into account, is that the side
face is seen as a square, and the trailing,
face as a rectangle, as though the cube
had been rotated.

But relativity steps in to alter the
image. The FitzGerald contraction
shortens the distance between AD and
BC so that the side face also looks rec-
tangular. When the contraction is cal-
culated, it turns out to be just the right
amount to make the cube appear as it
would if it had really been rotated by the
amount necessary to bring the trailing
edge into view. Hence the object looks
not squashed, but turned.

In the extreme case, when the cube
travels at the speed of light, the side face:
shrinks to zero. But the cube moves a
full edge-length to the right while light
from the back edge advances to be even
with the front. Thus the trailing face
now looks like a perfect square, and the
cube appears to have been rotated a full
90 degrees.

A similar argument applies even be-
fore the cube has arrived opposite the
observer. While it is still far to his left,
if the speed is great enough, he can see
some of the trailing face, and the side
face is appropriately foreshortened. The
leading face, which the observer would
seem to be looking at, is invisible. At very
high speed, then, the cube seems to turn
its back to the observer while it is still
far in front of him. It retains this aspect
as it draws up even with the observer
and as it recedes into the distance.

East-West Exchanges

K negotiations on a nuclear-test ban
resumed in Geneva, following a re-
cess for the abortive summit meeting,
physicists from the U. S. and the
US.S.R. were exchanging visits to re-
search facilities in the two countries.
The tours were part of a program for
cooperation in the peaceful uses of
atomic energy set up by the U. S. Atom-
ic Energy Commission and its Soviet
counterpart last September. The Soviet
party inspected centers of research on
thermonuclear power, while the one
from the U. S. toured high-energy phys-
ics laboratories. Subsequently a second
pair of groups were to make the reverse
tours.

The members of the first U. S. group
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The plastic that spells long life for
outdoor letters ... BUTYRATE

Up in Toronto, you can find the world’s
largest changeable-letter sign, or as it's
known north of the border—"reado-
graph.” The red, green, and black
letters of this sign, 10,000 pounds of
them, are all molded of a special
weather-resistant formulation of Tenite
Butyrate plastic.

As changeable displays have be-
come increasingly popular among all
types of retailers in recent years, Bu-
tyrate has become the most popular
plastic changeable-letter material—and
for good reason. Butyrate is a material
whose toughness cannot be matched
by any other weather-durable sign
plastic. And it remains tough even in

the cold weather to which this Toronto
sign is sometimes exposed.

Toughness naturally is of primary
concern to changeable-display cus-
tomers because letters that are handled
as often as once each day are sure to
receive some rough treatment. Butyr-
ate, "“the tough sign plastic,” has the
impact resistance necessary to keep
replacements at a minimum.

Molded letters are but one of many
applications for Tenite Butyrate in the
sign industry. Extruded sheet of this
Eastman plastic is easily vacuum
formed into imaginative sign faces and
display elements characterized by out-
standing visibility and long service life.

© 1960 SCIENTIFIC AMERICAN, INC

If you are not already familiar with
the excellent outdoor performance
characteristics of Tenite Butyrate—
and the chance it offers you to improve
the service life of outdoor products
—write for further information to
EASTMAN CHEMICAL PRODUCTS, INC,,
subsidiary of Eastman Kodak Com-
pany, KINGSPORT, TENNESSEE.

TENITE:

BUTYRATE

an Eastman plastic



Within two years
Ford will land
a space vehicle
fi"the Moon

R
e

A 300-pound Lunar Capsule containing scientific instruments

will soon make a *rough” landing on the Moon. It will be carried

by a larger spacecraft to a location about 25 miles from the

Moon’s surface, then released. A retro-rocket will cushion its impact. The
Lunar Capsule will transmit vital scientific data back to Earth for a
month or more. This unique space vehicle will be the product

of Ford Motor Company’s Aeronutronic Division.
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THIS LUNAR CAPSULE,

now under development

for NASA’s Jet Propulsion
Laboratory, is one of

many space-oriented programs
now under way at
Aeronutronic Division

of Ford Motor Company.
These programs—and many others

related to advanced weapon systems and
computer systems—are being carried out at
Aeronutronic’s multi-million dollar
Engineering and Research Center,

in Newport Beach, California.

They emphasize Ford’s rapidly growing role
in meeting the needs of science and

defense in the Space Age.

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

AERONUTRONIC
AERONUTRONIC DIVISION %E%{OT%W%, DEFENSE PRODUCTS GROUP

Ford Road, Newport Beach, California

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

Career opportunities are open for engineers and scientists

© 1960 SCIENTIFIC AMERICAN, INC

were: Robert F. Bacher of the Califor-
nia Institute of Technology, George A.
Kolstad of the A.E.C., E. ]. Lofgren of
the University of California, Robert E.
Marshak of the University of Rochester
and Robert R. Wilson of Cornell Uni-
versity.

The Satellites

he number of artificial earth satel-

L lites in orbit reached a dozen with the

launching of a five-ton “space ship” by

the U.S.S.R. and the 2%-ton Midas by the
U. S. Air Force.

As a prelude to manned space-flight,
the giant Soviet vehicle was fitted out
with a pressurized, fully equipped cabin
complete with dummy astronaut. Sched-
uled to slow down on command from
earth, the ship speeded up when its retro-
rockets apparently misfired, the low
point of its orbit jumping from 189 miles
to 195 miles, and the high point from
225 to 429 miles.

A more successful remotely controlled
maneuver was carried out by the U. S.
weather satellite, Tiros I. At a radio
command two small rockets on its sur-
face were fired, increasing the rate of its
stabilizing spin from 94 to 12.85 revoiu-
tions per minute. It continued to photo-
graph the earth’s cloud cover.

The five-watt transmitter aboard Pio-
neer V, in orbit around the sun, was still

| sending back signals at 13.3 million miles

from the earth. The satellite’s 150-watt
transmitter, turned on by order from
earth, quickly cut itself off, indicating
that power was low because of a storage-
battery leak.

The 12 earth satellites after the launch-
ing of Midas (and their maximum dis-
tances from the earth) were: the U. S.
vehicles Explorer I (1,250 miles), Van-
guard 1 (2,450 miles), Vanguard 11
(2,050 miles), Explorer VI (26,000
miles), Vanguard I11 (2,330 miles), Ex-
plorer VII (670 miles), Tiros I (468
miles), Transit IB (479 miles), Midas
{I (316 miles) and the Soviet spaceship.
In orbits around the sun were the Soviet
Lunik I and the U. S. Pioneer IV and
Pioneer V. Radios were still functioning
on Vanguard I, Explorer VII, Pioneer V,
Tiros I, Transit IB and the new Soviet
vehicle.

Radiation Information

he U. S. Public Health Service has
begun to issue a monthly report on
levels of radioactivity in the environ-
ment. The first issue of the publication
Radiological Health Data, which ap-
peared in April, contained figures on the

79
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Every Tung-Sol tube is a packaged miracle of manufacturing
knowledge and experience. It is a man-made miracle evolved
through the most painstaking and exacting craftsmanship...
a highly specialized science in which Tung-Sol has excelled
since it pioneered in tube manufacture beginning with
DeForest's audion.

Today Tung-Sol stands on the rim of the ever-expanding
frontier of technology as an important manufacturer of the
components that make electronics happen. It is a position
secured through constant service to the electronics industry
...service consisting of a steady supply of the finest com-
ponents to meet the vast challenge of this astounding era.
Every Tung-Sol component is a product of the highest manu-
facturing standards. And it is backed by the industry’s most
advanced program of quality control that has made the name
Tung-Sol synonymous with the finest componentry. Tung-Sol
Electric Inc., Newark 4, New Jersey.

148
operations,
292

-~ inspections
| later

& TUNG-SOL

TUBES AND SEMICONDUCTORS — INDUSTRIAL AND AUTOMOTIVE LAMPS
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strontium-90 content in milk samples,
and on radioactivity in air and surface
water from various parts of the country.
Although it presented the data with-
out comment, the report contained a sec-
tion entitled “Interpretations of Radia-
tion Levels.” (Levels reported were
below current maximum permissible
concentrations.) Every third issue will
contain “interpretive statements.”

New Biology Course

Sixty high-school and college biology

teachers, together with a group of
consulting artists, editors and psycholo-
gists, are currently meeting at the Uni-
versity of Colorado to rewrite the high-
school biology curriculum. They are
preparing textbooks, laboratory equip-
ment and other teaching aids for a new
course, to be presented in three versions
for children of different intelligence
levels. The material will be tested dur-
ing 1960 and 1961 in 28 school systems
throughout the country.

The program, known as the Biological
Sciences Curriculum Study, is directed
by a committee of the American Insti-
tute of Biological Sciences headed by H.
Bentley Glass of Johns Hopkins Univer-
sity. Like similar programs in physics,
mathematics and chemistry, it is financed
by the National Science Foundation.

Jovian Van Allen Belt

N[easurements at the California Insti-

tute of Technology on radio waves
from Jupiter have established “almost
conclusively the existence of a belt of
Van Allen radiation,” according to a re-
cent announcement. The Jovian signals
have been found to be polarized, a sign
that they are produced by electrons
(and other charged particles) tempo-
rarily trapped in a planetary magnetic
field and spiraling along it. The accel-
eration resulting from the spiral path
produces the characteristic polarized
“synchrotron radiation.”

The new observations were made by
two visiting workers, V. Radhakrishnan
of India and J. A. Roberts of Australia.
They have also calculated that Jupiter’s
Van Allen belt is 200,000 miles above
the planet and is giving off 10+ times as
much radio energy as the Van Allen belts
around the earth.

Infant Mortality

he death rate of U. S. infants, after
a long and precipitous decline, has
leveled off in the last few years, accord-
ing to a study of Iwao M. Moriyama of

THIS IS AN ik

ANSWER (1 v e

" QUESTION

An answer can often exist before a question is asked. W
This is true of Hexcel honeycomb materials...first devel-
oped to meet the strength-weight requirements of military
aircraft, now recognized as a structural material with uni-
versal application. i Hexcel honeycomb still answers the
questions responsible for its initial development, whether
in the B-58 or Project Mercury. @ The problem-solving
properties of Hexcel honeycomb, however, now match its
exceptional mechanical and structural properties. i To-
day, honeycomb is supplying answers to such diverse fields
as energy absorption, light directionalizing, RF shielding,
heat exchange, construction, transportation, and packaging.

Hexcel Products Inc. has grown to become the world’s lar-
gest and most experienced manufacturer of honeycomb
materials. ) Among them are aluminum alloys, glass
fabric reinforced plastics, Kraft paper, and refractory alloys.
i Hexcel’s mastery of honeycomb technology and mate-
rialsmightserveyour particular requirements and interests.
i Whether your curiosity is general or your question
specific, let Hexcel help you determine honeycomb’s appli-
cability to your research, design or manufacturing activity.
As a beginning, write to us about your problem.

7]
World leader in honeycomb
Executive Offices: 2332 Fourth Street, Berkeley 10, Calif.
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NEW GENERAL-PURPOSE OSCILLOSCOPE

The Tektronix Type 503 has the operational features you are most likely to
want in a dc-to-450 ke oscilloscope. It is engineered for your convenience...
inherently simple and reliable, unusually light and relatively small for a 5-inch
oscilloscope.

Tektronix standards of quality in engineering, construction, and service apply
to this new instrument. You can see and operate the Type 503 now—call your
Tektronix Field Engineer for a demonstration.

Adijusting insertion characteristics of an X band filter with an ALFRED Model 626 Microwave Oscillator and a
Tektronix Type 503 Oscilloscope. Oscillator output is held constant to within & 1 db over the 8 to 10 kmc
range with an ALFRED Model 708 Microwave Leveler. The sharp, bright presentation and vertical-amplifier
stability of the Type 503 Oscilloscope permit continuous long-term adjustment of the filter.

Photo courtesy of ALFRED ELECTRONICS, Palo Alto, California

Simplified Circuitry
16 Tubes

CONDENSED SPECIFICATIONS

Identical Horizontal and Vertical Amplifiers
Frequency response—dc to 450 kc (3db down).
Sensitivity—1 mv/cm to 20 v/cm, calibrated.
Differential input and constant input impedance
at all attenuator settings.

Wide Sweep Range
1 usec/cm to 5 sec/cm, calibrated.

X2, X5, X10, X20, and X50 magnification. G

Versatile triggering includes automatic operation. N
3-KY Accelerating Potential

8-cm by 10-cm viewing area.

Size and Weight
134" high, 93" wide, 21,” deep—about 29 Ibs.

Price............ $625 f.0.b. factory

Tektronix, Inc.

P. O. Box 500 ¢ Beaverton, Oregon e« Phone Mltchell 4-0161 « TWX—BEAV 311 o Cable: TEKTRONIX

A specification folder with full-color
illustrations is available from your
Tektronix Field Office.

TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. ¢ Atlanta, Ga. e Baltimore (Towson, Md.) e Boston (Lexington, Mass.) ¢
Buffalo, N.Y. e Chicago (Pork Ridge, Ill.) « Cleveland, Ohio e Dallas, Texas « Dayton, Ohio e Denver, Colo. ¢ Detroit (Lathrup
Village, Mich.) e Endicott (Endwell, N.Y.) e Greensboro, N.C. e Houston, Texas  Kansas City (Mission, Kan.) e East Los Angeles,
Calif. o West Los Angeles, Calif. ¢ Minneapolis, Minn. ¢ New York City Area (Albertson, L.., N.Y. ¢ Stamford, Conn. e Union, N.J.)
+ Orlando, Fla. ¢ Philadelphia, Pa. e Phoenix, (Scottsdale, Ariz.) e Poughkeepsie, N.Y. ¢ San Diego, Calif. e San Francisco (Polo
Alto, Calif.) o St. Petersburg, Fla. e Syracuse, N.Y. e Toronto (Willowdale, Ont.) Canada « Washi D.C. (A dale, Va.)
TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics; Portland, Oregon e Seattle, Washington. Tektronix
is represented in twenty overseas countries by qualified engineering organizations.

In Europe please write Tektronix Inc., Victoria Ave., St. Sampsons, Guernsey C.l., for the address of the
Tektronix Representative in your country.
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the National Office of Vital Statistics. In
some states it has even risen slightly.
From 1933 to 1949 the infant mortality
rate decreased by an average of 4.3 per
cent per year. In 1950 the annual de-
crease dropped to 2 per cent, and,
after reaching an all-time low of 26 per
1,000 live births in 1956, the death rate
among infants has changed little.

Most of the reduction in mortality of
children under one year of age is attribu-

| table to control of infectious diseases,

primarily influenza and pneumonia. In
1946, when penicillin became available
to the public, the deaths from infectious
diseases dropped about 30 per cent.
However, infectious disease still ac-
counts for about half of the deaths

among infants between one month and
| one year old.

The death rate for younger infants re-
flects the heavy toll taken by nonin-
fectious conditions such as congenital
malformations, birth injuries, postnatal
asphyxia and premature births. In his
discussion in Public Health Reports,
Moriyama predicts that the present rate
of infant mortality will not be substan-
tially reduced until there is a break-
through in dealing with these problems.

Genetic Code Cracking?

New insight into the way in which liv-

ing organisms carry out genetic in-
structions coded on nucleic acid mole-
cules was reported last month by two
biologists at the University of California.
In the Proceedings of the National Acad-
emy of Sciences A. Tsugita and H.
Fraenkel-Conrat described a breeding
experiment on the simplest of organisms
—viruses—which consist of a single chain
of ribonucleic acid (RNA) carrying the
genetic code, surrounded by a protein
coating made according to the coded

| directions.

Working with tobacco-mosaic virus,
Tsugita and Fraenkel-Conrat stripped
off its protein and treated the bare RNA
with nitrous acid. This is known to pro-
duce small chemical changes (i.e., muta-
tions) in the nucleic acid. Then the orig-
inal protein “overcoats” were put back
on, and the reconstituted virus was
rubbed into growing tobacco plants. Mu-
tant forms were readily identified by dif-
ferences in the disease symptoms they
caused and by their ability to infect
plants normally immune to tobacco-mo-
saic virus.

Selecting a mutant that differed from
the parent type both in the disease symp-
toms it produced and in its choice of
hosts, the experimenters allowed it to
multiply in a tobacco leaf. In this process
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NEW “EARTH CREATURES” FROM SYLVANIA

These are the structures typical of new and unusual electron tubes under development at SYLVANIA.
They are inanimate, silent. Yet they are capable of comprehending every language of the universe.
Electron tubes are vital components of electronic devices and systems. They are essential ingredients
in man's explorations of time, space, and matter.

Advanced tube structures such as those shown here will one day be basic components in “sophisticated”

designs for reliable electronic computers, industrial electronics, communications, TV sets, radios, and
monophonic and stereophonic music systems.

New materials, new techniques, new concepts of electron tube designs are being constantly created

at SYLVANIA. No wonder SYLVANIA electron tubes are setting new standards for performance and
reliability in electronics.

The exciting story of SYLVANIA electron tubes is told in the booklet,“A New Era...”. For your copy

please write to Sylvania Electronic Tubes, a division of Sylvania Electric Products Inc., 17740 Broadway,
New York 19, N. Y.

Sutsidiary of GENERAL TELEPHONE & ELECTRONICS
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Auxiliary Gas Turbines becoming a
prime power source for industry

Helmut Schelp, chief engineer, AiResearch Manufacturing Division of
Arizona, Phoenix, surrounded by typical gas turbines now in production

AiResearch Gas Turbine Engines,
the most widely used power source for
the starting, air conditioning, cooling and
heating of jet aircraft, now are becoming
a prime power source for industry.
Easier to maintain because of few
moving parts, these lightweight gas
turbine engines develop more horse-
power per pound of weight and size than
any other engine. Achieving
their greatest efficiency

THE

at maximum speeds, they run on almost
any fuel and start immediately in any
weather.

Future prime power applications of
AiResearch gas turbines for industry:
earthmoving equipment; small inde-
pendent generator plants; marine use;
helicopters and small conventional air-
craft ; emergency power plants; air con-
ditioning, heating and refrigeration ;
atomic energy (closed cycle gas

ranging in size from 30 to 850 hp. Clockwise from the top: GTC 85-28
GTCP 105 * GTP 70-6 * GTP 30-1 * GTP 70-10 * GTU 85-2.

turbine with atomic energy heat source).

First to design and develop a success-
ful small gas turbine engine, Garrett is
the world’s largest manufacturer of
lightweight turbomachinery — having
delivered more than 200,000 units,
including 9000 gas turbines of all types
ranging from 30 to 850 hp. Through its
AiResearch Manufacturing Divisions,
The Garrett Corporation is now offering
this experience to all industry.

AiResearch Manufacturing Divisions

LOS ANGELES 45, CALIFORNIA e PHOENIX, ARIZONA

OTHER DIVISIONS AND SUBSIDIARIES: AIRESEARCH INDUSTRIAL ® AIRESEARCH AVIATION SERVICE ¢ GARRETT SUPPLY @ AIR CRUISERS

AIRSUPPLY-AERO ENGINEERING ® GARRETT MANUFACTURING LIMITED e C.W. MARWEDEL ® GARRETT INTERNATIONAL
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the virus RNA shed its old protein, en-
tered a plant cell and directed the for-
mation of a new protein coating. The
new protein was separated and ana-
lyzed, and compared with the original.
The new and old molecules contained
the same number of amino acid units
(158) but three of the acids were
changed: one unit each of proline, aspar-
tic acid and threonine had been replaced
by leucine, alanine and serine respec-
tively.

By good luck it was even possible to
locate the site of one of the replacements.
This was done by using an enzyme that
splits off amino acids from a protein
chain until it comes to a unit followed by
proline, whereupon the action stops.
When applied to the normal tobacco-
mosaic virus, the enzyme splits off only a
single amino acid from one end of the
chain, showing that there is a proline in
the third position. In the mutant protein,
however, 15 units are split off. Thus the
proline in the third position must be the
one replaced by leucine.

The identification of a specific altera-
tion in a protein is half the battle. Now
it remains to determine how the nucleic
acid itself was changed. The two pieces
of information together will constitute
the first translation of the genetic code.

Primitive Coexistence

Xl early variety of modern man appar-

+ 3 ently lived almost side by side with
Neanderthal man about 50,000 years
ago in the Near East. So concludes T.
Dale Stewart of the Smithsonian Institu-
tion after studying human remains from
the cave of Shanidar in Iraq and the
caves of Mount Carmel in Palestine. It
has generally been thought that Nean-
derthal man preceded modern man by
tens of thousands of years.

The Shanidar cave contained Nean-
derthal bones, while the caves at Mount
Carmel contained both Neanderthal and
modern skeletons. Carbon-14 dating in-
dicates that all the cave dwellers lived
in the same general period, although the
Mount Carmel skeletons appear to be
somewhat older.

Fragments of a female pelvis from
one of the Mount Carmel caves, and a
male pelvis from Shanidar have proved
to be almost indistinguishable from the
classic Neanderthal skeletons of central
Europe, Stewart reported in Science.
But the bones found in the other Mount
Carmel cave were remarkably similar to
those of modern man. Stewart suggests
that the two human varieties occupied
the caves at slightly different times, and
did not interbreed.

This photograph was taken by a Questar owner on 35 mm. film. It
shows the south polar region of the moon around Clavius, the largest
crater. On this scale the moon is nearly 27 inches in diameter. By com-
parison, pictures of Clavius made with telescopes of 36 to 200 inches
aperture show astonishingly little more detail, despite the fact that such
giants should reveal objects 10 to 57 times smaller than Questar can
resolve. Poor seeing due to unquiet air causes most of the trouble. And
here Nature favors the small telescope, permitting Questar’s modest 3.5
inch aperture to do surprisingly well when much larger instruments are
crippled by unsteady atmosphere. The superfine Questar costs $995 as
shown in British leather case. Terms
available. Send for the 32-page book-
let which tells the complete story.
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THE MEDITERRANEAN PROJECT

The seat of Western civilization for 6,000 years, the Mediterranean

1S now an “underdevelopéd” area. The 15 mnations of the region

have joined with FAO in a plan to double their food output by 1980

From the dawn of human history
until the Industrial Revolution be-
gan in England some 150 years
ago, the Mediterranean basin region
was the undisputed center of Western
civilization. There is scarcely a Medi-
terranean nation that has not been at
some time the leading power of the
Western world and a center of prosperi-
ty and culture. Yet today, with their
populations rising and the productivity
of their lands in decline, these nations
are blighted by want. The 170 million
Mediterraneans, a population compar-
able to that of the U. S., must share a
total gross output valued at $38 billion,
less than a 10th that of the U. S. At one
time the region drew from far and near
invaders who wished to share its beauty
and its material and cultural riches. Now
it is inhabited by people who are long-
ing to leave; only immigration quotas
and the cost of transportation prevent
millions from achieving their desire to
quit their miserable homes. In a former-
ly verdant landscape, its mountains and
hills covered by forest and rich pastures,
its plains fertile and productive, the
desert has taken over 1.25 billion acres
and is still advancing. The Mediterra-
nean gave the Western world its basic
literature, including the alphabet itself;
today it counts 100 million illiterates
among its inhabitants. Ruins of proud
cities that flourished hundreds and thou-
sands of years ago are to be seen
throughout the region, and yet a sub-
stantial portion of its people still live—
or live again—in nomadic tribes.

The plight and the hope of the Medi-
terranean region occupied a principal
place on the agenda of the last Confer-
ence of the Food and Agriculture Or-
ganization of the United Nations
(FAQO), which convened in Rome last
November. On this occasion the FAO
laid before its 82 member nations a plan

86

by Egon Glesinger

for the integrated development of the
agricultural and forest resources of the
region. The FAO Mediterranean Devel-
opment Project envisions balanced land-
use as the key to the over-all develop-
ment of the region and sets out a strategy
of investment to double the per capita in-
come of the Mediterranean peoples by
1980. Since population is rising in some
countries at the extreme rate of 3 per
cent per year, that objective calls for a
rate of investment sufficient to achieve
an increase of 150 per cent in output
over the 20-year period, an achieve-
ment that would set the region on a
course of self-sustained economic growth
thereafter. The studies on which these
hopes are based—represented by a two-
foot stack of economic and technical
reports that presided over the discus-
sions from the table of the chairman—
were approved by the Conference in a
resolution that was unanimously passed.
The resolution commended the broad
philosophy of the project, and called
upon the Director General of FAO to
organize from 1960 onward consulta-
tions to frame specific proposals for na-
tional and international action to be un-
dertaken as a result of the studies. It
also expressed the hope that member
countries outside the region would help
the Mediterranean countries to achieve
the objectives of the program, and in-
structed the Director General to help
in co-ordinating such assistance when it
came from more than one source. Final-
ly, it called for the establishment, with
the help of the United Nations Special
Fund, of a network of pilot develop-
ment-zones throughout the region.
These pilot zones are to serve not only as
centers for the testing of new tech-
niques, but also as propulsive areas from
which development will spread pro-
gressively outward to embrace the whole
Mediterranean.
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It must be conceded that elsewhere
in the world people are living in even
greater poverty. The per capita income
in most of the countries of Southeast
Asia and Equatorial Africa is between
$50 and $100 a year. The Mediterra-
nean, by comparison, is rather well off.
But the failure to keep pace with the
progress achieved by their neighbors to
the north and west, and the growing
gap between their own condition and
that of people whom they once domi-
nated and to whom they gave the first
lessons in civilization, weigh heavily on
the minds of all Mediterranean peoples.
This aspect of the situation gives par-
ticular color to the development prob-
lems of the Mediterranean. Here eco-
nomic growth is not, as in other under-
developed regions, the joyous, enthusi-
astic venture of new nations. In the
Mediterranean region the challenge is
to see whether peoples and civilizations
are in fact fated to grow old and decline,
as predicted by Arnold Toynbee and
other contemporary historical philoso-
phers. The experience may not only pro-
vide a lesson for other underdeveloped
regions but may indicate the shape of
the future for the whole Western world.

The striking contrast between the
Mediterranean past and the Mediterra-
nean present is often attributed to a
gradual change in climate. There is,
however, no real evidence to support
this notion. The most plausible explana-
tion seems to be that, although Rome,
Baghdad, Granada and other cities once
had many more inhabitants than they do
today, the population of the region as a
whole, throughout most of its history,
was only a fraction of what it is at
present; meanwhile the region’s natural
resources have been declining. A vicious
circle has been under way: increases in
production to meet rising demand have
been undermining the resources of the
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ENCROACHMENT OF DESERT is to be halted by planting of of Saccharum aegyptiacum by FAO experts in Libya shows
hardy grasses on dunes in parts of Mediterranean. Here a planting promise of success in contrast to earlier planting in background.

IRRIGATION OF TRUCK GARDEN is managed by worker in lettuce has been planted. FAO program calls for doubling of irri-
Libya, who diverts water into trenches between hillocks in which gated land and three-fold increase in truck-garden acreage by 1980.
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region and destroying its capacity to
produce.

A Land Intolerant of Error

This process is not confined to the
Mediterranean region. The robber econ-
omy that destroys forests and wastes the
wealth of the soil has held sway in al-
most every part of the world. The en-
vironment of the Mediterranean, how-
ever, is less tolerant of abuse than tem-
perate areas are. People who sometimes
complain of too little sunshine and too
much rain in the temperate climates of
Europe and North America find it diffi-
cult to understand the tragic impact of
too little rain and too much sunshine. In
the Mediterranean region the weather is
good, but the climate is bad. Under the
arid and semiarid conditions that pre-
vail, the misuse of land leads rapidly to
extensive soil-destruction, which is dif-
ficult to repair. Hence in the Mediter-
ranean one can witness the fulfillment
of ancient prophecies of disaster. In
Biblical times most of the area was
green; today the ruins of old settle-
ments are found many miles inside the
desert. Mountains and hills occupy some
125 million acres, but dense forests and
good grazing lands have shrunk to a
fourth of that area, and the remaining
acreage is either covered with degraded
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vegetation and brush or consists of bare
rocks, denuded hillsides and deep gul-
lies. As a result of widespread erosion,
floods are becoming more and more fre-
quent and cause increasing devastation;
the disasters that have hit Baghdad, Va-
lencia and the Po Valley during the last
few years speak for themselves. The
poor and underfed livestock produce
only a fraction of the milk and of the
meat that their vast numbers suggest
they should. Crop yields are low and,
even worse, recent attempts to raise
these yields have failed. Spain is one of
the few countries in the world where
food production during the past 30 years
has declined; in the region as a whole
food output per inhabitant has fallen, so
that the Mediterranean has had to be-
come a net importer of food.

Many observers consider that the
region has entered the last chapter in the
story of deforestation and soil destruc-
tion. But the end is not yet in sight. The
cycle of depredation and frustration can
go on for a long time to come; it is
determined by the relentless and in-
creasing pressure of population on the
land. Because there is not enough food,
marginal land is being plowed and crops
are being planted in hills that were for-
merly reserved for grazing. The herds,
driven from their traditional pastures,
destroy the range by overgrazing and
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invade the forests. Trees are cut down,
erosion spreads and the area of pro-
ductive land decreases every year.
Studies conducted in Iraq and Algeria
show that in some watersheds erosion
is stripping away some 20 to 25 cubic
yards of soil per acre per year, which
amounts to the destruction of about 7.5
acres per square mile. In those water-
sheds it is feared that the soil will
have entirely disappeared within a cen-
tury.

The Ecology of the Mediterranean

The wastage of resources has not
spared any part of the region. Thus in
this period of decline the 15 Mediter-
ranean countries are still linked by that
unity of destiny which enables one to
speak of a “Mediterranean civilization”
of earlier times. Their unity derives
basically from a broad similarity of
environment that gives the term “Medi-
terranean” a well-established ecological
meaning. Throughout the world a “Med-
iterranean climate” is one characterized
by cold, rainy winters and long, dry sum-
mers, separated by short spring and au-
tumn seasons during which climatic con-
ditions are extremely unpredictable. The
geographer speaks of southern Cali-
fornia, and some parts of Chile and South
Africa as “Mediterranean.” Many plant
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MEDITERRANEAN FOREST LANDS have dwindled during the 6,000 years of civilization from about
500 million acres (see key at left) to less than 50 million. The agricultural revolution that brought this
change began some 10,000 years ago in the “Fertile Crescent” of the Middle East. The land was first



species—for example, the cork oak, the
Aleppo pine and the olive—are peculiar
to the Mediterranean region, and many
soils throughout the world are classified
as “terra rossa,” after the typical Medi-
terranean soil.

The unity of the region, so firmly
based on these natural foundations, is
reinforced by a common heritage of
memories, culture and social institutions.
For these countries—hemmed in by in-
hospitable hinterlands of rugged moun-
tains, deserts or steppes—the Mediter-
ranean has constituted a meeting place,
like the forums of their ancient cities,
where their cultures have become close-
ly intermingled. It is no mere chance
that the best example of Gothic military
architecture, the Templars’ castle known
as the “Krac des Chevaliers,” lies in
Arabic Syria, and that the finest ex-
amples of Moslem art are to be seen in
Christian Spain. So throughout the
region the nations contend with closely
similar economic and social problems:
the primitive character of agriculture, in
which more than half of the Mediter-
ranean people are employed; the enor-
mous differences in levels of income,
and the inherent tendency of upper-in-
come groups to dissipate precious for-
eign exchange on nonessential imports
and to hoard their excess funds in sterile
savings; the predominance of the spirit
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of mercantilism over that of entrepre-
neurship, which results in a low rate
of investment or no investment at all;
and the intense loyalty to the family or
the clan, which hampers public admin-
istration and eflicient enterprise in in-
dustry. All this explains why it is not
only possible but necessary to treat the
region as a unified whole in any plan
aimed at winning signiﬁcunt progress
against its long-term decline.

When the FAO plan was first con-
templated, the most obvious prescrip-
tions for the Mediterranean problem ap-
peared to be: “Turn the clock back and
restore the past,” or, alternatively, “Im-
port the Industrial Revolution and move
into the 20th century.” According to the
first idea, a vast reforestation program,
aimed at re-establishing the ecological
environment of the region as it was in
happier times, would raise soil fertility,
extend the area of productive land and
relieve unemployment. Mediterranean
man would be restored to the natural
landscape that supported his more pros-
perous epochs, and the historical cycle
would begin again. Unfortunately the
destruction of the soil has made it im-
possible to restore the ancient forests
within a reasonable time and at a think-
able cost. In any case the pristine re-
sources of the Mediterranean supported
a population only a fraction of the
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cleared for planting; when careless practice and erosion had reduced its productivity, the farm-
er abandoned it to the herdsman. Overgrazing by sheep, goat and camel exposed the soil to
erosion. Now, especially in Spair and the Middle East, much of the former forest land is desert.
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present one; restoration of former pro-
ductivity would not satisfy current
needs, much less meet the demand for
rising living standards in an even larger
population tomorrow. No plan for the
Mediterranean can fail to reckon with
the fact that the region—largely as the
result of “death control” by elementary
public-health measures—will have to
feed 70 million additional mouths within
a generation.

The second notion, of “overnight in-
dustrialization,” has been repeatedly at-
tempted during the past 15 years. The
creation of large dams for electrification
and irrigation in southern France under
the Monnet Plan, the ambitious Vanoni
Plan for the development of southern
Italy and the industrialization program
in Turkey are well known. Similar ef-
forts have been undertaken in almost
every country of the region with the help
of substantial foreign aid, which together
with the windfall oil revenues of Iraq
have probably exceeded $33 billion over
the past 10 years. Between 1945 and
1953 the national income in most of
these countries rose significantly. Since
then, however, progress has slowed
down and in some countries has come
to a standstill. The beginning of self-
sustained growth that had been hoped
for has not occurred. Increases in food
production were obtained, but the
wholesale importation of U. S. ma-
chinery and techniques accentuated
even further the destruction of land. In-
stead of achieving more output per acre
of good land and per unit of livestock,
cultivation was spread too widely, and
animal numbers were raised too high.
In Turkey, for instance, it is estimated
that at least 10 million acres should
be taken out of cultivation and turned
back to pasture or forest. To try to
install the “20th century” overnight
would therefore compromise the future
of the region.

Balanced Land Use

FAO has sought a third, indigenously
Mediterranean, solution to the Mediter-
ranean problem. The FAO plan aims
neither at Utopian restoration of the
primeval environment nor at the imposi-
tion of alien ways of living. At the core
of this solution lies the Mediterranean
land. The recurrent leitmotiv of the
study is “balanced land use.” In the
words of the Overall Report of the
Project adopted by the FAO Confer-
ence, the first objective is to “protect the
soils and crops against erosion and simi-
lar losses and to reclaim through proper
measures lands now wasted and unpro-
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ductive.” Without an immediate reversal
of the process of soil destruction the en-
tire region faces disaster. What is
needed is torelieve the pressure of over-
grazing on land unsuited for cultivation
and to restore the forest cover and other
vegetation wherever this is possible and
appropriate. In time this will amount to
changing the geography, the appearance
and perhaps even the water cycle and
climate of the entire region. To this end
it will be necessary to displace shep-

herds and their flocks from forest and

eroded range lands, and to reduce the
cultivated area and perhaps even the
size of livestock herds—at a time wheu
increasing undernourishment and unem-
ployment would seem to indicate the
need for exactly the opposite action.

As its second major objective, how-
ever, Overall Report calls for measures
to “raise productivity in agriculture and
forestry in order to achieve increased
supplies in line with the requirements of
the country’s inhabitants.” This means
increasing the output on the plains
through vast schemes of irrigation, sup-
plemented by three basic technical
measures: the use of fertilizer, the
mechanization of plowing and other
agricultural operations and the introduc-
tion of improved seed. A considerable
portion of the expanded crop-growing
capacity of the plains will go to the pro-
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DRY FARMING
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duction of forage crops to make up for
the reduction in grazing area. With
crops and livestock resettled on the
plains, forests can be re-established on
watersheds and on other lands suited for
tree planting. The terracing of slopes
and the extension of all kinds of vegeta-
tion should supplement the forest pro-
gram until eventually the Mediter-
ranean becomes green again. Grazing
could then be considerably extended,
provided it is properly controlled.

Agriculture and Animal Husbandry

The FAO plan thus implies a funda-
mental change in the age-long division
of the land in the region into two sepa-
rate exploitation patterns of crop pro-
duction and livestock raising. The key
idea is the integration of agriculture and
animal husbandry. Two ways are pro-
posed to bring about this integration:
mixed farming, that is, the introduction
of grazing crops into the agricultural ro-
tation; and the production of fodder for
delivery to herds when pastures are de-
pleted. There are indications of the
feasibility of such integration in many
parts of the region. In Cyprus compara-
tive demonstrations of traditional crop-
ping and mixed farming have proved
that the latter method can double the
cash return from the land. On nonirri-
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gated land these same pilot farms have
shown that mixed farming can maintain
two head of sheep per acre. Similar ex-
periments in Spain have shown that 350
to 450 pounds of livestock can be main-
tained per acre on irrigated land. In gen-
eral it appears realistic to expect that
mixed farming can maintain four head
of sheep on irrigated land and two head
per acre on nonirrigated land, compared
to less than one per acre even on im-
proved range land. The present livestock
population—35 million cattle and 180
million sheep—is supported on some 350
million acres of run-down range and open
forest land. That same population can be
supported on 45 million acres of irri-
gated land and 200 million acres of rain-
fed land, the maintenance of the herds
being a by-product of the efficient land
use achieved by mixed and diversified
farming. It happens that these are the
acreages that have been projected for
irrigation and dry farming in the FAO
plan.

Thus it should be feasible to free the
forests and the marginal ranges from the
wandering flocks that are at present lay-
ing them waste, planting some of the
land to forest and undertaking the resto-
ration of productive pasture on the rest.
Thus an area larger than Alaska and
Texas combined may be saved from de-
struction and returned eventually to pro-
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BALANCED LAND-USE envisioned by FAO would enable region to

double its output of food by 1980. Expansion of irrigated acreage from

FOREST-GRAZING
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20 to 45 million acres will make it possible, at the same time, to take 40



ductive use. The golden dream of Medi-
terranean soil conservationists and for-
esters—the liberation of forest and range
lands from the pressure of livestock—
could therefore begin to become a real-
ity by 1980. The FAO plan calls for im-
mediate measures to rebuild the land as
it is taken out of the range. Eight per
cent of the total projected investment is
set aside for forestry and soil-conserva-
tion measures.

The Question of Water

The key to all of these schemes is
water. It is not only in the desert,
where it transforms sand dunes into
green oases of luscious vegetation, that
water is regarded as a precious fluid.
The scarcity and hence the value of
water is felt to a considerable degree
throughout the Mediterranean region.
Only Mediterranean man can know what
a high price is exacted by the wonderful
weather enjoyed by tourists from Amer-
ica and northern Europe. The absence
of rain during the long dry season, the
excessive concentration of rainfall in the
torrential winter rains and the salinity of
poorly drained soils have been through-
out history and remain to this day the
main physical factor limiting Mediter-
ranean agricultural production, as well
as the cause of floods, erosion and the
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progressive losses of productive soil.

So long as agriculture remains based
on uncertain and badly distributed rain-
fall, even good methods of dry farm-
ing will produce only limited yields,
wholly insufficient to support the rapidly
increasing populations or to enable them
to achieve the necessary levels of pro-
ductivity and employment. But as soon
as water is made available in sufficient
amounts and at the right times, all this
changes completely. Barren, apparently
bad soils begin to produce two and three
crops a year; output per acre of crops
and meat and milk production per ani-
mal unit rise to the level of internation-
al record yields.

The Central Valley of California pro-
vides the best-known illustration of the
spectacular transformation that the well-
planned introduction of adequate water
supplies and their proper distribution
can bring about. There is no reason why
the Mediterranean should not regain its
prosperity by becoming another Cali-
fornia. Indeed, hydrologic surveys have
accumulated substantial evidence that
the region possesses enough water to put
practically all of its land, including sub-
stantial fringes of its deserts and steppes,
to productive use and to support its
prospective population. At present, irri-
gation extends to some 20 million acres,
representing roughly 3 per cent of the

million acres out of dry-land cultivation and to withdraw 350 million acres of overgrazed
and eroded land from the range. Farms on irrigated as well as rain-fed land will grow fodder
and forage in rotation cycle, and livestock reared on the range will be fattened on the farm.
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total area of the region, excluding
deserts. Further surveys will provide
precise figures, but general studies and
hydrologic surveys made so far indicate
that more than 60 million acres, or 30
per cent of the arable land of the plains,
may ultimately be brought under irriga-
tion. Meanwhile, the studies already
completed by FAO propose to raise the
irrigated area by 25 million acres be-
tween now and 1980, bringing the total
to 45 million acres, or 70 per cent of the
potential [see illustration on next page].
This would exceed the total area irrigat-
ed in the U. S., and hence the area irri-
gated per capita would also be greater.

But irrigation must be carefully man-
aged. The hazard of salinity, created by
salts precipitated from water evaporat-
ing on undrained land, may render il-
lusory all the benefits expected from an
otherwise well-engineered irrigation
project. In Iraq 70 to 80 per cent of all
the irrigated land is now saline to some
extent. Areas irrigated and cultivated for
the first time in 600 years have pro-
duced only five or 10 crops before the
soils became too salty. One large area
near Baghdad produced only one crop
before it was ruined. On the Menemen
Plain in Turkey the canal system con-
structed in 1949 had no drainage, and
substantial parts of the lower lands have
already gone out of production. Detailed
proposals in the FAO study cover all
these supplementary measures. In Iraq,
for example, it is planned to spend $280
million on drainage and on leaching the
salt out of ruined soils.

The total cost of the irrigation pro-
grams recommended by the Mediter-
ranean Development Project would
amount to $7.3 billion. Fortunately per-
haps as much as a third of these costs
will represent wages. The second largest
item is cement, which can and should be
locally produced. The major irrigation
dams will generate hydroelectric power,
which is needed for rural electrification
and as a basis for industrialization. The
irrigation phase of the FAO program
will thus contribute heavily to the third
principal objective of the Overall Re-
port, which is to provide employment
to the vast unemployed or under-
employed rural population of the region.

Irrigation Multiplies Acreage

It would be difficult to find a large-
scale investment that will yield such
high return as that which is proposed
for the Mediterranean lands. On newly
irrigated lands of the United Arab Re-
public in Syria the average yield of
wheat has exceeded 35 bushels per acre,
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compared to the average yield of 10
bushels from the rain-fed lands of Alge-
ria, Morocco and Tunisia. Data from
Spain show that in many cases yields
from irrigated land are three or four
times greater than from rain-fed land.
When improved methods are applied
together with irrigation, the advantages
of irrigated over rainfall farming are
even greater, for irrigated land also re-
sponds better to fertilizer and other
measures to secure larger crops.

The investment in irrigation can be
further enhanced in two ways. First,
high-value crops may be substituted
for low-value crops; in Greece the re-
placement of wheat with cotton prom-
ises to increase income by three to
three and a half times. Second, irrigation
makes it possible to grow more than one
crop per year on the same land; “double
cropping,” with vegetables and fodder
in rotation with crops such as cereals and
cotton, becomes feasible. Thus where
water is available the year around, irri-
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gation may effectively double the acre-
age of the best and scarcest land.

The benefits of irrigation, however, go
beyond the increase in output. Where it
is possible to rotate staple or cash crops
with the production of fodder, irrigation
can promote the integration of agricul-
ture with livestock husbandry. But the
principal cash crops on the newly irri-
gated lands will be fruits and high-
quality vegetables. It is expected, for ex-
ample, that the production of citrus
fruits will rise from the present one mil-
lion metric tons to some 3.2 million tons
by 1980, and that the production of
fresh fruits and vegetables will also in-
crease considerably. Part of this increase
will have to be diverted to meet rising
home demand, but part will also help to
increase foreign exchange earnings—
provided an adequate system of export-
ing this output to the richer countries in
Western Europe is established. To this
effect the possibility of establishing a
“cold chain” (that is, a network of re-
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IRRIGATED LAND is to be increased from eight to 18 million
acres. Area of year-round irrigation, especially, is to be extended.

92

© 1960 SCIENTIFIC AMERICAN, INC

CORN
COTTON

ANNUALS |

—
PEREMMNIALS

1956

frigerator and freezing plants) is being
investigated. All told, the land irrigated
under the FAO plan should produce an
output of $5 billion each year, as com-
pared with the present output of $1 bil-
lion from this same land. By 1980 the
total output of all irrigated lands can be
safely estimated at $10 billion, some
three quarters of the total value of the
present agricultural output of the entire
region. At that time these lands will pro-
vide four billion man-days of employ-
ment. The social dividend on the invest-
ment will be represented by the pro-
vision of homes and livelihood for 15
million families—more than 50 million
people, or more than twice the number
who presently enjoy the security of the
stable agricultural economy made pos-
sible by irrigation.

Dry-Land Farming

On the 200 million acres of arable
land that are to be kept under cultiva-
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Double-cropping on such land will virtually double its acreage
and bring total effective irrigated acreage (b) up to 60 million.



tion without irrigation, new practices
and techniques will bring equally pro-
found changes. The FAO objective for
these lands can be summarized as a
movement away from wheat, now ac-
counting for more than one third of the
acreage, to more meat, more milk and
more cash crops such as cotton and
sugar beet. In addition, the land that
must lie fallow each year under present
practices, accounting for another third of
the acreage in a given year, will be
brought under sustained cultivation by
diversification of crops and well-planned
schedules of rotation. Since the dry-
farming lands comprise by far the pre-
ponderant acreage of arable land in the
region, this objective calls for nothing
less than a complete modernization of
Mediterranean agriculture—more specif-
ically, for the massive use of fertilizers,
for mechanization and for the introduc-
tion of better seed.

Experiments in the region ‘have al-
ready shown how profitable fertilizer
can be. In Greece, on the plain of Thes-
saly, fertilizers have brought increases in
wheat yields of eight or nine bushels per
acre. The cost of fertilizer amounted to
$7 per acre, and the increased yield had
a value of $20. In Tripolitania benefits
from fertilization amount to more than
$15 peracre on good soil and to between
$4 and $5 per acre on poorer lands.

At present, the region’s consumption
of phosphoric acid and nitrogen, the
most essential fertilizers (deficiencies in
potash are rare in the region), amounts
to about 700,000 tons and 600,000
metric tons respectively. According to
the FAO study, these figures should be
multiplied three times. In some countries
(Iraq, Turkey and Spain) the produc-
tion of fertilizers will depend on the
availability of foreign exchange. It is the
hard lot of the farmers of the region that
while they are poorer than those of more
developed countries, they must pay
more for the means of production. An
Iraqi farmer would, if he could, have to
pay almost $100 per ton for sulfate of
ammonia; a Danish farmer, who is more
than 10 times as rich, pays only half that
price.

Though there is at present a large
measure of underemployment in these
countries, mechanization is nevertheless
of great importance. The mechanization
of seeding and harvesting can greatly
minimize the heavy risks of weather.
Deep plowing, with the help of tractors,
is essential to penetrate and loosen—al-
most to remake—the hard, dry Mediter-
ranean soils. Savings of 25 to 35 pounds
of seed per acre are possible when drills
are used to sow grain. The present trac-

WATER FOR IRRIGATION, flood control and electric power is impounded behind Hir-
fanfli Dam on Kizi Irmak river in Turkey. This 300-foot-high dam was completed in 1959.

tor force in the Mediterranean region is
not more than 190,000 units. In order to
put only four tractors to work on each
2,500 acres of sown land (the level of
mechanization in southern Italy) it will
be necessary to increase the existing
force by another 130,000 units.

On the soils improved by better culti-
vation practices and enriched by mineral
nutrients, it becomes worthwhile to
plant better seed. Improved seeds and
plants constitute one of the cheapest
means of achieving increased yields
throughout the dry-farming area. In
Greece 25 per cent of the postwar in-
crease in wheat yield can be attributed
to better seed, and in Turkey it is said
that increases of 15 per cent have been
obtained from test plots even without
the use of fertilizer. Since conditions in
the region are ideally suited to seed pro-
duction, there is no reason why this need
should not be met locally.

At present seeds, fertilizer and farm
implements are largely imported com-
modities. Expansion of these industries
under the collective sponsorship of all
the countries of the region could provide
products well suited to local conditions
and save much duplication of effort as
well as foreign exchange. FAO plans to
help the Mediterranean countries estab-
lish a network of these industries, which
will be located in strategic points and
aimed at supplying a common Mediter-
ranean market,

Livestock: From Range to Farm

Since well-planned rotation schedules
call for the production of forage and fod-
der crops, the reformation of agriculture
in the Mediterranean will lead naturally

© 1960 SCIENTIFIC AMERICAN, INC

to its integration with animal husbandry.
The present paradoxical situation is that
while range lands are overgrazed by
enormous flocks, livestock output is far
below what it should be. With the qual-
ity of their herds dwindling along with
the cover on the range, herdsmen have
been increasing the size of their herds
and prolonging the grazing period in the
effort to increase their output. But
heavier and more prolonged grazing
only reduces the quantity and quality of
the herbage and accelerates the decline
of both range and animals. The livestock
industry is thus devouring itself. This
situation must be changed, not only to
save the range and forest land but also
to improve the diet of Mediterranean
man; at present average meat consump-
tion per capita does not reach 25 pounds
per year.

The FAO proposes to shift the live-
stock burden from the upland range and
forest lands to the plains. With increased
supplies of forage and fodder furnished
by the irrigated lands as well as the dry-
land areas, it will be possible also to ini-
tiate systematic improvement of the
herds, making themyield more meat and
milk instead of a wasteful increase in
numbers.

For the farmers the new regime offers
the advantages of diversification and
more productive utilization of their land.
In their present dependence upon single-
crop planting (principally wheat) they
are exposed to the hazards of weather
and the market, and they must let a con-
siderable portion of their land lie fallow
from year to year. They will now intro-
duce forage and fodder crops into their
rotations and keep all of their land
under continuous cultivation. Those who
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go the way of mixed farming will grow
forage for direct grazing. Others will
grow hay or silage for sale to cattle
growers when natural or green fodder is
available only in limited quantities. Low-
land farmers will also undertake the
plantation of fodder trees on land not
suited for annual cultivation. The most
promising species for this purpose ap-
pears to be the carob, the cultivated
varieties of which produce an edible
starchy pod of high nutritive value.
Almost half of the present production of
this species is exported from the region,
a fact that reflects the low standard of
the livestock industry. Millions of tons
of additional fodder could be obtained
from this source, if the livestock were of
sufficiently high quality to be able to
utilize the fodder economically.

The Nomad in Transition

What role will be left to the steppes
and the marginal range lands in this new
structure of livestock production in the
Mediterranean region? According to
FAO, these lands will be used solely as
rearing areas for livestock, which will
then be fattened on arable lands and
on cultivated pastures. The ranges will
serve as lamb factories, devoted to sup-
plying the raw material for the livestock
industry of the agricultural zones. With
the ranges thus relieved of their present
overpopulation of livestock, it will be
possible to introduce all the refinements
of rational management: deferred and
rotational grazing, allotment of manage-
ment units to the various nomadic tribes
according to their stock resources, vac-
cination centers, management and de-
velopment of watering points, and above
all the introduction of animals of higher
quality into the Mediterranean herds.
There is also the prospect of a radio net-
work to broadcast rain forecasts and
hence the location of herbage to the
nomads, so that the flocks may be de-
ployed as fishing fleets are. The nomad
will thus no longer be either a pirate or a
castaway in the vast sea of the steppes,
but would follow an orderly cycle of an-
nual migration between the uplands and
the agricultural zone. He would once
more find a source of cash in the low-
lands, this time not as the result of “raz-
zias” (raids) but as the consequence of
peaceful economic integration. This
transformation of the nomad’s habits
would probably facilitate still further
what has hitherto proved to be a most
difficult undertaking: the transition from
the nomadic to the sedentary life.

The success of the livestock program



and its integration with other forms of
land-use depend heavily, of course, on
the sensitive social questions it involves.
Between the herdsman and the cultiva-
tor, the large sheep owner and the small
farmer there has been a long tradition of
antipathy. The fact that, especially in
southern Europe, livestock raising has
been traditionally associated with the
population in the mountain areas, con-
fined to the barren hills partly by the
fear of disease in the swamplands below
and partly by fear of the tax collector,
complicates matters even further. With
the increase in population density in the
plains, the hostility between mountain
people and lowlanders has further in-
creased. To secure proper use of the
land in the mountains involves resettle-
ment of the mountain populations and
the reorganization of the whole system
of livestock raising. This means profound
change in living habits not only of
nomads but of a large section of the
population, no less than 40 per cent of
the people in Greece. By 1980, however,
the plan calls for the production of 5.7
million metric tons of meat and 4.5 mil-
lion metric tons of milk. By then the
livestock industry will be producing 50
pounds of meat and 200 quarts of milk
per capita, doubling present supplies.

Restoration of the Forests

At the very foundation of all of these
hopeful plans for agriculture and animal
husbandry lies the program for the res-
toration of the forests of the Mediterra-
nean. In any landscape the forest is the
anchor that holds the sheet of topsoil in
place upon the ground. Trees exercise
their beneficial influence on soils, water
and climate in many ways. Their roots
prevent the attack on the soil of water
and wind. Forest soils absorb rain and
store the water, thus preventing or lim-
iting floods and equalizing the water
supply. As soon as the hills are deprived
of their original forest cover, erosion sets
in and removes the topsoil at an alarm-
ing speed. Erosion also results in the
silting of dams. In Turkey a third of the
reservoir capacity above the Cubuk Dam
has been lost since its completion in
1936. In southern France silting has re-
duced the capacity of the reservoir
behind the water-catchment dam at
Gétre on the Gave River by 85 per
cent. Several Algerian dams are already
out of service after no more than 40
years.

Not many thousands of years ago for-
ests covered all the mountains and hills
of the Mediterranean region, as well as

large tracts of land on the plains [see
illustration on pages 90 and 91]. Alto-
gether the forested area extended to a
third or a fourth of the region. Of these
250 to 500 million acres only 50 million
can now be classified as true forest. Offi-
cial statistics, it is true, show more than
100 million acres in forest, but the acre-
age includes regions of brush and even
bare soil.

Given the land needs of the expand-
ing population of the region, no massive
reforestation can be contemplated. The
FAO proposes, however, that the gov-
ernments plant during the next 20 years
some 18 million acres of forest, primarily
for the purpose of protecting soil re-
sources, three million acres in the Near
East and North Africa and 15 million
acres in southern Europe. The new for-
ests will be of varying density, and fre-
quently will consist of open tree-forma-
tions on terraces and slopes, sufficient to
protect and stabilize the soils, which will
be planted with grass. In many of these
hillside forests grazing might be per-
mitted after the trees have reached suffi-
cient height. The program also gives
considerable weight to the improvement
of degraded forests; some 25 million
acres are to be restored, principally in
Spain, Turkey, Greece and Algeria. Alto-
gether the region’s effective forest area
is to be expanded by some 43 million
acres, to cover 2 per cent of the total
land area, or 5 per cent of the land area
excluding deserts. Since the potential
forest area is substantially larger, per-
haps some 200 million acres, it is reason-
able to assume that the forests will be
extended further during the rest of the

present century until a more satisfactory
balance between forests, pastures and
cropland is achieved.

Tree Farms

Meanwhile the Mediterranean forests
must do what they can to meet the rising
demand for forest products. The increase
in population, the rising living and hous-
ing standards, the gradual eradication of
illiteracy and the establishment of in-
dustries producing goods to be shipped
and distributed, will raise the require-
ment for structural timbers, printing pa-
per, packaging and wrapping materials
and for fuel wood at a substantially fast-
er pace than the increase in gross out-
put. The primarily protective forest
plantations on hills and slopes will not
contribute much to meet this demand,
and the 75 million acres of existing and
restored high forest will certainly not be
able to supply more than half the pros-
pective needs. In order to save foreign
exchange the FAO plan envisages the
plantation of four million acres of pop-
lar, eucalyptus and other quick-growing
trees on the plains, more than 20 per
cent of this acreage to be irrigated land.
These species can convert water, air and
soil nutrients into wood at the rate of 20
cubic yards per acre per year (as much
as 40 cubic yards per acre on irrigated
land) and yield timber after 10 years.
They can compete commercially with al-
most any other irrigated crop, and should
be assigned land according to the pros-
pective wood needs of the region, not
just whatever land is left over as being
unsuitable for other uses. Studies carried

BARLEY IS HARVESTED by hand tools on large unirrigated estate in Morocco. Mechani-

zation and organization of large-scale cooperative farms will increase yield on such land.
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out in Iraq by FAO experts show that in
the upper Tigris valley poplar planta-
tions can produce up to three times as
much revenue as the wheat-clover rota-
tion can on the same land. In lower Mes-
opotamia timber has demonstrated a
comparable superiority over irrigated
cotton. These striking differences in
yield value are due less to high timber
prices than to the high rate of growth
of timber on irrigated land.

Many of the plantations of quick-
growing species will serve as shelter
belts and windbreaks for cropland or
will give shade along roads and canals.
The FAO expects that forestry will play
a major role in stopping the encroach-
ment of the desert into the so-called
fertile crescent of the Near East, where
agriculture had its beginnings some
10,000 years ago. It is not a question
of establishing a rigid green bulwark
along the desert edge of the fertile
crescent, but of planting a dense net-
work of windbreaks and shelter belts all
along the borderline between the agri-
cultural zone and the desert. In order to
push this band of trees as far into the
desert as possible the local supply of
ground water may be utilized. Where
such water is scarce, it has proved to be
more economical to utilize it for starting

some kind of perennial vegetation rather
than to exhaust it in the watering of
agricultural crops that leave nothing be-
hind. In fact on most of the desert
fringes irrigation would no longer be
necessary after five years, and the tree
plantations could rely solely on rainfall.

That portion of the forest program
which has been estimated in detail will
provide 60 million man-days of addi-
tional employment on a seasonal basis
during the offseasons in agriculture. To
this must be added the jobs provided
by the establishment and operation of
some 30 pulp and paper factories, saw-
mills and other forest industries, which
will convert $200 million in raw ma-
terial annually into manufactured forest
products.

Goals for 1930

At this stage it is not yet possible to
forecast the results that may be achieved
by 1980. Detailed studies have so far
been completed for 10 of the 15 coun-
tries. But the over-all objectives of the
Mediterranean project can be stated,
and they serve as a guide for the writ-
ing and execution of policy. FAO ex-
pects the Mediterranean Development
Project to achieve an increase of $60

billion per year in the gross output of
the region as a whole. Of this total some
$20 billion is to be gained in the Near
East and North Africa, bringing that re-
gion up from its present $10 billion per
year to $30 billion, and raising per capita
income from $170 to $300 per year.
Agricultural output in this subregion is
to be increased 110 per cent, by dou-
bling the acreage under irrigation and
by more intensive use of rain-fed land.
Under the policy of diversification, farm-
ers on rain-fed lands will harvest con-
siderably larger and more secure in-
comes from such crops as barley, rice
and hybrid corn, and will provide pas-
ture and fodder for the herds. The newly
irrigated lands will also contribute major
increases to the supply of forage and fod-
der; they will make it possible to double
the acreage planted to citrus and other
fruits, and they will multiply the truck-
garden acreage four times. Since there is
little forest left to restore, the principal
effort will be the planting of three million
acres of new forest, of which 617,000
acres, planted to quick-growing species,
will be yielding forest products in eight
or 10 years. For southern Europe the ob-
jective is an increase in gross output
from $26 to about $70 billion in 1980,
making it possible almost to double

BEEF CATTLE seek forage in mountain pasture above Isparta in
Asiatic Turkey. FAO program calls for restoration of range land
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to support cattle as well as goats and sheep. This check dam
keeps spring torrents from spreading sediments on valley lands.



the per capita income, from $250 to
$485 per year. Total cropland is to be
reduced by some 8 per cent, but the
yield will be increased by doubling the
land under irrigation and by more in-
tensive, diversified planting on the rain-
fed land. Mixed farming, which can be
more easily instituted in the European
environment, will free more than 10 mil-
lion acres to plantation of new protec-
tive forests, especially in Spain. Forest
yields from the thinning of these planta-
tions may be expected in 20 years and,
in addition, some four million acres
planted to quick-growing species will
help to meet the rising demand for wood
in all forms.

The Obstacles Are Social

The social obstacles to be overcome in
achieving these hopeful objectives are
particularly acute. There are three main
stumbling blocks in the path of agricul-
tural development in the Mediterranean
region: the unbalanced system of land
tenure, the excessive fragmentation of
land holdings and the primitive structure
of rural society.

In nearly all countries well over half
the holdings are of less than 10 acres,
and they tend to be reduced in size by
rental and share-cropping when the sea-
sons are more favorable and the land is
more productive. In Egypt nearly 90 per
cent of the holdings are of less than 2.5
acres, and minute holdings are also com-
mon in southern Europe. Population in-
crease in recent years has tended almost
everywhere to reduce holdings to a size
that provides the farmer and his family
with little more than the food needed
for subsistence. No margin is left for in-
vestment. Not even irrigation combined
with the most modern techniques can
extract from 2.5 acres of soil a decent
living for a family.

At the other extreme there still exist
in most of the countries enormously large
estates, mainly in rain-fed areas and
sometimes on land too poor to yield a
living if worked by traditional peasant
methods. The existence of these estates
places the tenants in an extremely weak
position with respect to their landlords,
a position that sometimes smacks of feu-
dal times. Share-cropping is fairly com-
mon in these countries, and even when
the land is rented for cash, the tenants
often have no more than a short-term
and insecure lease. Since the peasant has
little or no bargaining power, he has to
submit to exorbitant demands. Share-
croppers may yield up to 50 to 80 per
cent of their produce as rent and inter-
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REDISTRIBUTION OF LLAND around Salamanca in Spain is de-
signed to assemble small parcels of land into tracts of sufficient

est charges. All too often the tenants’
efforts to improve their holdings and in-
crease their output result in demands for
higher rent, so that improvements are
discouraged. Absentee landlords, for
their part, have little interest in the
management of their land.

Small as the holdings are, they are
fragmented into even smaller scattered
plots, so that the southern European
peasant cultivates wheat here, gathers in
hay there and pastures his cow, if he
owns one, in still another plot. An air
view of the Mediterranean landscape,
with its fine-grained pattern of small
plots surrounding the central village,
looks very different from the U. S. scene,
with its orderly array of rectangular
quarter-sections, each commanded by a
farmhouse and a capacious barn. A long
and tangled history of rights of succes-
sion and rigid inheritance-rules lies be-
hind the division and subdivision of land
in the old countries of the Mediter-
ranéan. In the Peloponnesus, for in-
stance, there are cases of outlying plots
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located at five to 10 miles from the
farm center. The 1950 agricultural cen-
sus in Greece indicated that about a
third of all farms have outlying plots of
land in communes other than their own.
In northern Portugal plots are counted in
square yards instead of in acres. In Yugo-
slavia peasant holdings consist on the
average of 11 different plots.

It is little wonder that production pat-
terns are inflexible or that improved
techniques are slow to spread. Insofar as
its special position as an intergovern-
mental organization allows, FAO strong-
ly advocates drastic measures in favor of
land reform all over the region. Such
reforms must include provisions for the
redistribution of large holdings to peas-
ants who are landless or whose holdings
are extremely small, and for strengthen-
ing the position of the tenants. Redis-
tribution will probably have to affect no
less than 50 million acres, that is, a fifth
of the cropland throughout the region.
The kind of land tenure (that is, whether
freehold or leasehold) to be adopted in
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size to sustain cultivation by modern methods. The holdings of each
farmer were broken up into many smail parcels (left) ; the three

these reforms is not a question of funda-
mental importance for which an over-all
rule can be established. Perhaps more
important is the large expenditure and
organizational task that will be involved.
Technicians will have to be employed to
help organize the co-operative use of
such investments as irrigation and ma-
chinery. The road system must be re-
modeled and new buildings constructed
in order to provide the economically
adequate farm units with the facilities
they will need. Since the family must be
regarded as the basic unit of the agri-
cultural economy, the real problem in
land reform is to combine large-scale
organization, designed to get the maxi-
mum yield from the land, with small

holdings operated by families.

Tribe and Family

In the Mediterranean region custom
and deep family loyalty still furnish the
social mortar provided by contractual
relationships and civic responsibilities



farmers whose hoidings are identified by the gray and the two col-
ored tones held 280 to 800 acres divided into parcels of 2.5 to five

in more integrated societies. In south-
ern Europe the links between town and
country have strengthened with prog-
ress, and there is less resistance to
change in traditional ways of life. Yet
even here, particularly in the more iso-
lated areas, age-old customs and loyal-
ties persist. In parts of the Near East and
North Africa a significant proportion of
the rural population is nomadic or semi-
nomadic, and the basic unit is the tribe,
which has retained a considerable inde-
pendence in the administration of its
own affairs. In the settled areas the fam-
ily becomes the basic unit; it provides
for the weak and the old, imposes a rigid
code of behavior and otherwise carries
the responsibilities taken over by the na-
tion at large in more advanced societies.

The breakdown of these institutions
can have severe social consequences.
This has become obvious in the growing
urban areas of the region, where the im-
portance of the family has been declin-
ing. The wave of modernization inspired
by closer contacts with the outside world

o

and with the more sophisticated mem-
bers of their own societies has made the
conflicts between the younger and the
older generations acute. Miserable hous-
ing conditions, degrading work in petty
and menial trades, the corrupting influ-
ence of rackets of various kinds—these
combine to erode previously accepted
values. Family loyalties have not been
replaced by a sense of civic responsibili-
ty, and neither public nor private assist-
ance has taken the place of family ob-
ligation.

Community Cooperatives

In the planning of agricultural reform
FAO has sought ways to mediate the so-
cial impact of the new technologies and
the economic arrangements that will
attend them. The plan banks upon the
expectation that the tribal and village
spirit will provide avehicle for economic
development. Enthusiasm and leader-
ship must be elicited at the community
level for change and progress which, if
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acres each. After redistribution (right) each farmer holds the
same number of acres assembled into large contiguous parcels.

imposed from without, would probably
meet with resistance. The transformation
of the community spirit into the coopera-
tive spirit offers the easiest way to mod-
ernize these rural societies without an
abrupt departure from the old traditions.
FAO contemplates setting up a broad
network of community-developed ex-
periments, linked to the pilot zones in
which the new technologies and patterns
of land use are to be demonstrated. The
community-development movements in
the region have so far been concerned
with small-scale civic amenities, such as
village roads, sanitation, clinics, schools
and recreation facilities. The aim is now
to bring the community directly into the
productive process. The FAO answer to
the almost classic antithesis between the
small private properties and the collec-
tive farm, whether kibbutz or kolkhoz,
is the agricultural cooperative.

The village cooperatives would have
two major roles. On the one hand they
would combine the three functions of
credit, marketing and purchase. The
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provision of credit for farmers in ade-
quate amounts at reasonable cost and at
the right time is essential. However
anxious the farmer may be to improve
his methods, he cannot do so if he has
no source of funds to finance his efforts.
Private moneylenders are still a common
source of agricultural credit; they charge
usurious rates of interest and exact other-
wise predatory terms. Where public in-
stitutions for credit exist, they are fre-
quently reluctant to give credit, since
there is no guarantee that the credit will
be used for the purpose for which it was
granted, or that it will be expended effi-
ciently enough to take the most ad-
vantage of it. The cooperatives could
provide both technical advice and guar-
anties to these credit institutions. The
farmers would utilize the cooperatives
for massive purchase of fertilizers, seeds
and other production requirements and
would contract through the cooperative
for delivery of their crops at market time
and at market prices.

On the other hand, the cooperatives
would be instrumental in ensuring the
success of land reform. They would con-
stitute the necessary link between the
farmers for the establishment of large,
efficient management units, which are
essential to the economic operation of
the redistributed lands. Through the
cooperatives the state could provide
technical guidance to the new settlers,
very likely through the agency of exten-
sion services modeled on the successful
precedent of the U. S. Department of
Agriculture. The village cooperatives of
Israel have achieved particular success
in serving these functions. Systematic
colonization under the guidance of the

State has also been tried throughout
southern Europe, as in the bonifica works
in southern Italy, and has invariably pro-
duced good results. Cooperative move-
ments are also beginning to spread over
large parts of North Africa, and the re-
cent land reforms in Egypt and Iraq will
provide new opportunities for testing
their viability.

The Unemployed and Underemployed

At present it is estimated that the
equivalent of 22 million workers in the
Mediterranean region are unemployed or
underemployed. In 20 years the labor
force will have grown from 69 million
to 97 million. It is apparent that other
employment and another way of life
must ultimately be found for the vast
surplus rural population. Within the
FAO perspective, 33 million new jobs
will be created, 10 million in agriculture
and 23 million away from the farms in
industrial and service occupations asso-
ciated with the expansion of agricultural
output. This objective falls short of full
employment, but by 1980 unemploy-
ment should be down from 32 per cent
to 17 per cent of the labor force. Mean-
while, large-scale public works projects
would begin to absorb surplus workers
from the farms and start their transi-
tion from the country to the town and
city. Especially in its early phases the
plan emphasizes labor-intensive pro-
grams—reforestation, road building, the
construction of dams and irrigation
works, the foundation of new villages
and the provision of such essential serv-
ices as water and electricity—which ab-
sorb more labor than capital-intensive

industries. Manpower may be regarded
as one of the main resources of the re-
gion, available in abundance to help the
Mediterranean Development Project
achieve its ambitious goals.

The question of whether the Mediter-
ranean labor force is ready to take up
and use the toolsthatmodern technology
can place in its hands is a troubling one.
But the so-called native aptitudes and
skills that distinguish the industrially
more-advanced nations were acquired
by experience and training, and surely
the same can be expected for the Medi-
terranean peoples. Ability to read and
write undoubtedly constitutes the first
condition. If the peasant cannot read
printed instructions and current news
aboutmethods and markets, it is unlikely
that he will be able to make successful
use of fertilizers and tractors. In country
after country, therefore, campaigns
against illiteracy are already under way,
endeavoring to teach the old as well as
the young. These efforts go beyond the
primary level; Spain, Italy, Israel and a
few other countries have established
special courses for rural leaders and
agricultural extension agents. The gov-
ernments are recognizing that invest-
ment in education yields larger divi-
dends, and in a much shorter time than
has generally been expected, even
though these dividends do not reduce
easily to money terms.

Imported Technology

In regions like the Mediterranean
modern development is primarily a for-
eign product. Some of its vital elements,
such as machines, equipment and mon-

WOODEN NAIL-PLOW is still widely employed and is in some

ways a better tool for Mediterranean soils than are modern plows.
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STEEL DISK-PLOW, drawn by tractor, has not succeeded every-

where in Mediterranean, whose soils must be handled with care.
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take account of the special qualities of
the local environment in the introduc-
tion of imported techniques can lead to
fiasco. For example, sums spent on the
importation of certain grasses of the
genus Eragrostis have been absolutely
wasted; although these species have
given outstanding results elsewhere, they
were a total failure in the Mediterranean.
Similarly, imported mold-board plows
and disk harrows have done great dam-
age to arid soils in Turkey, making the
soils so compact as to prevent the infil-
tration of rainfall and rendering them
more susceptible to erosion. For all their
drawbacks the native plows are not near-
ly so ruinous to the soil. The Mediter-
ranean problem can be solved not so
much by importing ready-made solutions
as by importing foreign methods for solv-
ing problems. An early start on research
therefore- constitutes a vital step in de-
velopment. Unfortunately it is typical of
underdeveloped countries and their gov-
ernments that they are quite reluctant to
spend the large sums needed.
Inefficient government and underde-
velopment are synonyms throughout the
world. The establishment of the full
range of services provided by the mod-
ern state is one of the most urgent needs
in the Mediterranean region. The ad-
ministrative reform will have to be all-
embracing. Ministries dealing with eco-
nomic affairs must be given proper status
in relation to ministries responsible for
the police, military matters and politics.
Departments of agriculture will need to
be reorganized. They must be competent
to plan production and promote modern
techniques, sufficiently decentralized to
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ties, furnished with adequate resources
and power and staffed to undertake re-
search and experimentation in all fields.
This is a huge task requiring large num-
bers of well-trained officials who com-
bine competence with faith and devo-
tion. Such men would be difficult to find
even if the positions offered to them were
really attractive. Instead, they are dis-
couraged by wholly inadequate salaries
and status, red tape and frustration.

Unfavorable Balance of Trade

The question of how to finance the
projected investment in an expanding
agricultural economy is as troublesome
for the governments of the region as it
is for individual farmers. At present the
situation could hardly be gloomier. In
recent years the countries have had to
rely heavily on loans and foreign grants
in order to keep going. In 1956 the re-
gion as a whole had a deficit of about
$2 billion. Yet the development pro-
grams will necessarily impose a heavy
additional burden on the balance of pay-
ments. Only Iraq, with its oil revenues,
can expect to secure from its own re-
sources all of the foreign exchange which
a vast development program must in-
volve. In order to improve their credit
position, therefore, the Mediterranean
countries must seek to redress the un-
favorable import-export ratio. The pros-
pects for an increase in their exports are
not too bright. Oil will help to ease the
situation for Iraq and perhaps also for
the North African countries that have
claims on the vast new reservoir of the
Sahara. Minerals are likely to continue

WOODEN WATER-WHEEL, powered by camel, lifts water from main irrigation ditch
into feeder ditches to bring water to fields in valley of the Euphrates in northern Syria.
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now for those countries that have them.
The principal exports of all the countries
are agricultural raw materials and food-
stuffs, especially wheat. It is uncertain
whether these markets will expand and
equally uncertain whether, after achiev-
ing a rise in consumption, any of the
countries will have a considerable wheat
surplus to export. Much export revenue
comes from specialized products such as
dried fruits, cork, olive oil and tobacco,
but changes in techniques and taste have
contracted the export markets for many
of these products as well as for cotton,
which is an important new crop in many
of the countries. The FAO program
therefore aims to diversify output and to
promote the export of fruits, vegetables,
meat and dairy products. But the coun-
tries must coordinate their programs to
avoid glutting the export market with an
excess output of, say, citrus fruit or to-
matoes.

Imports, on the other hand, are bound
to rise considerably under the impact of
the program. The development of agri-
culture and of related industries will cre-
ate heavy needs for agricultural imple-
ments, including tractors and fertilizers,
and for many other capital goods that
the underdeveloped economies of the
Mediterranean areas do not produce. At
the same time rising employment is
bound to generate some increase in de-
mand for imported consumer goods. Re-
duction of inequalities in income in the
Mediterranean region—where the rich
are so few and so immensely rich and
the poor are so immensely numerous and
miserable—will not exert such extreme
pressure for imports as it would in more
advanced countries. When the income of
poor people rises, they go into the mar-
ket for better food, simple textiles and
other goods that are either locally avail-
able or can be manufactured by local
industries. Conversely, the prospective
redistribution of purchasing power is
likely to reduce the demand for Cadil-
lacs, high-grade textiles and other manu-
factured articles that local industries will
not be able to produce for many years to
come. The achievement of reasonable
local self-sufficiency must be one of the
guiding objectives of the investment
programs. Priority must be given to the
production of farm implements, ferti-
lizers and seed and to industries that
satisfy simpler consumer demands. Some
further relief might be found in the limi-
tation of luxury imports, by subjecting
them to heavy import duties.

Nonetheless the import requirements
of most countries of the Mediterranean
area will for many years exceed their
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foreign receipts. Given the income tar-
géts and the investment requirements, it
will still be necessary for the countries in
the Near East and North Africa to run
a foreign deficit averaging some $1 bil-
lion for the period of 1960 to 1980. This
deficit will increase as the program de-
velops, and will perhaps reach a peak
of some $1.6 billion by 1975, close to
the present southern European levels.
But it will decline to less than $500 mil-
lion immediately after the completion
of the program. Such a dependence on
the external world is not rare even in
highly developed countries at the pres-
ent time. It must also be borne in mind
that by 1980 the per capita income of
these countries will still be less than half
the present French level. In southern
Europe, Spain alone will be able to
achieve a foreign surplus as early as
1975, mainly as a result of its lower
population growth. The deficit for the

subregion as a whole will rise to $3.2
billion by 1975 and will decline to about
$1 billion, or slightly more than half the
1956 level, by 1980.

Foreign Financial Aid

Despite their deficit position, the
Mediterranean countries must find the
means to finance a higher rate of capital
investment. It is estimated by FAO that
the program will require the expendi-
ture of a grand total of $255 billion over
the 20-year period to 1980—roughly
$117 billion in the Near East and North
Africa and $138 billion in southern Eu-
rope. Of this total some $50 billion will
go directly to agricultural and forestry
resources and the rest to industry and
services. The total investment thus corre-
sponds to an average of rather more than
$12 billion per year. The present rate of
investment is no more than $7 billion,

and of this figure only 80 per cent is sup-
plied by domestic savings. It is calcu-
lated that during the period from 1960
to 1980 total savings will not exceed
$225 billion. Some $30 billion, that is,
about 11 per cent of the total investment
effort, will have to be provided by coun-
tries outside the region, at an average
rate of about $1.5 billion per year.

Foreign financial aid will therefore
constitute one of the indispensable ele-
ments of the program. It will not, how-
ever, be disproportionately larger than
the amount provided at present. From
1980 on it is hoped that this need for
foreign aid will taper off and eventually
disap pear altogether. If the programs are
carried out in accordance with the FAO
proposals and expectations, the Mediter-
ranean region will have become finan-
cially self-supporting and will be able to
undertake repayment of the help re-
ceived.
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PRODUCTION AND CONSUMPTION goals for agricultural
crops are designed to provide for rising standard of living as well
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as increasing population. The region will still be importing wheat
in 1980, but its export-import accounts will be in better balance.



Today any agency that engages in
such' grand-scale projections as these
must reckon with a specter that haunts
statesmen and citizens alike—the fear of
inflation. The word “inflation” has ceased
to be simply a jargon term of economics,
and is widely understood to be an evil
that must be avoided. This is particu-
larly true in the Mediterranean area,
where many countries have experienced
recurrent runaway inflation to the point
that few of the area’s currencies enjoy
the respect and the confidence which are
needed to attract investors, stimulate en-
trepreneurs and induce people to save.

Inflation and Expansion

It must, however, be recognized that
every period of development is attended
by some degree of inflation. This has
been true for the monetary systems of
advanced countries. For underdevel-
oped nations the hazard is greater, be-
cause a substantial rise in employment
usually creates new incomes and de-
mands quicker than it generates addi-
tional supplies. In Turkey, Spain and
other countries economic expansion in
recent years has come up against in-
flation. Expansion has thereupon been
brought to a stop by deflationary meas-
ures invoked on the mistaken assump-
tion that the inflation was a monetary
disorder, when actually the cause lay in
insufficient production which was caused
in turn by failure to recognize the res-
toration of agricultural resources as an
essential element in the development
program. Despite these difficulties, the
rapid expansion of Mediterranean econo-
mies is a matter of such urgency that
banking institutions and experts at home
and abroad must find ways to reduce
financial restraint on the process. From
this point of view deflation without ade-
quate safeguard is just as great a hazard
as is inflation. It is one of the basic poli-
cies advocated by FAO that the answer
should not be sought by slowing down
the process of growth, but by means of
outside help. Foreign aid should be
granted on a sufficient scale, and related
in time, form and size to the proposed
development programs.

Thus even though the Mediterranean
region will furnish nearly 90 per cent of
the needed investment funds, the $1.5
billion in financial aid that must be sup-
plied from outside has a vital bearing
on the ultimate outcome of the effort
that is proposed by FAO. In addition,
the number of foreign experts now work-
ing in the region will probably have to
be more than doubled. The channeling
of foreign aid from different sources—

“BONIFICA” PROJECT in southern Italy has established farmsteads on redistributed
land. This project will serve as a “pilot zone” for test and demonstration of new techniques.

from the UN, the International Bank and
bilateral aid arrangements—must be
properly co-ordinated in order to avoid
waste. But this is not all the outside
world can do to help the Mediterranean
region. It will also have to provide mar-
kets for the substantially increased agri-
cultural output of the region, and to
tolerate the protection of the region’s
infant industries.

The results to be expected justify this
co-operation. The Mediterranean region
is admirably suited to demonstrate the
possibilities of rational economic devel-
opment. It is not yet faced with the ap-
palling problems of population growth,
illiteracy and low standards of living
confronting the Far East, nor with such
rudimentary state administrations and
shortages of qualified personnel as are
found in some of the new African coun-
tries. Bold action in the Mediterranean
region can give surprising results and
set an example for other poor countries.

Capital, Coercion and Surpluses

The only alternative to foreign aid
would be to impose drastic measures on
the populations of the Mediterranean
countries in order to increase the rate
of saving and the capital available for
investment. It would certainly not be
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an easy political task to enforce such
measures. Adequate foreign aid can up-
set the unwelcome conclusion, advanced
by one school of economists, that coer-
cive power is necessary to the process
of capital accumulation, all the more so
when the margin of squeezable resources
is narrowest. According to this theory
someone—whether landlord, industrial-
ist, financial manipulator or people’s
commissar—has got to be tough. The
narrower the squeezable margin for ex-
pansion, the tougher he must be. In
their determination to get on with the
task of improving their lot, the peoples
of the underdeveloped countries have
even shown a willingness to accept dic-
tatorships that promise and get results.
But the need for coercion in the accumu-
lation of capital has now been obviated
by the enormous surplus capacity of the
industrially advanced nations. The eco-
nomic function of the dictator can be
neutralized by foreign aid.

It is the central challenge of our time
to create a partnership between rich and
poor countries that will see the latter
through into sustained growth on a basis
which keeps open the possibility of
democratic development. To lay the
basis for this partnership FAO has pro-
vided a blueprint for economic action in
the Mediterranean.
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The Biology ol Heavy Water

What happens to experimental organisms that have been

raised on water in which the hydrogen is not the common

isotope of mass one but the heavy isotope of mass two?

he mnemonic word “CHON” helps
I the beginner in biology recall that
living things are made largely
of carbon, hydrogen, oxygen and nitro-
gen. Strictly speaking, however, the
word should read “C12H1Q'¢N4” Ele-
ments are not simple substances; as they
occur in nature each is a mixture of
atoms that are related closely enough to
share a family name but are distinguish-
able from one another by differences in
the mass of their nuclei. Thus H' signi-
fies hydrogen of mass one, by far the
most common nuclear species, or iso-
tope, of this element. As it occurs on
earth, hydrogen also consists of a small
amount (one part in 5,000) of hydrogen
of mass two (H2), a stable isotope that
is also called deuterium and is usually
designated D. In still smaller ratio to
H! is hydrogen of mass three (H3), the
radioactive isotope called tritium. The
differences in the mass of the isotopes
of a given element are accompanied
by slight differences in their chemical
behavior. Of course in the substances
that compose living matter the most
common isotopes of the various ele-
ments predominate, and they—C'2, H,
016 and N4, rather than their rarer iso-
topes—determine the character of the
chemical reactions of life.

What would happen to a living system
if the common isotope of one of these
important elements were entirely re-
placed by the rare isotope? This is a
question that has intrigued biologists
ever since Harold C. Urey and his associ-
ates isolated deuterium at Columbia
University in 1932. Living things are so
precisely organized that it is difficult, if
not impossible, to change their elemen-
tal composition without killing them. It
seems reasonable, however, to attempt to
modify the isotopic composition of living
matter. With the rarer isotopes now
available in sufficient quantity, a num-
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ber of investigators are engaged in de-
veloping the possibilities of this experi-
mental procedure.

The use of deuterium is especially
tempting because hydrogen is the most
common element in biological systems,
and deuterium, having twice the mass of
ordinary hydrogen, differs from its com-
mon isotope more sharply than any other
rare nonradioactive isotope does. More-
over, in the form of heavy water (D,O)
deuterium has become a relatively abun-
dant substance. A thousand gallons of
water, weighing about four tons, con-
tains a pound of heavy water; yet even
this small fraction is now extracted in
large volume because it is in great de-
mand for the purposes of nuclear tech-
nology. As its name implies, heavy water
has a 10 per cent higher density than wa-
ter does and a 25 per cent greater vis-
cosity. Its freezing point (39.2 degrees
Fahrenheit) and boiling point (214.5
degrees F.) are both distinctly higher.
Many salts and some gases, including
carbon dioxide and oxygen, are less
soluble in heavy water, and acid solu-
tions of D,O are distinctly more acid
than corresponding solutions of H,O. In
biological systems all of these factors
might be expected to produce notice-
able effects.

Of such effects perhaps the most sig-

nificant is the “kinetic isotope ef-
fect,” that is, the change in the rate of a
chemical reaction that results from the
substitution of a heavy isotope for a
light one. Chemical bonds between deu-
terium and other atoms are slightly but
measurably more stable than the corre-
sponding bonds involving ordinary hy-
drogen. Calculation indicates that a car-
bon-deuterium bond may undergo re-
action at only a seventh the speed of a
carbon-hydrogen bond. Experiments
have borne this out, and have shown in
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general that carbon-deuterium bonds re-
act at a rate one half to one seventh that
of bonds involving the common isotope.
There is every reason to believe that the
perturbation of reaction rate caused by
the substitution of deuterium will have
critical biological effects, and that such
effects will be more drastic in more
highly organized biological systems.
This is essentially what has been
observed.

The effect of deuterium on mammals
was first observed in 1932 by Gilbert N.
Lewis of the University of California,
who fed heavy water to mice; between
1934 and 1938 Lewis’s investigations
were extended by Henry G. Barbour
of Yale University. The mouse serves
the purpose of such experiments well
because it obligingly drinks about 25
per cent of its weight each day; it can
be “deuterated” speedily to the extent
desired by regulating the concentration
of deuterium in its drinking water. The
concentration of deuterium in the body
fluids of the animal quickly approaches
a steady state, determined by the ratio
of deuterium ingested in the drinking
water to the ordinary-hydrogen content
of the food it eats. Mice supplied with
water containing 30 per cent deuterium
develop a 25 per cent concentration of
D,O0 in their blood serum or urine with-
in a few days. If a mouse is fed heavy
water for an extended period, its tissues
and organs will also begin to incorporate
deuterium. Apparently no organ in the
mouse incorporates deuterium preferen-
tially. The fatty tissues of the brain and
nervous system take up the isotope more
slowly than do organs such as the kid-
ney, the liver and the spleen, but they
incorporate it more permanently. Thus
when a mouse is returned to a regime of
drinking ordinary water, its brainretains
appreciable amounts of deuterium long
after the deuterium content of its



CHLORELLA VULGARIS, A GREEN ALGA, is being used in phase-contrast microscopy of living cells, shows the normal cells
experiments with heavy water. This photomicrograph, made by grown in ordinary water. They are enlarged some 3,200 diameters.

CHLORELLA GROWN IN HEAVY WATER has become adapted stance. These cells, shown at the same magnification as those at top
and contains deuterium in place of ordinary hydrogen in its sub- of page, resemble the normal ones except for being larger in size.
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DEUTERATED MOUSE in the foreground is having a convulsion induced by the photog-
rapher’s flash. Tendency to have convulsions is one of the symptoms which appear when the
level of deuterium in body fluids approaches 30 per cent. The second mouse is untreated.

TUMOR GROWTH is more rapid in an untreated mouse than in a deuterated one. In
mouse at left 25 per cent of the hydrogen in the body fluids had been replaced with deu-
terium. Mouse was then injected with tumor cells and deuterium treatment was continued.
Mouse at right was injected with tumor cells at the same time but received no deuterium.
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other organs has fallen to a low level.

Mice can live in a deuterated con-
dition for long periods. Some have been
raised from birth on water contain-
ing 30 per cent D,O, and have been
maintained for a year or more with a
deuterium level of 25 per cent in their
body fluids and 10 per cent in their
brain tissue. Such mice are normal ex-
cept in one important respect—they pro-
duce no young. Even a low level of
deuterium impairs the ability of the male
mouse to produce normal spermatozoa,
and in females deuteration during preg-
nancy interferes with gestation and in-
duces fetal abnormalities.

When the concentration of D,O in the
body fluid of a mouse approaches 30 per
cent, the picture changes drastically for
the worse. The mouse shows symptoms
of weakness, it is easily irritated, its coat
roughens, it loses weight rapidly and it is
prone to convulsions. When the deuteri-
um level is raised still further, the animal
becomes stuporous, its body temperature
drops rapidly, all its physiological func-
tions are greatly depressed and within a
short time it dies.

Rats react in a similar fashion. At low
deuterium-levels they fail to gain weight.
When the deuterium content of the
blood plasma rises to 20 per cent, they
cease to groom themselves and develop
skin lesions and necrosis of the tail, as if
suffering from a vitamin deficiency. At
still higher concentrations they become
more excitable and aggressive, as do
mice. With 30 per cent D,O in their
blood plasma, some rats actually go into
convulsions when handled, resembling
in this respect animals poisoned with
strychnine. At about 35 per cent the rats
become extremely lethargic, lapse into a
coma and soon die.

The amount of heavy water required

to deuterate larger animals is consid-
erable even by present standards, and
such experimentation is necessarily lim-
ited. The largest animal that has yet
been deuterated is a small dog. Here,
too, 30 per cent D,O in the plasma rep-
resents the acute danger level. At about
25 per cent the dog appears quite nor-
mal, but closer examination shows that
it is not really healthy. Its sugar-metabo-
lism rate is low, its blood cells show a
disturbed picture, there are signs of ane-
mia and an electrocardiogram reveals
nonspecific heart damage. All the dam-
age appears to be reversible; when the
dog is restored to a regime of ordinary
water, even the abnormalities in the
electrocardiogram disappear; after a few
months no defects can be detected. Only
a few such experiments have been per-
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NORMAL CELLS OF SCENEDESMUS, another kind of green as the others on this page, were photographed by phase-contrast
alga, are oval when grown in ordinary water. These cells, as well ~microscopy and are enlarged approximately 2,500 diameters.

DEUTERATED SCENEDESMUS CELLS depicted here have assumed a tear-drop shape and are generally less symmetrical than
been growing in heavy water for more than a year. The cells have  the ordinary-hydrogen-containing cells of the same strain of alga.

ADAPTING SCENEDESMUS CELLS, observed a few days after  abnormal. Giant cells are especially prominent. It usually takes
the initial transfer from ordinary to heavy water, are distinctly  several weeks to a month for the algal cells to become adapted.
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formed; - the indications are, however,
that large animals will prove essential to
the development of certain kinds of ex-
perimental evidence.

Since deuteration has marked effects
upon the central nervous system and
upon embryonic tissue, it appears that
organs and tissues with a high rate of
metabolism are particularly sensitive to
this interference with their chemistry.
The observation has suggested that can-
cerous tissue, which is also characterized
by a high metabolic rate, might be more
affected by deuterium than correspond-
ing normal tissue is. As early as 1936
Barbour actually observed that deuteri-
um inhibits tumor growth, and more re-
cent studies have supported his findings.
In a typical experiment carried out at
the Argonne National Laboratory two
groups of mice were deuterated to the
extent of 15 and 25 per cent respective-
ly, with a nondeuterated group serving
as a control. Seven days after the start of
deuteration, the mice received abdomi-
nal injections of tumor cells. The cells
used, from the so-called Krebs 2-A
strain, are convenient for experiment be-
cause they proliferate separately instead
of forming a compact growth; the inves-
tigator can follow their multiplication
either by noting the weight increase
of the animal or by counting the num-
ber of tumor cells in samples of fluid
taken from its abdomen. In this experi-
ment the tumor grew more slowly in
the two groups of deuterated animals
than in the controls, and most slow-
ly in the more-deuterated group. Ex-
periments involving the induction of
lymphatic leukemia in mice have given
similar, though less clear-cut, results, but
they, too, indicate that the incorporation
of deuterium in the cells slows down
their multiplication. At present deutera-
tion is being tried in combination with
various chemotherapeutic agents.

It is possible that the selective effect
of deuterium upon tumor cells might be
amplified to the point of practical inter-
est if the concentration of the isotope in
the host animal could be raised to suffi-
ciently high levels, say 50 to 60 per cent.
Experiments so far have shown that the
tolerance of mammals reaches a ceiling
at only about 25 per cent. Attempts to
raise that ceiling have so far failed, and
one cannot be sure that adaptation to a
high level of deuterium is a reasonable
request to make of the organism. In-
vestigators have accordingly turned to
simpler organisms to learn about the ef-
fects of deuterium on growth and metab-
olism.

Green algae, the familiar green scum
of ponds and lakes, had been the

recording history
at the bottom
of the sea

Far below the surface, in a sealed steel ball on the Trieste bathyscaph,
a new chapter in undersea history is being recorded—on magnetic
tape. Operating in an environment of 99% relative humidity, a high-
performance instrumentation tape recorder captlures a permanent
record of depth, temperature, ambient noise, and voice.

The recorder, Precision Meodel PS-207 as
shown at right, was modified for the application
by Lockheed Aircraft Corporation, Sunnyvale,
Calif., and supplied by them to the Naval Elec-
tronics Laboratory, San Diego, for the Trieste
installation,

For details on Precision P5-200 series anolog and dig d
ital recorders for other applications, write

PRECISION INSTRUMENT COMPANY
101l Commercial Street +» LYtell I-444| » San Carlos, California
Cable: PRINCO, San Carlos, California» TWX: SCAR BEL 30

Representatives In principal cities throughout the world
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subject of numerous heavy-water experi-
ments during the 1930’s. These primitive
plants were remarkably tolerant to deu-
terium, but the evidence indicated that
they would grow very little, if at all, in
water containing more than about 85
per cent D,O. It was thus a surprise
when we succeeded in growing algae at
the Argonne National Laboratory in al-
most pure (99.6 per cent) D,O. Earlier
workers probably failed to observe
growth in such a high concentration of
deuterium, because algae require a long
period of adaptation before they multi-
ply. Algae transferred from an ordinary-
water medium to DyO show no signs
of growth for several weeks. Viewed
under the microscope during this peri-
od, many cells appear swollen to enor-
mous size, others have distorted shapes
and in some the internal structures are
fragmented.

If the exposure is continued long
enough, however, the cells suddenly be-

MILLIONS OF CELLS PER MILLILITER

gin to multiply. It is almost as if the
organisms recognize that no alterna-
tive is open, and the sickly looking cul-
ture suddenly acquires a healthy green
complexion. Growth, once begun, pro-
gresses smoothly. The abnormal forms
disappear, and the cells assume a more
normal appearance. In one variety of
green alga, Scenedesmus obliquus, the
deuterated organism is slightly different
in shape and somewhat smaller than the
normal one; in the case of Chlorella vul-
garis the deuterated cells are the larger
ones. Otherwise algae growing in D,O
appear normal, at least on superficial
examination.

The algae multiply slowly on first be-
coming adapted to D,O, but grow more
rapidly with time. In our laboratory
Scenedesmus eventually grows about
half as fast in D»O as in ordinary water.
Organisms transplanted to a fresh heavy-
water medium after adaptation usually
start to grow immediately, but those

/ 8
J s
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TIME (DAYS)
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GROWTH RATE of algal cells decreases and the initial period of very slow growth is
prolonged as they are transferred from ordinary water to increasingly higher concentra-
tions of heavy water. This graph shows the growth curves of a culture of Chlorella ellip-
soidea grown in ordinary water and then successively transferred to 75 per cent, 90 per cent
and 99 per cent heavy water. End of each curve represents time of transfer to next level.
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transferred back to an ordinary-water
medium again show a lag before resum-
ing growth. The period of readaptation
to ordinary water is shorter but may
require several days. In addition to green
algae at least two species of the related
blue-green algae have been grown suc-
cessfully in heavy water, and probably
many other species can also survive in
highly concentrated D,O. The nature of
the adaptation process is the focus of
our present investigative effort, but the
factors involved are almost completely
obscure. In fact, though our methods for
adapting algae to D,O are usually suc-
cessful, they are not completely reliable,
and we are looking for a more rational
recipe.

Organisms that synthesize their sub-
stance from water and carbon dioxide
must obviously secure from the water
all the hydrogen they build into their

various compounds. The compounds
synthesized by algae grown in heavy wa-
ter will therefore have deuterium in all
the molecular positions ordinarily occu-
pied by hydrogen. In their enormously
versatile capacity for synthesis, algae
can produce fully deuterated carbohy-
drates, amino acids, proteins and a great
variety of other compounds, many of
which cannot presently be synthesized
by the organic chemist.

Deuterated algae can thus be em-
ployed to manufacture deuterated food-
stuffs for the culturing of other micro-
organisms that require ready-made
compounds of carbon and hydrogen. The
bacterium Escherichia coli and the
yeast Torula have been cultured in 99.6
per cent D,O with fully deuterated
glucose as their food supply. These or-
ganisms, particularly the yeast, are
competent producers of complex com-

pounds and can manufacture deute-
rated substances that cannot be ob-
tained from algae.

Molds are among the organisms that
require ready-made carbohydrates. We
have grown both Aspergillus and Peni-
cillium on ordinary-hydrogen-contain-
ing glucose in heavy-water solutions,
and have found that their growth is re-
tarded as the D,O concentration is in-
creased, the effect being pronounced at
a concentration of only 33 per cent. At
progressively higher concentrations the
molds produce less and less of their
pigments and aromatic substances, and
at quite high concentrations they lose
the capacity to form spores. On fully
deuterated glucose in D,O Aspergillus
niger grows slowly but remains ala-
baster-white, unable to form the black
spores from which it gets its name.

Another organism that has demon-

PENICILLIUM NOTATUM, the familiar blue-green mold, was
grown in nutrient solutions containing (from left to right) 0, 10,

25, 33, 50, 66 and 99 per cent heavy water. Growth is shown after
three days (top), seven days (middle) and 10 days (bottom).

ASPERGILLUS NIGER, another mold, usually appears black be-
cause of its spores, but heavy water inhibits its spore formation as

14
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well as its growth. In heavy water it becomes white. It is shown
after five days (top), nine days (middle) and 12 days (bottom).
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Janitrol Reports

new ideas on heat sink problems

Here are a few interesting new “sand-
wiches” Janitrol has cooked up to handle
new heat transfer problems and still
keep weight down. The materials—stain-
less steel and aluminum—are often thin-
ner than metal foils used in packaging.
Yet they are made into rigid, reliable
structures for handling air or liquids at
high pressures and temperatures.

These "“pin” plates, for instance, can
be assembled face to face and built up
into practically any size or shape, with
relatively simple manifolding.

Corrugated foil is another approach,
offering the same ease of designing for
multiple sections, brazed to intermediate
plates, with the flow passages alternat-
ing direction. In some cases both types
of structures (pin and fin) can be used
effectively together,

ANITROL AIRCRAFT

A division of Midland-Ross Corporation

-

pneumatic controls « duct couplings and supports « heat exchangers
combustion equipment for aircraft, missiles, ground support
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strated a capacity to adapt to a deu-
terated environment is the protozoon
Paramecium caudatum. This animalcule
shows unmistakable signs of distress at
about the same deuterium level that is
toxic to mammals. In 35 per cent D,O
it has great difficulty in dividing; “mon-
ster” forms suggestive of those found in
adapting algae are prominent. But after
a short time the cells begin to grow nor-
mally. They can adjust to successively
| higher deuterium-levels if the heavy wa-
ter is added in small increments and at
intervals that allow time for adaptation.
By this procedure they have been in-
duced to grow quite normally in 60 per
cent D,O. How far their adaptation
can be carried is still unknown, and it
is not apparent whether the mecha-
nism is a true adaptation or merely
a selection of mutant strains that have
a genetic resistance to the toxic effects
of deuterium. The fact that these micro-
scopic animals can adapt to high lev-
els of deuterium offers a small measure
of hope that higher animals also will
be able to increase their tolerance,
though one must draw the analogy with
caution.

Instead of deuterating the whole or-
ganism, one may compel the organism to
utilize essential foodstuffs containing
deuterium. Thus glucose, which is ordi-
narily metabolized to carbon dioxide and
water, may be replaced by fully deuter-
ated glucose; the slower reactivity of
carbon-deuterium bonds should produce
a noticeable effect on the rate of metabo-
lism. It is possible, in principle at least,
to vary the relative rates of important
cellular reactions to different degrees.
This procedure offers a promising way
to study the interrelationships of many
different reactions which go on in a com-
plex biochemical system.

Electronic cooling is another “natu-
ral” for Janitrol’s exceptional design
skills and fabrication techniques. In the
example shown below, the mounting
plate for diodes and other components
is itself a heat exchanger. Heat is car-
ried away from the components by
conduction to the finned section, where
it is dissipated to an air stream.

To get predictable results on jobs like
these calls for precisely the kind of ex-
perience Janitrol has been piling up for
15 years. We invite inquiries on your
most challenging heat transfer problems.
We are currently working on hot gas
valves and cryogenics as well. We sug-
gest you send for “Janitrol Resources”
a factual review of our capabilities.
Janitrol Aircraft, 4200 Surface Road,
Columbus 4, Ohio, BRoadway 6-3561.

Not only hydrogen but also the other

important elements may be re-
placed in living matter by their rare non-
radioactive isotopes. Ordinary carbon
can be replaced by the heavy isotope
carbon 13; ordinary nitrogen, by the
heavy isotope nitrogen 15; ordinary oxy-
gen by the heavy-oxygen isotopes of
mass 17 and 18. Thus it should be pos-
sible to create organisms that are in ef-
fect living isotopes of those which occur
in nature. Already we have produced
algae in which deuterium replaces ordi-
nary hydrogen, and nitrogen 15 sup-
plants ordinary nitrogen. Some com-
binations of isotopes may not result in
any appreciable difference, but others
may produce organisms with new and
valuable characteristics for studying the
chemistry of living matter.

»m«
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AC QUESTMANSHIP
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AC Seeks and Sclves the Significani—AC has earned an enviable reputation for scientific accomplishment
with national defense projects such as AChiever inertial guidance systems. But AC is not limiting its goal
to leadership in the international technological race. Utilizing scientific ‘‘fallout,” AC is also increasing its
development of significant new commercial products. / This, too, is AC QUESTMANSHIP: the scientific
quest for new ideas, methods, components and systems . . . to promote AC’s many projects in guidance,
navigation, control, detection and communication. / In the commercial field, AC is already producing
communications systems, automotive controls and fuel controls for gas turbine engines. Some day they
may even add such advanced projects as systems controls for ‘‘ground effect vehicles.”” According to
Mr. B. H. Schwarze, AC Director of Commercial Engineering, ‘‘the proper application of scientific ‘fallout’
to commercial products leads to diversified career opportunities.” / You may qualify for our specially
selected staff ... if you have a B.S., M.S. or Ph.D. in the electronics, scientific, electrical or mechani-
cal fields, plus related experience. If you are a ‘‘seeker and solver,” write the Director of Scientific and
Professional Employment, Mr. Robert Allen, Oak Creek Plant, 7929 So. Howell Ave., Milwaukee, Wisc.

GUIDANCE /NAVIGATION / CONTROL /DETECTION / COMMUNICATIONS / AC SPARK PLUG (55 The Electronics Division of General Motors
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DEEP-SEA SQUID Heliocranchia pfefferi hovers head-down. Its mantle (horizontal fold across lower quarter of body) is squid’s
buoyancy is imparted by a body fluid that is lighter than water. The head and one of its eyes (middle). Bulge to right of eye and be-
fluid comprises two thirds of the squid’s volume. Below edge of low it is siphon through which squid squirts water to propel itself.
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THE BUOYANCY OF MARINE ANIMALS

The a])ility of the creatures of the sea to float 1s usually

taken for granted, but to keep from sinking they must either

keep swimming or be equipped with special flotation devices

any fishes, like some people, must
M keep swimming just to keep
from sinking. Bone and muscle
are denser than sea water and so tend
to drag the animal to the bottom. It is
obvious that the ability to float can be
advantageous for animals that live in
the sea. Accordingly most fishes are
equipped with swim bladders which give
them neutral buoyancy—that is, an aver-
age density equal to that of sea water—
and save them the labor of continuous
swimming. Two other animals—the cut-
tlefish and the cranchid squid—have de-
veloped quite different kinds of flotation
organs. They anticipated man in using
the working principles of the submarine
and the bathyscaph, the one endowing
the cuttlefish with active control of its
buoyancy, the other permitting the squid
to live at great depths.

The swim bladder, the most familiar
of the flotation organs, has a fundamen-
tal limitation. It normally occupies about
5 per cent of the volume of the fish; the
low density of the gas that inflates the
bladder offsets the higher density of
muscle and bone, giving the fish an
average density close to that of sea wa-
ter. But the volume of the bladder
changes with depth. As a fish swims
downward in the sea, the pressure ex-
erted by the water increases by one at-
mosphere (about 15 pounds per square
inch) every 33 feet. Each such change
in external pressure reduces the volume
of the gas inside the swim bladder in
accordance with Boyle’s Law; if the fish
dives from the surface to 66 feet, for
example, the volume of its swim bladder
shrinks by a third. With the change in
volume the average density of the fish,
and its buoyancy, must change. In prin-
ciple the fish thus resembles the well-
known Cartesian diver: a perfectly im-
mobile fish might have neutral buoy-
ancy at one depth, but the slightest

by Eric Denton

change in equilibrium must tend to push
it upward or downward with steadily de-
creasing or increasing buoyancy. This
seemed such an impractical arrangement
to early investigators that they thought
the fish must be able to exert some active
muscular control over the volume of its
swim bladder, contracting the bladder
when it seeks to descend or permitting
the bladder to expand when it seeks to
rise. In 1876, however, the French physi-
ologist Armand Moreau showed that the
fish has no muscular control over its
swim bladder.

What the fish can do, as Moreau first
discovered, is to change the mass of the
gas inside the swim bladder and thus
keep its volume constant. It secretes
more gas into the swim bladder when it
goes deeper and resorbs gas from the
swim bladder when it rises. But this is
typically a slow process, which occurs
in response to long-lasting changes of
pressure and takes days rather than min-
utes to reach completion. The fish thus
lives in a state of unstable equilibrium
and compensates for transient changes
in pressure by swimming.

Most fishes can tolerate some change
in the pressure of the surrounding water,
provided it is not too large. But if a fish
is brought up rapidly from, say, 125 feet,
it meets a violent death. With the re-
straining external pressure reduced five-
fold, the swim bladder suddenly ex-
pands, crowding and rupturing the fish’s
internal organs. It is for this reason that
whiting, cod and hake that have been
trawled almost always arrive at the sur-
face dead. Yet under stable conditions
of external pressure, the swim bladder
can produce extraordinary internal gas-
pressures. Some fishes have been seen
from bathyscaphs swimming and hover-
ing, with all the ease of a goldfish in its
pond, at a depth of 6,500 feet, where
the pressure is 3,000 pounds per square
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inch. Still other fishes have been caught
at depths below 15,000 feet, where the
gas in their swim bladders must have ex-
erted a pressure of more than 7,000
pounds per square inch to withstand the
pressure of the sea.

The precise nature of the gas in the
swim bladder was first determined
by the French physicist Jean-Baptiste
Biot in 1803. Biot’s curiosity was
aroused in the course of a survey voy-
age in the Mediterranean; he noticed
that fishes that had been hauled up
rapidly from great depths reached the
surface with their swim bladders pro-
jecting from their mouths and their
bodies distended with gas. He intro-
duced a quantity of the gas, together
with hydrogen, into the glass tube of a
eudiometer, an instrument used for gas
analysis. He fired a spark, in accord
with the routine of this procedure, and
was startled by an explosion that shat-
tered the instrument. Biot realized at
once that the swim bladder must have
contained a high concentration of oxy-
gen. With a new instrument Biot dis-
covered that although the gas taken
from fishes that live near the surface
often contains a smaller fraction of oxy-
gen than air does, the gas from fishes
that have been brought up from appre-
ciable depths consists largely of oxygen.

It is, of course, the fish’s circulatory
system that brings the oxygen to inflate
the swim bladder. The remarkable coun-
tercurrent mechanism of the “wonderful
net” of capillary vessels that establishes
the often high gas pressures in the swim
bladder has been elucidated by P. F.
Scholander, now of the University of
California at La Jolla, and Jonathan
Wittenberg of the Albert Einstein Col-
lege of Medicine in New York [see “The
Wonderful Net,” by P. F. Scholander;
SCIENTIFIC AMERICAN, April, 1957]. In
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a sense the swim bladder has its human
analogue in the air-filled lungs of a skin-
diver who carries his air supply in a
tank. The diver, however, can adjust the
volume of gas in his lungs at Will; the
fish has no such immediate control of its
swim bladder.

A surprising number of fishes get on
successfully without a swim bladder.
The turbot, which is about 5 per cent
denser than sea water, simply hugs the
bottom. The dogfish and the plaice can
be seen to swim hard whenever they
want to stay off the bottom. More sur-
prising are the mackerel and some tuna,
fishes of the open sea that can only
maintain their level by steady swim-
ming. Observation of a mackerel in an
aquarium shows that whenever it slows
down, it sinks. In this sense it is not bet-
ter off than the prawn and the krill,
which must paddle unceasingly to main-
tain their place in the plankton layer, or
the oceanic crab Polybius, which can be
seen from a ship’s side swimming far
from shore and with the ocean bed more
than two dark miles below it. The lack
of a swim bladder, however, gives the
mackerel facility in moving up and down
in the top layers of the sea. A sudden
ascent of 60 feet would increase the vol-
ume of a swim bladder three-fold; quite
apart from the danger of internal injury,
the fish would have to exert a force equal
to 10 per cent of its weight to go down
again.

In some mid-ocean fishes the swim
bladder is invested with fat instead
of gas. Fat offers the advantage of main-
taining constant volume under varying
pressure. But fat has about .9 the density
of water, and fish that depend upon it
for buoyancy must carry appreciable
amounts of it outside the swim bladder.
Indeed, it appears from the work of N. B.
Marshall of the British Museum that the
fat of Cyclothone, perhaps the world’s
most common fish, amounts to about 15
per cent of its volume and gives the ani-
mal an over-all density close to that of
sea water.

There are yet other bathypelagic, or
deep-sea, fishes that have neither swim
bladders nor a high fat content, and yet
have a density that is within .5 per cent
the density of sea water. These fishes
embody another solution to the problem
of buoyancy. Instead of having special
organs to buoy up their heavier parts,
those parts have been diminished. Their
skeletons, especially in the tail and trunk,
are light, and the swimming muscles that
pull on the lightened bones are corre-
spondingly attenuated. Such fishes may
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SOME BUOYANT AND NONBUOYANT SEA CREATURES are depicted in this draw-
ing. Both the oceanic swimming crab Polybius henslowi (a) and the deep-sea prawn
Sergestes (b) are denser than water, and so must swim to keep from sinking. The turbot
(d) is about 5 per cent denser than sea water, but is adapted to life on the ocean floor.
Gas in a chamber of its shell gives Nautilus pompilius (h) buoyancy. A gas- and fluid-filled
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bone that occupies almost 10 per cent of its volume gives the cut-
tlefish Sepia officinalis (f) variable buoyancy. Gadus minutus (i)
is representative of a class of fish with buoyant, gas-filled swim
bladders. Cyclothone (j) also has a swim bladder, but the bladder
is filled with fat instead of gas. Its fat comprises about 15 per cent

of its volume. Squids of the family Cranchidae (c and g) have a
fluid-filled body cavity that lowers their average density and en-
ables them to float. The common ocean squid Ommastrephes
illecebrosa (e), having no such device, must swim to stay afloat.
Organisms, seen from various angles, are not drawn to scale.
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be less than 5 per cent protein, com-
pared to the 17-per-cent-protein consti-
tution of coastal fishes. The presence of
a little fat and of dilute body fluids goes
far toward offsetting the net weight in
water of scant bone and muscle and
brings these fishes close to neutral buoy-
ancy.

In evading or almost evading the
buoyancy problem by giving up their
swimming muscles, it might seem that
these bathypelagic fishes have struck a
poor bargain. Yet they manage to catch
and eat prey as large as themselves be-
cause they are sufficiently equipped

with bone and muscle for the peak effort
of their mode of predation. Though their
trunk and tail are attenuated, their gill
arches and main structures for seizing
and swallowing prey are the most heav-
ily ossified parts of the skeleton and are
well muscled. These fishes are simply
floating traps; they lie in the dark of the
deep ocean and attract their prey with
luminous spots and appendages around
their head and mouth. The arrangement
has inspired my colleague E. D. S.
Corner to liken them to the practitioners
of television (“telly” in the United King-
dom):

The use of its luminous lures
An adequate diet ensures

Like people on telly

It fattens its belly

By feeding on gullible viewers

he so-called lower orders of animals

have developed other solutions to the
problem of buoyancy that are no less
elegant than the swim bladder of fishes.
One of the great steps in evolution was
that by which the ancestor of the modern
squid evolved a gas chamber at the apex
of its cap-shaped shell. We may imagine
that the chamber came to function as a

X-RAY PHOTOGRAPH OF FISHES illustrates the fact that a
heavy skeleton is usually accompanied by a swim bladder. The
buoyancy imparted by the bladder makes the heavier skeleton
biologically feasible. Members of the families Labridae and
Bathylagidae (two fishes below fish at top) and the family Gadidae

(second from bottom) have both swim bladders and heavy skele-
tons. The swim bladders appear as dark areas just beneath their
spines. Specimens of the families Chauliodontidae (bottom),
Gonostomatidae (top) and Alepocephalidae (third from bottom)
have no swim bladders, and also have relatively light skeletons.
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buoyancy tank, permitting the animal to
take off easily from the bottom, propelled
by a jet of water. Its foot, freed from the
task of crawling, spread forward and sur-
rounded the mouth, its edge becoming a
fringe of tentacles. Thus, perhaps, did
the distinctive cephalopod form emerge.
The chambered, gas-filled shell took
many and beautiful forms, and various
species of this large family ranged and
dominated the Paleozoic and Mesozoic
seas. But except for one descendant (the
rare Nautilus, the shell of which is one
of the most coveted ornaments of the
conchologist’s cabinet) there are no sur-
vivors of these spectacular animals.
There is, however, another cephalopod
whose buoyancy device clearly derives
from the gas-filled shells of the nauti-
loids. This is the cuttlefish, Sepia offi-
cinalis, a close relative of the octopus,
that thrives off the western shores of
Europe.

Beneath the skin along the back of
the cuttlefish lies a large bone that serves
as the animal’s buoyancy tank. The cut-
tlebone is a soft, chalky structure, as fan-
ciers of canaries and parakeets are well
aware. (A piece of it is placed in a cage
to provide a surface on which the bird
can groom its beak.) The cuttlebone is
built up of lamellae, thin plates that,
with the pillars which hold them apart,
form the walls of independent chambers.
The animal lays down lamellae through-
out its growth, and by the time it has
matured, its cuttlebone is a beautiful
structure of about a hundred delicate
layers. A thick, calcified outer layer seals
most of the bone and extends backward
to form a curved, fin-like structure. The
back part of the undersurface of the
bone is formed by the turned-up ends of
the lamellae, and is covered with a yel-
lowish membrane [see illustration on
next page].

The cuttlebone constitutes about 9.3
per cent of the total volume of the cut
tlefish; its density is usually around .6
that of water. In a cuttlefish weighing
1,000 grams, therefore, the bone will
give an upthrust of approximately 40
grams, balancing the excess weight in
sea water of the rest of the animal.
The first clue that my colleague John

B. Gilpin-Brown and I had that the
cuttlebone is something more than a
static and unchanging organ, passively
buoying up the fish, came from the be-
havior of cuttlefish that we kept in aquar-
iums. They were sometimes so buoyant
that they seemed to have difficulty in
staying at the bottom of the tank; at
other times they settled down and re-

Los Alamos Scientific laboratory has
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velopment and testing in the AEC-NASA
Rover program . . . another of the many
investigations at Los Alamos into peace-
time uses of nuclear energy.

PHOTO: First field test

nuclear propulsion reactor.

of a KIWI

For employment
information write:
Personnel Director
Division 60-70

los' “alamos

scientific laboratory
. . - -

123

© 1960 SCIENTIFIC AMERICAN, INC



LAMELLA PILLAR CHAMBER

LIQUID-FILLED CUTTLEBONE buoys up the cuttlefish because it is less dense than
sea water. Top drawing shows position of cuttlebone from above. Middle drawing is
lateral section; color represents bone fluid. Arrows indicate path of water cuttlefish uses to
propel itself. Area in small rectangle appears in bottom drawing. Membrane against under-
side of bone pumps ions from bone fluid (color) into blood. Increased osmotic-
pressure difference between the two holds out water that sea pressure tends to force in.
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mained at the bottom with apparent
ease. Cuttlefish can be shepherded into
enclosures without being too much dis-
turbed, and we took advantage of their
docility to weigh them under water in
boxes filled with sea water. We found
that the surface specimens were less
dense than sea water, and that the bot-
tom specimens were more dense. Upon
dissecting the specimens, we found that
the difference could be wholly attributed
to the varying density of their cuttle-
bones and that the change in the den-
sity of the bones in turn was accounted
for by the relative volume of gas and of
liquid they contained. In a “heavy” cut-
tlefish the cuttlebone might have a den-
sity as high as .7 and contain about 30
per cent liquid by volume; on the other
hand, the cuttlebone of a “{cating” spe-
cimen might have a density of .5 and
contain 10 per cent by voiume of liquid.

The response of well-fed cutdefish to
light suggested to us that they can effect
changes in density quite rapidly. When
the light is bright, they usually bury
themselves in the gravel at the bottom
of their tank; after twilight they emerge
and swim about until dawn. We re-
peated our weighing procedure with
animals subjected to rapid alternations
of light and dark and found that their
density varied as much as 1 per cent
within a few hours.

The cuttlefish thus uses its cuttlebone
as a submarine commander uses the
buoyancy tanks of his craft. When the
submarine is to submerge, its buoyancy
tanks are filled with water; when it is to
surface, compressed air blows the water
out of the tanks. The corresponding
mechanism in the cuttlefish must meet
stern specifications. In the waters off Ply-
mouth, England, the cuttlefish is most
frequently found between 100 and 250
feet and is thought to go down as deep
as 600 feet. The animal is thus common-
ly exposed to pressures around eight at-
mospheres and may occasionally come
under a pressure of 20 atmospheres. The
pump that empties the cuttlebone must
not only be capable of moving water in
and out of the bone at the surface of the
sea, but also must be capable of balanc-
ing the considerable pressure of deep
water. Since compressed air works so
well in the submarine and even in the
swim bladder of fishes, this is the first
mechanism that suggests itself.

We soon found that this suggestion is
a false one. From cuttlefish that had
just been hauled aboard ship from about
230 feet we quickly dissected the cuttle-
bones, placed the bones under water and
punctured them with needles, confident-
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ly expecting to see bubbles stream from
the punctures. We found instead that
water rapidly entered the holes. Obvi-
ously the gas in the cuttlebones was not
under pressure. Far from being at the
eight atmospheres of pressure we had
expected, the gas was in fact closer to
.8 atmosphere. Moreover, we found that
the gas pressure falls when the cuttle-
fish pumps water out of its cuttlebone.
Clearly it is not the gas that expels the
water. It seems rather that the gas, which
is mostly nitrogen, plays a completely
passive and incidental role in the work-
ing of the cuttlebone. It presumably ar-
rives there merely by diffusing into a
space created by some other force.

We guessed that this force might be
an osmotic one, since 0smosis occurs
very commonly in biological systems.
Our next step was to secure samples of
the fluid from active cuttlebones. We
immersed a cuttlebone taken from a

CHAMBERED SHELL OF NAUTILUS forms a logarithmic spiral
in this X-ray photograph. The animal makes a partition after each
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freshly trawled animal in liquid paraffin
in a sealed container. When we lowered
the pressure in the container, fluid
seeped from the rear undersurface of the
cuttlebone. Upon analysis we found that
the fluid, which is chiefly a solution of
sodium chloride, has a lower concentra-
tion of salts than does the animal’s blood.
The difference in the concentration of
salts is enough to provide an osmotic
force sufficient to balance the hydro-
static pressure of the sea. Since the fluid
issued only from the rear undersurface
of the cuttlebone and nowhere else, it
was apparent that the yellowish mem-
brane covering that region is active in
the osmotic process.

Microscopic examination shows that
this is indeed the case. The membrane
has not only a copious blood supply but
also numerous ampullae, or sacs, close to
the bone. Small ducts connect the am-
pullae to the veins in the membrane, and
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these constitute a special drainage sys-
tem. The arrangement apparently en-
ables the membrane to pump salts from
the liquid within the cuttlebone into the
blood, and so causes fluid to flow from
the bone into the bloodstream. The salt
pump can thus increase or decrease the
osmotic pressure between the animal’s
blood and the cuttlebone liquid in re-
sponse to changes in the hydrostatic
pressure exerted by the sea, and can
keep fluid from diffusing into the bone
even when the cuttlefish is exposed to
heavy external pressure. It cannot pro-
tect the bone from the crushing weight
of the sea. But the bone itself is well de-
signed to withstand compression. One
bone under test in a pressure tank im-
ploded only after it was exposed to pres-
sure greater than the maximum pressure
to which the animal is exposed in life.
In its cuttlebone the cuttlefish thus
possesses a buoyancy-regulating device

period of growth. It occupies outer chamber, which has volume
equal to all the other chambers. Gas in shell helps animal float.
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included in descriptions of giant squids
to make the length seem more impres-
sive. With the facilities of the Plymouth
Marine Laboratory ship Sarsia at our
disposal, my colleagues T. I. Shaw and
John B. Gilpin-Brown and I were able to
study the nature and function of the
buoyancy organ in several varieties of

squid kept in shipboard tanks.

A squid propels itself by shooting a jet
of water from its siphon, and, to a lesser
extent, by means of two small fins at its
rear. Confined in tanks of sea water
aboard ship, however, our specimens did
little but remain still. They hung head-
down and almost motionless without any
apparent effort. Since the squid possesses
neither a swim bladder nor a cuttlebone,
it must have some other organ to balance
the excess weight of its muscles.

When the outer mantle of the animal
is cut open, there appears a large fluid-
filled cavity, called the coelomic cavity.
If the membrane containing the fluid is
punctured and the fluid is drained away,
the squid loses its buoyancy and prompt-
ly sinks. It is clearly the fluid that gives
the animal its buoyancy. From measure-
ments aboard ship and more exact
measurements ashore we found that the
coelomic fluid of the several varieties
studied had a density between 1.01 and
1.012. Since the density of sea water is
about 1.026, and since the coelomic fluid
comprises fully two thirds of the weight
of a squid, this is enough to offset the
weight in sea water of the animal’s pro-
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teins and to give it neutral buoyancy.

What gives the fluid its low density?
First inspection did not disclose the an-
swer. The fluid is clear, colorless and
bitter-tasting. At first we thought that
it might be hypotonic, or less “salty”
than sea water, and so have a lower den-
sity. A shipboard test of the freezing
point of the two liquids showed, how-
ever, that this is not the case; the co-
elomic fluid is isotonic to sea water.

This finding and the bitter taste of the
fluid pointed to the one ion that could
give a solution isotonic to sea water but
with a sufficiently low density, that is,
the ammoniwm ion. Analysis showed am-
monia present in the astonishing concen-
tration of nine grams per liter.

The source of the ammonia is the
squid’s peculiar metabolism. Unlike
mammals, the squid excretes the nitro-
gen from the breakdown of proteins in
the form of ammonia instead of urea. It
seems to employ a simple chemical
stratagem to trap the ammonia in its co-
elomic cavity. The acidity of the co-
elomic fluid is high; in consequence the
ammonia diffuses from the bloodstream
into the cavity and there dissociates into
its ions. The ammonium ion does not
pass so readily through living tissue, and
so remains in the cavity to reduce the
density of the fluid and float the squid.

The squid’s method of achieving
buoyancy has the great merit of being
virtually unaffected by external water-
pressure. As compared to fishes, the
squid need not alter the quantity of its
coelomic fluid as it changes depth. As
compared to the cuttlefish, the squid can
dive much deeper. The great defect of
the device is that it is so cumbersome,
for while the swim bladder occupies only
5 per cent of the volume of the fish, and
the cuttlebone only 10 per cent of the
volume of the cuttlefish, the coelomic
cavity has a volume equal to 200 per
cent of the rest of the cranchid squid.

There is a striking resemblance be-
tween the cranchid squid and the bathy-
scaph designed by Auguste Piccard that
has descended into the deeper parts of
the ocean. In the bathyscaph a large
chamber filled with gasoline plays the
role of the coelomic cavity and its fluid;
below hangs the observing chamber,
which corresponds to the denser work-
ing parts of the squid. For this reason,
we have described the cranchids as
“bathyscaphoid squid.” Though the
etymology of the term is dubious, it may
serve to remind us of an important les-
son: Our pride in man’s latest discov-
eries must be tempered by the knowl-
edge that other animals may have been
using them from time immemorial.
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Prehistoric Man in Mammoth Cave

Some 2,000 years ago Indians went deep into the great cavern

in Kentucky to mine gypsum, leaving behind them many traces

of a society that was just beginning to develop agriculture

ne day some 2,200 years ago a
O man wearing sandals and a loin-
cloth woven of fibers from the
papaw tree descended the steep slope
leading to the entrance of the great cav-
ern in Kentucky that is now known as
Mammoth Cave. He was going to mine
gypsum from the walls of the inner pas-
sages of the cave. As he entered the
cave, he lit a torch of cane reeds from
a slow-burning wick of twisted bark.
Then he walked into the darkness. The
first half mile was familiar, because he
and members of his band and their an-
cestors had ventured this far so often
that they had worn a smooth path
through the rock rubble that littered
the floor. Doubtless he occasionally shift-
ed his load of reeds, which he would
later fashion into new torches when
the one he was carrying burned low.
He turned a corner and entered a large
room where men like him had picked
and scraped gypsum from the wall
many years before. Now no gypsum
remained, but the miner paused to
pick up a hand-sized limestone slab
that would serve as his mining tool.
Deeper in the cave he found the path
less smooth and certain. He may have
been reassured to note that the way was
marked by worn-out sandals abandoned
by earlier visitors; he himself was carry-
ing an extra pair.

Entering another large room from a
winding passage, he probably sat down
to rest and take a drink of water from
the gourd he was carrying. Since his
first torch was almost gone, he fashioned
a new one from a handful of reeds and
a strip of bark. Here he also left a cache
of reeds to be used for making a torch
on his return trip; then he set off into
one of the several tunnels leading to the
labyrinth beyond. The route was un-
familiar, and he had to take care in the
flickering light not to step into a hole or
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by Douglas W. Schwartz

off into space from a sharp underground
declivity. Now he began to search the
walls for the crystalline flowers and
sheets of gypsum that had brought him
on his journey. At one time the mineral
had been plentiful in the tunnels leading
out of the great hall, but now a miner
had to go deeper and deeper into the

cave to find it. The shell pendant hang-
ing from his neck must have been a
source of comfort in the darkness.

At last he saw overhead a rock surface
thickly coated with gypsum; he could
reach it by climbing several feet to a
small ledge. He removed his sandals for
surer footing, popped a few sunflower

ENTRANCE OF MAMMOTH CAVE, here seen from just inside, is on a steep slope. An-
cient Indians at some seasons lived here while the men went into cave to mine gypsum.
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seeds into his mouth and climbed to the
sandy ledge. He knelt, stuck his torch
upright in the sand, and began to scrape
and pick the flaky crystals from the wall,
gathering the mineral into a woven bag.
He did not realize that a five-ton boulder
hung precariously overhead, held in
place by a small column of rock. He
chipped on that column. The boulder
dropped, threw him forward from his
kneeling position and crushed him to
death.

In the constant temperature and low
humidity of the cave his body was pre-
served, as if it were a well-prepared
mummy, and remained undisturbed for
24 centuries until it was found by an-
other race of men in 1935. It now rests
in a sealed glass case inside Mammoth
Cave, not far from the entrance.

Artifacts discovered in the cave and in
+ A jts vicinity have provided the infor-
mation from which the miner’s last hours
were reconstructed. The same materials
have revealed a great deal about the his-
tory and daily life of his people. A tan-

TYPICAL PASSAGEWAY in Mammoth Cave is impressively
large. The man is holding a flashgun to light distant part of tunnel.

talizing problem is posed, however, by
the gypsum. It cannot be said with any
assurance what these people did with
the mineral, or why it was so valuable to
them that they risked long trips into the
dark cave. Evidence of gypsum mining
occurs for at least two miles into the
main passages and for many more miles
in side passages. If the gypsum was a
salt substitute, a diet additive or a medi-
cine, archaeology may never find the
evidence. Some clues indicate that it
may have been a paint base. A more
interesting possibility is that the gyp-
sum served as fertilizer. These ancient
Indians were living through one of the
great revolutions of human existence—
the change from the hunting, fishing and
food-gathering way of life to the settled
economy of agriculture.

Mammoth Cave has been known to
the descendants of Europeans for a rela-
tively short time. A hunter is said to have
discovered the cavern in 1799, when he
trailed a bear into the entrance. A few
years later white settlers came to the
region, and the cave began to be famous.
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During the War of 1812 another mineral,
saltpeter, was mined and processed in
Mammoth Cave to make gunpowder.
Then in 1813 a nearby cave produced an
archaeological find that must have fired
the public imagination. According to
contemporary accounts, “a scientific man
from New York,” who was digging for
saltpeter, came across an unusual large,
flat rock. His workmen raised it and dis-
covered a chamber three feet wide,
three feet long and three feet deep.
There, seated upright and entirely cov-
ered with a blanket, was the body of a
tall young woman. A fiber cord held her
hands across her chest. She had dark red-
dish hair cut close to her head except
where it hung down at the back. By her
side lay two neatly wrapped deerskins,
a pair of fabric sandals, a woven knap-
sack and a net bag. The knapsack and
bag contained a cap, seven feather head-
dresses, a deer-hoof necklace, an eagle-
claw pendant, a bear-jaw pendant, two
rattlesnake skins, small bunches of deer
sinews, seven bone and horn needles and
two cane whistles. In 1813 many people

Before the cave became a tourist attraction, floors of passageways
were covered with rock rubble that made walking quite difficult.
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“MUMMY” OF ANCIENT GYPSUM-MINER today rests in glass 2,200 years ago, and the dry, cool air in the cave preserved his
case in Mammoth Cave. A five-ton boulder fell upon him some body. His shell pendant can be seen just to the right of his chin.

GYPSUM CRYSTALS, or “flowers,” of the type sought by the an- In this photograph the crystals are approximately half natural
cient Indian miners still hang from many walls in Mammoth Cave. size. It is not known what use the Indians made of the gypsum.

132

© 1960 SCIENTIFIC AMERICAN, INC



still thought that one of the lost tribes of
Israel had preceded the modern Indian
to America; thus anything that looked
like a mummy aroused great interest.
Of course the body had not been delib-
erately mummified; this and the other
“mummies” found in the Kentucky cave
country were simple burials that had
been remarkably well preserved by con-
ditions in the caves.

Such spectacular finds and the numer-
ous artifacts that lay at hand for the
taking soon attracted sight-seers and
souvenir hunters. As early as 1816, Mam-
moth Cave was being commercially ex-
ploited by promoters, who later built a
railway to bring visitors from the nearest
railhead. Guides carrying smoking torch-
es led large parties through the most ac-
cessible passageways. Throughout this
period tourists, guides and explorers
carried off vast quantities of priceless
objects made by Indians. It was only
late in the 19th century that a few
archaeologists visited the region and
made the first useful reports on the mate-
rials still to be found in the cave. The
early discoveries included black-and-
white-striped cloth, feather blankets,
fans of turkey tail-feathers, baskets,
squash-shell cups, bundles of raw textile
materials, fishing nets, basket coffins of
cane and bows and arrows—perishable
objects that had long since decayed at
other sites in the eastern U. S.

In 1916 N. C. Nelson of the American

Museum of Natural History came to
Mammoth Cave and undertook the first
scientific examination of the cave and
its environs. He excavated several rock
shelters along the Green River, which
drains the cave region, and also dug ex-
tensively in the mouth of Mammoth
Cave itself. Dampness at the entrance
had apparently destroyed any impressive
objects of cloth, feathers, skins and fiber,
and Nelson found only such indestructi-
ble archaeological stand-bys as chipped
and ground stone, bones and sunflower
seeds. Even with this meager material
he was able to make the penetrating ob-
servation that the culture which had
produced the artifacts was more “limited
in scope and development, . . . essential-
ly more primitive” than the culture that
contemporary archaeologists were then
excavating in the mounds to the north
. and east. Not for two decades would ar-
chaeologists define the so-called Archaic
period that had preceded the emergence
of the primarily agricultural people who
built the burial and temple mounds. But
in his work at Mammoth Cave, Nelson
recognized that earlier period.

For many years Mammoth Cave was

ANCIENT FIBER SANDAL rests today where it was recently discovered on a ledge in
Mammoth Cave. Such sandals were woven of fiber from the inner bark of the papaw tree.

CANE REEDS that litter cave in many places were brought in by Indians more than 2,000
years ago. The Indians left caches of reeds within the cave to make emergency torches.

BARK THONGS were dropped in passageway by ancient Indians. This material was used
to tie up a bundle of reeds to make a torch. It is preserved by dry air in this part of cave.
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WOODLAND CULTURE ARTIFACTS include woven straw bag
(far left), now in the Peabody Museum of Harvard University. It

to remain more attractive to tourists
than to archaeologists. There was a brief
flare of interest in 1935. In June of that
year two cave guides, crawling on hands
and knees along a sand ledge in the inner
reaches of the cave, came upon a skull—
“No, a mummy!” It was the body of the
prehistoric gypsum miner. The National
Park Service was just taking control of
the cave, and officials had the good sense
to keep the find a secret at first and to
call in an archaeologist. A great deal of
activity followed: Photographs were
made from many angles, the exposed
body parts were examined minutely and
the ledg‘e was carefully searched for
clues to the cultural setting. Finally the
Park Service decided that it was safe to
tell the press of the discovery. Reporters
and photographers swarmed into the pas-
sage, bringing lights and heavy motion-
picture cameras. All this commotion
caused the sand on which the boulder
rested to shift, and it became apparent
that the rock was about to slide off the
ledge onto the passage floor, destroying
the preserved body. The Park Service
sent telegrams to Washington, seeking
permission and the funds needed to lift
the stone and to take measures for pres-
ervation of the body. At last, after sev-
eral anxious days of delay, the operation
started.

Young men of the Civilian Conserva-
tion Corps, who were working in the re-
gion, were mobilized to carry in timbers
through the two miles of cave passages
and build a 30-foot tower for lifting the
boulder. They constructed it in the light
of gasoline lanterns. Three chain-hoists
hanging from the tower were attached
to a cradle of wire rope around and un-
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der the rock. The workers lifted the
rock, slipped a board under the body
and slid both out. Then they lowered
the boulder and secured it in place.

But the ancient Indian had not com-
pletely finished his adventurous career.
The archaeologists carried him outside

still exhibits faint vertical stripes from dyed pattern. Large frag-
ment of a gourd bowl (second photograph), made from domesti-

in the sunlight to get a better look at
him. They were dismayed when a thick
layer of furry fungus began to grow
upon the remains. A chemist, called in
for consultation, was unable to prescribe
a remedy, and the Indian miner was
taken back into the dark, dry cave. The
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LOCATION OF MAMMOTH CAVE is shown on this map. Colored hatching marks area

that contains Archaic shell mounds and villages of much later Mississippian culture.
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cated plant, is at Museum of the American Indian in New York,
as are the fragment of a basket (third photograph) and hanks

return to the cave inhibited decay, and
the authorities decided to give the body
a final resting place within the cave, in
a glass case.

The archaeology of Mammoth Cave
was neglected for another 20 years.
Then the National Park Service launched

its ambitious “Mission 667 project, de-
signed to accommodate more visitors in
the parks and to enrich their visits with
more complete information on the natu-
ral and the human history of these areas.
The Service built a small museum near
the entrance to Mammoth Cave and, in

of fiber from papaw bark (far right), probably prepared for weav-
ing sandals. All objects were found in Mammoth and Salts caves.

order to present the complete story of
the cave in its relation to the life of pre-
historic man, instituted a comprehen-
sive program of archaeological research.
I was engaged to study all the available
artifacts and remains, including mate-
rials scattered in several museums, in the
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MAMMOTH CAVE NATIONAL PARK has many archaeological
sites (colored squares) outside the caves. The map shows the en-
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trances of Mammoth and Salts caves, the town of Mammoth Cave
and the upper Green River and its major tributaries in park area.
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light of the great strides that work in
American prehistory has taken in the
past 20 years. The program called for
radiocarbon-dating of specimens, a
thorough study of the remains of the
miner, mapping of the location of san-
dals found in the cave to identify the
paths taken by the miner and his fellows,
and a surface survey of the sites in Mam-
moth Cave National Park. A unified pic-
ture of the prehistory of the region is
now emerging from these studies; it is
painted here in broad strokes.

T oward the end of the last Ice Age the

cave country near the Green River
was visited occasionally by far-wander-
ing bands of mammoth hunters. The
large herds of mastodon and mammoth
were disappearing, and these people had
to adapt to a new way of life. With the
change in climate and ecology, the hunt-
ers learned to take deer and smaller
game and to gather wild fruits, nuts and
berries. The population of eastern North
America entered a period of rapid in-
crease; the tribes flourished and spread.
Where they found a region suited to
their ways of obtaining a living, they be-

gan to settle down and evolve more com-
plex cultures. The lower valley of the
Green River west of the Mammoth Cave
country was such a region. The river
abounded in fish that the hunters caught
with bone hooks and spears; the river
shoals supplied mussels in abundance for
gathering by hand. Great mounds of
midden, shell debris, vegetable material
and earth testify to the prosperity of
these Archaic people. On the mounds,
which probably marked seasonal stops
in their migrations, they dug pits in
which they buried their dead, sometimes
along with tools, weapons and orna-
ments. The mounds also contain bones
of deer, opossum, groundhog, squirrel,
fox, beaver, bear, wildcat, rabbit, wild
turkey, goose and turtle. In season these
people collected wild vegetable foods,
adding some variety to their high-pro-
tein diet. At some seasons they occupied
small camp sites higher up in the valley,
as well as the entrances to large caves
and other rock shelters. The entrance to
Mammoth Cave harbors as evidence of
this period a few broken tools and a
grass-lined grave, containing most of
the skeleton of a young girl.

Shortly after 1500 B.C. a band of
these hunters and gatherers moved up
the river to take up a more permanent
abode in the vicinity of Mammoth Cave.
The women had started planting sun-
flowers and other crops in the open
patches of river-bottom land so they
would not have to walk so far to collect
them in the wild. The idea had probably
come from tribes living on the Ohio
River, who had learned about the plant-
ing of seeds from peoples farther south.
This new method of obtaining food may
have led to an increase in population
that forced some of the people to move
up the river valley. Alternatively they
may have moved because the land in the
cave region was easier to clear for crops.
Whatever the reason, the population be-
gan to shift from the lower valley. Even
after the tribes moved to the cave region,
the change in their way of life occurred
so gradually that it was hardly notice-
able. The men continued to hunt, fish
and collect mussels; the women still
gathered wild plants along the river
banks, and roots and nuts in the forests.
By 500 or 400 B.C. agricultural produc-
tion had increased to such an extent that
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MAMMOTH CAVE PASSAGEWAYS used by Woodland Indians
more than 2,000 years ago are shown on this map. Color indicates
recent finds of vegetable material, mostly cane reeds and bark,
brought in by ancient people. Hatching marks areas containing
very little ancient material. Arrows denote sites of sandals found
by the author of this article in recent survey. The body of the
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ancient gypsum miner was found at “Mummy Ledge,” and now
rests at “Mummy.” “Chief City” is a great room that served as
ancient way station and torch depot for long cave journeys. The
major part of Mammoth Cave branches off from A and A’ and the
area visited by tourists is in that section. Indians ignored that area
because it is damp and gypsum does not crystallize on the walls.
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| they were raising sunflowers, squash,

gourds, gooseberries and a kind of rag-
weed whose seeds they presumably ate.
The Archaic culture had evolved into
the so-called Woodland culture.

he Indian farmers broke the ground

and killed the weeds with flat lime-
stone hoes hafted to short sticks. They
also employed digging sticks to make
holes for planting and to prod out edible
roots. Open glades in the forest usually
served as fields, but occasionally they
girdled and chopped trees with stone
axes and burned the brush to clear larger
spaces for planting. The Woodland peo-
ple collected berries in baskets woven
of split cane and gathered nuts in bags
made of twine. They skinned and
dressed their game with broad flint
blades, hung the meat up to age and
cooked it on a spit or in a pottery bowl.
Dogs, their only domestic animals, un-
doubtedly enjoyed the scraps. On special
occasions a persimmon cake or sunflower
bread on a wooden platter would accom-
pany the meat dish. Apparently the peo-
ple had no alcoholic beverages, but in
the spring they made a sweet syrup from
the sap of trees. When nuts and seeds
were in season, the women ground them
in wooden or stone mortars with bell-
shaped pestles.

Weaving was a craft these people de-
veloped to a high degree, in clothing,
bags, sandals and baskets. In their tex-
tiles they employed a coarse fiber made
from the inner bark of the papaw tree,
which they stripped and left to dry for a
month or so in the summer. Although
the clothing and containers stood up
well, the sandals wore out quickly; their
heels and toes had to be patched fre-
quently. The quality of the handiwork
suggests that young girls, as they learned
the craft from their mothers, practiced
on the children’s sandals but not on those
of the men, who had to have the best
for hunting. Occasionally the sandals
would be too large, and the wearer
would stuff grass into their toes to make
them fit.

By the time a girl was 12 or 13 she
probably knew how to make simple loin-
cloths, although her mother or older sis-
ter might have helped her apply the
colored designs. The vegetable dyes,
which were stored in packages made of
large leaves, were dissolved in water in
a pot, and the fabric was either dipped
or left to soak or boil. Most loincloths
were plain, but those for special occa-
sions had bright colors, tassels and fancy
fringes. The most beautiful piece of
clothing was the chief’s feathered cloak;
the weaver would drill holes in the shafts

USE OF SURFACE
IN AREA OF CAVES

SOME BURIALS,
PROBABLY HUNTING.

OCCUPATION OF ROCK
SHELTERS AND RIVER-
BANKS. HUNTING,
GATHERING, EARLY
AGRICULTURE.

HUNTING, FISHING,
GATHERING, LIVING
NEAR RIVERBANKS AND
IN ROCK SHELTERS.

CULTURAL
DATE PERIOD USE OF CAVES
1200 AD. RARE EXPLORATIONS
10 MISSISSIPPIAN ~ GOING IN ONLY A
1600 A. D. SHORT DISTANCE.
INTENSIVE GYPSUM-
COLLECTING AS DEEP
400 B.C.
AS TWO MILES IN
1ooTi o WOODLAND |\ MMOTH CAVE.
b PEOPLE LIVING IN
ENTRANCE OF CAVE.
OCCASIONAL OCCUPATION
SOOTOOB'C' aRcuaic | OF ENTRANCE. NO USE
1000 B, C OF CAVE OR EVIDENCE OF
e ENTRY INTO CAVE.
8000 BC. | PALEO-INDIAN =~ CAVES APPARENTLY

NOT KNOWN.

| SCATTERED AND
% INTERMITTENT HUNTING.
!

HISTORY OF CAVE AREA is summarized. The only intensive use of interior of Mam-
moth Cave occurred during Woodland period, when Indians sought gypsum. Gaps in dates
are explained by fact that no archaeological materials have been found from missing periods.
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of feathers and suspend them from the
twine as she wove it into cloth.

When winter called for warmer
clothes, the men supplied animal skins
from the hunt. Skins of deer, rabbit,
bear, elk or wildcat were tanned and
made into blankets or robes. The women
used bone awls and deer sinew to fashion
these skins into clothing. For adornment
they employed fawn hoofs, perforated
seeds, stone beads, shells, eagle claws,
bear jaws and other materials, which
they made into necklaces and pendants.

The many caves in this countryside at-
tracted their interest, especially the two
largest caves that are now known as the
Mammoth and the Salts. Although they
had relatively small entrances, both con-
tained many tremendous rooms and
miles of smaller passages, as well as cliffs
and rivers, columns of stone and spar-
kling crystals. Families lived at some
seasons in the entrances of the larger
cave, while the men went deep into the
cave’s interior. Occasionally the women
would go a short distance into the cave
to store bundles of sandals or textile
fiber in the constant cool environment.
But only the men saw the inner recesses
of the caverns, venturing deeper as they
exhausted the supply of gypsum nearer
to the entrance.

N last, after nearly a millennium, peo-
ple began to move away from the
land of the great caves, settling in the
fertile bluegrass country to the north
and east. By 400 A.D. the region was
abandoned. It remained unoccupied for
more than 500 years. Now and then a
hunting party would wander through.
Sometime after 1300 A.D. a group from
the west paddled up the Green River
and set up a hunting camp on top of a
hill that overlooked the river and the
land around it. They found the game
plentiful and sometimes even easy to
stalk, since it had not been hunted for
so long. Every few years they returned
for short visits and gradually they
learned a little about the region.

One day an Indian hunter—perhaps
on the trail of a bear—came upon the
entrance of Mammoth Cave. He re-
turned with his tribesmen to explore this
opening in the earth, and with cane
torches to light the way they crawled
and walked through many passages.
They found evidence of the earlier cave-
explorers and even collected some of the
ancient straw sandals to take back to
their main village on the lower Green
River. Surely one of these Indians must
have remarked: “We’ll probably never
know why those ancient people spent so
much time in the cave.”
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THINGS THAT GO FASTER THAN LIGHT

Contrary to common opinion, certain physical phenomena move faster

than ¢ (the speed of light in a vacuum). This speed is a maximum,

however, for the transmission of messages, or of mass and energy

faster than light. To anyone edu-

cated in the 20th century this state-
ment usually comes as something of a
shock. Those who know a little about
the theory of relativity are apt to pro-
test: “But Einstein proved that nothing
can go faster than light.” Even many
people who really know better find
themselves surprised when they come
upon one of the several physical phe-
nomena that do propagate faster than
the speed of light in a vacuum. So it
seems worthwhile to discuss just what
can and what cannot travel faster than
light, and to find out what Albert Ein-
stein really said.

Let us begin with something as sim-
ple as a pair of scissors. If you think
about the point where the two blades
intersect, you will realize that as the
scissors are closed and the blades be-
come more and more nearly parallel,
the intersection point moves away from
the pivot faster and faster. Eventually,
if the scissors are long enough, the
velocity of the point must exceed the
speed of light.

To be specific, suppose that the
blades extend four kilometers past the
pivot and that one blade is held fixed
while the other is rotated at one revo-
lution per second. If the pivot point is
10 centimeters below the edge of the
fixed blade [see illustration on pages 144
and 145], then when the point of inter-
section is about 2.2 kilometers from the
pivot, it is traveling at some 300,000
kilometers per second—a little more
than the speed of light. From here out
the point of intersection will move fast-
er and faster, reaching speeds far great-
er than that of light.

But this is just a trick, you say. We
have not really sent some palpable thing
faster than light. We are merely no-
ticing the motion of a geometrical

It is easy to make something travel
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by Milton A. Rothman

point, a locus of intersection, not a ma-
terial body. The trick breaks no laws.
After all, there are many other ways of
performing it. We could, for example,
swing the beam of a searchlight across
a screen. If the screen is far enough
away, the spot where the light hits will
move with tremendous velocity. We
could move the spot from Mars to
Venus in a second, if we had the ap-
propriate apparatus. Similarly, it is
possible to move the electron beam in
a cathode-ray oscilloscope back and
forth so rapidly that the spot on the
screen travels faster than light.

In these examples the only objects
that actually move are photons and
electrons, and they travel along the
beams at their usual speed. The ap-
pearance of motion across the screen is
supplied by our own minds.

Even granting that the motion is an

illusion, something does move fast-
er than light, and we might suppose
that we could use it to carry a message.
A moment’s reflection shows that the
searchlight and oscilloscope can be
ruled out. Sweeping a light beam from
Mars to Venus by means of a projector
on the earth is of no help in sending a
message from Mars to Venus. However,
the scissors seem to offer a possibility.
Suppose we gently wiggle the moving
arm up and down while it is almost
parallel to the fixed arm and thus tap
out a code signal. The dots and dashes
should then travel out to the far end at
a speed faster than that of light.

On closer inspection this superfast
telegraph turns out to be based on a
false assumption, namely, that the scis-
sor blade is infinitely rigid and that any
motion at one end transmits itself
throughout the entire length instanta-
neously. The blade is not rigid, but
elastic. When the position of the handle
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changes, the motion is transmitted along
the arm with a velocity that depends
upon the arm’s elastic properties. In
other words, what actually carries the
signal is a wave that travels at the speed
of sound in this particular blade.

Note that when the arm was rotating
at a constant speed, the point of inter-
section was able to travel faster than
light. It was only when we tried to
change the motion of the arm that we
ran into difficulty. The difficulty is quite
general. In order to transmit a message
there must be some change of motion.
And nature seems to have conspired to
make it impossible to send a change
faster than light. This is the meaning
of the principle of relativity. Einstein
never said that nothing could go faster
than light. What he said was that no
message and no energy (including that
contained in the mass of material bodies)
could be transmitted faster than light.

The example of the scissors is admit-
tedly farfetched. To find something that
really goes faster than light we must
look to electromagnetic waves. As a help
in visualizing some of their important
properties it may be best to talk first
about material waves such as water
waves.

Imagine you are sitting on a small
rock that juts out of an otherwise empty
ocean extending in every direction as
far as your eye can see. Somewhere over
the horizon a huge machine is agitating
the water in a regular, rhythmical way
and setting up waves. These waves
approach you from one side of the
horizon, pass by and disappear over the
opposite side. We shall suppose that
they are ideal waves, with the form of
a perfect sine-curve: the crests are all
of the same height (that is, the ampli-
tude is constant), and they do not die
down as the wave progresses; the spac-
ing between crests does not change



PLASMA, or highly ionized gas, which is producing the rosy glew
in this photograph, is a medium in which radio waves have a
phase velocity (see text) greater than c¢ (the speed of light in a
vacuum). The plasma is seen through a port in a Stellarator, a

device used in thermonuclear research at the James Forrestal Re-
search Center of Princeton University. Dark objects within port
are microwave horns, which send waves through the plasma. The
increase in velocity is a measure of the density of free electrons.
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(the wavelength is constant); the same
number of crests passes every second
(the frequency is constant).

By keeping your eye on a particular
crest and measuring the speed at which
it approaches, you can determine the
velocity of the wave. What you are ac-
tually doing is following the progress of
a particular phase in the cycle of vi-
bration of the water particles that make
up the wave. Hence the velocity you
measure is known as the phase velocity.

There is another way to find the
phase velocity. You can count the num-
ber of crests passing in a minute and
multiply by the distance between crests.
This tells how far the first crest has gone
in a minute. In other words, phase
velocity equals frequency times wave-

length.

What does the wave carry at this
velocity? Certainly not a message. The
endless, unchanging succession of pass-
ing crests can convey no more informa-
tion than can a still ocean. Nor is energy
transmitted. Every point on the surface
has exactly the same energy as every
other point, and the amount of energy is
constant.

Evidently Einstein’s restriction should
not apply to this wave that carries
no message and no energy. In fact it
does not; some waves (electromagnetic
waves, not water waves) can under cer-
tain circumstances have phase velocities
greater than the speed of light in a
vacuum.

Now consider how a message might
be sent by the operator of the water-
wave machine to the observer on the

rock. Somehow the regular pattern
would have to be varied. The variation
might take the form of amplitude modu-
lation, for example, where the height of
the crests is changed. Another possi-
bility would be to pulse the wave, break-
ing it up into short, separate packets by
alternately starting and stopping the
machine.

Whatever stratagem is adopted, it
will be found that the significant var-
iations constituting the message pro-
gress more slowly than the phase veloc-
ity. The pattern of higher and lower
crests in the amplitude-modulated wave,
or the packets in the pulsed wave, travel

=
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INTERSECTION OF SCISSORS BLADES moves to right at in-
creasing speed as the upper, moving blade rotates at a constant
rate. If the blades were long enough, the intersection point could
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move faster than c. In upper drawing the broken straight lines
mark the intersection for successive positions of the moving blade
after equal angular rotations. In lower drawing the moving blade



as a group; their speed is called the
group velocity.

For waves in general the group veloc-
ity can be less than or equal to the
phase velocity, and in a few anomalous
cases, greater than the phase velocity.
Which rule holds depends on the type
of wave and the nature of the medium
through which it is traveling. For the
large gravity water-waves mentioned
above, the group velocity is less than the
phase velocity. For small capillary sur-
face waves the reverse is true.

The reason is to be found in a long-
known but still surprising fact about
wave motion. About 150 years ago the

French mathematician Joseph Fourier
discovered that every wave group,
which means every wave pattern except
a perfect sine-wave extending indefi-
nitely in both directions, can be made up
by superimposing sine waves of various
wavelengths and amplitudes. Not only
that, but every wave motion actually
contains these pure components; they
can be filtered out and detected.

A simple amplitude-modulated signal
can be built of just two sine waves [see

is distorted as a result of a sudden closing movement. Now the
velocity of the point of intersection depends on the speed at which
the jog moves along the blade, and not on the rate at which the
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illustration on next pagel. Obviously if
the two component waves move at the
same speed, the pattern obtained by
combining them will also travel at that
speed. This is the case for light, or for
other electromagnetic waves in a vac-
uum: all the pure sine-waves have the
same speed (equal to 299,793 kilometers
per second and denoted by ¢), and the
group velocity equals the phase velocity
of the component waves.

On the other hand, as a glance at the

\

handles are pulled together. The progress of the jog depends on
the elastic properties of the metal blade, and the motion of the
intersection takes place at the speed of sound in the material.
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GROUP VELOCITY of a wave form produced by superimposing two sine waves is repre-
sented by the advance of the highest crest of the colored curve (marked with vertical ar-
row) from top drawing to bottom one. In the same time interval the upper sine wave, mov-
ing at its phase velocity, advanced to point marked by shift of gray area. Lower sine-wave,
with a smaller phase velocity, advanced to point at end of solid curve in bottom drawing.
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illustration shows, if the component
waves move at different speeds, the
velocity of the combined wave (the
group velocity) is different from that of
either component. This is the situation
whenever electromagnetic waves travel
through a material medium. The veloc-
ity of the waves in such media depends
on wavelength. Hence different com-
ponents of a wave have different phase
velocities, and in all transparent ma-
terials the group velocity is less than any
of them.

IAS a consequence of its change in
speed, a light ray passing obliquely
from a vacuum to a material medium is
bent, or refracted. To check the theo-
retical relation between velocity and re-
fraction A. A. Michelson in 1885 made
accurate measurements of the speed of
light in various materials. At first his re-
sults seemed to contradict the theory. In
carbon disulfide, for example, his veloc-
ity measurements yielded an index of
refraction of 1.758. But the correspond-
ing figure computed from the observed
bending of light rays was 1.635.

The discrepancy was quickly ex-
plained when it was realized that the
two experiments measured different
quantities. The bending of rays depends
on phase velocity. Michelson was meas-
uring the speed of short pulses of light;
in other words, the group velocity.

In this instance the phase and group
velocities, though different from each
other, are both less than ¢. Light travels
more slowly through carbon disulfide
(and other transparent substances) than
through a vacuum. But for other por-
tions of the spectrum, such as the far
ultraviolet, the phase velocity in a
medium is often greater than ¢, as can
be demonstrated by refraction. The
phenomenon of refraction does not pro-
vide a direct measure of speed, but
rather of wavelength. When light pass-
es through different media, its wave-
length changes, and the amount of
bending that takes place at the dividing
surface depends on the difference in
wavelength. Since the frequency of a
wave never changes once it has left its
transmitter, and since phase velocity
equals frequency times wavelength, the
phase velocity varies in the same pro-
portion as the wavelength. But phase
velocity itself, in the case of electro-
magnetic waves, is unmeasurable. We
cannot see the crests and follow their
progress. When we try to measure ve-
locity directly, we always end up as
Michelson did, measuring group veloc-
ity. And even where the phase velocity



WAVE FRONTS (colored bands) advance through a wave guide
by shuttling from wall to wall, in direction of slanted arrows, at

is greater than ¢, nature has conspired
to make the group velocity less.

All this would be but a curiosity—a
theoretical concept of an unmeasurable
(uantity—if it were not for certain rather
important consequences in the propaga-
tion of radio waves. Electrical engineers
are familiar with the fact that when very
short radio waves, which move through
free space at the speed of light, are sent
through a long metal pipe, or wave

guide, their wavelength grows longer
and their velocity increases. The amount
of the change varies with frequency in
an interesting way. For very high fre-
quencies, where the wavelength is very
small compared with the size of the
wave guide, the increase is negligible.
This is reasonable, because then the
wave is practically traveling through
free space. As the frequency decreases,
however, and the wavelength becomes

speed of light. Point where they cross and reinforce moves faster.
Pale bands show a position slightly later than that of dark band.

comparable with the width of the tube,
the waves carom off the walls as they
advance [see illustration above]. As the
wave crests shuttle back and forth be-
tween the sides, they cross one another,
and combine into a new pattern. It is
this pattern, the crest of which occurs
where the crests of the individual waves
add up, that travels straight down the
tube.

It is clear from the illustration that

BENDING OF RADIO WAVE (colored band) by ionosphere
(upper gray area) depends on the fact that the phase velocity is
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increased in the ionosphere. Wave fronts (black lines) tilt forward
as upper parts move faster than lower ones, changing direction.

147



the point of reinforcement travels faster
than the individual wave-crests, just as
the point of intersection of our scissors
traveled faster than each blade. Thus we
have a wave that travels faster than
light, and is longer than it would be in
free space for the same frequency.

As the frequency is reduced, the
wavelength and velocity in the guide in-
crease until, at a certain critical fre-
quency (determined by the dimensions
of the guide), the wavelength becomes
infinite and the wave effectively moves
with an infinite velocity. This is called
the cutoff frequency, for if we try to pass
a wave of a lower frequency through the
wave guide, we discover that it will
not go. The pipe is actually opaque to
the radiation.

As before, a phase velocity greater
than ¢ is nothing to get excited about.
The only thing that is moving is an in-
terference pattern between waves.
When we start a wave on its way, the
resulting change in the conditions within
the guide travels with the group veloc-
ity. In other words, if we pour energy
into the wave guide and wait for it to
come out of the far end, the time de-
pends on the group velocity. And the
group velocity is less than the speed of

FREE-ELECTRON DENSITY in a plasma can be determined by
measuring increase in speed of radio waves passing through the
gas. Microwave output of klystron is split into two parts, one pass-
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light, no matter how great the phase
velocity. In fact, it turns out that in a
wave guide the group velocity is equal
to ¢? divided by the phase velocity.
The greater the phase velocity, the less
the group velocity; just above the cut-
off frequency, where the phase veloc-
ity is almost infinite, energy is trans-
mitted very slowly.

Thus although waves undeniably
travel through wave guides at speeds
faster than light, they produce no de-
tectable result. This, however, is not al-
ways true. As a matter of fact, the very
existence of long-range radio communi-
cation depends on the fact that radio
waves in the ionized layers of the upper
atmosphere have phase velocities great-
er than the speed of light. This is what
enables them to be reflected by the
ionosphere and to connect transmitters
with receivers that are over the horizon.

The change in the speed of radio

waves in the ionosphere is a result
of their interaction with the free elec-
trons there. The greater the concentra-
tion of free electrons, the greater the
phase velocity. As in the wave guide,
the velocity also depends on the fre-
quency.

PLASMA

|
|
|
|
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When a beam of radio waves enters
the ionosphere at an angle, the increas-
ing phase velocity and wavelength cause
the beam to bend downward [see bot-
tom illustration on preceding page].
Furthermore, since the electron concen-
tration grows greater with height, the
angle of refraction can increase to the
point where the radiation is bent through
an arc that brings it back out of the
ionosphere and down to the ground
again. (More accurately, the angle of
refraction increases until the waves can
undergo the process known as total in-
ternal reflection.)

Waves in the ionosphere behave very
much like radiation traveling down a
wave guide. There is a cutoff frequency
that depends upon the electron concen-
tration. The ionosphere is opaque to fre-
quencies below the cutoff, while it
passes the higher frequencies with phase
velocities greater than c¢. As in the wave
guide, the higher the frequency, the
nearer the phase velocity approaches the
normal speed of light, and the less the
refraction. That is why waves of very
high frequency are not reflected by the
ionosphere and so cannot be received
much beyond the horizon. They simply
pass through the atmosphere without
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ing through plasma, the other through a length of wave guide.
Because of change in speed, waves are out of phase when they re-
combine in detector. Phase difference is read on oscilloscope.



Latest Analysis,

JULY 1, 1960

New Standards of Purity. ..

ASARCO’s search for improvement in the purity of its basic
elements has led to development of refining and analytical techniques
which result in frequent improvement in control of minute
impurities. The purity of ASARCO elements is, therefore, higher
than the analyses indicate.

This improvement in quality of ASARCO high purity elements has
made them preferred elements for numerous research projects and
for many other applications, particularly in electronics.

ASARCO’s latest analyses, dated and reproduced below, assure
higher standards of purity than ever before. As research in this
field continues, still higher quality can be expected.

ASARCO HIGH PURITY ELEMENTS ANALYSIS as of July 1, 1960

ASARCO Impurities, sometimes found, at maximum levels, parts per million
" by
High Purity (*less than ppm indicated)

Elementand Grade** Bi Cu Fe As Pb Ag TI Sn Te Au Na ClI Cd

ANTIMONY A-60 1*| 1* | 1* | 1.5| 1*

ARSENIC A-58 1* | 1*

BISMUTH A-58 2 1 1 2 1*
CADMIUM  A-60 1* | 1* 1*

COPPER A-58 No Impurities Detectable by Spectrographic Analysis
GOLD A-59 1* | 1* 1* | 1*

INDIUM A-58 i 1 1* | 1

LEAD A-58 1| 1% | 1* 1*

SELENIUM  A-58 1* 1* 1 1*
SILVER A-59 1* | 1% 1* 1

SULFUR A-58 1 1
TELLURIUM A-58 1* | 1*

THALLIUM  A-58 3 1 1* ] 1* 2 1*
ZINC A-59 1* | 1% 1* 1*

**A change in grade number always denotes improvement in purity.

SINIWN313 ALldNd HIIH

If you use high purity elements, save this page as a current buying guide.

ASARCC
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The analyses above are among pertinent data
compiled by ASARCO’s Central Research
Laboratories in an up-to-date catalogue

now available to users of high purity

elements. For a copy, write on your stationery
to American Smelting and Refining Company,
120 Broadway, New York 5, N. Yg




sufficient refraction to return them to the
surface.

Radio waves are being used in current
studies of the upper atmosphere to de-
termine the electron density of the
ionosphere. One way of doing this is to
send up a rocket with a transmitter that
emits waves of two frequencies, one low
enough so that its wavelength is ap-

PHASE-COMPARISON CIRCUIT for determining electron dens-
ity is set up to make a measurement on the gas in a fluorescent
lamp. Top photograph shows part of wave-guide sections (vertical
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preciably increased, the other high
enough to be relatively unaffected. The
two waves are in phase as they leave the
transmitter, but the one with lower fre-
quency travels through the ionosphere
faster than the other. As a result, when
they arrive at a receiver on the ground,
they are no longer in phase. By following
the difference in phase as the rocket

© 1960 SCIENTIFIC AMERICAN, INC

rises, the electron density at various al-
titudes can be measured.

The ionosphere is an example of a
type of fluid that is becoming more and
more familiar; it is a plasma, or highly
ionized gas, containing a mixture of
positive ions and free electrons. In the
atmosphere the plasma is produced by
the action of the sun’s radiation on air

pipes) . Electronic equipment including klystron and detector are
mounted on rack at right next to oscilloscope. Bottom photograph
shows the microwave horns that send waves through the plasma.



SORTE...

summary of radiation-tolerant electronics

Fast neutrons and other nuclear radia-
tions affect the life and performance of
electronic systems. Problems of both
rate effects and integrated dosage are
encountered in the design of advanced
military and space systems.

At Bendix Systems Division, we
have compiled a comprehensive file
which we call SORTE, for Summary of
Radiation-Tolerant Electronics. Under
Air Force sponsorship, we have exposed
electronic components and equipments
to nuclear radiation, tested them for
radiation damage, and compared per-
formance with control tests made be-
fore exposure. Similar tests have been
run for improved components sub-
mitted by manufacturers. Data from

tests and reference sources are ar-
ranged on cards to make up the SORTE
file. Over 1400 electronic components
are already listed.

Based on our test programs and
SORTE, Bendix engineers are develop-
ing a new approach and methodology
to the design of radiation-resistant
systems. This approach optimizes the
trade-offs between combined environ-
ments, component resistance, shielding,
size and weight.

To assist us in this work, and pro-
grams such as satellite communications
systems, advanced infrared reconnais-
sance, and the EAGLE air-to-air mis-
sile system, we invite inquiries from
engineers looking to the future.

Bendix Systems Division R

CORPORATION

ANN ARBOR, MICHIGAN
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Bendix Engineers use The University
of Michigan Reactor to test
radiation effects.

Bendix engineers select data
on radiation-tolerant components
from SORTE file.

ndjl/
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A SKILLED HAND IN CHEMISTRY. .. AT WORK FOR YOU

MUSCLES OF
NOPCO"

Photo Courtesy General Dynamics

for this
nuclear sub

Necessary strength in control
surfaces and missile tube walls
of the Polaris missile sub
“George Washington” is pro-
vided by space-filling Lockfoam,
Nopco’s versatile urethane
foam. As a substitute for tra-
ditional white pine and pitch,
it strengthens structural voids
and eliminates over 13 tons of
useless dead weight in control
surfaces alone. It is unaffected
by salt water ... won't corrode,
crack or become waterlogged.

Lockfoam’s unique quality of
foamingin place opens up avast
number of uses in thermal in-
sulation, structural reinforce-
ment, vibration control and pro-
tective packaging. Its dielectric
properties give it an important
role in the electrical field.

Perhaps Nepco Lockfoam (or
its sister material, preformed
Nopcofoam, produced in slabs
or sheets)can go towork for you.
Our technical staff will gladly
help assess your needs.

@

NOPCO CHEMICAL COMPANY

PLASTICS DIVISION

North Arlington, N.J.
4858 Valley Blvd., Los Angeles, Calif.
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molecules. In earthbound laboratories,
particularly those concerned with re-
search in thermonuclear reactions, plas-
mas are made by passing powerful
electrical discharges through gases in
various types of device [see “The Stella-
rator,” by Lyman Spitzer, Jr.; SCIENTIFIC
AMERICAN, October, 1958].

To learn what happens inside the
plasma after it has been produced, we
must measure a number of its properties,
including its electron density. We pro-
ceed in much the same way as in the
ionospheric tests, but with one differ-
ence. In measurements on the iono-
sphere ordinary radio waves, with a fre-
quency of a few megacycles per second,
can be used, because they traverse
thousands of feet of plasma. Within a
laboratory device the available path
length is generally only a few centi-
meters, so the probing radiation must
have a wavelength that is still shorter,
which means a frequency of tens of
thousands of megacycles.

At Project Matterhorn, the thermo-
nuclear project at Princeton University,
we use four- and eight-millimeter micro-
waves in an arrangement similar to that
of an optical interferometer [see illus-
tration on page 148]. Radiation from a
klystron tube is split into two beams, one
passing through the plasma and the
other through a known length of wave
guide. When the beams are recombined,
they show a phase shift, the amount of
which depends on the electron density

of the plasma. By monitoring the phase
shift on an oscilloscope, the changes in
electron density can be followed through
the cycle of a heating pulse. The beauty
of the method lies in the fact that it does
not require putting a material probe into
the hot gas, and so avoids contaminating
the gas and otherwise disturbing the
very effects under study.

Finally we should mention one other
kind of wave that travels faster than
light. It is the “particle wave” postulated
by the French physicist Louis de Bro-
glie in 1925. The waves that represent
atomic particles also have phase veloc-
ities greater than c. But particles travel
more slowly than light; again the ap-
parent paradox is resolved by distin-
guishing group velocity from phase
velocity. A particle is considered to con-
sist of a packet of waves, which repre-
sents a superposition of many fre-
quencies. This packet travels with the
group velocity, and, as in the case of
electromagnetic waves in a plasma or a
wave guide, the group velocity equals
the square of the speed of light divided
by the phase velocity.

The group velocity is the only quan-
tity that has physical meaning, particu-
larly when we interpret the wave packet
to represent the probability of finding a
particle at a given point in space. The
phase velocity of the de Broglie particle
wave is strictly an abstraction, an intel-
lectual invention, and is hardly men-
tioned in polite society these days.

OSCILLOSCOPE TRACES indicate electron density of plasma in the Stellarator. Narrow
trace at top shows pulse of current used to ionize gas. Broad fringes below are formed by
output of detector after recombining waves. Maximum vertical deflection of fringes, which
occurs near left side, shortly after ionizing pulse starts, measures the electron density.
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1 Waveguide cross-
section before cold-
flanging process.

2 First punch gathers
the copper under ex-
treme pressure.

3 The second starts
flaring the metal to
form eventual flange.

4 The third punch
flattens copper into
shapeof finished flange.

B The fourth embosses
and completes flange.
Time: approx. 50 sec.

Making cold copper flow like liquid

Waveguides — the metal tubes which carry microwave
signals between an antenna and its transmitter or
receiver — are used extensively in military radar and
in the transmission of long distance telephone calls by
radio relay. They must be manufactured to precise spe-
cifications, since a variation of only .003” in their inter-
ior dimensions will cause serious microwave distortion.

This problem is complicated by the fact that as many
as 100 individual waveguides may be used in connecting
radio equipment with its antenna. Thus, not only must
the waveguides be precisely engineered, but the con-
necting points must be constructed so that they offer no
interference with the interior dimensions.

Connecting two or more waveguides is accomplished
by use of flanges, or rims, on the ends of the tubes.
Formerly, these flanges were separately manufactured
and manually joined to the waveguides. The process was
slow and costly, so Western Electric engineers developed
a means of forming the flanges from the ends of the
waveguides themselves. In doing so, they accomplished
a metallurgical feat never before approached.

As a first step, the possibility of heating the wave-
guides and molding the ends into flanges was tried. This
idea was not pursued since the heated copper annealed

rH glec

K111
UNIT OF THE BELL SYSTEM

MANUFACTURING AND SUPPLY N

and lost its strength. The solution was to make the cop-
per flow without heat — to crush it at such great pres-
sure that the end of the tube would fold back and out
in a fluid movement — and do so without changing the
inside dimensions of the tube.

Development centered around the design of four high-
precision forming punches with two complementary
forming dies. Each punch was planned to take a step in
the redistribution of the copper, with the dies acting
as forming molds. To achieve the exact pressure and
punching sequence required, it was necessary to design
and build a special hydraulic press.

Here’s how the process works : A waveguide is held in
a fixed position in the press while the punches move in,
out, and around, controlled by a revolving index head.
The result of each punching stage is illustrated above.

This is believed to be the first time that precision
metal tubing has been cold-flanged without distorting
its configuration, and the first time that anyone has
automatically produced waveguide flanges. The savings
in time, labor and materials are substantial.

This break-through in metal-working, with all its
many possibilities in other fields, is another example of
Western Electric’s progress in engineering developments.
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Aluminum Reduchion
Dynamic

advances in
modern metallurgy

\._4

Modern metallurgists work closely
with Norton Company’s ‘“Men with the
Facts” in creating better refining, alloy-
ing, and processing methods.

All of the following Norton Refractories
play vital roles in these advances.
ALUNDUM* fused aluminum oxide for
melting ferrous and nonferrous alloys. . .
high temperature processing furnaces .. .
investment casting. MAGNORITE* fused
magnesium oxide refractory cement or
shapes for melting steel and processing
nuclear metals. Fused zirconium oxide
for handling “special”’ metals and alloys
at even higher temperatures. CRYSTOLON*
silicon carbide for aluminum reduction
cells, aluminum remelt furnaces, transfer
systems and many other applications.
And Norton “Men with the Facts” are
constantly exploring potential applications
for newer Norton materials.

Find out how Norton Materials and
Capabilities can contribute to the de-
velopment of new processes or improve
your present product or process. Send for
the thought-provoking booklet, ‘“To
Make Your Products
Better”. NorTON COM-
PANY, Refractories Di-
vision, 546 New Bond
Street, Worcester 6,
Massachusetts.

*Trade-Marks Reg. U. S. Pat. Off.
and Foreign Countries

NORTON

REFRACTORIES

... Prescribed

75 yearsof ...
Making better products...
to make your products better

154

Engineered. ..

MATHEMATICAL GAMES

Incidental information about

the extraordinary number pi

by Martin Gardner

he ratio of a circle’s circumference
I to its diameter, symbolized by the
Greek letter pi, pops up in all sorts
of places that have nothing to do with
circles. The English mathematician
Augustus De Morgan once wrote of
pi as “this mysterious 3.14159 . .. which
comes in at every door and window, and
down every chimney.” To give one ex-
ample, if two numbers are picked at
random from the set of integers, what
is the probability that they will have
no common divisor? The surprising an-
swer is six divided by the square of pi.
It is pi's connection with the circle,
however, that has made it the most
familiar member of the infinite class of
transcendental numbers.

What is a transcendental number? It
is described as an irrational number that
is not the root of an algebraic equation
that has rational coeflicients. The square
root of two is irrational, but it is an
“algebraic irrational” because it is a root
of the equation x* = 2. Pi cannot be ex-
pressed as the root of such an equation,
but only as the limit of some type of in-
finite process. The decimal form of pi,
like that of all irrational numbers, is end-
less and nonrepeating.

No fraction, with integers above and
below the line, can exactly equal pi, but
there are many simple fractions that
come amazingly close. The most re-
markable was discovered in the fifth
century A.D. by Tsu Ch'ung-Chih, a

| famous Chinese astronomer, and was not

discovered in the Occident until 1,000
years later. We can obtain this fraction
by a kind of numerological hocus-pocus.
Write the first three odd integers in
pairs: 1, 1, 3, 3, 5, 5; then put the last
three above the first three to make the
fraction 355/113. It is hard to believe,
but this gives pi to an accuracy of six
decimal places. There are also roots that
come close to pi. The square root of 10
(3.162 . . .) was widely used for pi in
ancient times, but the cube root of 31
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(3.1413 . . .) is much closer. (More
numerology: 31 comprises the first two
digits of pi.) A cube with a volume of 31
cubic inches would have an edge that
differed from pi by less than a thou-
sandth of an inch.

Early attempts to find an exact value
for pi were closely linked with attempts
to solve the classic problem of squaring
the circle. Is it possible to construct a
square, using only a compass and a
straightedge, that is exactly equal in area
to the area of a given circle? If pi could
be expressed as a rational fraction or as
the root of a first- or second-degree equa-
tion, then it would be possible, with
compass and straightedge, to construct
a straight line exactly equal to the cir-
cumference of a circle. The squaring of
the circle would quickly follow. We
have only to construct a rectangle with
one side equal to the circle’s radius and
the other equal to half the circumfer-
ence. This rectangle has an area equal to
that of the circle, and there are simple
procedures for converting the rectangle
to a square of the same area. Conversely,
if the circle could be squared, a means
would exist for constructing a line seg-
ment exactly equal to pi. However,
there are ironclad proofs that pi is trans-
cendental and that no straight line of
transcendental length can be constructed
with compass and straightedge.

There are hundreds of approximate
constructions of pi, of which one of the
most accurate is based on the Chinese
astronomer’s fraction mentioned earlier.
In a quadrant of unit radius draw the
lines shown in the illustration on page
156 so that bc is 7/8 of the radius, dg
is 1/2, de is parallel to ac, and df is
parallel to be. The distance fg is easily
shown to be 16/113 or.1415929 +. Since
355/113 is 3 + 16/113, we draw a line
that is three times the radius, extend it
by the distance fg, and we have a line
differing from pi by less than a millionth
of a unit.

Circle squarers who thought they had
discovered an exact value for pi are
legion, but none has excelled the English
philosopher Thomas Hobbes in com-
bining height of intellect with depth of
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The study of these non-cubic compounds provides new insights into semiconductor physics.

Pure Physics Through “Pure

To obtain meaningful physical data, pure
compounds are needed—compounds whose
purity cannot be measured by conven-
tional analytical means.

At IBM Research, chemists have been
preparing single crystals of non-cubic
Group II-V semiconductors by several
methods and studying the physical chem-
istry, purification, and crystal growth of
these compounds.

Another group, solid-state physicists,
working in cooperation with the chemists,
has been determining the electrical, opti-
cal, thermal, and resonance properties of
these compounds. Significant in this re-

search has been the observation of the
effect of crystalline anisotropy on these
fundamental properties.

From this close association of physicists
and chemists have come advances in the
fundamental knowledge of solid-state sci-
ence. For example, out of the observations
came the prediction that in one of these
compounds, CdAsz, cyclotron resonance
might be detected. It was. In subsequent
studies, cyclotron resonance was also de-
tected in CdSb and ZnSb. Through this
work, the number of semiconductors that
exhibit cyclotron resonance has been
doubled — because the compounds needed

Chemistry

to make the observations were made avail-
able by IBM Research scientists. Further-
more, the interpretation of the electrical
and optical measurements makes it pos-
sible to determine quantitatively how
changes in preparation affect the quality
of the compounds.

Our scientists are continuing to investi-
gate the chemical and physical properties
of these compounds to gain a better under-
standing of the fundamental nature of
semiconductors.

IBM.RESEARCH

Investigate the many career opportunities available in exciting new fields at IBM.
International Business Machines Corporation, Dept. 659S, 590 Madison Avenue, New York 22, New York.
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microsecond

“coftee break”

...alded by Sorensen
high-voltage

DATA: X-ray negative taken with FEXITRON
equipment shows .22-caliber long-rifle bullet
just after penetrating pettery coffee mug; film-
to-source distance: 12 feet; pulse: 225 kv, 0.2
microsecond.

No wonder the lead fragments inside this
coffee cup are still suspended in the air! |
The exposure for this X-ray photo was
completed before the .22 caliber rifle bullet
(right), at approximately 1300 feet per sec-
ond, could travel more than 0.003 inch. The
photo is just one example of the perform-
ance of FEXITRON, high-speed pulsed X-ray
equipment, manufactured by Fi¢ld Emission
Corporation, McMinnville, Oregon.

And the use of a reliable Sorensen 120-
kilovolt, 5 milliampere, d-c supply in the
FEXITRON’S pulse-network charging circuit
is just one example of the multitudinous ap-
plications being found today for Sorensen
high-voltage supplies . . . by scientists, en-
gineers, and equipment manufacturers.
Sorensen high-voltage supplies come in a
tremendous variety of output voltages (up
to 600,000 vdc) and currents. Powers up to
60 kilowatts. They include rectifier-type d-c
supplies, electrostatic generators and a-c test-
ers. They are conservatively rated for con-
tinuous duty and are equipped with all the
metering, control, safety, and protective fea-
tures consistent with intended applications.

New Catalog. More than 400 models are
listed, with specs, in Sorensen’s new 32-page
“Power Supply Handbook and Catalog.” In-
cluded are high-voltage equipment, regulated
d-c supplies, a-c line-voltage regulators, fre-
quency changers (variable frequency power
sources), and miniature component-type
supplies . . . plus valuable application data.
Write: Sorensen & Company, Richards Ave.,
South Norwalk, Conn. o.19

CONTROLLED |

Soacnses  POWER
PRODUCTS

... the widest line means the wisest choice |
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ignorance. Educated Englishmen were
not taught mathematics in Hobbes’s day,
and it was not until he was 40 that he
looked into Euclid. When he read a
statement of the Pythagorean theorem,
he first exclaimed: “By God, this is im-
possible!” Then he threaded his way
backward through the proof until he be-
came convinced. For the rest of his long
life Hobbes pursued geometry with all
the ardor of a man in love. “Geometry
hath in it something like wine,” he
later wrote, and it is said that he was ac-
customed, when better surfaces were
wanting, to drawing geometrical figures
on his thighs and bedsheets.

Had Hobbes been content to remain an
amateur mathematician, his later years
would have been more tranquil, but his
monstrous egotism led him to think him-
self capable of great mathematical dis-
coveries. In 1655, at the age of 67, he
published in Latin a book titled De cor-
pore (Concerning Body) that included
an ingenious method of squaring the
circle. The method was unusually ac-
curate, but Hobbes believed that it was
exact. John Wallis, a distinguished Eng-
lish mathematician and cryptographer,
exposed Hobbes’s errors in a pamphlet,
and thus began one of the longest, fun-
niest and most profitless verbal duels
ever to engage two brilliant minds. It
lasted almost a quarter of a century, each
man writing with skillful sarcasm and

a
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barbed invective. Wallis kept it up part-
ly for his own amusement, but mainly
because it was a way of making Hobbes
appear ridiculous and thus casting doubt
on his religious and political opinions,
which Wallis detested.

Hobbes responded to Wallis’s first at-
tack by reprinting his book in English
with an addition called Six Lessons to
the Professors of Mathematics. . . . (I
trust the reader will forgive me if I
shorten the endless 17th-century titles.)
Wallis replied with Due Correction for
Mr. Hobbes in School Discipline for not
saying his Lessons right. Hobbes coun-
tered with Marks of the Absurd Geome-
try, Rural Language, Scottish Church
Politics, and Barbarisms of John Wallis;
Wallis fired back with Hobbiani Puncti
Dispunctio! or the Undoing of Mr.
Hobbes’s Points. Several pamphlets later
(meanwhile Hobbes had anonymously
published in Paris an absurd method of
duplicating the cube) Hobbes wrote:
“I alone am mad, or they [the professors
of mathematics] are all out of their
senses: so that no third opinion can be
taken, unless any will say that we are all
mad.”

“It needs no refutation,” was Wallis’s
answer. “For if he be mad, he is not
likely to be convinced by reason; on the
other hand, if we be mad, we are in no
position to attempt it.”

This is not the place to go into details

c
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How to construct a straight line with a length that differs from pi by less than .0000003
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Craftsmanship.
that goes into,
chain for
lifting steel...

...also turns out
the clutch that
drives the blower
for drying clothes!

,‘ A

The fork of a lift truck, raised and lowered by Morse
leaf chain that is fatigue-free throughout constant flex-
ing, positions tons of steel with amazing nimbleness.
Only B-W's Morse Chain Company offers industry a one-
source service for all power transmission components:
chain drives, couplings, speed reducers, clutches.

A handful of progress: the new Unisprag clutch created
by engineers of B-W's Spring Division—economical
and quiet throughout its longer, drag-free life! In a
washer-dryer combination, one Unisprag clutch disen-
gages water pump to drain machine and another,
equally important, engages blower for drying cycle.

back of both..

The 7 Hats of Borg-Warner
... (top) national defense; oil,
steel and chemicals; (middle)
agriculture; industrial machine
ery; aviation; (bottom) automoe
tive industry; home equipment.

It happens every day — people benefiting
from Borg-Warner products without ever
realizing it. A truck driver shifts gears,
unbeknownst to him that a torque con-
verter by B-W’s Long Manufacturing
Division accounts for the smooth trans-
mission of power. A secretary sharpens
a handful of pencils without a notion
that the instrument is molded of

BORG-WARNER.

home-owner follows a power mower
across his lawn, unaware that he’s walk-
ing behind machinery equipped with
Rockford Clutch Division’s power take-
off unit. Fact is Borg-Warner supplies es-
sential parts for the products of many of
America’s biggest and best known man-
ufacturers. No telling when one might use
a product containing an unseen,

Cycolac® plastic, a product of the e unidentified Borg-Warner part
Marbon Chemical Division. A ~—but it’s a cinch you did, roday!
BORG-WARNER

BETTER PRODUCTS THROUGH CREATIVE RESEARCH AND ENGINEERING
Borg-Warner Corporation « 200 South Michigan Avenue o Chicago 4, Illinois
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Genie to rub magic Yamp.
Must be strong but gentle,

Once upon a time there was a won-
derful lamp — a concentrated light
source with a color temperature of
6000°K and a practically continuous
spectrum from 280 my, to 1300 my.

Rub this lamp, and you could do
practically anything! You could run
exacting spectrophotometric tests in
the textile, fur, dye, paper, printing
and varnish industries . . . you could
use the highly actinic quality in pho-
tography and lithography . . . you
could produce enough ultra-violet to
control mold growth and sterilize air
and liquids . . . you could get enough
infra-red output for rapid drying, as
well as thousands of military applica-
tions. . . you could have a point source
light of high intensity for everything
from beacons to projectors.

Trouble was, you needed 20,000
volts to strike the xenon arc, but (and
here’s the rub) only 23 volts to keep
it burning. You had to apply a con-
stant potential to the electrodes while
line voltage might be fluctuating as
much as =129%,. You had to bring the
arc to full operating intensity in-
stantly and still preserve the lamp’s
life at its rated 1200 hours.

Wanted: Fast! One Genie. Exper-
ience definitely necessary.

The Aladdins on our engineering
staff rubbed their hands together and
in a twinkling produced the gentle
strongman shown here:
o= L

X
B u

A Sola Constant Voltage Trans-
former, step-down transformer, full-
wave rectifier, capacitive filter, and a
couple of relays combine to supply
both the correct starting and operat-
ing voltages for the xenon arc lamp.
This is held within +=19 for line volt-
age variations of =129, from nominal,
while lamp output is controlled to
+0.5%,. No giant, this genie’s compact.

Write today for further information
about this and other Sola solutions to
a-c and d-c power puzzles.

'SOLA

| B P

A DIVISION OF

BASIC PRODUCTS CORPORATION C¥
Sola Electric Co., 4633 W. 16th St., Chicago 50, Ml

158

Starter

—.

about Hobbes’s curious “incapacity,” as
Wallis phrased it, “to be taught what he
doth not know.” One of the philosopher’s
major difficulties was his refusal to con-
cede that points, lines and surfaces could
be regarded in the abstract as having
less than three dimensions. “He seems
to have gone down to the grave,” writes
Isaac Disraeli in his Quarrels of Authors,
“in spite of all the reasonings of the
geometricians on this side of it, with a
firm conviction that its superficies had
both depth and thickness.” Hobbes pre-
sents a classic case of a man of genius
who ventures into a branch of science
for which he is ill prepared and dissi-
pates his great energies on pseudo-
scientific nonsense.

Although the circle cannot be squared,
figures bounded by circular arcs often
can be; this fact still arouses false hopes
in many a circle squarer. An interesting
example is shown in the illustration
below. The lower part of this vase is
three quarters of the circumference of a
circle with a diameter of, say, 10 inches.
The upper half is bounded by three
quarter-arcs of a circle the same size.

How quickly can the reader give, down
to the last decimal, the exact length of
the side of a square that has the same
area as this figure?

Close cousins to the circle squarers
have been the pi computers; men who
devoted years to computing by hand the
decimals of pi beyond all previous com-
putations. This can be done, of course,
by using any infinite expression that con-
verges on pi. Wallis himself discovered
one of the simplest:

T Q<2 (2544668 8>
1737385757 7777°9

The upper terms of these fractions are
even numbers in sequence, taken in
pairs. (Note the fortuitous resemblance
of the first five lower terms to the digits
in the Chinese astronomer’s fraction!) A
few decades later the German philoso-
pher Gottfried Wilhelm von Leibniz
found another beautiful formula:

f IS IO SN I
i 4(1 3tE 7t )

The most indefatigable of pi comput-
ers was the English mathematician Wil-

How many square units does this figure contain?
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DESIGN: ALDCROFTT
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WHERE DOES BEYOND BEGIN? Today, the answer changes so fast there is no answer. At Martin-
Denver, scientists, physicists, mathematicians in a great m’anffields are among those pushing beyond
in the concepts and vehicles of space. They work in a dlmate that fosters advancement in the state of
the art and professional status. If you would like to join lhsm. write: N. M. Pagan, Director of Technical
and Scientific Staffing, Martin-Denver, P.O. Box 179A Denver, Colorado.
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ANDY DANEFF PUT THE RAINBOW IN A CAN

There are wealthy men today who can
credit their first million to men like
Andy Daneff. Andy is an Alcoa Spe-
cialty Salesman who helped manufac-
turers formulate a paint for an over-
looked source of profit—the fifth side
of a building.

By drawing on Alcoa’s vast fund of
aluminum knowledge, Andy’s custom-
ers were able to mix color and tiny
aluminum flakes to dot the landscape

with sparkling rooftops that defy the
weather and please the eye.

Andy is one of some 500 Alcoa Spe-
cialty Salesmen who scored kindred
accomplishments in hundreds of differ-
ent industries. They helped put buy-
appealing foil packages on the grocer’s
shelf; high-purity alumina ceramic
nose cones on today’s guided missiles;
aluminum electrical transmission lines
across the land.

Whatever you make in aluminum,
Alcoa trains specialists like Andy
Daneff to help you produce it, package
it, promote it and sell it. This is still
another way we put more than 16
ounces of metal into every pound of
Alcoa® Aluminum you buy—an added
value that’s all yours when you call on
your local Alcoa sales office. Aluminum
Company of America, 2019-G Alcoa
Building, Pittsburgh 19, Pa.

\ 4
'\
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Alcoa has hundreds of
Andy Daneffs to help you
design it, make it, sell it

All of Alcoa’s skills are mobilized to a
single purpose: To put more than just
16 ounces of metal in every pound of
Alcoa Aluminum you buy. Here are 12
of the dozens of ways to do it:

1. Research Leadership, bringing
you the very latest in aluminum alloys
and applications.

2. Product Development by special-
ists in your industry and your markets.

3. Process Development Labs for
aid in finishing, joining and fabricating.

4. Service Inspectors to help solve
production problems at your plant.

5. Quality Control to meet top stand-
ards or match your special needs.

6. Complete Line including all com-
mercial forms, alloys, gages, tempers.

7. Availability via the nation’s best
stocked aluminum distributors.

8. ForemostLibrary of filmsand books
to help you do more with aluminum.

9. Trained Salesmen with a wealth
of on-the-spot information.

10. Sales Administrators constant-
ly on call to service your orders.

11. Year-Round Promotions ex-
panding your old markets, building
new ones.

12. The Alcoa Label, leading symbol
of quality aluminum,tomarkyourgoods.

Added Values
With Alcoa
Aluminum

ADDED |
VALUES _

. . . is a case book of Alcoa special
services and a guide to their availa-
bility in design, manufacture and sales.
Your copy, with some of the most re-
warding information you may ever
read, is waiting and it’s FREE. Write:
AluminumCompany of America,2019-G
Alcoa Building, Pittsburgh 19, Pa.
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How a one-inch cube can be folded from a strip one inch long and seven inches wide

liam Shanks. Over a 20-year period he
managed to calculate pi to 707 deci-
mals. Alas, poor Shanks made an error
on his 528th decimal, and all the rest
are wrong. (This was not discovered un-
til 1945, so Shanks’s 707 decimals are
still found in many current books.) In
1949 the electronic computer ENIAC
was used for 70 machine hours to cal-
culate pi to more than 2,000 decimals;
later another computer carried it to more
than 3,000 decimals in 13 minutes. In
England a smaller computer calculated
pi to 10,000 decimals, but after the fig-
ures had been published in 1957, it was
discovered that the machine had flubbed
on the 7,480th decimal and on all subse-
quent ones. So many computers are now
in operation, working at such furious
speed, that it is hard to keep up with
them. Perhaps pi has now been carried
accurately to the 10,000 mark.

One of the strangest aspects of
Shanks’s 707 decimals was the fact that
they seemed to snub the number seven.
Each digit appeared about 70 times in
the first 700 decimals, just as it should,
except 7, which appeared a mere 51
times. “If the cyclometers and the apoc-
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alyptics would lay their heads together,”
wrote De Morgan, “until they came to a
unanimous verdict on this phenomenon,
and would publish nothing until they are
of one mind, they would earn the grati-
tude of their race.” I hasten to add that
the corrected value of pi to 700 places
restored the missing sevens. The intui-
tionist school of mathematics, which
maintains that you cannot say of a state-
ment that it is “either true or false” un-
less there is a known way by which it
can be both verified and refuted, has al-
ways used as its stock example: “There
are three consecutive sevens in pi.” This
must now be changed to five sevens. The
new figures for pi show not only the
expected number of triplets for each
digit, but also several runs of 7777 (and
one unexpected 999999).

So far pi has passed all statistical tests
for randomness. This is disconcerting to
those who feel that a curve so simple
and beautiful as the circle should have
a less-disheveled ratio between the way
around and the way across, but most
mathematicians believe that no pattern
or order of any sort will ever be found
in pi’s decimal expansion. Of course the
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KELVINATOR

Washers and Dryers

RANSBURG NO. 2 PROCESS

Kelvinator Division of American Motors
switched from hand spray to RANSBURG
No. 2 Process Electro-Spray to meet
increased production schedules . . . im=
prove the quality of the finish . . . and
lower finishing costs.

SAVINGS EXCEEDED EXPECTATIONS

Demonstration tests in the Ransburg
labs indicated substantial savings in fin-
ishing costs, but in actual production,
Savings ARE EVEN GREATER than esti-
mated. That’s why Kelvinator is now
considering RANsSBURG Electrostatic
Spray Painting for other products of their
“white goods” line: Refrigerators . . .
Home Freezers . . . Ice Cream Cabinets
. . . Electric Ranges, as well as some
components.

NO REASON WHY YOU CAN’T DO IT, TOO!

Want to know how Ransburg No. 2 Process can
improve the quality of YOUR painted products, and
at the same time, cut YOUR paint and labor costs ?
Write for our No. 2 Process brochure. Or, if your
production doesn't justify automatic painting, let
us tell you about the new No. 2 Process Electro-
static Hand Gun which can be used in either con=

veyorized, or non-con- D

veyorized painting.
RANSBURG
Electro-Coating Corp.
Box-23122, Adv. Dept., Indianapolis 23, Indian@
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An all-black cube can be folded with the pattern at top left. Pattern is black on underside

digits are not random in the sense that
they represent pi, but then in this sense
neither are the million random digits
that have been published by the Rand
Corporation of California. They too rep-
resent a single number, and an integer
at that.

If it is true that the digits in pi are
random, perhaps we are justified in stat-
ing a paradox somewhat similar to the
assertion that if a group of monkeys
pound long enough on typewriters, they
will eventually type all the plays of
Shakespeare. Stephen Barr of Wood-
stock, N.Y., has pointed out that if you
set no limit to the accuracy with which
two bars can be constructed and meas-
ured, then those two bars, without any
markings on them, can communicate the
entire Encyclopaedia Britannica. One
bar is taken as unity. The other differs
from unity by a fraction that is expressed
as a very long decimal. This decimal
codes the Britannica by the simple proc-
ess of assigning a different number (ex-
cluding zero as a digit in the number)
to every word and mark of punctuation
in the language. Zero is used to separate
the code numbers. Obviously the entire
Britannica can now be coded as a single,
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but almost inconceivably long, number.
Put a decimal point in front of this num-
ber, add 1, and you have the length of
the second of Barr’s bars.

Where does pi come in? Well, if the
digits in pi are really random, then
somewhere in this infinite pie there
should be a slice that contains the
Britannica; or, for that matter, any book
that has been written, will be written, or
could be written.

rl‘he first of last month’s problems
was to find the shortest length of a
strip of paper one inch wide that can
be folded into a one-inch cube. The an-
swer is seven inches. A method of fold-
ing is depicted on the preceding page.

The second problem was to rule a
three-inch square sheet, black on one
side only, into nine one-inch squares,
then by cutting and folding only on the
ruled lines, form an all-black cube. I
do not think this can be accomplished
with a pattern of less than eight squares,
but the missing square inch may be in
any position. The illustration on this
page shows how a pattern with the miss-
ing square in the center can be folded
into the black cube.



Another USAF missile
develops from a program
whichisinitselfa...

Titan, America’s two-stage intercontinental ballistic missile, is making giant strides —attaining new goals in U.S.

missile technology. It has repeatedly demonstrated its ability to accomplish stage separation and altitude start
of the sustainer engine. Equally outstanding successes in guidance and nose cone ejection-recovery are making
Titan a significant contribution to our national space potential; a highly sophisticated missile system powerful
enough to deliver a warhead accurately at more than 5,500-mile range.

As Titan continues to develop toward a state of operational capability, it provides another demonstration of
the remarkable successes of the U.S. Air Force's ballistic missile program. This program, conceived only six years
ago, has produced progress beyond expectation in an undertaking never before equalled in complexity.

Space Technology Laboratories is responsible for over-all systems engineering and technical direction for
Titan, as it has been for Thor, Atlas, Minuteman and related space programs. Principal associate contractors for
Titan include: The Martin Company for airframe and system integration, Avco Manufacturing Corporation for nose
cone, Bell Telephone Laboratories and Remington-Rand for guidance, Aerojet-General Corporation for propulsion.

Important positions in connection with these activities are now available at STL for scientists and
engineers with outstanding capabilities. Inquiries and resumes are invited.

SPACE TECHNOLOGY LABORATORIES, INC. @

P. O. Box 95004, Los Angeles 45, California

Los Angeles * Santa Maria * Edwards Rocket Base * Cheyenne ¢ Cape Canaveral « Manchester, England ¢ Singapore * Hawaii
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WEAPON SYSTEM TRAINING: another prime capability of Goodyear Aircraft

in all types of GAC trainers,
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Electronic countarmeasures
ted station for bomber's ECM op

Classroom trainer, radar target generator
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SYSTEMS SIMULATION: a GAC specialty

Complete Weapon System Training Capability — from part-task trainers to
system trainers— can be obtained at Goodyear Aircraft Corporation (GAC).
Here, where the development of effective training devices is achieved, you'll
find the engineering skills to design and build tactics trainers, flight trainers,
maintenance trainers, and integrated weapon system trainers. Emphasis
throughout is on practical realism and the latest concepts in biomechanical
engineering. This includes many special effects such as visual simulation,
which GAC has brought to a high degree of refinement. Whatever your
training device needs— whether for aircraft, missiles, space vehicles — GAC
has the experience, and the facilities, to fill any military requirement.
Goodyear Aircraft Corporation, Dept. 9160S, Akron 15, Ohjo.

GOODSYEAR

providing all 3

weapon system skills,
DESIGN

Plants in Litchfield Park, Arizona, and Akron, Ohio

MANAGEMENT

Mobile NMight simulator — bulll b
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Conducted by C. L. Stong

lementary textbooks of physics al-
E ways include an exercise in pre-
dicting the rate at which a sim-
ple pendulum swings. You divide the
length of the pendulum by the accele-
ration of gravity, take the square root
of the quotient and multiply by pi. The
result is theoretically the duration of one
swing. The exercise is held in somewhat
lower esteem by clockmakers than by
educators, because real pendulums re-
fuse to swing at the predicted rate. In
fact, no one has ever succeeded in build-
ing a pendulum that will swing at any
constant rate, although scientists and
craftsmen have been trying for more
than three centuries. Currently, how-
ever, a promising attempt is being made
by two men who have certain profes-
sional qualifications but who are none-
theless amateurs in horology. One is
Vannevar Bush, who is now retired but
was once professor of electrical engi-
neering at the Massachusetts Institute
of Technology, director of the wartime
Office of Scientific Research and Devel-
opment and president of the Carnegie
Institute of Washington. The other is
John Early Jackson, who is presently di-
rector of the Office of Atomic, Biological
and Chemical Warfare in the Depart-
ment of Defense.

“Our collaboration in pursuing the
mysteries of pendulums,” writes Jack-
son, “got under way 10 years ago, when
I received a letter from Dr. Bush sug-
gesting that work on pendulum clocks
would be ‘a delightful hobby, largely
because it is now a field where interest,
because of modern electrical devices,
has to be academic.” If there is any prac-
tical use for a really accurate pendulum
(one accurate to the oxder of a milli-
second a day), it would be in the field of
gravity measurement, or in circum-
stances where a pendulum clock is more

How two distinguished amateurs set about

refining the accuracy of a pendulum clock

economical to build or to maintain than
are electrical oscillators that have equal
accuracy.

“During the past three centuries con-
siderable progress has been made in the
design of pendulums, but many im-
provements are still possible in the de-
vices used to correct the well-recognized
errors arising from changes in tempera-
ture and in barometric pressure, from
friction in the drive mechanism and from
the so-called circular error that makes a
pendulum run faster when its amplitude
of swing decreases. A much less known,
but surprisingly large, error is caused by
minute excursions of the pendulum’s sus-
pension induced by the motion of the
pendulum’s weight, or bob. We have in-
vestigated this error extensively and
have called it support reaction. A num-
ber of other minor effects, including
those arising from the influence of static
electricity and of seismic motions of very
small amplitude, prevents a pendulum
from running at a uniform rate. Even if
all these effects could be reduced to zero,
changes in gravity of a tidal nature
would produce periodic fluctuations of
about .0002 second twice a day.

“Most of our recent experiments have
been made with the aid of a clock de-
signed by the British engineer W. H.
Shortt and used by the National Bureau
of Standards until it was retired from
service in favor of a clock driven by a
crystal-oscillator circuit. The instrument
is of the ‘master-slave’ type and, until
superseded by electronic techniques of
timekeeping, was perhaps the most ac-
curate mechanical clock available. The
pendulum swings in an evacuated hous-
ing, has a rod made of an alloy that
tends to retain its dimensions despite
variations in temperature and is other-
wise constructed to minimize the effects
of environmental changes on its rate of
swing. Our objective was to develop
modifications for maximizing the per-
formance of the Shortt elock and ulti-
mately to build a clock of our own that
would surpass it. As our standard of
comparison we use the time signals
broadcast continuously by WWV, the
station of the Bureau of Standards. We
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have not yet built our clock, so the fol-
lowing discussion is in the nature of a
progress report.

“Of the many variables that affect the
performance of pendulums one of the
most serious is temperature fluctuation.
If the length of a pendulum rod changes
by one part in 40,000, a clock driven by
it will gain or lose about a second per
day. Nearly all materials expand this
much with temperature changes of only
a few degrees, so it is essential to com-
pensate in some way for the change in
length. John Harrison, the eminent Brit-
ish horologist, made the first major con-
tribution to the solution of the problem
200 years ago by inventing the ‘grid-
iron” pendulum, in which brass rods in
compression and expanding upward
were alternated with steel rods in ten-
sion and expanding downward. The rods
were arranged so that the length of the
brass times its coefficient of expansion
equaled the length of the steel times its
coefficient. No net change in the length
of the pendulum occurred when both
metals expanded or contracted with tem-
perature changes. It was an excellent ar-
rangement, and it was widely used until
it was outmoded by the invention of
‘Invar’ early in the present century. The
small expansion-coefficient of this nickel-
iron alloy permits a 40-inch pendulum
rod to be compensated by only an inch
or two of brass. In pendulums made of
Invar the pendulum bob is bored over-
size from the center down. A sleeve of
brass is slipped over the lower end of
the pendulum rod and rests on the ad-
justment nut on the end of the rod. The
brass compensator supports the sur-
rounding bob near its center of mass, as
shown in the accompanying illustration
[next page].

“This is the worst possible location
for the compensator, because the rela-
tively large thermal capacity of the 10
to 15 pounds of metal in the bob pre-
vents the brass from reaching a new
temperature as fast as the rod, which is
exposed for most of its length. Conse-
quently if the ambient temperature var-
ies, the rod’s length varies, and the clock
runs at a different rate until the heavy
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NOwW:
TITRATIONS by

AUTOMATION

Make titrations a
routine function for lab
assistants! Cenco’s new
Color ¢ Matic Endpoint
Detector and Voluma-

tic Syringe enable
quick, successive
determinations
—just push a
button and read
a number.
Eliminates
human ele-
ment and
drainage
errors,
Precise to
within a few
parts per thousand.
Write for Bulletin 285.

No. 20925 Color ® Matic End-
point Detector. ...... $595.00
No. 20926 Volumatic Syringe.

$295.00
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CENTRAL SCIENTIFIC CO.
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UNITRON's FREE

Observer's Guide and Catalogon

ASTRONOMICAL TELESCOP g

This valuable 38-page book
is yours for the asking!

With artificial satellites already launched and space
travel almost a reality, astronomy has become today's
fastest growing hobby. Exploring the skies with a tele-
scope is a relaxing diversion for father and son alike.
UNITRON's handbook contains full-page illustrated
articles on astronomy, observing, telescopes and acces-
sories. It is of interest to both beginners and advanced
amateurs,

Contents include—

o Observing the sun,
moon, planets and
wonders of the sky

Constellation map

Hints for observers
Glossary of islescope terms
How to choose 2 telescope
Amateur clubs and research
programs

INSTRUMENT DIVISION of UKITED SCIENTIFIC CO.
204-706 MILK STREET » BOSTON 9. MASS

Please rush to me, free of charge, UNITRON's new Observer's

Guide and Telescope Catalog 6-E.
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Methods of compensating the weight, or bob, of a pendulum for temperature changes

bob and the buried brass compensator
reach the new temperature. This means
that much greater care must be exercised
to maintain a constant temperature than
would be the case if the rod and its com-
pensator had more nearly equal thermal
masses and exposures, as did the original
gridiron construction.

“An easy remedy is to add an Invar
sleeve, similar to the brass compensator,
to extend up into the bob, thus allowing
the brass sleeve to be exposed below.
It is still desirable to hold a fairly uni-
form temperature and particularly to
guard against temperature stratification
of the air. This can be taken care of
relatively easily by constructing a closet
of light insulating wallboard around the
entire clock, by placing an electric fan
inside the closet to provide continuous
air movement and also by fitting the
closet with a thermostatically controlled
electric heater to hold the temperature
a few degrees above the highest tem-
perature expected in the room.

“For extreme accuracy it is desirable

| to compensate different parts of the rod

separately. An ordinary brass or alumi-
num compensator can be placed inside
the bob to take care of that portion of
the rod which runs through the bob,
while the exposed rod and suspension
spring are compensated by brass or by
aluminum members having thermal ca-
pacities similar to the parts they com-
pensate.

“A pendulum rod is usually supported
by a thin spring, though all pendulums
used to measure gravity are supported
by a knife-edge arrangement. Springs

© 1960 SCIENTIFIC AMERICAN, INC

are probably better for continuous oper-
ation, because they are not subject to
wear. Our experiments have shown that
even the thinnest practical spring can
exert a force equal to a thousandth of
the force of gravity acting on the bob.
This means that a spring-suspended
pendulum is not a pure gravity-con-
trolled device, and that extreme care is
needed to keep the force of the spring
constant. The stiffness of most spring
materials changes with temperature. The
coefficient of elasticity of steel changes
about 200 parts per million per degree
centigrade, and may change the rate of
a pendulum clock a 10th of a second or
more per day with a one-degree change
in temperature. This can be taken care
of in the compensation of the rod, but
only if the compensator responds at the
same rate as the spring. Hence the need
for a well-exposed compensator of low
thermal capacity, unless a material like
‘Elinvar’ or ‘Ni-Span C’ is used for the
spring. These materials exhibit little or
no change in elasticity with temperature,
but their characteristics may change
over long periods of time. Further ex-
periments are desirable to determine the
best material.

“The spring must also resist side-
thrust produced by the inertia of the
rod and bob as they oscillate about their
common center of mass. A very light
rod is desirable if a thin spring is used.
In general a given spring will affect the
rate of a short pendulum more than a
long one, if each pendulum has a bob
of equal weight.

“It has frequently been noted that
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reduce costs in manufacturing and processing
operations, but it takes trained specialists to
maintain this complex equipment. To eliminate
costly downtime, get the sure touch of a pro-
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TIN
REPORT

News of developments
in the production '
and uses of tin
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Alpha-titanium, containing 2.5%
tin, is the structural material used for
the X-15 manned spaceship. Addition
of tin provides greater creep resist-
ance. This alloy is widely used in
aircraft applications. It has the char-
acteristics of high-grade steel, but only
half the weight.

Tin alloys may be used as hot-
dipped or electrodeposited coatings on
other metals or they may be cast as
the base metal. Use of tin will result
in one or more of these characteristics
being added to finished products:

® malleability e nontoxicity

® |ubricity e corrosion resistance
® solderability e wear resistance
e excellent bearing qualities

e ductility e attractive finish

Tin is commonly alloyed with copper,
lead, antimony, bismuth, aluminum or
iron; less commonly with nickel, cad-
mium, magnesium, zinc, mercury,

silver, manganese, tellurium.

Electronic components use
tin in many applications. Transistor
leads and caps are tinned. Tin-indium
solder joins glass to metal, glass to
glass. Printed circuits use 60-40 tin-
lead solder. Potentiometer brush arms
and springs are made of tin-containing
spring-temper phosphor bronze. A tin
chemical, bismuth-stannate, stabilizes
capacitors against temperature change.

Write today for more
data on these items or
for a free subscriptionto
TIN NEWS—a monthly
bulletin on tin supply,
prices and new uses.

The Malayan Tin Bureau
Dept. 15G, 2000 K Street, N.W., Washington 6, D.C.
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clocks do not run at the same rate after
they have been stopped and then started
again. In many cases the pendulum rod
is attached to the spring by means of a
hook that hangs on a pin through the
spring or its clamp. This facilitates as-
sembly and permits motion at right an-
gles to the plane of oscillation when the
pendulum is adjusted. It is most impor-
tant that the contacting surfaces of such
a hook be V-shaped, rather than round,
to assure that the length of the pendu-
lum remains constant [see illustration on
this page].

“Attention should also be given to
electrostatic forces that can, under cer-
tain circumstances, greatly affect the
rate of a pendulum. A beat plate that
moves very close to the bottom glass
plate, as in the Shortt design, can be
strongly attracted by stray static charges
on the glass. A remedy for this is small
pieces of polonium foil, such as is used
in antistatic brushes for photographic
work, which can be glued to the inside
and outside of the glass near any moving
parts of the pendulum system. These
brushes can be purchased at most photo-
graphic-supply stores, and the polonium
foil can be removed from them, though
great care must be taken to prevent rup-
ture of the thin protective coating over
the polonium. The foil must not be al-
lowed to come in contact with the bare
skin. Alpha-particle emission from the
polonium ionizes the air sufficiently to
prevent any accumulation of electrical
charge.

“That electrostatic forces can be a
matter of serious concern to pendulum-
clock makers is illustrated by our expe-
rience with an air-drive escapement that
will be described in a later article. It was
necessary to provide a moving vane to
switch the air from one jet to another
to give an impulse in each direction as
the pendulum swings from side to side.
Various metallic stops were tried, to
limit the movement of the vane on each
side, but all stuck after a few hours of
operation. Tiny glass stops proved satis-
factory for several days of operation, but
they also stuck eventually. A piece of
polonium foil placed near them cured
the trouble.

“Of course if the clock case is made
entirely of metal, or is properly shielded
on the inside, static cannot cause trou-
ble unless there are insulated metal or
nonmetallic parts on the moving system.
Such nonmetallic parts should be cov-
ered with a conducting paint of the type
used to ground the outside surface of a
television picture-tube. (The paint
should make contact with the metal
parts of the pendulum.)
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“The effect of changes in barometric
pressure, which varies the flotation of
the bob, and hence its rate of swing, has
been handled in all precise pendulum-
clocks by the rather clumsy expedient of
sealing the pendulum in an airtight case.
Aneroid units mounted on the pendulum
to raise and lower weights have, in gen-
eral, been unsatisfactory. Much can be
done to improve the design of the case
seals, so that the case can be easily
opened and closed. We have found, for
example, that a fine-threaded metal
screw-cap, sealed with an ordinary rub-
ber jar-gasket covered with stopcock
grease, is satisfactory for frequent access
to the weight pan or other parts during
the adjustment period.

“In addition to flotation of the bob by
the air there is a so-called inertia effect
caused by the movement of the air as
the bob swings. The magnitude of this
effect varies with the design of the bob
and the case, generally being greater if
the case is small and less if the bob is
streamlined. Obviously the effect will
disappear completely if the pressure of
the air is sufficiently reduced. Both the
flotation and inertia effects were found
to be directly proportional to pressure,
producing a uniform increase in rate
with reduction in pressure.

“The ‘seconds’ pendulum of a Shortt
clock, fitted with a 14-pound cylindrical
bob made of type metal and modified
for an electromagnetic drive, runs about
12 seconds a day faster at a pressure of
one centimeter of mercury than at 76
centimeters (normal atmospheric pres-
sure), when the arc of swing is held con-
stant at 1.5 degrees. This is about .4
second per day per inch of change in the
barometer. If the bob were made of
denser material or better streamlined,
the change in rate would be less.

“In general the lower the pressure the
better the pendulum will perform, pro-
vided that a really good escapement, or
drive mechanism, is used. Hermetically
sealing the case provides a convenient
method of fine rate-adjustment by per-
mitting control of the slight remaining
pressure in the case. A sensitive pres-
sure-gauge, or short-tube mercury ba-

wrong

right

Two designs for a pendulum hook



1 Detector, 2 Baffle, 3 Spectrometer Coil, 4 Vacuum Chamber,
5 Beta Radioactive Source, 6 Cooling Water Supply, 7 Dashed
lines represent beta-ray trajectories in the instrument.

BETA-BETA Precisals determined nucl
COINCIDENCE el cnergies, their ordering,

SPECTROMETER lifetime, quantum number

assignments, and the mode
and character of their radioactive decay are some of the raw ma-
terials of our understanding of nuclear structure. A powerful new
tool for the analysis of complex level schemes . . . the magnetic, iron
free, double electron coincidence spectrometer . . . has been designed
and built by Argonne scientists. The instrument provides exceptional
transmission (~20%—2%) and good resolution (1—0.1%) in each
of its independent units. These features, coupled with auxiliary
gamma and alpha detectors, also enable Laboratory scientists to
study timewise coincidences and angular correlations in electron-
electron, electron-gamma and alpha-electron cascades.

Staff positions are available both at the site near Chicago, Illinois
and the site near Idaho Falls, Idaho for qualified physical metal-
lurgists, chemical engineers, physicists, mechanical engineers, metal-
lurgical engineers, chemists, electrical engineers, mathematicians, tech-
nical writers.

Aypgonne

NATIONAL LABORATORY Direct inquiries to:
Operated by the University of Chicago under a Louis A. Turner, Deputy Director
contract with the United States Atomic Energy Commission 9700 South Cass Avenue—25

Argonne, lllinois
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For unparalleled
versatility in

MICROSCOPY

The Wild M20 microscope is without a
peer in the realm of microscopy. This
superb example of Swiss craftsmanship
and precise optics provides almost
unbelievable versatility for both research
and scientific exploration.

Available with sextuple nosepiece,
built-in 20-Watt illumination source,
beam-splitting phototube for binocular
focusing during photomicrography... as
well as a full range of custom attach-
ments for all observation methods...the
Wild M20 is unmatched as a General
Purpose or Research Microscope.
Attachments include the Cinetube
(shown above), Camera I, Universal
Lamp, Episcopic Equipment and Phase
Contrast.

The Wild Cinetube, designed for use with
any 16mm movie camera having 50mm
or 75mm focal lengths, permits critical
focusing on the specimen while actually
exposing film. It contains two, built-in,
beam-splitters together with a photo
electric_cell for exposure determination
(with a galvanometer) and an internal
projection tube for titling or designating
pertinent footage.

Your consideration of the Wild M20 will
prove most rewarding. Write for Booklet
M-20 today.

*The FIRST name in Surveying Instruments,
Photogrammetric and Micr p

Full Factory
Services
HEERBRUGGEINSTRUMENTS,

Main at Covert Street ® Port Washington, New York
POrt Washington 7-4843
in Canada
Wild of Canada Ltd., 157 Maclaren St., Ottawa, Ontario
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| rometer, should be enclosed in the case
| to aid this adjustment and to indicate
any air leakage. At atmospheric pres-
sure, outside barometric changes pro-
ducing aninternal volume-change of one
part in 15,000 can cause a one-milli-
second-per-day change in rate, but at
low internal pressure the rate of change
is much less.

“Conventional pendulums swing in a
circular arc, the restoring force of grav-
ity varying with the trigonometric sine
of the angle from the vertical. This
causes the period to increase with the
angle of swing, the effect known as cir-
cular error. Three hundred years ago
Christiaan Huygenssuggested a theoreti-
cally perfect method of making a pendu-
lum bob swing in a cycloidal arc; he
showed that this would result in simple
harmonic motion and thus make the pe-
riod independent of the length of the
arc. The proposal required that a cam
with a face in the shape of a cycloid be

| fixed on each side of the flat suspension

pendulum
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spring. As the spring bent alternately
around each cam, the path of the bob
would become cycloidal. Unfortunately
the cams cannot be made and installed
to the required precision. All attempts
to apply Huygens’s theoretical solution
to a real pendulum have introduced
greater errors than the one it is designed
to correct. So far as is known, no prac-
tical circular-error correction scheme has
ever been used by the makers of preci-
sion pendulums, and none could be
found in the available literature. Accord-
ingly we have concentrated on this prob-
lem and have designed and tested what
we believe to be the first practical ar-
rangement for correcting circular error.

“The device consists of a fine wire
connected from a point on the pendulum
rod to a very weak fixed spring having a
spring constant, K, defined by the equa-
tion in the accompanying illustration
[below]. The spring should be made of
Elinvar or a similar material having a
negligible temperature-elasticity coeffi-

=
stiff spring hook

002" tungsten wire

solid
| svupport

thin flat
u cantilever
spring )
sy =t

.@1

pendulum
rod

A circular-error corrector. Theoretical arrangement is at left; practical arrangement, at right



THIS IS GLASS

A BULLETIN OF PRACTICAL NEW IDEAS

NEW WAY TO TICKLE
A “TRICKLE” WELL

For some centuries now, great bangs
around the globe have borne witness to
man’s sometimes happy faculty for
putting to work the phenomenon we call
“explosion.”

Now we are finding ways to make use
of implosion. And glass is helping us.

Supposing your oil well starts to ooze
instead of gush. You take one of the
devices shown above and lower it into the
well. Fill the hole with fluid and apply
pressure. When the psi reach a set level,
you get a squoosh and then a whoosh and
then—with luck—a gush of oil.

The squoosh signals an implosion; the
whoosh, a counteracting explosion in the
fluids. Working together, the two forces
develop pressure waves up to 20,000 psi,
usually enough to fracture the surround-
ing strata and to stimulate the flow of any
oil present in the formation.

The service using these capsules is
called Rockshock;* it was developed and
is offered by Dowell Division of The Dow
Chemical Company. The capsules are
made from PyREX® brand glass blanks
which we supply. The capsules are
evacuated to extremely low pressures.

We make the composition of the glass
blanks and their wall thicknesses to exactly
the right specifications so that the cap-
sules will implode at specified pressures.

We make the glass so that it will dice
when it implodes, disintegrating in-
stantaneously to pieces small enough to
pass through valves and pumps without
damaging them.

At the same time, we make the glass
sturdy enough so that you can handle the
capsules used in Rockshock above ground
with as much safety as glass bottles.

Dowell can tell you more about Rock-
shock. They are in Tulsa, Oklahoma. We
can tell you more about the marvels of
glass . . . say, in our Bulletin B-83, titled
“Properties of Selected Commercial
Glasses.” We are in Corning, New York,
and can be reached by coupon.

*Dowell Service Mark

STEAM GAUGE THAT WORKS
LIKE A TRAFFIC LIGHT

When you see red, you’re
looking at live steam. When
you see green, you’re look-
ing at water.

It’s as simple as that with
this new Multi-Port gauge
from the Diamond Power
Specialty Corporation.

Like so much that’s
simple, this takes a fairly
complicated system of op-
tics, for which we supply
the glass.

Like so much that’s com-
plicated, this optical system
takes advantage of a simple
fact, namely, water and
steam have different re-
fractive indexes.

At the rear of the gauge
a group of sealed-beam
lamps (we probably made
the glass for these, too!)
throw light on two colored
pieces of glass. One is red,
the other is green. If the
light then passes through steam, only the
red portion gets through to the viewing
port. Vice versa for water. If the water
level falls half way up a port, you see
both red and green with a sharp line
of demarcation at exactly the right level.

You can see the gauge in the dark.
Since light has the swiftest of all move-
ment, there is absolutely no time lag
when the steam level changes.

Aside from its optical properties, the
glass we provide has to take the thermal
shock of live steam, the corrosive environ-
ment of steam and water, and pressure
up to 3000 psi.

Actually, these are simple conditions
for us to meet, as you’ll discover, if you
ever have occasion to put one of our
glasses to work.

CORNING M EANS

RESEARCH I'N

CORN'NG GLASS WORKS, 49 Crystal St.,, Corning, N. Y.

FROM CORNING

Bulletin IZ-1, “Designing with Glass
for Industrial, Commercial, and Con-
sumer Applications,” can help you spot
such occasions. The coupon will fetch
you a copy.

WHY EYEGLASS LENSES DON'T
COME IN BOTTLES ANY MORE

In 1912 this flask was a marvel of mass
production. With just a few good puffs
one of our glassblowers could produce
blanks for a dozen or more eyeglass lenses.

Now look at the lens blank in the
corner of the picture. It has the stamp of
technology all over it. Code letters and
numbers. Nicely finished edges. Each one
like the other.

-
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Now we have machines to stamp out
lens blanks . . . even bifocal lens blanks

. by the millions without a glassblower
drawing breath.

A perfect example of our willingness to
sacrifice the romance of handcrafting to
the sheer economy and efficiency of
machinecrafting whenever it will benefit
our customers.

The only interest we expect you might
have in all this is in this simple fact: we
have two kinds of versatility to sell. The
versatility of glass itself. The versatility of
methods in manufacturing from glass.

We can cast giant mirrors and windows
for radioactive cells, blow delicate bubbles
for lab ware, press or roll great masses for
items needed in large quantities in a
hurry . . . in short, we can put to work
practically every manufacturing method
known to man to put your product in
glass.

“This Is Glass” is a booklet that tells
more about these methods and glass
itself. It’s in the coupon.

GLASS
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Circuit diagram for an electronic pendulum drive

cient. Tungsten wire .002 inch in diame-
ter provides excellent strength, elasticity
and endurance. A cantilever spring, in
the form of a horizontal flat strip an-
chored to the support at one end and
fastened to the wire at the other, gives
even better correction, and is easier to
calibrate than a spiral spring. The spring
should be mounted so the tension in the
wire will not be affected by temperature
changes. This calls for careful tempera-
ture compensation of its supporting rod
or bracket, as well as of the wire itself.

“Temperature compensation for the
wire alone can be provided by fastening
the upper end of the wire to a relatively
stiff spring on the pendulum rod, and
stretching a similar wire of equal length
from this spring to a point on the rod
opposite the lower end of the first wire,
with enough tension to stress the stiff
upper spring. The lower end of the first
wire will then move the same amount
as the pendulum rod does at the point
level with the attachment of the second
wire. In addition the rod carrying the
circular-error spring should be made the
same size and of the same material as the
pendulum rod, and be attached to the
same support. The two expedients in
combination give perfect temperature
compensation.

“The system is sensitive to misalign-
ment in the relative positions of the
spring and pendulum rod and is there-
fore subject to malfunction if the mech-
anism is tilted from the vertical after
adjustment. For very precise work a
pendulous mounting of both the circular-
error spring and the whole pendulum

172

system is required. If the clock is
mounted on a reasonably solid wall,
however, the spring can be supported on
a rod, similar to the pendulum rod, that
is steadied at its lower end by attach-
ment to the case. Such a mounting ar-
rangement will considerably improve
the performance of most pendulums.

“The spring-and-wire arrangement
provides a restoring torque to the pendu-
lum, in addition to that of gravity (but
only about a 40,000th as great), which
for small angles is very nearly equal to
the difference between the angle of
swing and the sine of that angle. This
causes the pendulum to oscillate in sim-
ple harmonic motion, with the total re-
storing force proportional to displace-
ment, thus freeing it from circular error
and making the period of oscillation in-
dependent of arc length for angles of
practical interest up to three or four
degrees.

“Much ingenuity has been exhibited
over a period of many years in the de-
sign of clock escapements (mechanisms
that keep the pendulum going) and sev-
eral excellent ones have been made.
Most have been based of necessity on
mechanical methods or simple electro-
mechanical devices that involve the use
of make-and-break electrical contacts,
limiting the amount by which error can
be minimized. It is now possible to ap-
ply electronic techniques to the problem
of pendulum drive with a high degree
of confidence in their long-term con-
stancy and reliability. v

“If a pendulum receives a driving im-
pulse before it reaches dead center, the
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rate of swing is increased; if it receives
an impulse after it has passed dead cen-
ter, the rate is decreased. Conversely, a
retarding force applied before the pen-
dulum reaches dead center reduces the
rate, while one applied after the pendu-
lum has passed dead center increases it.
Most escapement designs therefore at-
tempt to apply a driving force that is
symmetrical about the center of swing,
so that any effect on rate before dead
center is reached is canceled by an equal
and opposite effect afterward. In the
case of mechanical escapements this is
extremely difficult to accomplish. Even
with a perfect mechanical design there
would be no easy way to adjust the
mechanism so that the impulse would
split the dead-center position exactly.
Assuming that this could be accom-
plished, any slight shift of the case or
support would disturb the adjustment
and thereby introduce a change in rate.
Any retarding force (such as is needed
for unlocking escapements of certain de-
signs) must also be perfectly constant
and equal on both sides of the swing and
must occur at the same position in the
cycle of swing.

“The so-called free pendulum of the
Shortt clock gets around the unlocking
troubles by using a cleverly synchro-
nized ‘slave’ pendulum to do this work,
together with an electrically tripped and
reset weight, or gravity arm, which
drops on the rim of a small wheel on
the moving pendulum rod to produce
the driving impulse. This is perhaps the
best escapement heretofore devised, and
some Shortt clocks have established rec-



TEXUS is one of the world’s largest syn-
thetic rubber producers. The blending
of synthetic rubber in the plastic in this
helmet makes it much tougher and safer
for the space pioneer. For making
stronger, brighter-colored high-impact
plastics and also in thousands of other
modern uses, the ruggedness and econ-
omy of synthetic rubber can’t be
matched, even by natural rubber.

But synthetic rubber is only as good as
its raw materials are pure and its proc-
essing is sure. That’s why TEXUS has ini-
tiated a program of complete checking,
testing and proving that is attracting
attention throughout the entire rubber
industry. For information about
SYNPOL® (the TEXUs brand of syn-
thetic rubber) and how it is made,
just write.

Pace setter in synthetic rubber technology

TEXAS-U.S. CHEMICAL COMPANY, 9 Rockefeller Plaza, New York 20, N. Y. + JUdson 6-5220

© 1960 SCIENTIFIC AMERICAN, INC



for the mature scientist:

A unique situation in

advanced military systems

...with RCA

Now well into its second year, RCA’s Advanced Military
Systems organization is deeply engrossed in developing
new systems concepts that will satisfy military require-
ments expected to arise later this decade. In its stimu-
lating and challenging work, Advanced Military Sys-
tems operates at the frontiers of knowledge in the
physical sciences, mathematics, engineering, and mili-
tary science, in order to develop advanced systems
concepts applicable to such military areas as:
Strategic Offense and Defense « Undersea Warfare
Limited Warfare « Energy Conversion « Space

Members of the technical staff have no responsi-
bility for administrative details, but rather are kept
unencumbered for either purely creative work or giving
guidance to program implementation. They are able to
draw heavily on the most capable talents of other parts
of RCA—particularly the operating divisions of Defense
Electronic Products.

Their offices are in a new air-conditioned building
on the spacious grounds of the RCA David Sarnoff
Research Center at Princeton, New Jersey—a world-
famous community ideal for gracious living in a uni-
versity atmosphere.

At this time, AMS has a limited number of open-
ings for mature scientists, engineers, and mathemati-
cians who have attained recognition in their fields. If
you have at least fifteen years of education and tech-
nical experience beyond a bachelor’s degree in the areas
mentioned above; if you are systems-oriented, and
interested primarily in working with pencil, paper, and
imagination, we should like to hear from you.

Please write to:

Dr. N. I. Korman, Director

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

RADIO CORPORATION of AMERICA
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| ords of astonishing accuracy. The indi-
rectly tripped gravity-arm escapement
also has the advantage of applying an
extremely constant driving-force to the
pendulum and hence of maintaining the
length of the arc at an impressively con-
stant value. Our experience has shown,
however, that changes of only a few
seconds of arc can produce unacceptable
changes in rate unless the Shortt pendu-
lum is compensated for circular error.
Even if the driving force and the fric-
tion losses in the drive mechanism were
to remain absolutely constant, which
they seldom do for long, slight changes
in support losses (energy spent in mov-
ing the structure to which the pendulum
is attached, which must be supplied by
the clock drive) would result in changes
in the length of the arc.

“An escapement that produced a gen-
uinely constant driving-force, or one
perfectly symmetrical about the center
throughout the entire swing, would have
no effect on the rate of a pendulum, be-
cause any increase in rate produced dur-
ing the swing to dead center would be
exactly canceled by an equal decrease
in rate after dead center. Even if the
driving force were not symmetrical
about the center, but were duplicated
exactly in each direction, any error pro-
duced in the full swing one way would
be canceled on the return swing.

“An escapement that meets these re-
quirements is now relatively easy to pro-
duce by means of an electromagnetic
drive, although we found none described
in the literature. We have made one and
believe that it is unique. It consists of a
center-tapped coil of fine wire carried
by the pendulum and arranged to swing
in a reasonably constant magnetic field.
This coil generates a voltage that would
be a perfect sine wave if the magnetic
field were uniform. But irrespective of
its wave form the voltage goes through
zero and changes sign precisely at the
end of each swing, and the two halves of
the full cycle are symmetrical.

“This voltage is fed to the grids of a
push-pull amplifier, the output of which
goes to another coil mounted on the pen-
dulum. This coil moves in a similar, but
not necessarily identical, magnetic field.
The reaction between the second coil
and its magnetic field drives the pendu-
lum. The magnitude of the driving cur-
rent can be controlled by a series resistor
that regulates the driving force, and
hence the length of swing.

“The power output of such an ar-
rangement is unstable. If the arc does
change slightly, the magnitude of the
| voltage generated and the resulting driv-
| ing current change proportionally, thus




A | DOOR IS OPENED...

W hat's new in high polymers? W hat are
the latest types? W hat methods are used
todevelopand modify these giant mole-
cules that have become one of the prime
interests of contemporary chemists?

Answers to such questions make up the
contents of a new booklet prepared by
Allied Chemical. Entitled “High Poly-
mers,” it is offered free to anyone
equipped with a company letterhead
and a 4¢ stamp.

Importance of polymer research

More and more, as chemists build mole-
cules and arrange them to achieve de-
sired properties, the relationship be-
tween properties and molecular struc-
ture increases in interest and impor-
tance. For there is more implied here
than mere addition to the vast array of
materials at man’s disposal. Here is
promise of new light on the life sci-
ences. Polymer chemistry has been
aided by the study of natural polymers.
Conversely, the study of man-made
polymers can be expected to advance
our understanding of living matter.

How polymers are made
and modified

The booklet points out that there are
nearly a dozen methods of creating and
modifying polymeric materials. There
are “simple” ones, like the blending of
rubber into polystyrene to impart im-
pact strength to this highly brittle plas-
tic . . . or incorporating plasticizers into
polyvinyl chloride to make it less rigid.
Other procedures are highly sophisti-
cated. The use of monomers to carry
desired properties directly into the fin-
ished polymer—as with the promising
new polycarbonate resins—would be a
case in point. Then there is the “mar-
riage” method —joining two different
polymers in the same molecular chain
—resulting in molecules with the prop-
erties of both parents. “Grafting”—the
tacking of side chains onto the main
polymer chain—is another.

Polyethylene—
outstanding example

Polyethylene, you will learn from this
booklet, is an excellent example of
polymer modification, several different
methods having been used. It’s an “ad-

TO NEW DEVELOPMENTS IN HIGH POLYMERS

dition” polymer, formed by direct end-
to-end linkage of smallmolecules (mon-
omers) of the simple gas, ethylene. The
first plastic to reach an output rate of a
billion pounds a year, it is used in the
familiar forms of packaging materials,
squeeze bottles and unbreakable toys.

Polymer research at Allied Chemical,
by the way, has carried polyethylene far
beyond these familiar uses. Our Semet-
Solvay people have come up with an
emulsifiable grade for upgrading water-
based products such as textile finishes
and washable paints . . . as well as a
high-density polyethylene pipe com-
pound with a “life expectancy” of about
50 years.

llied

hemical

BASIC TO AMERICA’S PROGRESS
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Plastic pipe made of A-C® Pipe Compound, a high-density polyethylene polymer, typifies
product improvement through polymer research. Pipe has a “life expectancy” of 50 years.

Spaghetti—cooked and uncooked

The booklet also covers one of the most
fascinating aspects of high polymer
structure —namely, that materials
formed from giant molecules mayoccur
in either the amorphous or crystalline
state. Hence the spaghetti analogy.
Amorphous polymers, with molecules
in a random tangle, are much like
cooked spaghetti. Crystalline polymers,
with more or less regular structure, can
be likened to bundles of raw spaghetti.
We won’t attempt to explain the signifi-
cance of this phenomenon in the con-
fines of this page—
merely suggest you
write for your copy
of “High Polymers”
soon. You may find
itsomewhat aldente
in spots, but infor-
mative, we’re sure.

Anyone interested
in the general sub-
ject of high polymers or who is work-
ing with them will find this booklet of
value. For a free copy, just write, on
company letterhead, to Allied Chemical
Corp., Dept. 76-S, 61 Broadway, New
York 6, N. Y., or phone HA 2-7300.

HIGH POLYMERS
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maintaining the new arc. This defect can
be corrected by connecting a device in
the circuit (a so-called nonlinear ele-
ment) to prevent the output current
from changing in direct proportion to
the input voltage. A simple diode clip-
per-circuit, for example, and a couple of
small nickel-cadmium storage batteries
accomplish this quite satisfactorily. With
the proper design, Zener diodes, which
require no batteries, might be used. In-
cidentally, these special diodes, which
begin to conduct suddenly when the
voltage reaches a certain fixed value, are
now replacing standard-voltage cells in
electrical measuring instruments.

“The magnetic-field-and-coil arrange-
ment and the electronic circuit that we
have used to drive the Shortt clock are
shown in the accompanying illustration
[page 172]. Each half of the voltage
pickup coil consists of 4,500 turns of
No. 40 enameled wire wound on a spool
that moves along a 3/16-inch iron bolt
between two Alnico magnets, each about
3/4 inch by 1/2 inch by 1/4 inch. The
drive coil has 6,000 turns of No. 40 wire
and moves in a similar magnetic field.
Both coils are mounted below the bob,
and the metal parts of the pendulum are
magnetically shielded with stationary
sheets of highly permeable material to
prevent magnetic attraction or eddy-
| current effects from changing the rate of
the pendulum.

“At full atmospheric pressure the
Shortt pendulum requires only about 1.5
microwatts of driving energy; at a pres-
sure of one or two centimeters of mer-
cury it needs only about a fifth of this
power. The electromechanical efficiency
of the driving system can therefore be
quite low. Substantially the full output
of the push-pull amplifier is used to keep
the batteries charged, to replace the
| losses due to the series resistor and to

operate a relay for counting seconds.
Power for the amplifier is provided
through a voltage-regulating transform-
er. The entire electronic circuit is
mounted inside the constant-tempera-

ture enclosure built around the clock.
“The relay, inserted in series with the
clipper, serves to actuate the dial mech-
anism of the Shortt clock, but the accu-
racy of its closure is not better than
about 10 milliseconds—at least an order
of magnitude worse than the pendulum
itself. For this reason we installed a pho-
toelectric cell, which is energized by a
| light beam reflected from a mirror on
the pendulum, to generate time pulses.
These are compared with WWV signals
by means of an oscilloscope. The pulses
are also used to operate a relay or

| chronograph, as desired.”
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-for FUN, STUDY or PROFIT

Terrific Buy! American Made! ASSEMBLED See the Stars, Moon, Planets Close Up!
OPAQUE PROJECTOR AND 3”7 ASTRONOMICAL REFLECTING TELESCOPE
Ficiects Mustratiofs up 1o 3= READY T0 USE! 60 to 180 Power—An Unusual Buy!

or negatives needed. Projects
charts, diagrams, pictures, pho-
tos, lettering in full color or

- black-and-white. Operates on
115 volt, A.C. current, 6-ft. extension cord and plug
included. Operates on 60 watt bulb, not included.
Size 12”7 x 8” x 4%%” wide. Weight 1 1b., 2 oz.

You’ll see the Rings of Saturn. the fascinating planet Mars,
huge craters on the Moon, Star Clusters, Moons of Jupiter in
detail, Galaxies! Equamnal mount with lock on both axes.
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STEREO MICROSCOPE

Years in development. Equals $300 to
$400 instrument. Precision American
made. Used for checking, inspecting,
small assembly work. Up to 3” work-
ing 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.
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field at 6X.
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TREMENDOUS BUY!
War Surplus American-Made
7x50 Binoculars

Big savings ! Brand new ! Crys-
tal clear viewing—7 power. Ev-
ery optical element is coated.
An excellent night glass—the
size recommended for satellite
viewing. Individual eye focus.
Exit pupil Tmm. Approx. field
at 1,000 yds. is 376 ft. Carry-
ing case included. American
7 x 50’s normally cost $195.
Our war surplus price saves you real money.
Stock No. 1533-S... only $55.00 pstpd.

(Tax included)

CLOSE OUT! MECHANICAL DRAWING SET
Regular Price $18.00
Our Price Only $8.00 Pstpd.

American mfr. couldn’t com-
pete with foreign imports—
thus you get a terrific bar-
gain, even far below import
prices. 10 handsome pieces
in velvet-lined case. Nickel plated brass—precision
American-made. We guarantee you’ll be satisfied or

money refunded.
Stock No. 50,200-S $8.00 Postpaid

BEGINNER'S LENS KITS!
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Kits include plainly written. illustrated booklet showing
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A Tremendous Bargain!
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termining qualities of refractory
materials and ceramics . . . used by

Iennecott Research Center in stud-
ies seeking less costly methods of
extracting and _refining metals.
Searchlight is 87” high, 66” wide,
100" long on trailer type mounting.
Weight is 2,950 lbs.—shipping wt.
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ORDIR BY STOCK NUMBIR .SIND CHICK OR MONIY ORDER.

EDMUND SCIENTIFIC €O.

moon taken through our Astronomical
Ieleﬁcope bv a 17-year-old student.

BUILD A SDI.AB ENERGY FURNACE

Easy ! Inexpensive!
We furnish instruc-
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Construction Kits

Shape Your ldeas Fast!
Scientists, executives, planners, de-
signers—all find D-STIX simplify vis-
ualization and demonstration of complex
ideas. D-ST1X—-colored wood sticks 4”
thick and ‘‘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. Big basic kit contains 230 or
370 pieces. Additional parts in supplementary kit. Far
superior to kits of wood or metal. Money-back guarantee.
Stock No. 70,209-S (230 pecs).
Stock No. 70,210-S (370 pes).

Stock No. 70,211-S (452 pes).

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.

Stock No. Dia. Mirror Thickness Price
70,003-S 4/4" " $ 7.50 postpaid
70,004-S 6" 1” 11.95 postpaid
70,005-S 8" 13" 19.50 postpaid
70,006-S 10" 134" 30.75 postpaid
70,007-S 12" 2/g" 54.75 postpaid

50 150 300 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 microscopes selling in this range.
Results are worth the difference! Fine
rack and pinion focusing.
Stock No. 70,008-S....$14.95 pstpd.
MOUNTED 500 POWER OBJECTIVE
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SATISFACTION GUARANTIID!

+BARRINGTON, NEW JERSEY

OFFSPRING OF SCIENCE ... REALLY
BEAUTIFUL CIRCULAR DIFFRACTIONM GRATING
IEWELRY

A Domling Rainbow of Color!

As a scientific phenomenon, this new
kind of jewelry is capturing atten-
tion everywhere. Shimmering rain-
bows of gem-like color in jewelry of
exquisite beauty—made with CIR-
CULAR DIFFRACTION GRATING
REPLICA. Just as a prism breaks up
light into its full range of individual
colors, so does the Diffraction Grating.

Stock = 30,349-5 Eorrings........ ...52.75 Pstpd.
Stock =30,350-S Cuff Links ...52.75 Pstpd.
Stock = 10,372-5 Pendant .. $2.75 Pstpd.
Stock =30,373-5 2 Pins..... $2.75 Pstpd.
Stock =30,390-S Tie-Clasp .. §2.75 Pstpd.

Take Telephoto
Shots Thru
7 x50

MONOCULAR

American made instrument—war

This is fine quality,
surplus! Actually % of U.S. Govt. 7 x 50 Binocular. Used
for general observation both day and night and to take
fascinating telephoto shots with your canrera. Brand new.
$95 value. Due to Japanese competition we close these out
at a bargain price. Directions and mounting hints included.

Stock No. 50,003-S $15.00 Pstpd.

T e,
REPLICA GRATING—Low, Low Cost

Toke Unusual Coler Photos At Nightl
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128 Pages! Over 1000 Bargains! Huge
selection of lenses, prisms, war surplus optical
instruments, parts and accessories. Telescopes,
Microscopes, Binoculars, Snip-
erscopes, science experiment
items, math learning and
teaching aids. Request Cata-
log-S.

EASY PAYMENT PLAN AVAIL-

ABLE! DETAILS WITH CAT.
ALoG*
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Important news about

THE WORLD OF MATHEMATICS

102,000 PEOPLE BOUGHT THIS SET IN THE DE LUXE
HARD-BOUND EDITION, CURRENTLY SELLING AT $25

Now the miracle of paperback publishing brings you

all four volumes, boxed and unabridged, for $895

Partial Contents

GENERAL SURVEY — Jourdain:
Nature of Mathematics.
HISTORICAL AND BIOGRAPHICAL —
Turnbull: The Great Mathematicians;
Newman: The Rhind Papyrus; Plu-
tarch: Archimedes; 12 others.
ARITHMETIC, NUMBERS AND THE ART
OF COUNTING — Archimedes: Poppy
Seeds and The Universe; Ball: Calcu-
lating Prodigies; Newton: The Binomial
Theorem; 6 others.

MATHEMATICS OF SPACE AND MO-
TION — Clifford: The Science of Space,
The Space Theory of Matter; Euler:
The Seven Bridges of Konigsberg: A
Famous Problem. Kline: Projective Ge-
ometry; 7 others.

MATHEMATICS AND THE PHYSICAL
WORLD — Galileo: Mathematics of Mo-
tion; Moseley: Atomic Numbers; Boys:
The Soap Bubble; Mendel: Mathemat-
ics of Heredity; 18 others.
MATHEMATICS AND THE SOCIAL SCI-
ENCES — Malthus: Mathematics of
Wealth ; Richardson : Statistics of Deadly
Quarrels; Hurwicz: On the Theory of
Games; 7 others.

THE LAWS OF CHANCE — De LaPlace:
Concerning Probability; Peirce: The
Red and The Black; 5 others.

THE MATHEMATICAL WAY OF THINK-
ING — Peirce: The Essence of Mathe-
matics; Mach: The Economy of Science;
3 others.

MATHEMATICS AND LOGIC — Boole:
The Mathematical Analysis of Logic;
Nagel: Symbolic Notation; 3 others.
THE UNREASONABLENESS OF MATHE-
MATICS — Kasner and Newman: Para-
dox Lost and Paradox Regained ; Hahn:
The Crisis in Intuition.

BECOMING ONE’'S OWN MATHEMA-
TICIAN — G. Polya: How to Solve It,
(excerpt).

THE VOCABULARY OF MATHEMATICS
—Kasner and Newman: New Names for
old.

MATHEMATICS AS AN ART — Sullivan:
Mathematics as an Art.

VARIOUS CLEVER MACHINES — Von
Neumann: Theory of Automata; Tur-
ing: Can a Machine Think? Shannon:
A Chess-Playing Machine.

THE UNGENTLE USES OF MATHEMAT-
ICS — Lanchester: Mathematics in War-
fare; Morse and Kimball: How to Hunt
a Submarine.

A MATHEMATICAL THEORY OF ART —
Birkhoff: Mathematics of Aesthetics.
MATHEMATICS IN LITERATURE—Swift:
Cycloid Pudding; Huxley: Young Ar-
chimedes; 3 others.

MATHEMATICS AND MUSIC — Jeans:
The Mathematics of Music.
MATHEMATICAL DIVERSIONS, PUZ-
ZLES, AND FANCIES — selections by:
Stephen Leacock, Lewis Carroll, W. W.
Rouse Ball, 7 others.

THE MATHEMATICIAN EXPLAINS HIM-
SELF —Hardy: A Mathematician’s Apol-
ogy; Poincare: Mathematical Creation;
How Ideas Are Born; Von Neumann:
The Mathematician.

PLUS 89 interpretive essays; 500 illus.

The
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(if you reserve your set before publication)

The most extensive collection ever published, for layman and expert, of the
great literature of Mathematics from the Rhind Papyrus of Egypt to Ein-
stein’s theories, edited by JAMES R. NEWMAN. Presented in 4 handsome il-
lustrated volumes with 500 drawings, halftones and facsimile reproductions

THE WoRrLD OF MATHEMAT-
1cs, published in 1956, be-
came an instantaneous and
spectacular bestseller. Since
then this superb collection has
found its way into more than
102,000 homes in the original
higher priced, hard-bound edi-
tions,

Over the years it has become
apparent that, for many thou-
sands for whom the collection
would be most rewarding, the
$25 price has been too high.
So we explored every possible
way of producing a handsome,
readable, durable set at far
less. The result is the forth-
coming four-volume paperback
WorLD oF MAaTHEMATICS. Not
a word has been cut. The type
page is exactly the same as in
the original edition. The paper,
while of lighter weight, is of
excellent quality. The princi-
pal cost difference is in the
binding and in our expecta-
tion of savings on a large first
printing. And we are extremely
pleased with the handsome pa-
per-cover binding. The result,
at the anticipated price of $10
for the boxed set, is surely one
of the great book bargains of
all time.

From Vajda on Matching
Pennies to the Theories
of Einstein

From Archimedes on Poppy
Seeds and the Universe to
Shaw’s The Vice of Gambling
and the Virtue of Insurance —

A million words of *the most
exciting, stimulating, tantaliz-
ing, exasperating, mystifying
and generally delightful read-
ing a man could ask for.”
—Scientific American
“The most amazing selection of
articles about mathematics yet
published, a delight to readers
with a wide variety of back-
grounds.”—New York Times

here are 133 great books, es-
says, articles and stories —
more than a million words. All
are woven together with a clear
and brilliant 130,000 word
commentary by James R. New-
man, member of the Board of
Editors of Scientific American
Magazine,

Do you know what the small-
est thing in the Universe is?
The biggest? The fastest?
Read D’Arcy Thompson’s essay
on Magnitude. From Von Neu-
mann’s classic Theory of
Games to the mathematics of
music —even of metaphysics
and golf—every field of mathe-
matical thought is represented.

Two basic books are in-
cluded in full: Jourdain’s The
Nature of Mathematics and
Turnbull’s The Great Mathe-
maticians.

Special Pre-Publication

Fer

This paper-bound, 4-volume
boxed edition would ordinarily
be priced at $12 or more. How-

I —— ——— —— —— — ——— ———— —

ever, the success of the higher-
priced edition has encouraged
the publishers to plan an un-
usually large first printing. It
is hoped in this way the retail
price may be brought down to
$10.
In order to build up the size
of the first printing, and re-
duce the cost per set, we are
accepting advance reservations
from the readers of this an-
nouncement. In return for
helping us increase the size of
this printing by entering your
reservation now, you will re-
ceive the complete set at a
special pre-publication price
of only $8.95.
SEND NO MONEY

Simply mail the reservation
certificate today. A set will be
sent to you as soon as it comes
off the press. If not completely
delighted, return it to us and
owe nothing, SiMoN AND
ScuusTer, Publishers, Dept.
67, 630 Fifth Avenue, New
York 20, N. Y.

RESERVATION CERTIFICATE

I
I! To your bookseller, or
Il

SIMON and SCHUSTER, Publishers, Dept. 67
630 Fifth Avenue, New York 20, N. Y.
Please send me as soon as it comes off the press, ..........
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sets of THE WorLD or MATHEMATICS; in four soft-bound
volumes, boxed, over 2500 pages, illustrated. If after browsing
through it leisurely for 10 days I am not completely de-
lighted, I will return the set(s) and owe nothing. Otherwise
I will remit only $8.95 per set — in three payments consisting
of $1.95 within 10 days, and $3.50 per month for two months
(plus postage) for each set.

CHECK HERE if you prefer to examine the De Luxe Edi-

tion — four handsome, hard-bound volumes, gold-
stamped, boxed. Same free examination offer. If you decide
to keep the De Luxe set(s), remit only $5 per set within 10
days, then $5 per month for each set for four months, plus
full postage charges with the last payment.

Name..ovveeiiiieeiieeniiniiiiennneens Ceeeeeeieaaas
(PLEASE PRINT)
Address. .covevvnieenniieniiiiiiiiiien,
Zone
City.ooviiiiiiiinnennn. (if any)....State.............

D ADDED SAVINGS: Check here if you are enclosing $8.95
per soft-bound set ($25 per De Luxe hard-bound set)
as payment in full. Then we will pay all postage charges.
Same 10-day privilege of return for full refund applies.

—— e — e - e S N WS S SN S S S G ——

e e e e

© 1960 SCIENTIFIC AMERICAN, INC



by James R. Newman

New Mars or HELL, by Kingsley Amis.
Harcourt, Brace and Company
($3.95).

ne either likes science fiction or
O one doesn’t; there’s no ought
about it either way. Not to like it

is no proof in itself that one is a culti-
vated chap, above that sort of thing; nor
is being a fan proof that one has a low
mind or that one is a great man seek-
ing relaxation and escape in this corner
rather than in Westerns or detective
stories. I myself am not an addict, and
I have never quite understood, I must
confess, how one gets hooked. It hap-
pens, I have now learned, in adolescence
or not at all, like addiction to jazz. It is
not unusual, according to my source,
for the same person to have contracted
both addictions. This is not surprising if
one considers how much the two modes
have in common. They came to flower-
ing at about the same time—the 1920’s—
and underwent mutations around 1940;
in their present form they are character-
istically American products “with a large
audience and a growing band of practi-
tioners in Western Europe.” Both have a
“radical tinge.” That is to say, science
fiction shows the tinge in its social cari-
catures; and jazz, though its cacophonies
and offbeats may not represent the
brand of subversion that literal-minded
Congressional investigators can get their
teeth into, shows its radicalism in the
attitudes of those connected with it.
Neither science fiction nor jazz has pro-
duced absolutely first-rate artists (I shall
doubtless have to take cover on this),
but they have turned up gifted and in-
teresting practitioners; both “have ar-
rived at a state of anxious and largely
naive self-consciousness; both, having
decisively and for something like half a
century separated themselves from the
main streams of serious music and serious
literature, show signs of bending back
towards those streams.” Finally, both

BOOA

An examination of the history and

the present state of science fiction

science fiction and jazz have established
themselves so firmly as to attract the at-
tention of the “cultural diagnostician” or
“trend hound.” Liking science fiction for
itself is one thing; coming to it like a
microbe hunter, to see where it breeds,
who is most susceptible to it and so on,
is quite another thing. Not always a bad
thing, to be sure, but not necessarily
a good thing either, and apt to be pre-
tentious.

The source to which I am indebted for
these insights is Kingsley Amis’s elegant
and entertaining little book, based on a
series of lectures he gave in 1959 as one
of the Christian Gauss seminars at
Princeton University. Amis has written
some very funny novels, and he is a wit
in the best sense: perceptive, sympa-
thetic and impatient of intellectual
heavies. Collegiate seminars on criticism
are not often favored with his kind of
telicitous impudence; the audience must
have been delighted. What he gave them
was a thoughtful, wholly unpretentious,
amusing and self-amused survey of a
branch of writing that deserves just such
treatment. The lecturer neither goes
overboard nor goes slumming; science
fiction, as he makes clear, is not “tomfool
sensationalism, but neither is it a massive
body of serious art destined any moment
to engulf the whole of Anglo-American
writing.” It is a story form that pro-
vides entertainment to many, possesses,
at its best, elements of genuine literary
quality, and is an interesting social and
psychological phenomenon.

How is the form defined? “Science fic-
tion is that class of prose narrative treat-
ing of a situation that could not arise in
the world we know, but which is hy-
pothesised on the basis of some innova-
tion in science or technology, or pseudo-
science or pseudo-technology, whether
human or extra-terrestrial in origin.” Sci-
ence fiction, as Amis emphasizes, is to be
distinguished from fantasy. To get to
the stars in a hurry you apply a “space-
warp” (which Bernhard Riemann and
Albert Einstein would have found quite
natural), or you put your craft into
“hyper-drive” (which sounds more rea-
sonable than what is promised for a new
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Buick). To spend an evening with Mad-
ame DuBarry, you turn on your time
machine, and zip—there you are. Mr.
Midas, who owns a Greek restaurant in
the Bronx, saves the life of an extra-
terrestrial who is living in New York
anonymously as an observer for the
Galactic Federation; in gratitude, the
extraterrestrial, who is “a master of sci-
ences far beyond ours, makes a machine
which alters the molecular vibrations of
Mr. Midas’s body so his touch will have
a transmuting effect upon other objects.”
Thus the Midas myth in modern garb.
All this is science fiction. Fantasy, on the
other hand, deals in elves, broomsticks,
pixies, cromlechs, occult powers, incan-
tations. Every pretense at a rational ex-
planation is abandoned. (The difference
is important, and one might be tempted
to say portentous things about it. Amis
isn’t.) To be sure, there are borderline
cases. The vampire, for example, is a
staple of 19th-century fantasy; but in his
novel I Am Legend Richard Matheson
makes use of the myth for science-fiction
purposes, whereby everything is ration-
ally explained. In our day, in any case,
fact is stranger than science fiction. The
universe is changing, as is our notion of
it; even our tiny environment has queer-
nesses and monstrous possibilities. A nu-
clear war would produce some strange
shapes; maybe not giant ants or “armour-
plated, radioactive, supersonic pterodac-
tyls,” but can one be absolutely sure?
Put it, then, that the borderline between
science fiction and fantasy is hard to
draw. Still, there is a difference.

Amis sketches the ancestry of the
form. The learned dispute the origins.
Some point to the Atlantis items in
Plato’s Timaeus and Critias, or to Aris-
tophanes’ The Birds; others prefer the
interplanetary voyage recounted by a
second-century Greek prose romancer,
Lucian of Samosata. On his trip to the
moon there is an encounter with some
women who are grapevines from the
waist down; the men in the moon are of
fantastic appearance and habits, but
they are not menacing. (The notion of
“nasty aliens”—aliens are non-earthlings
—is a comparatively recent one.) Jo-
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hannes Kepler describes a moon voyage,
as does Bishop Godwin in 1638, the lat-
ter’s craft being drawn by wild swans;
Cyrano de Bergerac’s traveler gets to the
moon in a chariot powered by rockets.
The first visit to the earth by an alien is
in Voltaire’s Micromégas. Gulliver’s
Travels clearly has a place in the line, for
two reasons. First, Swift was at pains to
make the details of his stories rational,
that is, non-magical; like Jules Verne he
“counterfeited verisimilitude.” Second,
he invented satirical Utopias, blending
ingenious invention and powerful social
criticism, which is characteristic of much
of contemporary science-fiction. (On this
point Thomas More’s Utopia and Francis
Bacon’s New Atlantis also deserve no-
tice. Bacon’s island, particularly, boasts
all kinds of technological marvels.)

The paleontologist of science fiction
may sniff at many of these earlier exam-
ples, but he will concede that Mary
Shelley’s Frankenstein was a major pro-
genitor. His descendants, and those of
his monster, are all over the place: mad
and malevolent scientists as well as mild
eccentrics who mean well but lose con-
trol over their creatures. Two big themes
are descended from the original book:
robots which turn on their master (Karel
Capek’s R.U.R., published in 1920, was
the classic modern treatment of this no-
tion) and “functionalized sermons on
the dangers of overgrown technology.”
Amis also mentions as a Frankenstein
descendant the stock figure of the “mor-
ally irresponsible researcher indifferent
to the damage he may cause.” I am not
sure that the figure is confined to fiction.

Verne, with his technological Utopias
and his pessimism about invention over-
reaching itself, was of course a pioneer
of modern science-fiction. The literary
quality of his stuff is not high, but some
of his yarns are fascinating, and he never
ran out of ideas. His foresight was re-
markable. In Five Weeks in a Balloon
(1862) there is the following dialogue:

“ ‘Besides,” said Kennedy, ‘the time
when industry gets a grip on everything
and uses it to its own advantage may not
be particularly amusing. If men go on
inventing machinery, they’ll end by be-
ing swallowed up by their own inven-
tions. I've often thought that the last day
will be brought about by some colossal
boiler heated to three thousand atmos-
pheres blowing up the world.’

“‘And I bet the Yankees will have a
hand in it,” said Joe.”

The other major creator of the modern
form was H. G. Wells. Wells was much
less interested in pseudo-science than
Verne was, and he was also an incompar-
ably better writer. For him the story was
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the thing; scientific verisimilitude, a
minor matter. Time machines and Mar-
tians (The War of the Worlds), monsters
(The Food of the Gods), invisible men,
carnivorous plants—these were used to
entrance the reader, to create suspense
and excitement rather than to satirize
or weave an allegory. Their influence
on science fiction, especially of the pre-
1940 vintage, was immense. But there
were other Wells stories, little men-
tioned and apparently not influential in
shaping modern developments, that fore-
cast the modern satirical Utopia with
“fantastic exactness.” “A Story of the
Days to Come” has such features as ad-
vertising bawled out of loud-speakers,
phonographs replacing books, vast tech-
nological unemployment, with the idle
supported by a kind of “international
poorhouse called the Labor Company,”
huge trusts that own everything, chil-
dren brought up in state créches, hypno-
sis as a cure for antisocial traits, dreams
that can be obtained to order; and, as an
especially edifying touch, men use de-
pilatories instead of shaving.

In 1926 Hugo Gernsback founded
Amazing Stories, the first magazine en-
tirely dedicated to science fiction. The
event was part of a struggle for recogni-
tion and existence, because science fic-
tion was still beleaguered by fantasy
stories and by space operas, both of
which attracted more readers. Space op-
eras, as Amis explains, are like horse
operas, with Mars taking the place of
Arizona, ray guns replacing six-guns,
bad aliens with green skins substituting
for outlaws, and bug-eyed monsters,
known as Bems, for Indians. (Bems, by
the way, which have tentacles and V-
shaped mouths, were a Wellsian inven-
tion.) Gradually, however, science fic-
tion edged ahead in the competition
with Bems, galactic hoodlums and scan-
tily clad virgins.

Around 1940 the present era began.
Where there had been five science-fic-
tion magazines in 1938, there were 22 in
194 1. There was, of course, no sudden
transformation of imbecility into literary
excellence. Plenty of mad scientists were
still running around; also on the scene
were king-sized ants, king-sized sirens in
“abbreviated shorts and light cotton
sweaters,” handsome supermen, and
monsters with yellow fangs and massive
paws that could rip away a 15-year-old
girl’s clothing. But the adult was at least
“co-present with the stupidly or nastily
adolescent.”

Amis admits that a science-fiction
magazine, even in the new era, does not
at first glance look too promising. A title
such as Fantastic Universe or Astound-
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ing Science Fiction is not calculated to
tempt the fully developed brain. The
magazine cover is likely to be either
crudely sensational or crudely whimsi-
cal; it may picture a multi-armed alien
Santa Claus. The inner pages advertise
trusses (“Wouldn’t trade mine for a
farm,” says the testimonial of an agri-
cultural user), Rosicrucianism, royal
jelly (prolongs life), hand grenades ($1
for an exact replica), “stuffed girls’
heads.” The contents, however, are at
least in part on a somewhat higher level.

Amis samples the October, 1958, issue
of Astounding Science Fiction. One
story, “The Yellow Pill,” introduces a
psychiatrist in New York who is trying
to cure a patient of the delusion that they
are both on a space-ship in flight: the
psychiatrist takes the yellow pill (an
“anti-delusion compound”), presumably
to encourage the patient to follow suit,
and finds himself aboard a space ship;
the patient, taking no pill, imagines him-
self cured and walks out of the door—
leading into empty space instead of the
outer office. “Big Sword” is about a small
boy who sets up telepathic communica-
tion with the tiny aliens of a distant
planet and then persuades his earthling
elders, who are about to set off on an ex-
pedition to destroy the little creatures,
that they are friendly and should not be
murdered but helped. Another story is
about some “amiable visiting aliens” who
run out of food; another “shows alien
and man agreeing to overlook the dif-
ferences of appearance and habit that
repel or frighten each of them and so
coming to an understanding.”

Most of this may strike you as mod-
erately dull, but it isn’t vicious or in-
cendim‘y or corrupting. There are no
mad scientists, no Bems, giant newts or
huge hairy spiders. The alien races are
all friendly. There is a moral, however
faint, in most of the stories: communica-
tion breeds understanding, which breeds
tolerance. There is not much science,
pseudo-science, technology or sex. This
is fairly representative of the content of
the other magazines, says Amis, and of
the new science fiction as a whole. (The
books—the current annual crop is be-
tween 150 and 200—are either antholo-
gies of short stories reprinted from maga-
zines, or novels that can be traced back
to the magazines, either in serial or in
rudimentary form.)

It may be that the trend toward uplift
has held down the number of readers; at
any rate, science fiction has no mass
audience. Galaxy sells about 125,000
copies per an issue in the U. S. (there
are also foreign editions; the Swedes
are special fans); Astounding sells
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100,000 copies in this country, 35,000
copies in England, and has subscribers
in the U.S.S.R. and China; Amazing
sells 50,000. The total science-fiction
readership, then, comes to around half a
million. But it is a faithful audience, giv-
en to banding together in fan clubs.
These are found all over the U. S., the
highest concentration being on the West
Coast. They often meet weekly and even
print their own fan magazines. They
have 'such names as “The Elves’,
Gnomes’ and Little Men’s Science Fic-
tion, Chowder and Marching Society,”
and “The Little Monsters of America.”
Every year there are regional confer-
ences and a three-day world convention.
The clubs are inclined to be politically
liberal, especially on racial questions;
once a Communist group from Brooklyn
formed an Association for the Political
Advancement of Science Fiction.

Many more men than women read
science fiction, and the audience has a
technological or scientific bias. Amis’s
studies show that engineers and scien-
tists account for perhaps 40 per cent of
the readers. That there is a healthy
spread in occupational distribution, how-
ever, is evidenced by L. Sprague de
Camp’s anecdote (he has written an au-
thoritative handbook on science fiction)
which tells how a science-fiction writer,
“happening to visit a New Orleans bor-
dello, found his works so popular with
the staff that he was asked to consider
himself their guest for the evening.”

The anecdote should not be taken as
proof of widespread dissoluteness among
science-fiction writers. Licentiousness is
apt to be expensive, and the financial re-
wards of science fiction are not high. It
is therefore often a secondary occupation
of men who teach science or do research.
The University of Cambridge astrono-
mer Fred Hoyle is a conspicuous exam-
ple. Most of the writers and editors, ac-
cording to Amis, treat their calling with
“great, sometimes excessive, serious-
ness.” Their claims include such points
as that science fiction is “the last refuge
of iconoclasm in American literature,”
that it exists “to afford objectivity to the
reader, for better consideration of him-
self and his species,” that “it helps man-
kind to be humble.” These are respect-
able views, and even the hyperboles—
Robert A. Heinlein, for example, says
that science fiction is superior to most
modern fiction, is “the most difficult of
all prose forms” and is “the only form of
fiction which stands even a chance of
interpreting the spirit of our times”—are
self-respecting. “Few things,” says H. L.
Gold, the editor of Galaxy, “reveal so
sharply as science fiction the wishes,
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hopes, fears, inner stresses and tensions
of an era, or define its limitations with
such exactness.” Perhaps this too is hy-
perbole, but every kind of literature—
even the comic strip—is like a mythology
in the sense of embodying man’s fears
and aspirations.

Amis attempts to distinguish between
what the literature reveals of these hopes
and fears, and the ideas and morals that
it consciously and deliberately sets forth.
Sex, as I have already indicated, is no
longer an important theme in science
fiction, although it strongly persists in
the fantasy stories; for that matter, they
also continue to celebrate mad scientists,
mutilation and such winsome items as
jellyfish which, when you step on them,
call you by name. The sense of insecurity
exhibits itself in many different forms:
the race of men is doomed, with or with-
out a nuclear war; men are puppets, at
the mercy of the quirks of time, the va-
garies of matter and galactic flaws; in-
dividuality and free will are an illusion.
Robots are still a menace, but less than
they used to be. Philip K. Dick has a de-
lightful story, “The Defenders,” about
robots sent out to fight a war on the sur-
face by a human race now living under-
ground; the robots keep sending down
reports about great battles and massive
destruction, but when, after several dec-
ades, a party of men comes up to see how
things are going, they find that the robots
made peace almost immediately and,
“arguing that mankind could never be
trusted not to start things again, have
been spending their time faking their re-
ports as interestingly as possible.” Nos-
talgia for the rural way of life is very
strong; this is another aspect of the anti-
science strain in the new science fiction.
Arcadian pleasures, simple things, es-
cape from the world of too much elec-
tronics—from what, in short, is called the
abundant life—is a heartfelt, recurring
emotion. But it must not be supposed
that a science-fiction hero is a fellow
who simply wants to escape; if he doesn’t
like things as they are, he means to do
something about it, not merely run away.
In George Orwell’s 1984 O’Brien says to
Winston: “If you want a picture of the
future, imagine a boot stamping on a hu-
man face—forever.” No orthodox science-
fiction writer, says Amis, would ever
concede such abject defeat. In general,
then, while no clear-cut, unified picture
emerges, the main attitudes are “reassur-
ing”: reasonable fears, sensible wishes,
admirable hopes. We are not splendid,
but neither are we hopelessly degraded;
something will help us if we help our-
selves.

Amis examines the Utopias and the
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new maps of hell, the sphere of social
diagnosis and warning. In William
Tenn’s story “Null-P” (the P stands for
Plato and his notion that political leaders
must be men of merit) the U. S., after an
atomic war that has produced a zoo of
mutations, elects as president George
Abnego, the apotheosis of the average
man, “median in his flesh and the condi-
tion and quantity of the very teeth in his
mouth.” Mediocrity is enthroned; the
non-elite or “unbest” are in charge.
Eventually a race of intelligent New-
foundland retrievers domesticate “Homo
abnegus” and “prize him for his stick-
throwing abilities and initiate selective
breeding to this end.” When a machine
is developed that throws a stick better
than he can, man disappears “except in
the most backward canine communities.”
The satire is sharp, but general; no rec-
ognizable personalities appear, and this
seems to be characteristic of science
fiction.

Another conformist hell is described
in Ray Bradbury’s Fahrenheit 451. (Re-
verting to his jazz comparison, Amis
calls Bradbury the Louis Armstrong of
science fiction, because he is “the one
practitioner well known by name to
those who know nothing whatever about
his field.”) The suppression of books—
451 degrees Fahrenheit is supposedly
the temperature at which book paper ig-
nites—is a major activity of this particu-
lar society. A book is considered a
“loaded gun in the house next door.”
Books interfere with sport, pleasure,
group spirit, fun; they make men feel
unequal because some read and some do
not. Books hinder the pursuit of happi-
ness by making us worry; they make us
indecisive when we conclude that there
are two sides to a question. The cure is
obvious. The hero of the story, Montag,
is a fireman; when an alarm is turned in,
he and his mates charge out of the sta-
tion on their wagon to burn somebody’s
house down—one with books in it—un-
der the regulations of the “Firemen of
America,” “established, 1790, to burn
English-influenced books in the Colo-
nies. First Fireman: Benjamin Franklin.”
While Montag is busy on his rounds
(“Monday Millay, Wednesday Whit-
man, Friday Faulkner”), his wife lies on
the bed in her room with the “little Sea-
shells”—thimble radios—plugged into her
ears, rapturously oblivious to everything
but an “electronic ocean of sound, of
music and talk and music and talk com-
ing in, coming in on the shore of her
unsleeping mind.” I need hardly add
that these days we see grown men and
women walking down the street carrying
little radios that are heard through a tiny
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earpiece. This presumably is what we
are fighting for.

Utopias have other desirable features.
In Robert Sheckley’s “A Ticket to Tra-
nai” wives are put into “stasis” or sus-
pended animation, and are taken out by
their husbands only when they are need-
ed. The only rule is that you must take
your wife out a few hours a week. The
wives” compensation for this deep-freeze
celibacy is that they age much more
slowly than men, so they have many hus-
bands and gain the financial benefit of
multiple widowhood. Disimprovement
engineering is another Utopian plus
which furthers the commercial aim of
built-in obsolescence; so is the new
abundance installment economics that
permits the citizen with the helicopter
and subterranean swimming pool who is
$200,000 in debt to have even more
piaythings by mortgaging the first 30
years of his son’s earnings, and by doing
the same with his grandchildren.

I should like to give one more choice
example, from the writings of the able
science-fiction  practitioner  Frederik
Pohl, who is concerned with the sublimi-
ties of production and consumption. A
new advertising procedure backed by
the Establishment consists of driving a
van into a residential area playing “at
top volume a tape recording of fire en-
gines answering an alarm. Then...a
harsh, sneering voice, louder than the
archangel’s trumpet, howled: ‘Have you
got a freezer? It stinks! If it isn’t a Feckle
Freezer, it stinks! Only this year’s Feckle
Freezer is any good at all! You know who
owns an Ajax Freezer? Fairies own Ajax
Freezers! You know who owns a Triple-
cold Freezer? Commies own Triplecold
Freezers! Every freezer but a brand-new
Feckle Freezer stinks!’

“The voice screamed inarticulately
with rage: ‘I'm warning you! Get out and
buy a Feckle Freezer right away! Hurry
up! Hurry for Feckle! Hurry, hurry, hur-
ry, Feckle, Feckle, Feckle, Feckle,
Feckle, Feckle!”

The hysteria, the minatory tone, the
indecent assaults on privacy are not only
fairly close to what advertisers do to us
via radio and television every feckling
moment of the day, but even closer, as
Amis says, to what they would like to
do to us if they dared.

Where is science fiction going? Is it
marked for higher destinies? There are
two things to consider: science fiction
sin.ply as readable literature, and sci-
ence fiction in its concern with political
or economic man. From the standpoint
of its merit as literature, science fiction
has had its ups and downs. It now takes
itself very seriously, but this does not
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mean that its best stories are up to the
best of H. G. Wells, say, who himself
certainly did not take the form too seri-
ously, at least not in today’s sense. No
one can pretend that science fiction goes
very deep into human personality and
motivations. The human heart is a fea-
ture only when it is a cavity resonator
enclosed by plastics and titanium, and
activated by microwaves. The ingenious
gadgets are themselves beginning to run
out. There are, as I recall from group
theory, something like 275 basic patterns
of wallpaper; why should science fiction
have a larger range? Of course science
fiction—the highbrow stuff, at any rate—
is getting less scientific. It is still pretty
special, so that one has to judge it by its
own rules (however difficult these may
be to define), just as one judges chess
problems not as actual game situations
but as esoteric intellectual contrivances
bound by peculiar conventions. But the
specialness is getting less special, which
is to say that a number of science-fiction
writers are turning their product in the
direction of the mainstream of serious
literature, and that certain writers of
stature—William Golding, for instance—
are invading the science-fiction domain.
Each group, as Amis observes, can learn
from the other, though admittedly the
mainstream group has vastly more to
teach its science-fiction counterparts
than to learn from them. Their common
ground, I should think, is dissent, revul-
sion, indignation, even bewilderment,
over the less lovely aspects of society.
Science fiction may run out of scientific
ideas, but never out of instances of im-
becility and wickedness that can easily
be transformed into comic infernos.

It is important not to come to any
grand conclusions about what science
fiction is or may yet become. It does not
exist in isolation, however queer it may
seem; it is very much a piece of our-
selves; its future is uncertain, but whose
is not? It has, I am now convinced from
Amis’s book, something of value. I hope
it prospers.

Short Reviews

HIS SCULPTURED EARTH: THE LAND-

SCAPE OF AMERICA, by John A.
Shimer. Columbia University Press
(87.50). This attractively illustrated,
well-written book tells the geologic story
of the wonderfully varied landscapes of
the U. S. It deals with the meaning of
the scenery and the nature of the earth-
shaping processes, the formation of
capes, bays, dunes and drowned coasts,
the action of the sea and wind on the
edge of the land, the strange terraces cut
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on various hypersonic aerodynamic shapes; and, utiliz-
ing the shock tube section, studies of an extensive
range of gas dynamics problems and theories.

Grumman Research is active in expanding many
spheres of man’s knowledge. We invite your inquiry if
your interest lies in fluid mechanics research or any of
the following areas:

MATH-PHYSICS -
ELECTRONICS -
COMPUTING R & D.

Basic research and develop-
ment in areas such as: air-
borne and special purpose
computingsystems,combined
analog-digital computation,
simulation, programming,
mathematical and numerical
techniques.

Send your resume to Mr. A. Wilder, Dept. GR-23,
to arrange for a mutually convenient interview.

SOLID STATE, NUCLEAR,
GENERAL PHYSICS.

Theoretical and experimental
research in broad areas of field
theory, energy conversion, nu-
clear physics, acoustics, elec-
tromagnetic radiation (particu-
larly, but not limited to, micro-
and millimeter waves).

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

Bethpage, Long Island, N.Y.
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No. 15 of a series

Eastman 910 Adhesive
solves another
production bottleneck

Hubley Manufacturing Company, of
Lancaster, Pa., makes the Ric-O-Shay
Pistol, a toy gun that simulates the
whine of a ricochetting bullet.

The sound is generated by a bent
musical wire vibrating against a thin
brass percussion plate.

An L-shaped zinc alloy slug, die-
cast onto the end of the wire, must be
properly positioned and rigidly
mounted in the percussion plate rim
to obtain a realistic sound. Several
fastening techniques were tried, with
limited success. The high-strength
bond and simple application of quick-
setting Eastman 910 Adhesive solved
the bottleneck.

Use of this adhesive produced a
bond with the high resistance to vibra-
tion necessary for long service life.

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 used as it
comes. No mixing, no heating. Simply
spread the adhesive into a thin film
between two surfaces. Light manual
pressure triggers setting. With most
materials, strong bonds are made with-
in minutes.

What production or design problem
can this unique adhesive solve for you?

A

J Bonds Almost Instantly
with Contact Pressure
No Heat...

No Catalyst...

Eastman

Adhesive

For a trial quantity (15-0z.) send five
dollars to Armstrong Cork Co., Industrial
Adhesives Div., 9107 Inland Road, Lan-
caster, Pa., or to Eastman Chemical
Products, Inc., Chemicals Div., Dept. 5-7,
Kingsport, Tenn. (Not for drug use)

See Sweet’s 1960 Prod. Des. File, 7/E
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by the waves, the formidable legacy of
the glaciers, the effect of earthquakes,
the molding of the New England ter-
rain, the erosion and gouging of the
mountains of Yosemite, the causes of the
jagged topography of the Alaskan
ranges, the making of the middle west-
ern plains and the Badlands of South
Dakota, the history of the Grand Can-
yon, the birth of huge forests, the spec-
tacular volcanic landscapes, the evolu-
tion of caves, the raising of mountains,
the work of the rivers, the fossil record
and how we read it. From the land as it
is at this fleeting moment in the span of
geologic time Shimer reconstructs the
past and prophesies the future. His book
is admirable both as an introduction to
geology and as a historical panorama of
our continent. Photographs, maps, dia-
grams and a glossary.

SCHOOLCRAFT’S ExpepITION TO LAKE
ITasca, edited by Philip P. Mason.
Michigan State University Press ($7.50).
In 1832 the U. S. Government author-
ized the 39-year-old Henry Rowe School-
craft, mineralogist, geologist, explorer,
educator and Indian agent, to make an
expedition to the upper Mississippi re-
gion to visit the Chippewa tribes and at-
tempt to quell the intermittent but bitter
feud between them and the Sioux over
boundary lines. A true friend to the In-
dians and learned in their history, lan-
guage and customs (his volumes on the
American Indian inspired Longfellow to
write Hiawatha—perhaps a dubious
blessing), Schoolcraft had attended oth-
er intertribal negotiations in the North-
west Territory and had shown high skill
in such matters. He was instructed not
only to establish permanent peace
among these tribes, but also to collect
statistical facts about them, to investi-
gate the conditions of the fur trade and
to vaccinate the Indians for smallpox
under an act that had just passed Con-
gress. For this grand purpose a budget
of $3,200 was allotted his expedition,
which the War Department cut to
$2,200. Schoolcraft said nothing in his
request for the appropriation about ex-
| ploring the Mississippi River to its
| source, and his instructions were silent
on the point. This was nonetheless his
real aim, and this he accomplished. He
failed to stop the Indian hostilities, but
on July 13, 1832, after a long march
across a series of “deluvial sand ridges
what had long been sought appeared
suddenly. On turning out of a thicket
into a small weedy opening, the cheer-
ing sight of a transparent body of water
burst upon our view. It was Lake Itasca
—the source of the Mississippi.” Itasca,
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it is worth remarking, had for many
years been known to fur traders as Lac
la Biche, or Elk Lake, because of the
likeness of its shape to the head of that
animal; the Indians called it Omushkos,
the Chippewa name for elk. None of
these names satisfied Schoolcraft. From
the Reverend William Thurston Bout-
well, a member of the party, he had
learned the Latin term for “true source,”
veritas caput, and out of the last two
syllables of veritas and the first of caput
he created the new name. This fact he
at first admitted, but later it suited his
fancy to pretend that the name came
from an Indian legend, a circumstance
that led to much controversy. Because
of this tendency to embroider, one must
read Schoolcraft with caution, as the edi-
tor of this scholarly edition of his semi-
official report of the expedition observes.
The value of the edition is enhanced by
extensive appendices containing the
journals of three other members of the
Schooleraft party, and by correspond-
ence, reports and other data relating to
the condition of the Indians, the organi-
zation of the expedition, the mineral
finds in the explored area. Regrettably
there are no illustrations, and the only
map, which is antique and inadequate,
appears as end papers.

THE TEMPTER, by Norbert Wiener.
Random House ($3.75). This first
novel by the mathematician Norbert
Wiener is about an upper-middle-class
Russian-born engineer who emigrates to
the U. S. before the First World War,
joins a Boston shipbuilding firm, rises
with it and finally lends himself to an
elaborate fraudulent scheme in the com-
pany’s activities as an electronics manu-
facturer to steal, by means of various
patent shenanigans, an important inven-
tion of a dedicated, brilliant but imprac-
tical British scientist. The scheme suc-
ceeds, the company makes huge profits
and the engineer himself is well reward-
ed. However, his conscience never en-
tirely stops eating him, and his personal
life, as he reminisces about it in old age
in this autobiographical narrative—cast
in the form of a letter to his godson—has
on the whole been empty, lonely and
unfulfilled. Wiener is a fluent writer, but
this is not much of a novel. It has some
merit as social criticism, it describes in-
geniously the technical stuff (control
gadgetry) and the patent and corporate
chicaneries one can get away with in
our society, but the hero is a cold fish, a
sort of Armenian trader whom one never
gets either to like or to understand; his
love affair is canned, the lesser charac-
ters are cardboard and the story is writ-



FROM THE COLLECTION OF THE AMERICAN MUSEUM OF NATURAL HISTORY

This hand ax was found in the late Pleistocene site at St. Acheul, France. Older than the oldest known fossil of modern man, it may have been made by
a prehuman member of the genus Homo. Together with other ancient stone tools it suggests that tool-making and tool-using antedate +Homo sapiens.
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devoted to the single topicof THE HUMAN SPECIES
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"Reporton |
Cellulose” :

I This first complete report on

Cellulose (compiled by Chemi-

I cal Week) is being made avail- I

able to help potential customers

develop profitable new uses for

I a very versatile raw material. I

Already used in some 6000

products—{rom fibers to filters,

I plastics to photo films, shoes to I

sausage casings, toys to tire cord

—cellulose may be the material

I needed to increase your profit I

margin or develop entirely new
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I Report defines properties and I
current uses . . . discusses new
developments. Samples and

I spec. sheets included in kit you I
receive. Technical Service avail-
able to those with specific

I interest. I
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It’s FREE with no obligation.

I Write on company letterhead to I

Rayonier Incorporated, Dept.
S, 161 East 42nd Street, New
I York 17, N. Y. l

RAYONIER
NATURAL RESOURCES CHEMISTRY

ten in a curious, matter-of-fact style that
sounds a little like a literate probation-
officer’s report.

HE OxrorDp COMPANION TO FRENCH

LiTERATURE, compiled and edited
l by Sir Paul Harvey and ]. E. Heseltine.
| Oxford University Press ($12.50). This
new “companion,” a worthy cousin to
the other volumes (on English, Ameri-
can and classical literature) in an excel-
lent series prized alike by scholars and
general readers, contains about 6,000
entries, from brief descriptions to longer
articles, dealing mostly with French po-
ets, novelists, dramatists and critics, but
also with leading historians, scientists,
statesmen and philosophers. In addition
to the biographies there are entries on
allusions, plays, books, fictional charac-
ters, criticism, societies and academies,
dictionaries and encyclopedias, literary
movements, literary forms and related
topics. The period covered is from A.D.
400 to the years immediately preceding
the Second World War. There is an ap-
pendix on background reading and an-
other containing two maps of France.
A most useful compilation.

'TYHE SciENTIFIC BACKGROUND, edited

by A. Norman Jeffares and M. Bryn
Davies. Sir Isaac Pitman & Sons, Ltd.
(21 shillings). A well-conceived prose
anthology whose purpose is to throw
yet another bridge over the chasm be-
tween the two cultures by providing
students of science with examples of
literate scientific writing, and by intro-
ducing students of art and literature,
and the general reader, to the world of
scientific ideas. A hundred brief excerpts
deal with such matters as the experi-
mental method (Stephen Hales), the
chemical history of a candle (Michael
Faraday), living cells (Robert Hooke),
the structure of bone (D’Arcy Thomp-
son), the astronomer at work (Isaac
Newton), radio astronomy (A. C. B.
Lovell), physical science (James Clerk
Maxwell), mathematics as a language
(C. A. Coulson), the sunsets following
the eruption of Krakatoa (Gerard Man-
ley Hopkins), natural selection (Charles
Darwin), the reproduction of the eel
(J. T. Cunningham), the division of la-
bor (Adam Smith), tunnel building (G.
L. Groves), relativity (Bertrand Rus-
sell), night in Arabia (Charles M.
Doughty), convection (Count Rum-
ford), the electrickite (Benjamin Frank-
lin), life on Mars (A. S. Eddington), the
Great Barrier Reef (Captain James
Cook), the circulation of the blood
(William Harvey), the onset of infan-
| tile paralysis (Sir Walter Scott), the new
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cosmology (Fred Hoyle and Herbert
Dingle), how to climb the turret of
King’s College Chapel, Cambridge
(Anon.), the hydrogen bomb (Sir
George Thomson), advice to a young
clergyman on the use of the English lan-
guage (Jonathan Swift). Many of the
excerpts are too short to do more than
tease, but this is a very pleasant volume
with many excellent things in it, and it
is a valuable direction finder in a rich,
too-little-known branch of literature.

TREATISE ON DIFFERENTIAL EQuUa-

TIONS, by George Boole. Chelsea
Publishing Company ($6); STriNG Fic-
URES AND OTHER MONOGRAPHS. Chelsea
Publishing Company ($3.95); Rama-
NUJAN, by G. H. Hardy. Chelsea Publish-
ing Company ($3.95). A group of well-
produced, moderately priced hard-cover
reprints of desirable mathematical books.
Boole’s celebrated 19th-century treatise
is presented in its fifth edition, edited
by I. Todhunter. Many leading mathe-
maticians sharpened their teeth on this
work. String Figures is a pleasing mis-
cellany of small monographs combined
in a single volume for “purely economic”
reasons, as the publisher candidly ad-
mits; that is, if any of the books of which
it is composed were issued separately,
they would cost not much less than the
whole volume. It incorporates, besides
W. W. Rouse Ball’s charming lecture on
the various topological figures that can
be made from a six-foot piece of string
knotted into a closed loop and then
twisted or woven on the fingers, Julius
Petersen’s “Methods and Theories for
the Solution of Problems of Geometrical
Construction,” a Danish essay first pub-
lished in 1866 which analyzes and classi-
fies geometrical methods of construc-
tion; H. S. Carslaw’s “Non-Euclidean
Plane Geometry and Trigonometry,” an
excellent introduction to this important
branch of mathematical thought; and
the late F. ]J. Cajori’s valuable and in-
teresting “History of the Logarithmic
Slide Rule.” Hardy’s book consists of his
12 lectures on the life and work of the
extraordinary Indian prodigy Srinivasa
Ramanujan, a most romantic and para-
doxical figure and in some respects a
very great mathematician.

T HE CiviL WAR DicTioNaRry, by Mark

Mayo Boatner III. David McKay
Company, Inc. ($15). An encyclopedic
dictionary in which you can find out
what happened at the battle of Totopo-
tomoy Creek, the identity of Joseph Ros-
well Hawley, the record of the XI Corps,
the casualties at Irish Bend (also known
as Bayou Teche), the names of Grant’s
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SIKORSKY AIRCRAFT .

* To describe this unique field, only a brand
new word would do, a word with two live roots:
helicopters and electronics. These roots penetrate
deeply into some of the most stimulating soil in
modern technology.

In broad terms, helitronics embraces practically
every phase of avionics, electronics, computer,
feedback and systems analysis work. Specifically,
helitronics means the integration of communi-
cation systems, specialized electronic search and
detection equipment to enhance the mission ca-
pability of the helicopter, specialized sensors and
automatic controls to increase its versatility, and
automatic navigation, into an optimum military
weapon system or commercial carrier with VTOL
capability. Many assignments call for the ability
to advance the state-of-the-art in testing and in
instrumentation.

If you would like to enter this challenging new
field, the time is now. The place? Sikorsky Air-
craft—pioneer and leading manufacturer of
rotary-wing aircraft, the company that leads
again with many opportunities for you in
HELITRONICS.

DIVISION OF UNITED AIRCRAFT CORPORATION

For further information, submit
your resume or make inquiry to
J. L. Purfield, Personnel Department.
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STRATFORD
ONNECTICUT

helitronics™

a challenging new field of opportunity
for electronic engineers at

SIKORSKY AIRCRAFT

189



rﬂur present

~ defense system
IS tragically
hehind the times

says OSKAR MORGENSTERN in his
brilliant new book, and tells what
must be done to change it

“A landmark . . . deserves an honored
place among books on national survival.”
— WASHINGTON POST

“Forceful and convincing.” — George
Fielding Eliot, N. Y. HERALD TRIBUNE
‘“‘Hard-hitting, sometimes frightening.””
— BOSTON HERALD

“Oskar Morgenstern is a profound thinker,
He can expose accepted truth as myth.”
— N. Y. TIMES BOOK REVIEW

THE QUESTION OF
NATIONAL DEFENSE

By OSKAR MORGENSTERN, Professor of
Political Economy at Princeton University,
and member, advisory panel, Military
Applications Subcommittee, Congression-
al Joint Committee on Atomic Energy.
$3.95, now at your hookstore

BALANCED!

[‘or the discriminating investi-
gator who demands superior
quality in his working materials,
ROCKLAND LABORATORY
ANIMAL STOCK DIETS is
the only choice. Here are diets
based on a consistent formula-
tion of the highest quality in-
gredients, blended to prescrip-
tion accuracy. Combined with
rigid quality control procedures.
Routinely assayed before release,
to assure complete freedom from
antibiotic, and abnormal estro-
genic activity !

For complete details on all
Rockland Laboratory Animal
Stock Diets, send for your
FREE copy of “A Practical
Guide On The Care of Labora-
tory Animals”.

A.E. STALEY MFG. COMPANY
DECATUR, ILLINOIS
ROCKLAND DIETS
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various horses (e.g., “Cincinnati,” “Jack,”
“Fox,” “Kangaroo,” “Jeff Davis”), the
uses of grapeshot, the selfless devotion
of Michigan Annie, the date of Price’s
Raid, the functions of the Freedman’s
Bureau, the efficiency of the Sharps
carbine, the infamous record of Ander-
sonville, the circumstances of the writing
of the Battle Hymn of the Republic—
and bundles of other information essen-
tial to the historian but no less essential
to the buff who wants to be in on every
detail of the coming centenary.

HE HisTORY oF THE CALCULUS AND

ITs CoNCEPTUAL DEVELOPMENT, by
Carl B. Boyer ($2); A Source Book I~
MaTtHEMATICS, by David Eugene Smith
($3.70); MATHEMATICAL PuzzZLES OF
SaMm Lovp, selected and edited by Mar-
tin Gardner ($1). Dover Publications,
Inc. An inviting assortment of paper-
backs, sensibly priced so that any lover
of mathematics can add the lot to his
library for less than the cost of an or-
chestra seat at the theater. Boyer’s book
is a reprint of his Concepts of the Cal-
culus, a sound, not-too-hard-to-follow
account of the development of this in-
dispensable mathematical tool from an-
tiquity to the present day. Smith is the
best source book in the field, with ex-
cerpts from the works of the makers.
The main divisions are numbers, alge-
bra, geometry, probability, calculus,
functions and quaternions; the period
covered begins with the Renaissance
(“The Treviso Arithmetic”) and closes
with the end of the 19th century. From
Sam Loyd’s long-out-of-print Cyclope-
dia of Puzzles, a book that swarms with
mistakes and omissions but is the most
exciting collection of puzzles ever as-
sembled, Gardner has selected 117
mathematical puzzles for an attractive
little reprint. The original illustrations
are reproduced, Loyd’s own rendering
of the puzzles has been preserved (his
style was unique), and there are even
some fresh errors that escaped the edi-
tor, but the volume is vintage Loyd—
the highest accolade for the puzzlist.

PRODUCTIVE THINKING, by Max Wert-
heimer. Harper & Brothers ($6). An

enlarged edition of an essay by the late |

Max Wertheimer, which examines con-
crete examples of productive thinking—
some quite famous, e.g., Einstein’s rea-
soning leading to the special theory of
relativity—and attempts to identify the
emotional and other surrounding cir-
cumstances which appeared to influence
the thought processes. The new material
consists of three additional chapters
dealing with mathematical thinking, and
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@ A handsome and durable library file or
binder in which to keep your copies of
SCIENTIFIC AMERICAN.

@ Both styles bound in dark green library
fabric and stamped in gold leaf.
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Creative . Unusual opportunities in established
Opportunities and expanding research activity for:

- at
) THEORETICAL and
AVCO/RAD " cxDERIMENTAL PHYSICISTS

) PHYSICAL CHEMISTS
) ENGINEERING PHYSICISTS

Assignments are available
in the following areas:

PLASMA JET SPACE PROPULSION program } ENGINEERS

— Cryogenics — Fundamental Arc Studies —
Electrode and Nozzle Flow Phenomena.

HYPERVELOCITY BALLISTICS
— Advanced Studies including Pellet Impact The foregoing areas are for
Phenomena. Experimental and Theoretical Work in : advanced work on:
HIGH-ALTITUDE NUCLEAR EFFECTS. .

_ Titan and Minuteman Re-entry Vehicles,
RADAR CROSS SECTION DETERMINATION | and NASA Space Programs.

— Reduction and Enhancement — Associated
Plasma Physics Studies encompassing Advanced
Theoretical and Experimental Work.

BROAD SOLID-STATE PROGRAM
for Theoretical and Experimental Research.
on New and Unusual Materials — Opportunity to ] Potential Industrial and

Apply Novel High-Temperature Techniques mmercial Applications
Developed in the Division to these Areas. o Co 1al Applications.

Satellites and Space Prohes.
Rocket Nozzles.

Fundamental, Long-Range Research Programs.

Senior and Intermediate Level Positions

ADVANCED ELECTRONIC CIRCUITS e available as well as a Few

educational assistance program for advanced study.

for Missile-borne, Missile Detection and Monitoring Supervisory Positions.

Instrumentation, including Transistorized Circuitry -

Development — Sub Microsecond High Speed The Division’s new suburban location

Optical and Electronic Instrumentations for provides an unusually attractive working

Laboratory, Ballistics, and Commercial applications - environment outside of metropolitan

— Radiometric Measurements in the Ultra-Violet, . Boston and Cambridge. The Division is

Visible, and Infrared. i located in a new $16,000,000 outstandingly equipped
i laboratory. Publication and professional development

BASIC EXPERIMENTAL AND THEORETICAL are encotiraged and the Division offers a liberal

THERMODYNAMIC AND PHYSICO-CHEMICAL
STUDIES OF HIGH-TEMPERATURE Send resume to Mr. Richard Rubino
COMPOUNDS INCLUDING: , Scientific and Technical Relations

® Effusion and Mass Spectrometer Studies
of Vaporization at High Temperatures.

® Chemical Reactions of Highly Refractory
Compounds with Gases at High Temperatures.

® X-Ray Diffraction Studies of New High-
Temperature and Solid-State Materials.

e Studies of Chemical Synthesis, Kinetics, and I&%’ﬂ/ﬂi (f/ﬂ’mﬂﬂeﬂllﬂe/ﬂﬂ/l}ellf

Reaction Mechanisms at Extremely
High Temperatures.

A Division of Avco Corporation

201 Lowell St., Wilmington, Mass.
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RCA’s Missile and Surface Radar
RESEARCH

AND DEVELOPMENT
CENTER

at Moorestown, New Jersey

invites inquiries from engineers and scientists whose
imaginations reach a level above and beyond the state
of the art in:

Systems Synthesis

Analysis « Optimization

Advanced Military Systems Planning

Operations Research « Communications
Optics * Infrared « Logic

Radar
Advanced Techniques

Propagation
Radio Physics ¢« Radiation Techniques

Information Processing

Sampled Data Systems
Computer Organization « Display Psychology

The Moorestown Center is devoted to making original
and significant contributions in major military systems.
Engineers and scientists possessing superior
qualifications who would like to become participating
members of our staff may write to:

Mr. W. J. Henry

RCA, Dept. V-11G
Moorestown, N.J.

(20 minutes from Philadelphia)

RADIO CORPORATION of AMERICA

Moorestown Missile and Surface Rodar Division
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half a dozen appendices incorporating
notes found among the author’s papers.
Wertheimer was a leading Gestaltist,
and his interpretations are based upon,
and intended to promote, this theory of
psychology. Lively and intriguing.

FUNDAMENTALS oF ORNITHOLOGY, by
Josselyn Van Tyne and Andrew J.
Berger. John Wiley & Sons, Inc.
($11.75). A very competent and useful
handbook which the senior author, the
late Josselyn Van Tyne, a distinguished
ornithologist, began as a text to provide
the background for his graduate course
at the University of Michigan on birds
of the world. As completed by Berger,
the volume will serve as a reference for
information on all families of birds, treat-
ing, among other subjects, paleontology,
anatomy, plumage and molt, senses and
behavior, sound production, distribu-
tion, migration, flight, food and feeding
habits, breeding, social relations, tax-
onomy, classification by families.

l()\\'—LE\'EL IrrapIATION, edited by
4 Austin M. Brues. American Associa-
tion for the Advancement of Science
(83.75). A symposium organized by the
A.A.AS. and presented at the Indiana-
polis meeting in December, 1957. The
papers on radiation background, fallout,
genetic and somatic effects, public-
health problems and similar topics are
of the usual run and are in some respects
already out of date. Of more lasting in-
terest is a contribution of C. West
Churchman, which raises the question of
the scientist’s social responsibility and
suggests that it is perhaps not a tenable
position for a scientist to argue that no
limits can properly be imposed on his
researches wherever they may lead and
whatever use is made of his findings. At
the very least, says Churchman, it is the
scientist’s duty to ensure the continued
existence of science itself. Thus science
and morality are seen to have a prag-
matic connection that must prevail over
the easy platitudes about the importance
of untrammeled inquiry.

Notes

THEORY OF ELasTICITY, by L. D. Lan-
dau and E. M. Lifshitz. Addison-Wesley
Publishing Company, Inc. ($6.50). Vol-
ume VII, a translation from the Rus-
sian, of the Course of Theoretical Phys-
ics by two members of the Soviet Acad-
emy of Sciences Institute of Physical
Problems.

THe MEebievaL ScenNe, by G. G.
Coulton. Cambridge University Press



rattling good
history

Appointments are available in these
categories for scientists who want to
join in making rattling good history:

Physical Research (Burlington):
Physical chemist, two to five years’
experience; familiarity with
emulsions and sensitization highly
desirable. Analytical or solid state
chemist, PhD or equivalent; will
contribute in fields of infra-red,
spectroscopy, photographie chemistry,
solid states. Phystcist, PhD or
equivalent; will contribute in
atmospheric physies, dynamies of
rarefied gases, applications of
kilojoule discharge circuits, shielding
and scattering phenomena.

Computer Applications (all
locations): Senior computer
programmers experienced in special
simulation techniques; programming
systems analysts to assist in design of
highly sophisticated systems;
problem areas include automatic
dynamic allocation schemes, systems
supervisors, string handling,
symbolic manipulation.

Operations Research (all
locations): operations analysts
interested in military OR; master’s
level in mathematies or physics;
communications systems analysts

for problems in development of
semi-automatic weather forecasting.

Technical
Operations,
Incorporated

Central Reseurch Laboratories
Burlington, Massachusetts

WASHINGTON, D. C. « MONTEREY, CALIFORNIA
FORT MONROE, VIRGINIA « HONOLULU, HAWAII

($1.75). A soft-cover reissue of a fa-
mous scholar’s informal introduction to
the Middle Ages. A delectable book,
learned but highly readable, with lovely
illustrations. The very model of what a
paperback should be.

|  Tue NATURE OF THE CHEAMICAL BOND,
| by Linus Pauling. Cornell University
Press ($8.85). A third, revised edition
of a standard introduction to modern
structural chemistry. Innovations include
the wide application of the electroneu-
trality principle, a new theory of the
structure of electron-deficient substances
and a detailed discussion of the valence-
bond theory of the electronic structure of
metals and intermetallic compounds.

A History oF BiorLocy, by Charles |

Singer. Abelard-Schuman ($6). A newly

revised edition, with many changes, of |

this critical survey of the historical de-
velopment of biological problems from
Hippocrates and the doctrine of the four
humors to Gregor Mendel’s experiments
on peas and the rediscovery of his theory
in 1900. The work of a great student,
learned and broad in outlook, this is the
best general book on the study of living
things. Exceptionally fine illustrations.

RockeTr ENCYCLOPEDIA ILLUSTRATED,
edited by John W. Herrick and Eric
Burgess. Aero Publishers, Inc. ($12.50).
Information about rocketry—principles,
theories, developments—presented in
text and pictures drawn from articles
and reports published all over the world.
A clearly written compendium.

POLAR  ATMOSPHERE  SYMPOSIUM,
Part I, edited by R. C. Sutcliffe; PArT
II, edited by K. Weeks. Pergamon Press
($22.50). A symposium, held at Oslo in
1956, treating such topics as arctic geog-
raphy and climate, winds and tempera-
ture of the arctic stratosphere, radiation
and visibility in polar regions, sea ice
and its forecasting, drift measurements,
prediction techniques at high latitudes,
polar blackout, turbulence in the iono-
sphere.

ADVANCES IN AERONAUTICAL ScCI-
excEs, edited by Th. von Karman and
others. Pergamon Press ($30). Proceed-
ings of the First International Congress
in the Aeronautical Sciences, held in Ma-
drid in 1958, containing many survey
papers and others dealing with advanced
methods and experimental techniques.

HAXDBOOK OF AGING AND THE INDI-
VIDUAL, edited by James E. Birren. Uni-
versity of Chicago Press ($12.50). Con-

© 1960 SCIENTIFIC AMERICAN, INC

rattling good
history

“War,” wrote Thomas Hardy,
“makes rattling good

history; but Peace 1s poor
reading.”’ Scientists at tech/ops,
taking a pioneering part

in the ancient and honorable
tradition of war gaming

that stretches from the first
chess of 3,000 years ago

to modern stochastic models,
are writing rattling good history
in both fields, war and peace.

Synthetic history, they call it:
the application of advanced
mathematical thought, and the
digital computer simulation

of war or in support of

map battles, which have brought
tech/ops to the frontiers

of new developments in gaming,
for Army, Navy, Air Force,
OCDM and ARPA, as well as
business and industrial sponsors.

For your free copy of

THE GAME OF WAR, an
illustrated history of the
highlights of war gaming over
3,000 years, illustrated

with authentic warriors of
the periods, write to

Robert L. Koller:

Technical
Operations,
Incorporated

Central Research Laboratories
Burlington, M assachusells

WASHINGTON, D. C. « MONTEREY, CALIFORNIA
FORT MONROE, VIRGINIA « HONOLULU, HAWAII

193



tributions by 28 scientists and scholars
on the psychological and biological as-
pects of aging. The material represents
a technical summary of the relevant sci-
entific and professional literature, in-
tended for reference use by graduate
students and specialists.

AnaLyTic Funcrions, by R. Nevan-
linna, H. Behnke and H. Grauert, L. V.
Ahlfors, D. C. Spencer, L. Bers, K.
Kodaira, M. Heins, J. A. Jenkins. Prince-
ton University Press ($5). The articles
in this book, addresses delivered at a
conference held at the Institute for Ad-
vanced Study at Princeton in 1957, rep-
resent a survey of recent developments
in the classical and modern fields of the
theory of analytic functions.

THE BACTERIA, edited by I. C. Gun-
salus and Roger Y. Stanier. Academic
Press Inc. ($13). The first volume of a
planned five-volume treatise on the gen-

eral biological properties of bacteria. |

Various aspects of structure are treated
in this volume; the others will deal with
energy-yielding metabolism, biosynthe-
sis, growth and general physiology and
heredity.

MATHEMATICS IN AcTiON, by O. G.
Sutton. Harper Torchbooks ($1.45). Sir
Graham Sutton’s account of applied
mathematics and its influence on physi-
cal theory is an outstanding achieve-
ment, a book of clear ideas clearly ex-
pressed. It now appears as a paperback
in the Harper Science Library.

BrograpHIiCAL MEMOIRS OF FELLOWS
oF THE RoyaL Sociery, VoLuME V. The
Royal Society (30 shillings). Included
in this volume are éloges of the zoologist
and historian of science Francis Joseph
Cole, the engineer Alexander Gibb, the
animal psychologist Karl Spencer Lash-
ley, the physicist Wolfgang Pauli and
the aerodynamicist Ludwig Prandtl.

DouBt AND CERTAINTY IN SCIENCE,
by J. Z. Young. Oxford University Press

($1.50). A “Galaxy Book” reprint of an |

exceptionally readable and stimulating
essay on the working of the brain.

BeacHEs AND CoasTs, by Cuchlaine
A. M. King. St. Martin’s Press ($14.50).
A summary of theoretical and experi-
mental researches on the evolution of
coastal areas in Britain and elsewhere:
the effect of wind and waves, the move-
ment of material on the beach, beach
profiles, the classification of beaches and
coasts, the cycle of marine erosion. A
valuable professional monograph.
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Herodotus, the historian,
records (490 B.C.) the use
of burnished shields for
military signaling. This
was the forerunner of

the heliograph, invented
by Sir Henry C. Mance,
which came into wide use
centuries later.

L (el gl A8 OF SPACE TECHNOLOGY IN

COMMUNICATIONS

Lockheed’s interest in developing the science of communications extends from the
depths of the oceans to deep space. Its Missiles and Space Division research programs
deal with the development and application of statistical communication and decision
theory in such areas as countermeasures; telemetry multiplexing and modulation;
scatter communications; multiple vehicle tracking; millimeter wave generation and
utilization; sonic signal detection and processing; avoidance of multipath degradation;
and interference avoidance.

Associated research and development efforts are directed toward propagation
studies and advanced antenna design; low noise amplifiers; vehicle borne signal trans-
mission and reception, data storage and processing; solid state materials and devices.

The scope of such activities extends from advanced studies of naval communica-
tion problems on and under the oceans; the many applications to satellite vehicles;
on to the specialized communication problems of deep space explorations. Latter
needs are exemplified by high frequencies, low weight and power, high stability, low
effective bandwidth, extreme reliability and basic simplicity requirements.
Engineers and Scientists: Investigating the entire spectrum of communications is
typical of Lockheed Missiles and Space Division’s broad diversification. The Division
possesses complete capability in more than 40 areas of science and technology —from
concept to operation. Its programs provide a fascinating challenge to creative engi-
neers and scientists. They include: celestial mechanics; communications; computer
research and development; electromagnetic wave propagation and radiation; elec-
tronics; the flight sciences; human engineering; magnetohydrodynamics; man in space;
materials and processes; applied mathematics; oceanography; operations research and
analysis; ionic, nuclear and plasma propulsion and exotic fuels; sonics; space médicine;
space navigation; and space physics.

If you are experienced in work related to any of the above areas, you are invited
to inquire into the interesting programs being conducted and planned at Lockheed.
Write: Research and Development Staff, Dept.G-36, 962 W. El Camino Real, Sunny-
vale, California. U.S. citizenship or existing Department of Defense clearance required.

Lockheed mssiLes AND sPACE DIVISION

Systems Manager for the Navy POLARIS FBM;
the Air Force AGENA Satellite in the DISCOVERER,
MIDAS and SAMOS Programs; Air Force X-7; and Army KINGFISHER

SUNNYVALE, PALO ALTO. VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA
CAPE CANAVERAL, FLORIDA ¢« ALAMOGORDO. NEW MEXICO « HAWAII
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HEADS MEAN IDEAS)
AT CHANCE VOUGHT

MISSILES ... AND PIPELINES?
Controls similar to those developed for
missile flight test have interesting appli-
cations in the petroleum industry.
Vought Range Systems Division is
demonstrating how these systems can
provide automatic control of pipelines,
off-shore installations and gathering sys- |
tems. At Vought, the same men who
measured and telemetered 138 variables
from a single missile in flight now are
actively interested in reducing the petro-
leum industry’s maintenance and oper-
ating costs through automatic controls.

A TEMPERATURE DIFFERENTIAL
of at least 3,000 degrees may be expected
between the nose cap and cockpit of a |
manned, maneuverable spacecraft. |
Choosing materials that will withstand |
this temperature spread...and using |
them to design livable vehicles. . . these |
are assignments Chance Vought’s Astro-
nautics Division is undertaking under
contract and at its own expense. In
developmental studies of glide re-entry
craft and manned lunar vehicles, the
Division has successfully balanced wide
temperature extremes in a single vehicle.

CHANCE
VOUGHT

198

Readers interested in further reading
on the subjects covered by articles in this
issue may find the lists below helpful.

FORCES BETWEEN MOLECULES

DIRECT MEASUREMENT OF MOLECULAR
ATTRACTION BETWEEN SOLIDS SEPA-
RATED BY A NaRrROW Gap. B. V. Der-
jaguin, I. I. Abrikossova and E. M.
Lifshitz in Quarterly Reviews, Vol. X,
No. 3, pages 295-329; 1956.

TuE GENERAL THEORY OF MOLECULAR
Forces. F. London in Transactions of
the Faraday Society, Vol. XXXIII,
Part I, pages 8-26; January, 1937.

THE INFLUENCE OF RETARDATION OF
THE LONDON-VAN DER WAALS FORCES.
H. B. G. Casimir and D. Polder in
The Physical Review, Vol. 73, No. 4,
pages 360-372; February 15, 1948.

Van pEr WaaLs Forces. H. Margenau
in Reviews of Modern Physics, Vol.
11, No. 1, pages 1-35; January, 1939.

ZUR THEORIE UND SYSTEMATIK MOLE-
KULARKRAFTE. F. London in Zeit-
schrift fiir Physik, Band 63, Heft 3
and 4, pages 245-279; July 1930.

THE ZODIACAL LIGHT

OBSERVATIONS FROM AN AIRCRAFT OF
THE ZODIACAL LIGHT AT SMALL ELON-
cations. D. E. Blackwell in Monthly
Notices of the Royal Astronomical So-
ciety, Vol. 116, No. 4, pages 365-
379; 1956.

OBSERVATIONS OF ZODIACAL LiGcHT. F. E.
Roach, Helen B. Pettit, E. Tandberg-
Hanssen and Dorothy N. Davis in
The Astrophysical Journal, Vol. 119,
No. 1, pages 253-273; January, 1954.

THE SPECTRUM OF THE CORONA AT THE
wicLipse oF 1940 OctoBer 1. C. W,
Allen in Monthly Notices of the Royal
Astronomical Society, Vol. 106, No. 2,
pages 137-153; 1946.

ZopiacaL LicHT IN THE SoLAR CORONA.
H. C. van de Hulst in The Astrophysi-
cal Journal, Vol. 105, No. 3, pages
471-488; May, 1947.

METAL “WHISKERS”

CRrysTAL GROWTH AND DISLOCATIONS.
Ajit Ram Verma. Academic Press Inc.,
1953.

THE FiLAMENTARY GROWTH OF MET-
avs. H. K. Hardy in Progress in Metal
Physics 6, pages 45-73. Pergamon
Press Ltd., 1956.
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TELESCOPE
MAKING

Edited by Albert G. Ingalls

This set of books is the authorita-
tive reference library of the en-
thralling hobby of amateur tele-
scope making. Through these
books thousands have discovered
a fascinating mechanical artcom-
bined with a great science.

Book One

It beginsat thebeginning, teaches
the basics of glass grinding and
how to complete the first tele-
scope. (497 pages, 300 illustra-
tions.) Postpaid: $5.00 domes-
tic, $5.35 foreign.

Book Two

This book leads on into advanced
methods of amateur optical work
and describes new projects for the
telescope maker. (650 pages, 361
illustrations.) Postpaid: $6.00
domestic, $6.35 foreign.

Book Three

Book Threeopensup further fields
of enterprise; e. g., binoculars,
camera lenses, spectrographs,
Schmidt optics, eyepiece design,
ray tracing (made easy). (644
pages, 320 illustrations.) Post-
paid: $7.00 domestic, $7.35
foreign.

Send postcard

for descriptive circular

SCIENTIFIC
AMERICAN

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

( Residents of New York City please add 3% sales tax)



GROWTH AND PERFECTION OF CRYSTALS.
Edited by R. H. Doremus, B. W.
Roberts and David Turnbull, pages 1-
261. John Wiley & Sons, Inc., 1958.

GROWTH AND PROPERTIES OF WHISKERS.
S. S. Brenner in Science, Vol. 28, No.
3,324, pages 569-571; September 12,
1958.

A GROWTH MECHANISM FOR MERCURY
Whiskers. G. W. Sears in Acta Metal-
lurgica, Vol. 3, No. 4, pages 361-369;
July, 1955.

THE MEDITERRANEAN PROJECT

CaPITAL, INTEREST AND PROFITS. Bur-
ton Seely Keirstead. The Macmillan
Company, 1960.

FAO MEDITERRANEAN DEVELOPMENT
Project Report. Columbia Univer-
sity Press, 1959.

THE STacEs oF Ecoxoaic GROWTH.
W. W. Rostow. Cambridge University
Press, 1960.

THE BIOLOGY OF HEAVY WATER

Tue BioLoGy oF DEUTERIUM. . |. Katz,
H. L. Crespi, A. . Finkel, R. J. Has-
terlik, J. F. Thomson, W. Lester, Jr.,

V. Chorney, N. Scully, R. L. Shafter
and S. H. Sun in Proceedings of the
Second United Nations International
Conference on the Peaceful Uses of
Atomic Energy, Vol. 25, pages 173-
180; 1958.

CULTURE OF ALGAE AND OTHER MICRO-
ORGANISMS IN DEUTERIUM OXIDE.
Henri L. Crespi, Sylvia M. Archer
and Joseph ]. Katz in Nature, Vol.
184, pages 729-730; 1959.

EFrFecTs OF DEUTERATION ON THE
GROWTH OF PENICILLIUM NOTATUM
AND ASPERGILLUS FONSECAEUS. Robert
L. Shaffer, Henri L. Crespi and
Joseph ]. Katz in Botanical Gazette,
Vol. 119, No. 1, pages 24-30; Septem-
ber, 1957.

SoME OBSERVATIONS ON BioLocicaL EF-
FECTS OF DEUTERIUM, WITH SPECIAL
RerFereNnce 1O EFFECTS ON NEO-
PLASTIC PROCEssEs. Joseph J. Katz,
Henri L. Crespi, Robert J. Hasterlik,
John F. Thomson and Asher J. Finkel
in Journal of the National Cancer In-
stitute, Vol. 18, No. 5, pages 641-659;
May, 1957.

THE BUOYANCY OF MARINE
ANIMALS

AspEcTs oF DEEP SEA Brorocy. Nor-
man Bertram Marshall. Hutchinson’s
Scientific and Technical Publications,
1954.

Batnyscapnomp Squip. E. |. Denton,

Career growth depends to a

great degree upon the company
you’re with. Check with your
broker. Ask him to give you the
growth picture of the companies
you’re considering— or the one
for which you’re now working,
Texas Instruments offers an out-
standing growth picture to all
job applicants.

At Metals & Controls — TI’s

newest division — there are im-
mediate openings for Research
Engineers, Manufacturing Engi-

neers, Sales Engineers, and Prod-
uct Development Engineers. Ex-
cellent starting salaries, liberal
employee benefits, and reloca-

tion expenses.

Write or phone Mr. Andrew
Staley, Dept. 32, for further

information.

TEXAS INSTRUMENTS

INCORPORATED

METALS & CONTROLS DIVISION
34 FOREST STREET ¢ ATTLEBORO. MASS . U.S.A.

Incredible

NEW HITACHI
AM/FM 15-Transistor
Portable Radio

Designed and created by Hitachi, Ltd. world leaders
in advanced electronics design and manufacture,
Grand Prix Winners at the Brussels World’s I"air for
scientific instruments. A precision, super sensitive
radio with 15 transistors, 5 germanium diodes and 1
varistor, Seven of the fifteen transistors are high
sensitivity drift transistors. To provide additional
sensitivity for FM reception, a radio frequency am-
plifier is incorporated in the circuit. Also, Automatic
Frequency Control (AFC) is provided to insure
stabilized Drift Free Reception.

A large oval full range 3” X 7” speaker gives tone
quality and volume to satisfy the most discriminat-
wing listener. Plays indoors or outdoors on readily
available Eveready dry cell batteries, or if desired it
w’tll bte powered from a standard AC or DC electrical
outte

Telescopic rod antennas for fringe area F)M reception,
and antenna jacks for both external AM and FM
antennas. Also, two earphones, record player and
external speaker can be used. Push button dial illu-
mination for easy selection. Shatter-proof case in lux-
urious black and gold. Handsomely packed in beau-
tiful gift box. Guaranteed by HITACHI for one full
year and full satisfaction guaranteed by HALBER-
STADT’S.

1f any repair needs arise your radio would be serv-
iced by factory staffed American service center in
Nan Francisco.
This fantastic model is in limited distribution at
present, and you may save $27.50 at our special
price of $132.45. The national manufacturers’ list is
$159.95. We :ull pay the shipping charge. Shipped
promptly from our Chicago warehouse stock.
Nend check or money order. Satisfaction guaranteed
or your money back.
HALBERSTADT'S 303 Sheemd st
Lansing, Michigan
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EXPERIMENTAL
PSYCHOLOGIST

Excellent opportunity to con-
duct basic research in Market
Research methodology. Staff
position in Minneapolis re-
quires consultation with others
of highacademic and industrial
achievement. Attractive benefit
program and salary commit-
ment. Relocation expense al-
lowance.

Send complete resume to:

Personnel Manager

General

Mills

Central Research Laboratories
2010 East Hennepin Ave.
Minneapolis 13, Minn.
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The Cryotron
and The
Birdbrain

crows solve problems.
ravens translate images.

hens even count.

the brain of birds is small, but the

same size electronic brain to do equal

Al NS work would be a wonder indeed,
‘ ’ '_§ and there's one in the making that's
)
> p -§ even smaller!
~ cryotrons — electronic devices useful
* .§ for computer memory storage, are
-g being developed exceedingly small.
.§ so small several million will fit within
§ a square centimeter. computers are
N rivaling the human brain in action,
.; rivaling the birdbrain in size
- through miniaturization.
g MPB is helping companies reach many
- 'S and varied objectives. MPB offers a
7 E unique consultation staff of highly
S creative scientists and technicians,
% backed by the most modern facilities
(‘; in the field of miniaturization.
D over 500 types and sizes of miniature
g‘ bearings, OD's ranging from 3/8" to
[} 'I/'IO” and specials on request.
i Miniature Precision Bearings, Inc.,
& 1207 Precision Park, Keene, N.H.
T
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‘ T. I. Shaw and J. B. Gilpin-Brown in
Nature, Vol. 182, No. 4,652, pages
1,810-1,811; December 27, 1958.
| Tue Buoyancy oF THE CUTTLEFISH.
E. J. Denton and J. B. Gilpin-Brown
in Nature, Vol. 184, No. 4,695, pages
1,330-1,331; October 24, 1959.
RECHERCHES EXPERIMENTALES  LES
FONCTIONS DE LA VESSIE NATATOIRE.
Armand Moreau in Annales des Sci-
ences Naturelles, Zoologie et Paléon-
tologie, Sixiéme Série, Art. No. 8,
|  pages 1-85; 1876.

PREHISTORIC MAN
| IN MAMMOTH CAVE
|

THE ApeENa PeopLE. William S. Webb
and Charles E. Snow in University of
Kentucky Reports in Anthropology,
Vol. VI; 1945.

CONTRIBUTIONS TO THE ARCHAEOLOGY
oF MamMmoTH CAVE AND VICINITY,
Kentucky. N. C. Nelson in Anthro-
pological Papers of the American
Museum of Natural History, Vol. 22,
Part I, pages 1-75; 1917.

SanpaLs AND OTHER FABRICS FROM
Kentucky Caves. William C. Orchard
in Indian Notes and Monographs, Mis-
cellaneous Paper No. 4, pages 5-20.
Heye Foundation, 1920.

THINGS THAT GO FASTER
THAN LIGHT

FunpaMENTALS OF PHysicaL OpPTICs.
F. A. Jenkins and H. E. White. Mc-
Graw-Hill Book Company, Inc., 1937.

Prasma DiaeNoOsTIC DEVELOPMENTS IN
THE UCRL PyYROTRON PROGRAM.
C. B. Wharton, J. C. Howard and O.
Heinz in Proceedings of the Second
United Nations International Confer-
ence on the Peaceful Uses of Atomic
Energy, Vol. 32, pages 388-393; 1958.

TueE UppER ATMOSPHERE. H. S. W, Mas-
sey and R. L. F. Boyd. Philosophical
Library, 1959.

MATHEMATICAL GAMES

CircuMETRICS. N. T. Gridgeman in The
Scientific Monthly, Vol. 77, No. 1,
pages 31-35; July, 1953.

Tue HisToRY AND TRANSCENDENCE OF
7. David Eugene Smith in Mono-
graphs on Topics of Modern Mathe-
matics, edited by J. W. A. Joung,
pages 389-416. Dover Publications,
Inc., 1955.

THE AMATEUR SCIENTIST
ELectricAL TiMekeEepING. F. Hope-
Jones. N. A. G. Press Ltd., 1940.
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On guard against air attack—The Martin Missile Master
electronic air defense system will protect ten major metropolitan
areas by year’s end. First installations have been delivered ahead
of schedule and are now operational. According to the Army,
Missile Master “will provide the most efficient and economical
control and distribution of firepower available for the defense of
strategic areas in the continental United States.”

At 00k 00m 01s GM T, July 1, 1960, Martin logged its 590,304,000th mile of space flight
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USAF ATLAS USS TRITON
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GENERAL DYNAMICS
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