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HOW 60 SECONDS AFFECT “40 WINKS”: The quality and years of comfort in a urethane foam mattress are established within the first minute of “‘one-shot” pro-
duction. Success depends on predictable catalysis for the proper relationship between rates of gassing and polymerization. As the pioneer and leader in development of
U-Foam catalysts, M&T has installed an actual foam machine in its laboratories to evaluate production behavior of catalysts and expand technical service to foam producers.

SOMETHING NEW ON DECK IN COATINGS: Imagine a coating up to 5 times PLASTICS GAIN BUILT-IN “FIREMAN": Small quantities of antimony oxide in

thicker than usual finishes, which mirrors the pattern of metal underneath, protects normally combustible materials—particularly plastics—retard flame, prevent fires,
against corrosion, stands abusive service without marring. Here is the kind of assure required safety for items ranging from plastic sheeting to boat hulls, M&T
coating that should cover a station wagon deck. And it is. Heavy duty vinyl coatings produces a line of antimony flame retarders compatible with all formulation require-
for metal have been an M&T specialty for 20 years. ments of polyolefins, polystyrene, vinyls, polyesters, acrylates, epoxies and U-foams,

Metals meet Chemistry at M&T «» Chemistry is the key to M&T’s diversified business. It opens many doors...
in one case to a better organic coating for metal; another to fire-safety for plastics; another to unique tin-based catalysts for U-foams.

There’s something progressive going on all the time when chemistry and metal meet at M&T. Metal & Thermit Corporation

General Offices: Rahway, N. J. « CHEMICALS « COATINGS « MINERALS « WELDING PRODUCTS + PLATING PRODUCTS « DETINNING
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purposeful imagination....in form

The men of Aerospace exercise high technical competence and constructive imagination in the creation and assessment of form
and configuration for advanced ballistic missile and space systems. 00 As a partner of the Air Force-science-industry team,
Aerospace Corporation is chartered exclusively to serve the United States Government in this mission. The men of Aerospace
provide advanced systems analysis and planning; theoretical and experimental research; general systems engineering and
corresponding technical direction of programs. 0 Through concept, research, development and completed mission the men of
Aerospace improve the form of components, equipments, and systems. Trade-offs and interface considerations are objectively
appraised on the basis of performance, reliability, and cost, 0 Men with the depth and breadth of experience required to
solve these interdisciplinary problems are needed by Aerospace Corporation, an equal opportunity employer. Highly skilled
engineers and scientists with advanced degrees are invited to contact Mr. Charles Lodwick, Room 120, Aerospace Corporation,
P O. Box 95081, Los Angeles 45, California, 0 Organized in the public CE
interest and dedicated to providing objective leadership in the advancement égl{l{P(()) IS{K,fAION

and application of science and technology for the United States Government,
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X-ray copies in an instant Conventional 4x5 photographs

Copies in an instant
in black and white or color

The new Polaroid MP-3 Industfial View Camera

With eye-level ground-glass viewing and focusing.
Send for 6 page brochure, Polaroid Corporation, Cambridge,Massachusetts, POLAROID®
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MORE FROM THE CENSUS OF 1960. by Philip M. Hauser

A sequel to the author’s earlier article on the structure of the U.S. population.

ANCIENT FLUIDS IN CRYSTALS. by Edwin Roedder

“Fluid inclusions” in a erystal provide samples of the solution from which it grew.

SURGICAL STAPLING, by R. F. Mallina et al.

Staples can be used to join, among other things, the ends of small blood vessels.

THE GENETIC CODE, by F. H. C. Crick

Experiments with a virus elucidate how a gene directs the synthesis of a protein.

SEMICONDUCTOR PARTICLE-DETECTORS. by Olexa-Myron Bilaniuk

This tvpe of counter is supplanting all others for low-energy experiments in physics.

COGNITIVE DISSONANCE, by Leon Festinger

Concerning a theory of how the mind adjusts perceptions to make them consistent.

ELECTRICITY IN PLANTS. by Bruce L. I Scott

Disturbances similar to the nerve impulse accompany a number of plant activities.

DADDY LONGLEGS, by Theodore 1. Savory

These familiar denizens of field and wood have eight legs but they are not spiders.
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A FORGE IN YOUR FUTURE

If you work with circuits that include magnetic cores, this forge could
figure in your future planning. Born here are some of the ideas in
magnetic metallurgy conceived by our engineers. The ingot you see on
the forging press could be the basis of a higher level of performance
for magnetic cores or laminations, or the start of an entirely new kind
of magnetic component.

As a pioneer in the manufacture of cores and laminations, we con-
stantly seek ways to make our products serve you better. The search
often begins with our creation of a new magnetic alloy. (For example,
we developed Squaremu 79® for pulse-excited magnetic cores, to
provide the ultimate in core performance and consistent design re-
producibility.)

We welcome the opportunity to make our research work to your
tangible advantage in the use of magnetic cores and laminations.
MAGNETIC METALS CoMPANY, Hayes Avenue at 21st Street,
Camden 1, New Jersey.

transformer laminations«motor laminations-tape-wound cores
powdered molybdenum permalloy coresselectromagnetic shields

© 1962 SCIENTIFIC AMERICAN, INC
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THE COVER
The photomicrograph on the cover
enlarges 63 diameters several “fluid
inclusions” in a natural crystal of
fluorite. The inclusions are within
the dark rectangular lines; each con-
sists of saline solution and a round
bubble of gas. Such inclusions are
samples of the solution from which
the crystal grew (see page 38).
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ALOE provides competence-in-depth

-5

;;‘

Aloe people work very much as scientists do when searching for
an answer—they combine insight and creative imagination with research,
knowledge and experience.

This makes for the competence-in-depth you expect from the men
at Aloe Scientific when you need the solution to a laboratory equipment
problem, or wish equipment advice.

You can ask no better informed men. Each has a background in

one or more of the scientific disciplines—has been thoroughly trained by A | D E
Aloe—regularly attends instrumentation seminars and supplier briefings.
Each devotes many hours to scientific reading weekly. S A= N 11— 1 r—~

Creative minds, solid backgrounds, know-how that parallels the SCIENTIFlc
need—all these are at your service when you contact Aloe Scientific.

Sewing the Soiemces thatt Sewe Mamkind  ""“slovsawe
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STRIKE BACK WITHOUT FAIL-
EVEN UNDER ATTACK!

Finding ways to keep our defenses alert and ready—to pre-
vent them from becoming paralyzed during and after an
attack—is a challenge we meet at General Telephone &
Electronics.

Today, multiple hardened missile sites require more than
one launch control center and more than a single com-
mand communications link to each underground missile
silo. That’s why our subsidiary, Sylvania, has developed a
selective missile launch control system which is “surefire.”
It provides hardened communications links between the
control center and the missile silos and, if needed, permits
alternate control centers to take command.

Sylvania’s experience in communications, in coding to dis-
criminate between silos, in anti-jam techniques, and in
security, all serve to make missile sites less vulnerable and
more reliable. In addition, the techniques used in such a
system can be applied to launch mobile missiles on land
and at sea.

Safeguarding the nation’s retaliatory power is just one of
the many ways the scientists and engineers of General
Telephone & Electronics are contributing to national de-
fense. The vast communications and electronic capabilities
of GT&E, directed through Sylvania Electronic Systems,
can research, design, produce, install and service complete
electronic systems. These systems include detection and
tracking, electronic warfare, intelligence and reconnais-
sance, communications, data processing and display.

That is why we say—the many worlds of defense electronics
meet at Sylvamia Electronic Systems, Division of Sylvania
Electric Products Inc., 40 Sylvan Road, Wiitham 54, Mass.

GENERAL TELEPHONE
SHELTRONIGS

Total Communications from a single source through

SYLVANIA ELECTRONIC SYSTEMS
/ [ 1 { I\

L AV LAV 144 J(J J1i A N v
Including: Automatic Electric « Electronic Secretary

Industries « General Telephone & Electronics International

General Telephone & Electronics Laboratories « Leich
Electric « Lenkurt Electric « Sylvania Electric Products
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How long does it take to find an error?

It always takes too long because the time spent is costly and unproductive.

That's why, in addition to many other built-in system and programming checks, the new
IBM 7040 and 7044 Data Processing Systems have internal parity bit checking. Both systems
use high-speed parallel binary arithmetic with a word length of 37 bits—36 for information
and the 37th for checking.

With systems like these performing several hundred thousand operations per second,
it would be time-consuming to go back to check for errors. Internal checking eiiminates
one source of error.

But internal checking is only a small part of the story of these two new data processing
systems. Why not ask your IBM Representative to tell you the rest?

© 1962 SCIENTIFIC AMERICAN, INC



The new IBM 7040 Data Process-
ing System {or scientific computing,
management science, and other data

processing applications. It has a basic
memory cvcle of 8 microseconds.

B The 7044 Data Processing System
has a 2.5 microsecond cycle. Both sys-
tems have memory capacities of 8,192,
16,384, and 32,768 words. The 7040 is
available with a 4,096 word memory.

W An IBM 1401 Data Processing Sys-
tem can be connected on-line to
either of the two systems. Other
data processing units can be added in
building block fashion.

© 1962 SCIENTIFIC AMERICAN, INC
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LETTERS

Your note on The Effects of Nuclear
Weapons [“Science and the Citizen,”
SciEnTIFIC AMERICAN, Julv] states that
Project Gnome was “undertaken last
December to show that an underground
test could be ‘decoupled.”” T would like
to call to your attention that this is not
an accurate statement of the facts.

Project Gnome was conceived, an-
nounced and conducted as a multi-
purpose experiment aimed at obtaining
information on: (1) the possibility of
recovering useful power from the heat
generated by a nuclear explosion; (2)
the feasibilitv of recovering valuable
isotopes produced by such explosions;
(3) neutron physics and other scientific
theory; (4) effects of a nuclear explo-
sion in salt; and (5) design principles
useful in developing nuclear explosive
devices specifically for peaceful pur-
poses. In order that as much scientific
information as possible could be derived
from this experiment the proposed time
of firing was included in the information
made available to the general public,
and a voice countdown was broadcast.
It was expected that this experiment
would be of especial interest to seismolo-
gists, although the study of seismic ef-
fects was not among the purposes of the

Scientific American, October, 1962; Vol. 207,
No. 4. 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
and treasurer.

Editorial correspondence should be addressed to
The Editors, ScENTIFIC AMERICAN, 415 Madison
Avenue, New York 17, N.Y. Manuscripts are
submitted at the author’s risk and will not be
returned unless accompanied by postage.

Advertising correspondence should be addressed
to Martin M. Davidson. Advertising Manager,
SCIENTIFIC AMERICAN, 115 Madison Avenue, New
York 17, N.Y.

Subscription correspondence should be ad-
dressed to Jerome L. Feldman, Circulation Man-
ager, SCIENTIFIC AMERICAN, 415 Madison Avenue,
New York 17, N.Y.

Offprint correspondence and orders should be
addressed to W. H. Freeman and Company,
660 Market Street, San Francisco 4, Calif.

Subscription rates: one year, $6; two years, $11;
three years. $15. These rates apply throughout
the world. Subscribers in the United Kingdom may
remit to Midland Bank Limited. 69 Pall Mall, Lon-
don SW 1, England, for the account of Scien-
tific American, Inc.: one year, two pounds four
shillings; two years, three pounds 19 shillings;
three years, five pounds eight shillings.

Change of address: please notify us four weeks
in advance of change. If available, kindly furnish
an address imprint from a r 1t issue. Be sure to
give both old and new addresses, including postal
zone numbers, if any.

experiment. That this expectation was
fulfilled is shown by the fact that 18 pa-
pers, based in whole or in part on this
experiment, were presented at the re-
cent annual meeting of the Seismologi-
cal Society of America.

Thus, although the information con-
tained on the revised page 689 of The
Effects of Nuclear Weapons was derived
from data collected as a result of Project
Gnome, it is clearly inaccurate to iden-
tify Project Gnome as having been
“undertaken last December to show that
an underground test could be ‘de-
coupled.””

RicHARD HAMBURGER

Assistant Director

Division of Peaceful Nuclear Explosives

United States Atomic Energy
Commission

Washington, D.C.

Sirs:

In your August article “The Thalido-
mide Syndrome” Helen B. Taussig
states:

“A drug with a molecular structure
similar to that of thalidomide is Dori-
den, also used as a sedative. Although in
a few cases of phocomelia the mother
says she took Doriden, not Contergan,
Doriden has been widely used in Swit-
zerland since 1955, and phocomelia did
not appear there until 1961. Almost all
the few Swiss cases have been traced to
Contergan from Germany.”

As Dr. Taussig points out, during
the six years Doriden was used in
Switzerland before the introduction of
thalidomide, there were no instances of
phocomelia. This experience has been
confirmed in the U.S. Approximately one
billion tablets of Doriden have been
distributed in the U.S. over a period of
seven vears by our company, and no
case of associated phocomelia has been
reported. Neither experimentally nor
clinically is Doriden phocomelic.

We invite your attention to the for-
mulas of Doriden, phenobarbital and
thalidomide [see illustrations at right].
You will note that Doriden is actually
closer chemically to phenobarbital than
to thalidomide, a relation confirmed by
pharmacologic and metabolic studies.
In our laboratories in the U.S. and Swit-
zerland extensive studies have been
made of the metabolism of a number of
sedatives and hvpnotics. These studies,
soon to be published, show that the
degradation of thalidomide differs sig-
nificantly from that of drugs such as bar-

© 1962 SCIENTIFIC AMERICAN, INC

biturates, succinimides, Doriden and so
on. Specifically, the thalidomide mole-
cule splits up by hvdrolvsis, whereas all
the other compounds referred to under-
go oxidation.

Dr. Taussig also states: “In West
Germany I was told that a Swiss phar-
maceutical house, interested in produc-
ing a new sedative, had first svnthesized
thalidomide in 1954. Because it showed
no effects on laboratory animals the com-
pany discarded it.”

Fortunately Dr. Taussig did not re-
peat in Scientific American her attri-
bution of the compound directly to
CIBA as she did in the June 30 issue of
The Journal of the American Medical
Association, but the inference will re-
main in the minds of many readers of
both articles. For the record, the story
heard by Dr. Taussig is not accurate,
since CIBA neither conceived nor made
thalidomide and was never associated
with its clinical investigation.

Fraxk Kocu
Director of Public Relations

CIBA Pharmaceutical Company
Summit, N.J.
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1963 SAAB... built so well that it has a 24,000-mile/24-month written warranty*

aerodynamic, unitized body
shell of heavy 18- to
20-gauge steel

1-cylinder enging —

every stroke o power stroke

4-way adjustable foam detailed touches:
bucke! seats exact trunk, hood,
and door fit

four coats of factory-
baked enamel paint

fine interior finish
highest quality materials
and assembly throughout

factory undercoated
during assembly, nol alter

sure-traction front wheel drive

independent coil springs tor
optimum control of turning,
strut-type telescopic braking, and swaying effects

shock absorbers

Take a critical look at SAAB
engineering...

Aircraft reliability and performance stand-
ards are blended with an entirely new
approach to over-all automotive design in
the Swedish SAAB 96. This car was built to
be better, not different. .. built by one of
Europe’s leading aircraft manufacturers. . .

built for those who enjoy mechanical excel-
lence, technical uniqueness, and extraordinary
craftsmanship.

A critical look at all the facts and specifica-
tions will prove that SAAB is unquestion-
ably one of the world’s best engineered cars.

*Engine, transmission (3-or 4-speed gear box available), and differential have a written warranty for 2 years or 24,000 miles.

SAAB ENGINE, an economical, quiet
three-cylinder, two-stroke valveless
unit, employs Schniirle principle of
charging through the crankcase. Sim-
ple, efficient design produces all the
power of 6 cylinders with only 7 basic
moving parts, eliminates 103 points of
friction, wear, potential trouble. En-
gine proved in world-wide competition
driving victories, and by the many
SAABs which havedelivered low main-
tenance performance past the 100,000-
mile mark.

SAAB FRONT WHEEL DRIVE transmits
engine torque directly to front wheels.
The result is extraordinary directional
stability and handling ease under all
road conditions, plusoutstanding trac-
tion around corners, over icy, wet, or
muddy patches, and snow. Front wheel
drive and carefully calculated under-
steering provide best possible high
speed roadability and safety. Other ad-
vantages: more comfort (because there
is no driveshaft hump) and more trunk
and interior space.

SAAB BODY SHELL is designed and
wind tunnel tested for best possible
aerodynamic efficiency. Full belly pan
further reduces wind resistance and
subdues road noise. Result: increased
economy, better performance, excel-
lent stability—even in cross-winds of
gale force. Moreover, the SAAB body
shell is virtually uncrushable, com-
bining 18- to 20-gauge steel (thicker
than most American cars) and rigid
unitized construction for optimum
safety.

) $1895 P.O.E. (little enough for one of the world's best engineered cars)

Arrange a test drive at your nearest SAAB dealer.

Or write for more information—and the SAAB North

American Road Atlas, a 64-page comprehensive travel

guide valued at $1.00, but yours for only 25¢ to cover

postage and handling. SAAB Motors, Inc., Dept. 110,
405 Park Avenue, New York, New York.

V‘
Doy ssn-swvS

SAAB MOTORS, INC.—NEW YORK ¢ NEW HAVEN ¢ JACKSONVILLE ¢ ST. LOUIS

© 1962 SCIENTIFIC AMERICAN, INC



EACH OF THESE JOBS IS DONE BETTER WITH NATURAL DIAMONDS

The grinding, cutting and surfacing jobs shown
here span the fields of electronics, aircraft, jewelry-
making and metalworking. But they share one
important detail: in every case, natural diamonds
are doing the job quickly—and economically.

In diamonds, you find this unique combination
of properties: excellent cutting ability linked with
fantastic endurance.

Result: your diamond tools last longer than
any other tools you can use. Your people spend
more time producing, less time changing tools.

If you cut, sharpen or smooth anything in your

business, you can probably use natural diamonds
to advantage. Test them against the method vou're
now using. You'll see how efficient—and economical
—a diamond can be, especially now.

BEST GRIT FOR METAL-BOND WHEELS
DEVELOPED BY THE DIAMOND RESEARCH
LABORATORY IN JOHANNESBURG

A new impact crushing method for natural diamonds
is now producing the strongest and most durable
diamond grit ever obtained for metal-bond wheels.
Your tool and wheel manufacturer is ready to help
you select the diamond tool that’s right for your job.

(“\ INDUSTRIAL DISTRIBUTORS (SALES), LTD., Johannesbhurg + London

Natural diamond cuts facets with

perfect finish. New machine (patent pending)
introduced by Alka Precision Tools, College
Point, N.Y., precisely cuts wide variety of
hollow facets in wedding rings, watch
cases, bracelets—in a fraction of the time
required by hand-cutting methods.

Natural diamond tool revolves

at 17,000 rpm. Workpiece is held

on adjustable spindle connected to
calibrated indexing device. Uncontaminated
gold findings (or other precious materials
removed) are easily reclaimed.

World’s leading supplier of diamonds for industry

Tungsten carbide “integrator disks”
are ground to near-perfect flatness
at Acroscope Engineering Co.,

Los Angeles. Disks, used for aircraft
and electronics, are ground to within
.0002 inch of specified dimensions,
then finished on lapping machine to
one-half microinch surface finish.
Dia-Chrome whee! has grinding surface
of 60/80 mesh natural diamonds
coated to the steel body of the wheel,
which is still in use after
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Germanium crystal rods are sliced to thin wafers at Texas Instruments
Incorporated. Natural diamond blades have internal-diameter cutting edges.
Thin blades (.009 inch thick) were developed to conserve costly germanium,
since material the width of the cutting blade is lost at every stroke.

Bronze blades with cutting edges of natural diamond powder are held
along outside diameter by metal rings to give required rigidity.

Missile components of high-resistant, reinforced
plastics require precise fabrication and
close-tolerance finishing. H. I. Thompson Fiber
Glass Company, Gardena, Calif., uses a horizontal
lathe and a 5-inch diamond wheel to grind the
inside of a large-diameter missile tube.

Material is Refrasil reinforced plastic, which

is extremely hard, abrasive and weighs

100 pounds per cubic foot. Grinding head,

coated with natural diamonds, turns at 17,000 rpm.

INDUSTRIAL DIAMONDS CUT PRACTICALLY EVERYTHING . . . ESPECIALLY YOUR PRODUCTION COSTS

© 1962 SCIENTIFIC AMERICAN, INC



California Institute of Technology : Case Institute of Technology : University of Chicago : Columbia University : University of Illinois

Massachusetts Institute of Technology : University of Michigan : Pennsylvaniu State University : Princeton University : Stanford University : Tulane University

High Bridge

The Department of Defense is required to make hundreds of decisions daily that affect the well-being and security
of every one of us. It must have the highest possible quality of technical advice before making its far-reaching
and consequential decisions. x For one major source of such advice, the Department has turned to the Institute
for Defense Analyses, a non-profit corporate entity sponsored by eleven great universities. The Institute has as-
sembled a staff from the national sources of professional talent—from industry, from research and development
laboratories, from university faculties and graduate circles. x Thus 1DA is a bridge between two worlds, the
Department of Defense on one side and the academic and professional scientific community on the other.In serv-
ing as a bridge for a traffic of ideas and recommendations on major national problems, IDA contributes to the
development of the immediate and future posture of our national security.1DA employs particularly talented indi-
viduals, from all sources of such talent, who can contribute to this great challenge with the highest degree of
competence and imagination. * IDA welcomes inquiries from qualified people of professional and academic
backgrounds in the scientific and engineering disciplines who feel they can contribute at this level and want
to do so.Professional people in the social sciences would also find an 1DA career stimulating and challenging.

Please communicate with us.

INSTITUTE FOR DEFENSE ANALYSES Department A,1710 H Street,Nw,Washington €,DCAn equa] opportunity employer

P
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A NEW SUBMINIATURE VARACTOR DIODE

Bomac Laboratories’ new ThermoBond* silicon varactor diode provides the microwave designer with a
subminiature silicon component offering great reliability, uniformity, packaging simplicity, and size advantages.

Reliability is achieved through matching metal-to-ceramic seals and welded construction. There is no C-spring
to work loose from environmental shock, and extreme temperature; an important noise source is eliminated.
Uniformity is assured through heat bonding and batch process manufacturing techniques. Packaging
simplicity is evident in the extremely small size of the ThermoBond diode. It easily withstands normal soldering
temperatures. In addition, hermetically-sealed case construction provides long-life stability, independent of
environmental conditions. Retrofit packaging is available. A single case dimension covers 252 electrical values.

Bomac ThermoBand silicon varactor diodes are designed for use in microwave limiters, sideband
modulators, harmonic generators, low-noise parametric amplifiers, as tuning elements in voltage control
oscillators, and in solid state duplexers.

Write for technical data on the ways in which ThermoBond diodes by Bomac can aid

your microwave system design problems. *Trademark
e i_"lll' i _-1 I.-". " _:__ .. .\\

S /:“‘\ — A Irf."'.-".-' W\ BOMAC iaboratories, inc.

|'./!L"|.| g \\N&)?/// BEVERLY 7, MASSACHUSETTS

AN \____/'J_ b b e A Varion Sabaistrary
B NN ’ .'_f { | _‘1 ——

e T
Othir Sabsibirion ar Varian Asorlates: S-F-D LABORATORIES, INC. + VARIAN ASSOCIATES OF CANADA, LTD.

SEMICON ASSOCIATES, INC. - SEMICON OF CALIFDRNIA, INC. « VARIAN A. G. (SWITZERLAND)
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What's new at RCA

is news in EDP

RCA ADDS NEW
SCIENTIFIC CAPABILITY
TO THE LOW COST,
HIGH CAPACITY 301

RCA’s 301, today’s best investment in low-cost com-
mercial EDP, is now the best buy for commercial and
scientific computer power at low cost.

TOTAL EDP CAPABILITY. The new RCA 301 gives you
total EDP capability. With this capability you get greater
efficiency for your rental dollars, can schedule time for
both technical and business assignments. Use the 301 for
all your routine EDP business accounting needs. And
use it for statistical, analytical and control problems.
Assign mathematical tasks to the new 301 and free
professional time for creative work.

MANY NEW WAYS TO USE RCA 301. Open up new possi-
bilities in your day-to-day data processing with this new
301. For instance—replace several smaller, less efficient
computers with one 301. Or—if you have conflicts with
time-sharing a large computer, give critical departments
their own 301. Or—if you have an outdated computer
that’s slowing down work, replace it with a 301. You may
well save half the cost to do the same job!

EXTENSIVE SOFTWARE COVERAGE. RCA makes avail-
able a variety of scientific sub-routines—for matrix
operations, linear programming, statistical analysis,
curve-fitting, double precision floating point, ete., plus
Scientific and Bell Interpreter systems, UMAC (an
Algebraic Compiler which employs Fortran mathemati-
cal statements), and 301 Fortran.

Check the specifications below and find out what the
new 301 features can do for you. Then contact RCA
Electronic Data Processing, Cherry Hill, Camden 8, N.J.

o An entire family of new fast
circuitry arithmetic instructions,
including:

fixed point

floating point

16 digit accumulator manipulation

and shifting facilities

e This new instruction format
allows the use of bit indicators for

storage of operands and for address
field modification.

o Approximately 6000 floating or
fixed point eight digit add/subtract
and 2000 floating or fixed point
multiply/divide operations per
second. (With 2 digit exponent in
floating point.)

o Three index fields for address
modification.

1 asag

The Most Trusted Name
in Electronics
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20 AND 100
YEARS AGO

SICENTIFIC A MERICAN

OCTOBER, 1912: “It is with especial
gratification that we Americans note the
award of the Nobel Prize for Medicine
to Dr. Alexis Carrel of the Rockefeller
Institute for Medical Research. Although
Dr. Carrel is French by birth and train-
ing, his epoch-making researches have
been for the most part conducted on
American soil. The tissues of the higher
animals, including man, can now be
developed in a culture, and such devel-
opment can be made to correspond to a
rigidly precise technique. Dr. Carrel has
found that the medium that in normal
life surrounds each tissue is not the one
best adapted for its growth. This implies
on the one hand the possibility of per-
haps stimulating the growth of certain
organs or tissues, as the need may arise,
by medication with specific substances
affecting that particular tissue. It sug-
gests, on the other hand, the possible
opposite procedure of checking the
growth of abnormal structures, such as
tumors and cancers, by medication.”

“An interesting hypothesis has been
suggested by an English physicist to
explain how it is that electro-magnetic
waves emitted at a wireless telegraph
station in Cornwall can be received at
a station on the coast of America. If
we compare such a sending station
to a source of light on the surface of a
sphere about 1/4 inch in diameter, ob-
viously no light from the source could
reach even one-quarter of the way
around the sphere; but if the sphere is
surrounded by thin envelopes of medi-
ums whose refractive indices decrease
from the inner to the outermost, light
will be transmitted all around the sphere
by successive refractions and reflections.
According to the new hypothesis the
electric waves are transmitted in an
analogous way, viz., by the variation in
ionization of the earth’s atmosphere.”

“A bacterial epidemic has within two
years freed Yucatan of the locust swarms
that periodically invaded the country.
M. d’Hérelle, having been asked by the
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Argentine government to test the effects
of the same microbe on another locust
species that every year devastates large
portions of the Parana district, has
reached surprisingly favorable results.
Tests made on a large scale were quite
as successful. The speed with which the
malady was spread can be inferred from
the fact that a few days after the first
infection it occurred at a distance of
50 kilometers (31 miles) from the center
of infection.”

“The diving outfit designed by the
Messrs. Drigerwerk of Liubeck, Ger-
many, makes the diver independent of
atmospheric air by supplying him with
oxygen and regenerating the air he ex-
pires. The outfit consists of an apparatus
worn like a knapsack where the air cir-
culating in the helmet and the diving
suit is purified automatically of the dele-
terious gases produced by breathing and
regenerated by an addition of oxygen.
The diver thus has at his disposal 60 to
70 liters of air per minute.”

“The president of the Chinese Repub-
lic, Yuan Shih-K’ai, recently suppressed
the newspaper King-pao, which un-
doubtedly was the oldest paper in the
world. For 1,500 years it has reported
the more important news not only of
China but also of foreign countries. At
a time when the art of printing and
journalism was as yet unknown in Eu-
rope, the Chinese Gong-Chung invented
a means for making types from lead and
silver, and in A.p. 400 the first edition
was printed on 10 sheets of yellow silk
and sent to all the high officials of the
Chinese Empire.”

OCTOBER, 1862: “The loss that
England already sustains by the block-
ade of the secession ports can hardly be
stated at less than $250,000 per week,
including the cessation of employment
and wages for the operatives, and the
waste and loss of interest on capital sus-
tained by the employers, in the staple
manufacture of Lancashire. A deputa-
tion sent from Birmingham into the cot-
ton districts to make inquiries calculate
that the diminution of wages in the dis-
tressed districts during the coming win-
ter months will be at least £ 150,000 a
week and that, when the distress has
reached its hight, it will require ad-
vances at the rate of £ 100,000 ($500,-
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000) a week to keep the population from
starving.”

“The Journal de Ulnstruction Pu-
blique contains a curious article by M.
Oscar de Watterville, in which he an-
nounces the fact, not generally known,
that in the lakes of Sweden there are
vast layers or banks of iron, exclusively
built up by animalcules, not unlike those
that have laid the foundations of large
islands in the ocean. The iron thus found
is called ‘lake ore,’ distinguished, ac-
cording to its form, into gunpowder,
pearl, money or cake ore. These iron
banks are from 10 to 200 meétres in
length, from five to 15 broad and from
a fourth to three-fourths of a meétre and
more in thickness.”

“The new metal thallium, which was
discovered by Mr. William Crookes of
London, has lately been described by
the discoverer in Chemical News. Thal-
lium, in most of its physical properties,
resembles lead. It is not so white as sil-
ver, but when freshly cut, it presents a
brilliant metallic luster. It is soft, mal-
leable and easily cut with a knife. Ac-
cording to the researches of MM. Bun-
sen and Kirchhofl, its single green ray
is as sharply defined as the yellow ray of
sodium. Thallium rapidly tarnishes in
the open air, and it becomes covered
with a thin pellicle of oxide.”

“An odd relic was found not long since
at the terminus of the Pontchartrain
railroad near New Orleans. The relic
is a submarine ram of cigar shape, made
of iron, hollowed so that a number of
men can inclose themselves in it. It is
24 feet long and has a propeller that can
be worked by hand. On each side of the
ram there is a sort of fin made of iron
three feet long and a foot and a half
wide. With the raising of these wings,
or fins, the ram rises to the surface, and
it sinks with their depression. The bow
is sharply pointed, and when run against
any ordinary vessel below the water
mark, would be able to sink it.”

“According to the United States cen-
sus of 1860 there were at that time about
730,000 more males than females in the
United States, a fact unprecedented in
the census of any other civilized nation.
In most of the older States there is an
excess of females, whereas in Illinois
there is an excess of 92,000 males; in
Michigan, 40,000; in Texas, 37,000; in
Wisconsin, 43,000; in California, 67,-
000; and in Colorado there are 20 males
to one female.”



K 1500 automatic electronic switching systems

The K-1500 series is designed for advanced communications use by government and the military. This fully transistor-
ized two or four wire system combines the advantages of space division in the voice paths and time division in the
control circuits. Replacing a roomful of sprawling equipment, the K-1500 series simplifies and expedites the switching
of both vocal and coded data communications. The completely self-contained system occupies as little space as two
4-drawer file cabinets, operates on as little power as a television set, and can be installed in a matter of hours. The
K-1500 is easy to operate; the color-coded, cordless attendant’s console shows the operator what to do at any given
time. The K-1500 is easily maintained; miniaturized solid state circuitry is on interchangeable printed circuit cards.
The K-1500 is readily expandable, one of the many benefits of modular construction. The system can be expanded to
accommodate any number of lines for intra unit and outside calls—and is not affected by environmental variations.
Unique proven logic concepts and features assure that the K-1500 is ready, now, to do your communications job.

ITT KELLOGG COMMUNICATIONS SYSTEMS DIVISION

A DIVISION OF INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION » 500 NORTH PULASKI ROAD, CHICAGO 24, ILLINOIS
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NUCLEAR

POWER...
GIANT STRIDE
INTO SPACE
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m Nuclear propulsion is moving swiitly to the forefront of space exploration. For challenging
solar and planetary missions or scientific investigations beyond the plane of the ecliptic,
nuclear propulsion is essential. For lunar missions, it is highly attractive. This is
substantiated by Dr. Glenn T. Seaborg, Chairman of the Atomic Energy Commission:

“l believe that nuclear propulsion could provide the most feasible means of accomplishing
space missions involving heavy payloads and long voyages in the foreseeable future.”

As NASA's industrial partner in the management and accomplishment of the RIFT
(Reactor-In-Flight Test) program, Lockheed is a leader in this dramatic application of nuclear
power to space flight. Lockheed's role is the design, development, integration, application
and testing of the first nuclear-propelled space vehicle. Its purpose: To demonstrate the
feasibility of nuclear propulsion in a space flight environment.

Moreover, Lockheed is involved in another important space application of nuclear energy: its
use in nuclear electrical systems to operate auxiliary equipment, and eventually in
electrical propulsion systems.

Nuclear space applications is but one of many areas being explored by Lockheed Missiles

& Space Company. As one of the industrial leaders in current space investigations, many new
positions are continually being opened for scientists and engineers of proved ability in all
disciplines. And Lockheed's ideal location in Sunnyvale, on the beautiful San Francisco
Peninsula, makes living as well as working invigorating and stimulating.

If you have proved ability and wish to work in a challenging environment, please write:
Research & Development Staff, Dept. M-40C, 599 North Mathilda Avenue, Sunnyvale, California.
Lockheed is an equal opportunity employer.

LOCKHMHEED MmMI/ssILES & SPACE COMPANY

A GROUP DIVISION OF LOCKHEED A/IRCRAFT CORPORATION

Systems Manager for the Navy POLARIS FBM and the AGENA vehicle in various Air Force Satellite programs.
Other current projects include NASA programs as the 0GO, ECHO, NIMBUS, RANGER and RIFT,
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engineers need a faster IAway to get
prints ... why & keep them @ waiting ?

Your time-pressed engineers should not have to sit around waiting for prints. A new way of reproducing
engineering drawings—xerography and unitized microfilm—can eliminate such waste! A xerographic
printer (either a Copyflo or an 1824) turns out dry, positive prints in seconds . ..ready for immediate
use. You get sharp, clear prints, size for size or reduced—on ordinary paper, vellum, or offset paper
masters! Write today for Booklet X-300, Xerox CoRPORATION, 62-90X Lyell Ave., Rochester 3, New
York. Branch offices in principal U. S. and Canadian cities. Quverseas: Rank-Xerox Ltd., London.

XEROX

CORPORATION
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YES, VIRGINIA

(Alabama, Texas and
the other 47 states)

THERE 1S A
SANTA CLAUS

And for 365 days a year, he can bring new profits to
manufacturers who use Sinclair petrochemicals to
make the new products America and the world demand.

More and more, these Sinclair petrochemicals are
proving to be indispensable raw materials for plastics,
synthetic fibres, fertilizers, paints, insecticides and de-
tergents. And through research, completely new and

profitable products are being developed.

Build your plans around Sinclair petrochemicals.
Their purity sets industry standards; shipping and
production schedules are set up to meet the most
stringent demands.

Write for information . .. we can help you!

SINCLAIR PETROCHEMICALS, INC.
I” I 600 FIFTH AVENUE, NEW YORK 20, N. Y.
155 N. WACKER DRIVE, CHICAGO 6, ILL.

PARAXYLENE — PROPYLENE (99+%)— ORTHOXYLENE — HEPTENES — NONENES—DURENE (1,2,4,5-TETRAMETHYLBENZENE) — AROMATIC SOLVENTS — INSECTI-
CIDE SOLVENTS — TOLUENE (NITRATION GRADE) — XYLENE (FIVE DEGREE) — ALIPHATIC SOLVENTS — ODORLESS SOLVENTS — MINERAL SPIRITS — VM&P
NAPHTHA—ANHYDROUS AMMONIA—AQUA AMMONIA—AMMONIUM NITRATE SOLUTIONS—NITROGEN FERTILIZER SOLUTIONS—SULFUR—LUBE OIL ADDITIVES
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This STEELMARK of the American Steel

Steel Industry tells you a product is made
of Steel. Look for it when you buy.
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New Republic IN-TER-LINE Pipe
fights corrosion with
a low-cost plastic lining

A new epoxy lined pipe that cuts the cost of effective corrosion protection
joins the family of plastic coated products pioneered by Republic Steel.

New IN-TER-LINE Pipe*, seen at left, will prove ideal for a wide variety of
applications. A flawless, .008-.010-inch epoxy lining is applied to pipe in
one high-speed operation. It is the success of this one-coat mill operation
that minimizes cost.

Produced in 23%” through 6%"” O.D., IN-TER-LINE Pipe resists a wide range
of corrosive fluids. The lining increases flow capacity due to its extremely
smooth surface. It can endure continuous operation over a wide range of
temperatures up to 250°F.

Republic introduced x-TRU-cOAT® Plastic Coated Steel Pipe in 1955.
Customers have already bought more than 80 million feet of this amazing
product. “DEKORON®-cOATED” Electrical Metallic Tubing is another plastic
coated product by Republic Steel.

REPUBLIC STEEL @fiio)

CLEVELAND 1, OHIO

*Patent applied for.

PLASTIC PROTECTS STEEL (left to
right): X-TRU-COAT Plastic Coated
Steel Pipe; new IN-TER-LINE Epoxy
Lined Pipe with X-TRU-COAT Coating;
“DEKORON-COATED” Electrical Metal-
lic Tubing or Rigid Steel Conduit. For
information, write: Republic Steei
Corporation, Department A-3401, 1441
Republic Building, Cleveland 1, Ohio.

© 1962 SCIENTIFIC AMERICAN, INC




UPIIME@@”)
SOFTWARE

oo g e

TWO CONSIDERATIONS WHEN BUYING A COMPUTER.
HERE, TOO, THE LGP-30 BEATS COMPETITION.

Uptime is the opposite of downtime. The time a computer will be giving service, not receiving it. With the LGP-
30, uptime averages 97.5%. What other computer offers such high reliability? O Software is the complement
of hardware. The programming material fed into the computer rather than the equipment itself. Software
— the program — can cost you a fortune or nothing. With the LGP-30, there’s a good chance programming
will cost nothing — thanks to our extensive Library of Programs. O Unfair to the competition? Here are
the other facts about the LGP-30. It's the most powerful computer in its class, with memory (4096 words) and
capacity equal to computers that cost twice as much money and consume twice as much space. The LGP-30
is the easiest computer to program—even non-technical personnel can master it. You can operate the LGP-30
yourself—without dependence on a computer programming specialist. O Solutions are printed in any
desired alpha-numeric format—requiring no deciphering. It's mobile—can be used by any number of people in
any number of places. No expensive installation—just plug into conventional outlet. Sales and service avail-
able coast to coast. For complete information about rental or purchase, write Commercial Computer Division.

@ CERNERAL
PRECISION

COMMERCIAL COMPUTER DIVISION / GENERAL PRECISION, INC./BURBANK, CALIFORNIA
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THE AUTHORS

PHILIP M. HAUSER (“More from
the Census of 1960”) has for the past
two years served as chairman of the
Technical Advisory Committee for the
census of 1960. He also heads the de-
partment of sociology at the University
of Chicago and directs its Population
Research and Training Center. Hauser,
who was acting director of the census of
1950, served in the Bureau of the Cen-
sus from 1938 to 1947. He gave up his
position as deputy director of the bureau
to become professor of sociology at the
University of Chicago, where he had
previously taken three degrees, includ-
ing a Ph.D. From 1947 to 1951 Hauser
was the U.S. representative to the Popu-
lation Commission of the United Na-
tions.

EDWIN ROEDDER (“Ancient Fluids
in Crystals”) is a geologist with the Geo-
logical Survey of the U.S. Department
of the Interior. Roedder’s first “scientific
paper” (the quotation marks are his), on
the subject of mineral collecting, was
published in a collectors’ magazine while
he was still a junior in high school. Al-
though he became interested in fluid in-
clusions in crystals as an undergraduate
at Lehigh University, he did not begin
to study them until 1950, when he went
to the University of Utah to teach min-
eralogy. In the interim he had been a re-
search engineer for the Bethlehem Steel
Company from 1941 to 1947 and had
taken a Ph.D. in geology at Columbia
University. He joined the Geological
Survey in 1955.

R. F. MALLINA, THEODORE R.
MILLER, PHILIP COOPER and STAN-
LEY G. CHRISTIE (“Surgical Stap-
ling”) are a retired mechanical engineer
and three surgeons involved in the de-
velopment of the stapler for suturing
blood vessels that is described in their
article. Mallina, who invented solderless
electrical wiring, was a member of the
technical staff of the Bell Telephone
Laboratories from 1929 to 1957. The
development of the American stapler be-
gan officially in 1960 with the establish-
ment of the Foundation for Medical
Technology, with Mallina and Miller
among the charter members. Miller, as-
sociate attending surgeon at Memorial
Hospital for Cancer and Allied Diseases
in New York, had long been interested in
the possibility of such an instrument and
had obtained the support of a philan-

thropist friend, David Rose. Mallina de-
signed the stapler and Cooper and Chris-
tie operated with it, first on animals and
then on humans. Cooper is professor of
clinical surgery at the Albert Einstein
College of Medicine, director of the col-
lege’s Surgical Laboratory of Cellular
Physiology and Chief of Surgical Serv-
ices at the Bronx Veterans Administra-
tion Hospital in New York City. Cooper
has been chief of surgery at various VA
hospitals since 1943. Christie, chief resi-
dent in thoracic surgery at the Bronx VA
Hospital, is completing his training in
surgery.

F. H. C. CRICK (“The Genetic
Code”) is a molecular biologist who
works for the Medical Research Council
Laboratory of Molecular Biology at the
University Postgraduate Medical School
in Cambridge, England. Originally a
physicist, Crick turned to basic research
on the structure of viruses, collagen and
nucleic acids. He is best known for put-
ting forward (with James D. Watson)
the idea that the molecule of the genetic
material deoxyribonucleic acid (DNA)
is a double helix. Earlier this year Crick
was appointed a nonresident fellow of
the newly founded Salk Institute for
Biological Studies in San Diego, Calif.
This is his third article for ScienTiFic
AMERICAN; the first two, “The Structure
of the Hereditary Material” and “Nucleic
Acids,” appeared in October, 1954, and
September, 1957, respectively.

OLEXA-MYRON BILANIUK
(“Semiconductor Particle-Detectors™) is
assistant professor of physics at the Uni-
versity of Rochester. He was born in the
western Ukraine, where he received his
early schooling. After World War II Bi-
laniuk studied electrical engineering at
the University of Louvain. Coming to
the U.S. in 1951, he took degrees in
physics, mathematics and nuclear physics
at the University of Michigan, the last
in 1957. Since 1958, when he joined the
faculty of the University of Rochester,
Bilaniuk has been engaged in research
on the structure of atomic nuclei. The
present article resulted from his work on
the substitution of arrays of semiconduc-
tor counters for nuclear photographic
emulsions. Last year Bilaniuk was a U.S.
delegate at the United Nations confer-
ence on nuclear electronics in Belgrade.
Currently he is doing research at the
cyclotron facility in Buenos Aires at the
invitation of the Argentine Atomic Ener-
gy Commission.

LEON FESTINGER (“Cognitive
Dissonance”) is professor of psychology
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at Stanford University. Festinger took
his B.S. in psychology at the College of
the City of New York in 1939. He re-
ceived M.A. and Ph.D. degrees from the
State University of Iowa, where he spe-
cialized in the field of child behavior,
in 1940 and 1942 respectivelv. He
remained at Iowa as a research associate
until 1943 and for the next two years
served as senior statistician on the
Committee on Selection and Training
of Aircraft Pilots at the University of
Rochester. From 1945 to 1948 he taught
at the Massachusetts Institute of Tech-
nology, and he was program director of
the Research Center for Group Dynam-
ics at the University of Michigan until
1951. Festinger went to Stanford from
the University of Minnesota, where he
had been professor of psychology since
1951. In 1959 the American Psycho-
logical Association awarded Festinger
its Distinguished Scientific Contribution
Award.

BRUCE I. H. SCOTT (“Electricity
in Plants”) is senior lecturer in physics
at the University of Tasmania, where he
also directs the biophysics laboratory.
Scott, who was born in Tasmania, has
taught at the university since 1945; he
received his Ph.D. in 1956. “As a physi-
cist,” he writes, “I have been fascinated
by the complexity of even the simplest
organism and my particular interest has
been the problem of how an organism
controls its future development. It seems
possible that the bioelectric field has
been exploited for purposes of control
and communication.” A National Science
Foundation Fellowship last year took
him to the Rockefeller Institute for nine
months of research on the electric fields
associated with cells and tissues.

THEODORE H. SAVORY (“Daddy
Longlegs”) is vice-principal of Stafford
House, a tutorial college in Kensington,
England. One of the world’s foremost ex-
perts on arachnids (which include
spiders and harvestmen), Savory ac-
quired a B.A. at the University of Cam-
bridge in 1918. Two years later he in-
troduced the teaching of biology at
Malvern College, where he remained
until 1951. From that year to 1958 he
was senior biology master at the Haber-
dashers” School in Hampstead.

ERNEST M. GRUENBERG, who in
this issue reviews Mental Health in the
Metropolis: The Midtown Manhattan
Study by Leo Srole, et al., is associate
clinical professor of psychiatry at the
College of Physicians and Surgeons of
Columbia University.
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Turning potential into products

Syncom satellites for 'round
the world communications

Capable of blanketing the earth with 24-hour international TV
and telephone service, the advanced Hughes Syncom system prom-
ises to be the next step in communications satellites. Rather than
orbiting many satellites at low altitudes, a Syncom system would
need just three in synchronous orbits. Launched to an altitude of
22,300 miles and positioned by small rocket motors, the Syncoms
would “park'’ over assigned longitudes. From these positions, Syn-
com “‘switchboards'’ could simultaneously handle 900 phone calls as
well as relaying a TV program to every inhabited place on earth.

Getting set for space, Syncom | will be launched by NASA soon.
Aboard will be Hughes-built components such as this advanced
traveling wave tube. Capable of amplifying weak signals so they
may be relayed from the satellite back to earth, these tubes are tested
to meet almost incredible standards of performance and reliability
in compact, lightweight packages.

New 3-D radar
to read the enemy’s mind

The “*hardened eyes" of the Enterprise are new Hughes long-range detection
and 3-D target tracking radar. Developed from the original invention of frequency
scanning by Hughes engineers, these antennas eliminate mechanical move-
ment. Instead of moving they position radar beams electronically. Mounted to
the four sides of the Enterprise tower, (and “*hardened’' to withstand even atomic
blasts) Hughes antennas can simultaneously track great numbers of supersonic
targets through hundreds of miles of air space. Hughes delivered the first fre-
quency-scanning radar units to the Navy in 1957, Today, Hughes radar is also
patrolling the skies for the Army and Marine Corps, and is being further developed
for advanced space applications—such as tracking missiles, satellites and
space vehicles.

Hughes Display and Computer Systems keep pace with the increased
capability of Hughes 3-D radar. Integrated into complete air or truck-transported
air defense systems they enable today's commanders to ‘‘read the enemy's
mind''—by supplying them with evaluations of threats as well as automating
the assignment of weapons and targets for counter actions.

e a.-
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at Hughes

Mark of the
Falcon’s claw

Falcon Fin Marks on the metal target prove the
bulls-eye accuracy of this infrared heat-seeking air-
to-air missile. In test after test, Falcons fired from long
distances sensed the infrared radiated by such tar-
gets (heated to simulate the exhaust from a jet tailpipe)
scoring bulls-eyes.

The F-106 realizes potential Hughes engineers saw
14 years ago for an integrated missile/electronic
control/aircraft weapons system. Hughes has pro-
duced more than 33,000 infrared and radar guided
Falcons, together with over 16,000 ‘‘seek, find and kill**
electronic airborne weapons control systems. Today,
Hughes design and development capability is being
applied to meet new and even more advanced tacti-
cal fighter mission needs.

A Surveyor to take
the measure of the moon

Before our Astronauts can land on the moon, we must know more about what they will encounter.
The Hughes Surveyor, designed to ‘‘soft land'' about 150 Ibs. of scientific instruments on the moon,
will gather, analyse and transmit vital lunar data back to earth. Even now, Surveyor test vehicles are
being dropped on various surfaces to be sure they successfully “soft land'' their precious cargos.
For once on the moon, Surveyor's TV cameras will be capable of sending high-quality pictures of the
earth back to earth. This moon-to-earth TV network will also give scientists pictures of the lunar sur-
face and will enable them to watch Surveyor at work: drilling into the lunar surface and making chem-
ical analyses, measuring geophysical characteristics, the magnetic and radiation fields. The National
Aeronautics and Space Administration is scheduled to launch seven Hughes Surveyors which are
beingbuiltunder thetechnicaldirection of California Institute of Technology Jet PropulsionLaboratory.

How do you define capability?

One way is to see it as potential—a dynamic total of human
knowledge and experience combined with facilities built to make these
skills most productive.

At Hughes this potential is built on sound strengths: 15 years of
continuing scientific achievement; facilities covering 5.3 million square
feet; over 100,000 man-years of systems experience; the abilities of 28,000
people—including 5,300 engineers and scientists who have found an
environment uniquely suited to the development of their own potential —
where skill and imagination can find full expression.

At Hughes these factors mesh together into a functioning unity—with
total capability. The several examples on these pages are just a few
examples of Hughes accomplishments in helping to create a new
world with electronics.

Creating a new world with electronics

HUGHES AIRCRAFT COMPANY
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More from the Census of 1960

A sequel to the author’s article of last vear, which reported

on the first data tabulated. Now deeper analysis has made new

material acailable on U.S. education, occupations and incomes

he gathering of facts about our-

I selves is one of the engrossing pre-
occupations of contemporary U.S.
society. It is the full-time occupation of
such large agencies of the Federal Gov-
ernment as the Bureau of the Census,
the National Center for Health Statistics
of the Public Health Service, and the Bu-
reau of Labor Statistics; of such academ-
ic agencies as the Survev Research Cen-
ter of the University of Michigan, the
Bureau of Applied Social Research at
Columbia Universitv and the National
Opinion Research Center at the Univer-
sity of Chicago; and of numerous profit-
making business enterprises. It is a
necessary incidental activity of every
substantial governmental, political, fi-
nancial, industrial, mercantile, labor,
educational, religious, civic and welfare
organization across the country. In all of
this seeking for selt-knowledge the ulti-
mate reference source is the decennial
census of population. The census con-
stitutes the one body of data predicated
on a house-to-house canvass and person-
by-person enumeration of the population
as a whole. The census figures establish
the bench marks for statistical series that
otherwise are based on survevs of sam-
ples of the population and supplv the
tramework for designing these samples.
The significance of the census in the
management of the nation’s affairs is
symbolized by its constitutional func-
tion: to pmvide a basis for the apportion-
ment among the states of the seats in the
House of Representatives. In accordance
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by Philip M. Hauser

with the findings of the 1960 census, for
example, California is about to elect
eight additional congressmen, for a total
of 38, and New York, which is slowly
vielding its place as the most populous
state in the Union, will elect only 41, two
tewer than before. The 1960 figures
have now assumed even greater political
significance because of the decision of
the U.S. Supreme Court in June holding
that the seats in the legislatures of the
states must also be 1‘e;1pportioned on
the basis of the distribution of popula-
tion shown by the census. The character
of the U.S. society of a century ago is
reflected in the preponderance of seats
held in state legislatures by representa-
tives of small-town and rural popula-
tions. This situation is now to be cor-
rected in favor of a more faithtul reflec-
tion of the urban civilization that the
U.S. has become. With the restoration
of representative government in the
states, basic changes can be anticipated
in state and national policy on many
social and economic issues.

The direct political impact of the
census flows from its most elementary
findings about the size and distribution
of the population. Over the next decade
the wealth of other kinds of information
developed in the national self-portrait
will play an equally fundamental role in
defining the social and economic issues
and in shaping the policies that resolve
them. This information is flowing from
the census of 1960 at greater speed and
in greater detail than it did from any
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previous census. With the aid of elec-
tronic computers the population statis-
tics by states and political subdivisions
were released for all states by October,
1960, four months ahead of the com-
parable 1950 figures [see “The Census
of 1960, by Philip M. Hauser; Sciex-
TIFIC AMERICAN, ]u]_v, 1961]. The ftull
program of publication, including de-
tailed subject reports, will be completed
nine months to five vears earlier. In this
article it is possible to present figures
concerning the crucial topics of educa-
tion, livelihood and income. This infor-
mation came from interrogation not of
the entire population but of a substan-
tial 25 per cent sample. Such sampling,
made possible bv developments in math-
ematical statistics, provides reliable data
at greatly decreased cost. The data
show that the educational attainment
of the average American has continued
to rise, that less than half of the labor
force is now engaged in the production
of phvsical goods and that the median
real familv income advanced by near-
lv 50 per cent in the decade from 1950
to 1960. But the figures reveal great
disparities under all three headings,
among different regions of the country
and between the urban and the small-
town and rural populations. Evidence of
the relativelv disadvantageous position
of the nonwhite (principally Negro)
minority of the population recurs in ev-
ery table. On the other hand, the 1960
census that the members of
another “minority” group—women—are

shows



playing an ascendant role in the nation’s
economic life.

Measured by nativity, the U.S. popu-
lation in 1960 was more homogene-
ous than ever before: the native white
population was 83.4 per cent of the
total, compared with 74.3 per cent

in 1900. Foreign-born whites, reflecting
the force of the immigration and exclu-
sion laws, had declined to the lowest
level ever recorded: 5.2 per cent. The
percentage of nonwhites, however, had
increased for the second decade in a
row and for the third time since 1810;

as a result nonwhites made up 11.4 per
cent of the population in 1960. Since
Negroes constitute 92.1 per cent of the
nonwhite total, the increase in the pro-
portion of nonwhites is a product prin-
cipally of the gain in Negro population.

Other figures explain this gain as the
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REGIONAL DISTRIBUTION of the population is illustrated.
The map shows the four census regions into which the U.S. is di-
vided. The bars (keyed by color to each region) show what per
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RN WHITE

NONWHITE

cent of the total, native white, foreign-born white and nonwhite
populations lived in each of the regions in 1960. The South’s share
of the nonwhite population fell 9.6 per cent between 1950 and 1960.
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result of the continuing migration of the
Negro away from rural habitations and
occupations and away from the South.
In evidence of this migration 64.4 per
cent of the nonwhite population resided
in the 212 Standard Metropolitan Statis-
tical Areas (central cities of more than
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POPULATION IN SCHOOL (PER CENT)

1910

1920 1930 1940

1940
CHANGING COMPOSITION of the U.S. population since 1900 is

traced at left in terms of percentages. The actual numbers for 1950

TOTAL TOTAL PER CENT
POPULATION POPULATION ~ CHANGE
150,845,000 179,326,000
149,544,000 -+20.0 |+18.9
124,578,000
10,108,000 " STOES000TY 81
1950 1960 1950 1960

50,000 population and their surround-
ing county or counties) compared with
62.9 per cent of the total population.
Higher levels of living and better health
conditions in the metropolitan areas, in
the South as well as in the North and
West, have brought a simultaneous de-

TOTAL POPULATION

MALE

WHITE

NONWHITE

CENTRAL CITIES

SUBURBAN CITIE

FARMS
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and 1960 are given at right for the total population and each sub-
group, together with the amount of change for each since 1950.

crease in mortality and increase in net
fertility of the Negro population, greatly
increasing the nonwhite growth rate.
Should this trend continue, the nonwhite
increase will more than offset the for-
eign-born white decrease and so dimin-
ish the native-white proportion of the
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MEDIAN SCHOOL YEARS COMPLETED

SCHOOL ENROLLMENT rate has increased over the years. Spe-
cifically, as the chart shows, education starts earlier and continues
longer for an increasing proportion of the nation’s children.

LEVEL OF EDUCATION in the U.S. has risen steadily: the na-
tional median for years of schooling completed was only 8.6 in
1940. The level varies widely with race and place of residence.
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total population. In fact, the present
trend would bring nonwhites up to a
fiftth of the U.S. population by 2050—
about the same percentage as in the first
census in 1790. But this is a remote
prospect, because it is likely that the
Negro birth rate will decline, as did the
white, with the achievement of increas-
ing education and income.

The education figures, perhaps more

than any other set of data, character-
ize the changed and changing American
way of life. Children are going to school
at an earlier age, and young people are
staying in school longer than ever be-
fore. Between 1910 and 1960 the per-
centage of students in the age group
from five to 19 increased from 62.6 to
84.4. In this period the enrollment of
five- and six-year-olds almost doubled
(from 34.6 to 63.8 per cent); the en-
rollment of 16- and 17-year-olds did the
same (from 43.1 to 80.9 per cent), and
the enrollment of 18- and 19-year-olds
more than doubled (from 18.7 to 42.2
per cent). The earlier enrollment plainly
reflects the shift from rural to urban
living that occurred in this half-century
and the concomitant changes in the
function of the family as the basic social
institution. Similarly, the prolongation of
formal schooling reflects the changes in
the mode of employment and the need
for increased education in preparation
for life in a more complex society. It is
no coincidence that the 1920 census,
which first showed that more than half
of the population was living in urban
communities, was also the first to show
that 90 per cent of the 7-to-13-year-olds
were going to school.

Increased rates of school enrollment
from one generation to the next have
of course raised the educational level of
the people as a whole. By 1930, 96 per
cent of the population 10 years old or
older was reported as being “literate.” In
the census of 1940 the “illiteracy ques-
tion” was abandoned in favor of a ques-
tion about “years of school completed.”
In that year the average adult 25 years
old or older had completed 8.6 years of
schooling, or a little more than an ele-
mentary school education. By 1960, 77.8
per cent had at least elementary school-
ing and 41.1 per cent had graduated
from high school; by 1970, if the present
trend continues, the average American
will have achieved a high school educa-
tion. College graduates accounted for
7.7 per cent of the adult population in
1960, up nearly 25 per cent from 1950.
At the other end of the scale of attain-
ment, the total of “functionally” illit-

MEDIAN SCHOOL YEARS
STATE COMPLETED

MEDIAN SCHOOL YEARS completed in each state ranged in 1960 from a high of 12.2
(equivalent to more than a high school education) in Utah to a low of 8.7 in Kentucky and
South Carolina. In each state the median for nonwhites was below the median for whites.
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PER CENT OF MALE POPULATION

(1910) 1920 1940 1950
TOTAL LABOR FORCE =~ —-—-—- — 25-44 YEARS
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AGE COMPOSITION of the labor force has changed significantly since 1890. These charts
show what per cent of all males (top) and females (bottom) in the specified age groups
were in the labor force (that is, at work or seeking work) in each year. No figures are avail-
able for 1910. A smaller proportion of the men and more of the women are at work now.
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erate people—people with less than five
years of schooling and functionally illit-
erate in the sense that they are unable
to read a newspaper easily—dropped to
8.4 per cent of the population, down
from 11.1 per cent in 1950.

Needless to say, the increasing ex-
posure of the population to formal
schooling has implications for all aspects
of the society and the economy. It can be
expected to effect important changes in
the consumption of goods and services,
in the content of the mediums of mass
communication, in the style of advertis-
ing and in the conduct of political cam-
paigns. More important, it opens up
broader horizons for larger numbers of
people in literature, art, music and sci-
ence. The goods, services or messages
aimed at the “average” American on the
assumption that he has had less than a
grade school education are likely to find
themselves with a declining or disap-
pearing clientele.

The population has by no means
shared equally in the opportunity and
experience of education. Various group-
ings by place of residence, region and
race are still finding it difficult to achieve
an education consonant with contempo-
rary needs. Thus, while the suburban
population (defined here as resident in
urban places other than central cities)
has already attained a high school edu-
cation, with a median of 12 years, and
the population of the central cities is at
10.7 years, about the national average.
the rural nonfarm population has nine
years of schooling and the rural farm
population only 8.8 years. Again, where-
as the average adult in the West has had
the full 12 years of education through
high school, the median schooling of the
adult in the South is only 9.6 years, a
full year below that of the population
as a whole.

The lower averages of the nonmetro-
politan populations and of the South are
the result in part of the even greater
disparity in the educational attainment
of the nonwhite population. The census
of 1960 was the first to show the non-
white adult population averaging a
grade school education. But 23.4 per
cent of the nonwhites were still recorded
as being functionally illiterate, and only
21.7 per cent had finished high school.
For the nonwhite population as a whole
these averages are depressed by the
even greater disparities prevailing in the
South, where the average nonwhite has
had a median schooling of only 7.1
years, compared with 10.4 years for the
Southern white.

In the decade from 1950 to 1960,



however, the nonwhite population made
important gains. The 21.7 per cent with
a high school education represented an
increase of 56 per cent over 1950, and
the number of college students increased
at a similar rate, from 2.3 to 3.5 per cent
of the adult nonwhite population. De-
ficient education, however, will continue
to be the greatest handicap to the Negro
and other nonwhites in their efforts to
realize their full potential and to take
their place as citizens.

gome of the most significant changes
~J in American life that have occurred
in the past half-century are recorded in
the statistics of the labor force. The per-
centage of the population of “working
age” (14 years old or older) that is
counted in the labor force—55 in 1960—
has remained about the same. But the
percentage of the male population of

100

working age in the labor force has de-
clined from 84 in 1890 to 77. This has
been more than offset by the entrance of
women into the labor force; more than a
third of the women of working age are
employed or are actively seeking em-
ployment today compared with less than
a fifth in 1890.

The shifts are explained in major part
by the increased enrollment in high
school and college that nowadays post-
pones a young man’s (and a young
woman’s) entrance into the labor force.
Only a third of the young men from 14
to 19 are in the labor market today; half
of the young men of that age group were
job seekers in 1890. Of the young wom-
en in this age group about a fourth are
in the labor force; the same obtained
in 1890. Between the ages of 20 and 64
the percentage of males in the labor
force has also remained about the same,

OCCUPATIONS OF LABOR FORCE (PER CENT)

1900

1910

1920

OCCUPATIONS of members of the labor force have changed with
the technological, economic and social climate of the nation. Basic
trend has been away from production of goods and toward pro-

1930 1940
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1950

although increasing numbers of the
younger men in this large segment of the
population are going on to college. The
situation is quite different for older men;
the proportion of men 65 years old or
older who reckon themselves in the labor
force has declined from more than two-
thirds in 1890 to less than a third. Be-
tween 1950 and 1960 the percentage
declined steeply, from 41.4 to 30.5. The
departure of older men from the work
force is attributable, of course, to the
availability of public and private pen-
sion funds and to increasingly compul-
sory retirement at age 65. The older men
have been replaced—not in their old jobs
but in entirely new functions in the con-
stantly changing work force—by women.

At the turn of the century nearly
three-fourths of the labor force were en-
gaged in the production of physical

goods and less than a fourth in service
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vision of services, as shown by dark and light colored areas here.
White-collar (top four layers) and service work now occupy more
of the labor force; there are relatively fewer laborers and farmers.
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MEDIAN FAMILY-INCOME figures were gathered by asking a sample of the population
for 1959 earnings. The data showed a 48 per cent rise since 1949, even allowing for inflation.
But Alaska’s median family income was more than two and a half times that of Mississippi.

36

STATE
ALASKA

CONNECTICUT
NEW JERSEY
NEVADA
CALIFORNIA
ILLINOIS
NEW YORK
HAWAI
MARYLAND
MASSACHUSETTS
MICHIGAN
WASHINGTON
DELAWARE
OHIO

DISTRICT OF COLUMBI

WISCONSIN

UTAH

OREGON
WYOMING
INDIANA
COLORADO

PENNSYLVANIA

UNITED STATES

NEW HAMPSHIRE
HHODE ISLAND
MINNESOTA
ARIZONA
MONTANA
NEW MEXICO
KANSAS
IDAHO
MISSOURI
IOWA

VIRGINIA
VERMONT
TEXAS
MAINE
NEBRASKA
FLORIDA
OKLAHOMA
WEST VIRGINIA
NORTH DAKOTA
LOUISIANA
SOUTH DAKOTA
GEORGIA
KENTUCKY

NORTH CAROLINA
TENNESSEE
ALABAMA

SOUTH CAROLINA
ARKANSAS

MISSISSIPPI

MEDIAN FAMILY INCOME
(DOLLARS)

7,305

6,887
6,786
6,736
6,726
6,566
6,371
6,366
6,309
6,272
6,256
6,226
6,197
6,171

5,993
5,926
5,899
5,822
5,877
5,798
5,780
5719

5,660

5,636
5,589
5573
5,568
5,403
5371
5,295
5,259
5127
5,069

4,964
4,890
4,884
4873
4,862
4,722
4,620
4,572
4,530
4,272
4,251
4,208
4,051

3,956
3,949
3,937
3,821
3,184

2,884
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occupations. In 1960 most of the labor
force were engaged in service occupa-
tions—42.2 per cent in white-collar occu-
pations and 12 per cent in household
service and other service occupations—
and only 46 per cent were engaged in
work directly contributing to the pro-
duction of physical goods. This transfor-
mation of the labor force continues today
in response to technological advances,
particularly in agriculture, and to the
rise in material well-being that gener-
ates increasing demand for services as
well as goods.

The decline in production workers is
entirely attributable to the reduction in
the number of farmers, farm laborers and
nonfarm laborers. Since 1900 agricul-
tural employment has fallen from 37.5
per cent to only 6.3 per cent of the labor
force; the percentage of nonfarm labor-
ers, from 12.5 to only 5.5. These declines
more than offset the increases in employ-
ment in other lines of production. On
the other hand, the percentage of the
labor force employed in clerical func-
tions increased fivefold; that in sales,
almost twofold; that in professional,
technical and kindred occupations,
threefold; and that in management and
proprietorships (except farms) by al-
most half. Service occupations, a large
category, increased by only a third, but
this increase represents the net effect of
a 50 per cent decline in household work-
ers and a doubling of “other” service
workers: barbers, beauticians, cooks,
policemen, firemen, janitors, waitresses
and so on.

I n sum, the economic life of the country
- is now much less dependent on muscle
power and much more dependent on
professional, technical and clerical skills.
This shift in emphasis from brawn to
brain, dexterity and education has
opened the ranks of the labor force to
women. Since men are still engaged pri-
marily in the production of goods (three-
fifths of the male work force in 1960,
compared with four-fifths in 1900), the
white-collar and service functions that
have come to the fore have been taken
over to a large extent by women. This
has not only increased the employment
of women but has also changed the char-
acter of the work that women do. Thus
the proportion of service workers among
women has declined by about a third—
the net effect of a three-fourths decline
in the proportion of household workers
and a doubling of the proportion of
female workers in other services—and
even the proportion of women employed



in factory work has fallen. On the other
hand, the percentage of clerical workers
in the female labor force has increased
almost eightfold; the percentage of sales-
people has doubled; the percentage of
managers and proprietors has more than
doubled; and the percentage of profes-
sional and technical workers has in-
creased by nearly 50 per cent.

As the more detailed tabulations of
the 1960 census will show, in corrobora-
tion of previous census data, the change
in the nature of the occupations offered
by the economy and the changing role
of women have combined to make the
U.S. wife and mother an increasingly
important factor in the work force and a
major contributor to the U.S. national
and family income. Although men pre-
dominate among the college graduates
in the population, the adult woman has
been shown to have a higher median
education in each of the three censuses
in which the question about years of
schooling has been asked: in 1960 it was
10.9 years compared with 10.3 years for
the male. With this schooling young
women have been equipped to fill the
white-collar and service and sales func-
tions for which the economy has set up
an increasing demand, particularly over
the past 25 years.

Young married women work after
leaving school and continue to work
until their childbearing and child-rear-
ing activities begin. With the birth of
their first child they tend to leave the
labor force, beginning at about age 23,
and they remain homemakers until their
last child goes off to school. Then, at
about 35, they re-enter the labor market
and remain until age 45, when they be-
gin to taper off their work activities.
Thus according to the 1950 census the
proportion of married women with hus-
bands living who were in the labor force
showed a peak of 28 per cent at age 22,
declined to 22 per cent at age 29, rose
gradually to almost 28 per cent again at
age 40 and declined to 10 per cent by
age 60. The working life of the unmar-
ried woman is quite different. In 1950
some four-fifths of the single women
between 25 and 35 were in the labor
force, three-fourths at 45 and more than
half at 60. The 1960 figures, when avail-
able, will not materially change these
patterns.

The family-income figures secured by
the census of 1960 are also now
available. The major sampling effort that
produced these figures serves to calibrate
the continuing income surveys of smaller

samples that are conducted from month
to month and year to year by the Bureau
of the Census and by other governmen-
tal, academic and commercial agencies.
In the decade from 1950 to 1960, the
census shows, median family income in-
creased by a spectacular 86 per cent,
from $3,083 in 1949 to $5,657 in 1959.
To be sure, inflation made part of this
increase illusory. Even after allowance
for the decrease in the purchasing power
of the dollar, however, real family in-
come rose by 48 per cent.

Significant disparities in the distribu-
tion of income are shown by the census,
and the pattern of disparities parallels
that developed in the analysis of the
education figures by region, degree of
urbanization and race. Some 13.1 per
cent of the families had incomes of
$2,000 or less, whereas 15 per cent had
incomes of $10,000 or more. The West
showed a median family income of
$6,348, 12.2 per cent above the nation-
al average; the South, with a median
income of $4,465, fell 20 per cent be-
low the national average. Within met-
ropolitan regions families in the sub-

urbs had a median income of $7,002 and
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families in the central cities a median in-
come of $5,940. Rural nonfarm income,
at $4,750, and rural farm income, at
$3,228, were respectively 16.1 and 43
per cent below the national average.

The disadvantageous position of the
Negro is evidenced in the income fig-
ures for nonwhite families, which in all
parts of the country run lower than
those of corresponding white groups.
The nonwhite national median of
$3,161 was only 54 per cent of the na-
tional median for whites; in the South, at
$2,322, it was 43.4 per cent of the medi-
an white income in that region. In the
West the nonwhite median, at $4,937,
runs 56.2 per cent above the national
nonwhite median and up to 76.6 per cent
of the regional median of white families,
but here the Negro constitutes only 48.8
per cent of the nonwhite population.

So much could not have been said so
soon about the state of the nation after
any other census. The findings, still be-
ing tabulated, will serve the interests of
wise policy the more fully because of the
earlier publication and deeper analysis
made possible by the machines that are
turning out these figures.
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5,992
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MEDIAN FAMILY INCOME (DOLLARS)

INCOME LEVELS varied most sharply with race, as indicated by this chart. In each region
the median income of whites (lighter bars) was higher than that of nonwhites (darker bars).
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Ancient Fluids in Crystals

When a mineral crystallizes out of a brine, some of the brine is

trapped in small “fluid inclusions.” Thus the inclusions provide

samples of a solution that may be more than a billion yvears old

r I Yhe geologist works like a detective
in attempting to reconstruct the
events of the remote past from the

evidence of the present. Unlike the de-
tective, however, he works with events
that occurred millions or even billions
of years ago, and the clues he has to
piece together are unusually meager. It
is well known that most sedimentarv
rocks formed in sea water; it is less com-
monly recognized that most other geo-
logic processes in the apparently solid
crust of the earth, including the forma-
tion of most ore deposits, have taken
place in a bath of salty water. Droplets
of these ancient mother liquors, pre-
served in the form of “fluid inclusions” in
many rocks and minerals, are clues to
such processes. Although the droplets
are minuscule, they enable the geolo-
gist to tell a number of things about the
events of the past that would otherwise
be completely hidden. These tiny sam-
ples of fluids long since gone from the
face of the earth have been known for
almost 150 vears, but they still conceal
many secrets and merit much more in-
vestigation.

Just about any crystal, natural or man-
made, that is grown from an aqueous
solution will have fluid inclusions. They
are easily seen in a clear quartz crystal.
Ordinarily the crystal will have a clear
tip, but its base will show faint whitish
streaks. A 10-power glass will generally
resolve these streaks into innumerable
separate liquid inclusions, each contain-
ing a tiny bubble. Most of them will look
black, because light entering them is
trapped by total reflection at the walls,
but a few may be flat enough to transmit
light clearly. The photomicrographs that
illustrate this article were made by light
transmitted through polished mineral
plates and nearly perpendicular to the
planes of somewhat flattened inclusions.

In size fluid inclusions range from a
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diameter of probably less than one mi-
cron (a thousandth of a millimeter),
below the limit of resolution of the light
microscope, to a few centimeters. Inclu-
sions bigger than a millimeter in diam-
eter are rather rare; those in the centi-
meter range are museum pieces. Most of
them contain a water solution of various
salts, in concentrations ranging from
nearly fresh water to highly concen-
trated brines. Most also enclose a bubble
of gas. When the bubble is small enough
to respond to statistical irregularities in
the number of molecules striking it, and
is free of the inclusion walls, it can be
seen to wander continuously in a jerky
Brownian movement. It is fascinating to
watch such a bubble under the micro-
scope and to think that it has been nerv-
ously pacing its cell for perhaps a billion
years. Some inclusions have one or more
crystals in the liquid; some are com-
posed of two immiscible liquids; a few,
of gas alone. In extremely clear crystals
a careful microscopic search may be re-
quired to find even a single inclusion.
Ordinary white minerals such as quartz
and calcite may have as many as a bil-
lion inclusions per cubic centimeter. Al-
though fluid inclusions in natural crys-
tals are a welcome source of information
to the geologist, they may produce dis-
figuring flaws in gem stones. In artificial
crystals intended for use in electronic
circuits inclusions are serious defects.

("‘ureful studies of both synthetic and
A natural mineral specimens have
shown that inclusions can be created in
several different ways. One of the most
common is by dendritic, or branching,
growth of a crystal. When this is fol-
lowed by a solid, perfect growth that
covers the imperfect region, portions of
the fluid from which the crystal was
growing are trapped in the open spaces.
Anything that temporarily halts or slows
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the growth of a small part of the crystal,
such as another mineral grain, a globule
of an immiscible liquid or a gas bubble,
may also cause trapping of fluid. In-
clusions made in this way are called
primary, because they form simultane-
ously with the enclosing crystal.

Even more common are secondary in-
clusions, which originate in the reheal-
ing of cracks in a crystal. The additional
surfaces exposed by a crack in an other-
wise perfect crystal represent an in-
crease in the energy stored in the crystal.
If the crystal is immersed in a liquid in
which it is even slightly soluble, healing
starts immediately, returning the struc-
ture to a lower energy state. Moreover,
if the crack is a curving fracture, the
atomic planes exposed are not the nor-
mal crystal planes but surfaces of even
higher energy and therefore higher
solubility; the processes of solution and
redeposition rapidly generate a system
of two-dimensional dendritic crystals
that join together and eliminate most of
the new surface [see illustration on page
41]. At first the resulting inclusions still
have a high surface energy and resemble
a family of amoebae with a flair for
geometry. In time they smooth out; ma-
terial is dissolved from the jutting, con-
vex portions and even from the flat walls
and is deposited in the concave areas.
Two competing but exceedingly weak
forces decide what will be the ultimate
goal of this process: either an approach
to the smallest amount of surface, yield-
ing a spherical inclusion, or an approach
to the lowest-energy surface, yielding a
faceted negative crystal inclusion. Per-
haps the composition of the liquid is in-
volved, since a single crystal may show
both types of inclusion, although as
separate groups.

Primary inclusions, then, constitute
a sample of the fluid in which the crystal
grew, whereas secondary ones contain



INCLUSION IN TOPAZ, magnified 198 diameters in this photo- bubble; the rest is saline water. Small reddish spot is a crystal that

micrograph, is straigcht-edged area at center. Rounded area is gas grew in inclusion; other daughter crystals are also visible.

e ———

INCLUSION IN SPHALERITE extending over most of this photo- eters. Surrounding it are numerous smaller inclusions. Each of the
micrograph of a polished plate is magnified approximately 46 diam- inclusions consists of saline water and a rounded bubble of gas.
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PETROLEUM INCLUSIONS in fluorite, magnified 266 diameters, phase that preferentially wets certain surfaces, thereby appear-
have undergone degradation into several phases since the time of ing to divide the lighter phase into four quadrants. The
crystallization. A globular mass with four darker appendages is a dark circle in each inclusion is a bubble of gas under high pressure.
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fluids that bathed the crystal at some
later time. The great abundance and
widespread occurrence of fluid inclu-
sions indicate that many geologic proc-
esses went on in an environment where
every crack and pore was filled with
liquid. Those rocks that do not contain
fluid inclusions—meteorites and certain
types of igneous and metamorphic rocks
—were formed under special water-de-
ficient conditions. The time elapsed be-
tween the trapping of primary and sec-
ondary inclusions in a given crystal can
be quite short in geological terms; there
is considerable evidence that many sec-
ondary inclusions actually were trapped
in fractures that occurred while the crys-
tals were still growing. On the other
hand, the crystals in many rocks and
veins have been sheared one or more
times by earth movements that took
place ages after the original formation.
Large numbers of tiny inclusions were
trapped in the shear planes when they
rehealed. Thus adjacent inclusions may
differ greatly in age.

The composition of the fluids in inclu-

sions has been studied by a variety
of methods. With the rare large inclu-
sions it is possible simply to drill into
them, draw out the fluid and analyze
it, as Sir Humphry Davy did in 1822.
To obtain enough material for chemical
analysis from smaller inclusions the min-
eral sample is crushed, which opens a
large number of inclusions. Then the
powder is leached with water, and the
salts are separated from the crushed min-
eral by filtering or by electrodialysis, in
which the ions are forced through per-
meable membranes by an electric cur-
rent. Although 100 billion small inclu-
sions of brine may be opened in grinding
a 100-gram sample, they usually yield
only a few milligrams of soluble salts. As
a result it is necessary to take particular
care to avoid contamination during ex-
traction and analysis.

Some inclusions contain solid crystals
in their fluid. Generally these daughter
minerals formed by crystallization from
the saturated liquid after it was trapped.
It is often possible to identify daughter
minerals by tests performed on the stage
of the microscope. Some of the daugh-
ter-mineral crystals even have their own
fluid inclusions with bubbles in them
and, as in the case of Jonathan Swift’s
celebrated fleas, so on ad infinitum. The
most common crystals turn out to be
sodium chloride, as is shown by such
evidence as their shape, their behavior
in polarized light, their small increase in
solubility with temperature and their
odd behavior at subzero temperatures.
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SECONDARY INCLUSIONS form in the fracture of a crystal («) embedded in a liquid
(color) . Solution and redeposition of material from the liquid on the fracture surfaces re-
sults in dendritic growths (b), which meet and close off small volumes of liquid (c). These
gradually lose surface area and become rounded masses or hollow negative crystals (d).
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The finding is consistent with the fact
that sodium chloride is the major saline
ingredient found by analysis in most in-
clusion fluids. In fact, the amounts of
sodium chloride, as crystals and in solu-
tion, in the fluid inclusions in many
rocks are adequate to explain the known
chloride content of the rocks. This was
long considered a mystery because no
ordinary rock-forming mineral could
take chlorine into its crystal structure.
To determine the complete chemical
composition of a few milligrams of in-
clusions, including the concentration of

FREEZING AND HEATING are employed in the analysis of inclu-
sions. These photomicrographs show a liquid inclusion in sphal-
erite at — 29.5 degrees centigrade (frozen solid), — 28.5 degrees,

“FILLING” TEMPERATURE is that at which the liquid in an
inclusion expands to fill the volume (i.e., the gas bubble disap-
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salts, the author and his colleagues in
the U.S. Geological Survey laboratories
have used a combination of methods.
Small portions of the mineral, contain-
ing specific inclusions, are cut out and
crushed in a high vacuum. The evapo-
rated water and other gases from the
inclusion fluids are collected and ana-
lyzed both chemically and isotopically.
The crushed sample is then leached
with about 10 cubic centimeters of very
pure water, filtered through a special
low-contamination filter and analyzed
for eight to 10 elements by sensitive
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photometric methods. When the amounts
of water and salts are known, the origi-
nal concentrations of salts in the inclu-
sions can be calculated. In general the
most abundant ions are sodium and
chloride, with lesser amounts of calcium,
potassium, magnesium, sulfate (SO,7),
carbonate  (CO,;) and bicarbonate
(HCOy ). Usually only traces of other
elements are found. Both concentration
and composition vary widely from one
type of occurrence to another. Even sin-
gle crystals from some ore deposits show
significant changes in the composition of

— 3.65 degrees and — 3.15 degrees (completely melted). This in-
clusion would be said to have a “first melting temperature” of — 29
degrees and a freezing temperature of — 3.15 degrees. Horizontal

pears). Except for pressure corrections it is generally taken as the
temperature at which the inclusion formed. The temperatures are



inclusions from one growth zone to the
next, indicating changes in the nature of
the ore-forming fluid during the forma-
tion of the crystal.

The procedure just described requires
several milligrams of inclusion liquid—
far more than can be obtained in un-
contaminated form from many samples.
In order to get information on the ap-
proximate concentration of salts in sin-
gle inclusions as small as 10 microns in
diameter (a billionth of a gram in
weight) the author has devised a freez-
ing stage for the microscope. The only

lines are striae on inclusion’s inner walls.
These micrographs, those below and those
on following pages were made by the author.

130, 204.7, 209.8 and 210 degrees. The magni-

fication in both sequences is 242 diameters.

property that depends on concentration,
and that is measurable in such small in-
clusions, is the depression of the freezing
point of the fluid. The higher the salt
concentration, the lower the freezing
temperature. In the author’s laboratory
this temperature is determined by freez-
ing the inclusion solid, then gradually
warming it while watching it through
the microscope. The granular mass of
solid crystals of ice and salt in complete-
ly frozen inclusions is essentially opaque.
As it warms up, a small amount of liquid
appears abruptly at the first melting tem-
perature—the temperature at which the
first of the various solid components
melts. This fluid wets the grains of ice
and salts, causing the opaque mass to be-
come translucent. With further increase
in temperature more of the solids melt
until only one tiny ice crystal remains.
The temperature at which it finally melts
is the freezing temperature.
Theoretically this should also be the
temperature at which the first ice crystal
forms on gradual cooling, but it is not.
Allinclusions exhibit the phenomenon of
supercooling; that is, they must be
cooled considerably below their freez-
ing point before the growth of ice crys-
tals starts. This is true even for inclusions
containing salt crystals or other crystals.
Most small inclusions will remain as
supercooled liquid for hours and even
weeks at 30 to 40 degrees centigrade be-
low their freezing temperatures; some,
such as the inclusion in emerald shown
at bottom left on page 46, have failed to
freeze after a week at liquid nitrogen
temperature (— 196 degrees C.). The
strong brines in the emerald were finally
frozen after 21 days at — 78 degrees.
Their first melting temperature was
— 60 degrees, which generally indicates
a high concentration of calcium chloride.
The drastic supercooling in inclusions
is apparently due to the absence of ex-
traneous particles suitable for nucleating
ice crystals. Such particles are quite
common in normal surface waters and in
rain and snow [see “The Growth of Snow
Crystals,” by B. J. Mason; SCIENTIFIC
AMERICAN, January, 1961], but the
fluids in inclusions were generally of
much deeper origin and moved at slow
rates, so that practically all particles had
been eliminated by one process or an-
other before the fluids were trapped.

In 1823 the Scottish physicist Sir David
Brewster described a “remarkable
new fluid found in the cavities of rocks.”
By careful microscopy he found its index
of refraction to be less than that of wa-
ter, its thermal coefficient of expansion
to be 30 times that of water, and he
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noted that it did not mix with water or
wet the walls of the cavities. Later work-
ers found that some bubbles of this lig-
uid in otherwise water-filled inclusions
could be made to sink or float in the wa-
ter by adjusting the temperature. Iden-
tification of the remarkable fluid had to
wait 46 years until the discovery that
carbon dioxide can be liquefied. Then
it became apparent that the properties
Brewster had observed were precisely
those of liquid carbon dioxide. The ma-
terial has since been found in many crys-
tals from certain types of geological en-
vironment.

Considerable pressure is required to
liquefy carbon dioxide: at 31 degrees
C., the highest temperature at which
it can be liquefied at all, the pressure
must be 73 atmospheres, or more than
1,000 pounds per square inch. The au-
thor has verified the magnitude of such
pressures in carbon dioxide inclusions,
using an adaptation of a method devised
by the French mineralogist Georges
Deicha. With the help of a vernier
micrometer eyepiece on the microscope,
the diameter, and therefore the volume,
of the bubble of liquid carbon dioxide
can be estimated in cubic microns (tril-
lionths of a cubic centimeter). Then the
sample is slowly crushed between heavy
glass plates immersed in oil. During the
process it is under continuous observa-
tion with the microscope, lighted from
below through the plates. When a crack
reaches the inclusion, the liquid carbon
dioxide vaporizes and expands tremen-
dously—nearly 400 volumes. The result-
ing bubble is big enough to measure
quite accurately. As little as 10714 (a
hundred-trillionth) gram of liquid car-
bon dioxide will form a gas bubble sev-
eral microns in diameter, readily visible
in the microscope.

At high temperatures water and car-
bon dioxide mix in all proportions, and
such mixtures are sometimes trapped as
fluid inclusions. At lower temperatures
the mutual solubilities are very low,
and an inclusion that was originally a
homogeneous, mixed fluid separates into
two immiscible fluids, one rich in carbon
dioxide, the other rich in water. On
dropping still further to some tempera-
ture below the critical 31 degrees, the
carbon dioxide phase separates into a
liquid and a gas, giving a total of three
phases. Hundreds of inclusions in a
healed crack will all be divided in the
same proportions, meaning that they must
have been trapped as a homogeneous
fluid at high temperature. On reheating
they all pass in reverse through the phase
changes described above. When they
freeze, these inclusions develop large,
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almost invisible crystals of the interest-
ing and improbable-looking compound
8C0,46H,0, in which 46 water mole-
cules form a kind of cage with cells for
eight carbon dioxide molecules. Since
these crystals are usually stable below
about 10 degrees, they probably occur
naturally in mixed inclusions of water
and carbon dioxide in the rocks of cold
climates.

In a few crystals the author has found
different ratios of two immiscible fluids
in neighboring primary or secondary in-
clusions. This is clear evidence that the
two fluids were present as distinct
phases while the crystals were growing.
For example, there were minute bubbles
of highly compressed carbon dioxide in
the slightly salty water solution from
which a mercury deposit in Alaska
formed, and they were trapped in vari-
ous ratios with the water. Globules of
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yellow petroleum are common in the
strongly saline brines trapped as both
primary and secondary fluid inclusions
in the Kentucky-Illinois fluorite and zinc
ores. Globules of dense organic gas were
present in the liquid that gave rise to
the well-known and beautifully clear
quartz crystals from Herkimer, N.Y.
Although generally trapped along with
some brine, on occasion some gas stuck
to the surface of the growing crystal and
was enclosed without brine.

Vot all the bubbles that are found in
J inclusions consist of carbon dioxide.
Most of them, in fact, are water vapor.
These minute gaseous cavities make
possible one of the most intriguing
applications of inclusions to geological
problems: they serve as recording ther-
mometers, registering ancient tempera-
tures. More than a century ago the
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English geologist Henry Clifton Sorby
suggested that vapor bubbles result from
shrinkage of the liquid in originally full
inclusions that were trapped at high
temperatures and then cooled. A simple
inspection of the bubbles in various sam-
ples provides qualitative confirmation of
the idea. Inclusions in rocks known from
independent geological evidence to have
formed at relatively low temperatures
have small bubbles or none at all; inclu-
sions in rocks formed at high tempera-
tures have large bubbles. Sorbv went
further than this. He reversed the proc-
ess of shrinkage by warming inclusions
gradually, watching them under the mi-
croscope. Eventually the bubbles disap-
peared. The temperature at which each
one vanished—the “filling” temperature—
he took to be the temperature at which
the inclusion had originally been trapped
millions or even billions of years ago.

DENSITY (GRAMS PER CUBIC CENTIMETER)

THERMAL BEHAVIOR of four inclusions (four vertical rows of
“capsules”) that have different liquid-to-gas ratios is superimposed
on the phase diagram for pure water. Numbers at top indicate at-
mospheres of pressure. The density of each inclusion is the volume
of liquid (dark color) at 0 degrees C. divided by the volume of the
inclusion. The liquid-to-gas ratio tends to change with temperature ;
at a certain temperature for each inclusion the two phases become a
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single homogeneous fluid (gray). In an inclusion with a density of
4 the ratio remains unchanged; at the critical temperature (dot on
solid black line) the curved meniscus (dotted line) between the
phases suddenly fades and disappears. The inclusion is now a
supercritical fluid (i.e., no amount of pressure alone will cause it to
liquefy). The black curve separates two-phase (light color) from
single-phase region; salts in solution will generally raise the carve.
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Some minerals have primary inclusions
with large bubbles and secondary inclu-
sions with small ones, indicating that the
temperature dropped after crystalliza-
tion; many crystals with distinct growth
zones show lower filling temperatures for
primary inclusions in the outer, last-
formed zones than for those in the core.
Crystals of daughter minerals present in
inclusions dissolve on heating and thus
may also be used as geological thermom-
eters, giving minimum temperatures of
trapping.

Sorby’s experiment gives the true tem-
perature of formation only if the liquid
was at its boiling point when it was
trapped. In that case the slightest shrink- SINGLE INCLUSION in topaz at a late stage in the process of “necking down” is magnified
age would have produced some vapor. approximately 57 diameters. The two parts, one of which contains a large gas bubble and
If, however, the liquid was under more daughter-mineral crystals and the other a small bubble, are still connected by a thin tube.

than sufficient pressure to prevent its
boiling, it would have had to cool
enough to relieve the excess pressure
before it could begin to shrink and form
vapor. Accordingly the temperature at
which the vapor disappears on warming
would be lower than the trapping tem-
perature. From other geological evi-
dence it is often possible to estimate the
depth at which the rock sample was
formed and therefore the pressure on the
liquid. Where this is known, the appar-
ent filling temperature can be corrected
to give the true value. There is some
evidence that occasionally fluid may
leak into or out of inclusions, and that
the recrystallization of inclusions with
the passage of time may sometimes re-

sult in anomalous filling temperatures,
but generally these situations can be
recognized. One particularly useful
check on the whole procedure comes out
of studies of the inclusions in synthetic
crystals, such as quartz, made under

known high temperatures and pressures.
These inclusions fill at the correct tem-
peratures.

At room temperature the vapor pres-
sure of water is very low and so a vapor O
bubble in an inclusion is practically a
vacuum, like the “bubble” of mercury
vapor at the top of a mercury barometer.

This was first discovered by Davy, who
pierced some large inclusions while the
crystals were immersed in oil and found
that the oil was drawn in and the bub-

bles contracted greatly. In many inclu-
sions on which the author has performed
the same experiment the bubbles dis-
appeared completely and instantaneous- '
ly, indicating that they must have con-

tained considerably less than 10714 gram
of noncondensable gases—less than a bil-

X NECKING DOWN of an inclusion with time from its original state (drawing at top) into
lion molecules. three inclusions (bottom) is depicted. Each stage occurs at a higher temperature than the

When an inclusion with a bubble is one below it. If reheated to determine temperature of formation (see lower illustration on
heated, the pressure in it—the vapor  pages 42 and 43), one at right would yield too high a value; the others, too low. If the
pressure of the water solution—increases process occurred while crystal was at formation temperature, all would give correct value.
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NUMBER OF PHASES in an inclusion varies. The black oblong
area at center of micrograph at top left is liquid metallic mercury
in calcite. At top right is a two-phase inclusion, in an aquamarine
crystal, consisting of a large gas bubble and a smaller volume of
liquid above it. The three-phase inclusion in emerald at bottom left
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consists of a cubic crystal of salt and a carbon dioxide bubble under
pressure, both surrounded by a strong brine. At bottom right is a
multiphase inclusion, from a magnesite crystal, with a pear-shaped
gas bubble, a liquid phase and six solid phases. Respective mag-
nifications of the micrographs are 27, 277, 520 and 366 diameters.
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rapidly, reaching one atmosphere at 100
degrees C., 15 atmospheres at 200 de-
grees and 218 atmospheres at 374 de-
grees, the critical temperature above
which water cannot exist as a liquid.
The build-up of pressure in large inclu-
sions, or in planes of many small ones,
can cause a series of little explosions that
make the sample decrepitate, or crackle.
If the more compressible gas bubble dis-
appears before the critical temperature
is reached, the pressure increases even
faster and decrepitation becomes more

probable.

In 1870 the German petrographer Fer-

dinand Zirkel used decrepitation to
demonstrate the presence of sodium in
inclusions. The experiment is an ele-
gantly simple one that anybody can do.
A sample such as a sliver of ordinary
white quartz is held in a clean, blue
Bunsen burner flame. As the crystal de-
crepitates one can see tiny, bright flashes
of yellow light signaling the explosion of
microscopic quantities of sodium-laden
steam in the flame. Measurements made
in the author’s laboratory indicate that
as little as a ten-billionth of a gram of
sodium will yield a flash visible to the
unaided eye.

In 1948 a group of workers at the
University of Toronto hit on a way to
make decrepitation experiments more
quantitative. H. S. Scott, P. A. Peach
and F. G. Smith recorded the number
of explosive sounds at various tempera-
tures by placing a microphone at the
end of a tube containing granules of the
mineral sample. The peaks in these “de-
crepigrams” are taken to represent the
filling temperatures of various homo-
geneous groups of inclusions. Many
U.S. geologists have questioned the sig-
nificance and interpretation of the re-
cordings, but the method has been en-
thusiastically adopted in the U.S.S.R.
In fact, the study of fluid inclusions in
general has been much more actively
pursued in the U.S.SR. than it has in
this country.

One of the most important geologic
processes, from man’s point of view,
and one of the least well understood, is
the formation of ores. There must have
been a number of different mechanisms
whereby metals were removed from di-
lute sources (rock or magma), trans-
ported and finally deposited as a con-
centrated mass. In many cases water
solutions were involved, and here inclu-
sions have been able to offer invaluable
help in reconstructing the narrative.

Perhaps the most difficult problem is
to understand how minerals, which in

general have low solubility in water,
were carried by the fluids in concentra-
tions large enough to produce ore de-
posits. They must have combined with
other materials in complex ions yielding
higher solubilities, but the nature of
many of these complexes is not known.
Their formation would partly depend,
however, on the salts that were present
in the fluids. Therefore the analysis of
inclusions may throw some light on the
whole chemical cycle involving the for-
mation and transport of the complexes
and the conditions under which they
eventually broke down, causing the pre-
cipitation of ores.

Some rich ore bodies appear to have
separated as a result of boiling in ris-

ing hot fluids. Inclusions provide the
only evidence as to the density of
the fluids. Such information might thus
help to predict the “bottoming” of
the ores—an abrupt pinching off at a
certain depth.

Inclusions can help the geologist in
many ways in his task of understanding
geologic processes long since discon-
tinued, an understanding that is essen-
tial to the intelligent search for ores. As
Sorby wrote in his classic paper on fluid
inclusions, “there is no necessary con-
nexion between the size of an object and
the value of a fact, and . .. though the ob-
jects I have described are minute, the
conclusions to be derived from the facts
are great.”

TWO HEALED FRACTURES in quartz (magnified 14.8 diameters) contain numerous sec-
ondary three-phase inclusions. Phases can be seen in the flattened pair of inclusions at cen-
ter that resemble paper clips: liquid (light oblong areas) and gaseous carbon dioxide
(two adjacent light circular areas), and saline water (tiny light area at upper right).
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SURGICAL STAPLING

Ingenious adapt’ations of a simple fastening device are finding

new applications n surgery. They mmclude staplers designed for

joming together the ends of severed blood vessels and nerves

by R. F. Mallina, Theodore R. Miller, Philip Cooper and Stanley G. Christie

he staples that hold together the
I pages of this magazine demon-
strate one application of a simple
mechanical fastening device that first
came into use two centuries ago in
France. Whether mechanized for mass
production operation, as in a bindery, or
designed for manual use in home or of-
fice, a stapler consists basically of a push-
er that forces the two ends of a U-shaped
length of wire through the objects to be
joined and, usually, an anvil that bends
the ends so that the staple grips the
objects. In the two centuries since it
was invented the stapler has found so
many uses in the office, factory and home
that perhaps 100 million staplers are in
service today in the U.S. Recently this
versatile tool has begun to find its way
into the hospital operating room. Even
some surgeons are not yet aware that a
stapler can be used to join severed in-
testine, blood vessels and other tubes, as
well as nerves, bones and other anatomi-
cal structures, with more speed, safety
and accuracy than even the highly
trained hand of the master surgical
craftsman.

The history of surgical stapling goes
back to 1922, when Aladar Von Petz, a
Budapest physician, constructed a sta-
pler in an effort to reduce the incidence
of peritonitis as a sequel to surgery of the
stomach or intestines. This infection of
the lining of the abdomen resulted from
spillage of the bacteria-laden contents of
these organs and was usually fatal in
those days. The Von Petz stapler placed
two parallel rows of staples close to-
gether across the stomach for operations
in which part of the stomach was to be
removed. The surgeon cut between the
rows and the staples prevented any leak-
age. Although antibiotics and improve-
ments in surgical technique have drasti-
cally reduced the danger of peritonitis,
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improved versions of the instrument re-
main in use because they shorten the
time during which the patient must re-
main under anesthesia.

The most extensive development of
surgical stapling has come in the U.S.S.R.
In 1941 V. F. Gudov, a Soviet engineer,
began to design a device for stapling
together the ends of blood vessels. His
early staplers were successful enough to
advance the possibility that general sur-
geons equipped with such instruments
might be able to perform technically dif-
ficult feats more simply and rapidly. This
would bring to patients throughout the
country the skills usually found only in
larger medical centers. In 1952 the So-
viet Ministry of Health established in
Moscow the Scientific Research Institute
for Experimental Surgical Apparatus
and Instruments, where engineers, phy-
sicians and technicians work in close
collaboration. Among other things, they
have produced at least 15 different sta-
plers that are now available to hospitals
in the U.S.S.R. and to users abroad. All
employ staples made of the metal tanta-
lum, which does not react with body
tissues and fluids. The staples (like silk,
certain man-made fibers and other sutur-
ing materials) can remain in the body
permanently. Some of the staplers insert
one staple at a time. Others are special-
purpose instruments that deliver all the
necessary staples at the same time.

One of the instruments employs staples
to close the stump of the bronchial
tube after surgery for the removal of all
or part of a lung. The problem here is to
close off the bronchus so that air cannot
leak into the pleural cavity. If the sur-
geon ties the sutures of catgut, silk or
wire too tightly, they will cut off the cir-
culation of blood and kill the tissue,
allowing the stump to reopen. If the
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stitches are not tied tightly enough or
are too far apart, a leak may develop.
The Soviet stapling device closes the
bronchus almost instantly with the right
amount of pressure and the right spac-
ing between the staples. The director of
the Scientific Research Institute, M. G.
Anan’yev, reports that removal of a lung
takes only 90 minutes when staplers are
used, compared with as much as four
hours without them. Mark M. Ravitch,
a lung surgeon at the Baltimore Citv
Hospitals, has used the Soviet instru-
ment in several dozen cases. He finds
that it gives an excellent closure, par-
ticularly when the stump is so short that
the open end lies near the trachea.

Another Soviet stapler is used direct-
ly on the heart. Some operations, such as
the freeing of the leaves of a heart valve
that have become stuck together, involve
the opening and closing of one of the
auricular pouches, small pockets that ex-
tend from each of the auricles. The clos-
ing of the auricular pouch can be accom-
plished simply and quickly by a row of
staples. Adrian Kantrowitz, director of
cardiovascular surgery at Maimonides
Hospital in New York, has emploved the
Soviet auricular-appendage stapler with
success in a number of cases.

Other Soviet staplers connect severed
ends of the intestine, of the ureter and
of other tubes. One even attaches ribs to
the breastbone. The most interesting and
potentially the most useful, however, is
the blood-vessel stapler. Actually it can
be used for any sort of tube from 1.3 to
15 millimeters (1/20 to 3/5 inch) in
diameter. It even has adapters that en-
able it to be used in rejoining severed
nerves as small as one millimeter in di-
ameter. Other adapters make it possible
to join the end of one blood vessel to
the side of another.

It is the development of the blood-



VON PETZ GASTRIC STAPLER, shown at slightly less than one- intestine. The section bearing the inventor’s name holds the
half actual size, was invented some 30 years ago and is still used staples; it is closed against the anvil by means of the screw clamp
in operations for the removal of portions of the stomach and the at left. Turning the wheel forces the staples out against the anvil.

CARDIAC STAPLER, frequently used in heart operations that re- one-half actual size. Knurled knob at right adjusts gap between
quire the sealing off of an auricular appendage, is shown at about staple cartridge and anvil; squeezing the handles injects staples.
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vessel stapler that has attracted most
interest outside of the U.S.S.R. The suc-
cess of the instrument has stimulated
parallel efforts in other countries. I. J.
Vogelfanger of the University of Ottawa
and W. G. Beattie of the National Re-
search Council of Canada have demon-
strated a simplified instrument of their
own design for stapling small blood ves-
sels. Kiyoshi Inokuchi of the Kyushu

University faculty of medicine, Julian A.
Sterling of the Temple University School
of Medicine and Timothy Takaro of the
Veterans Administration Hospital in
Oteen, N.C., have published reports on
instruments of a similar kind. The feasi-
bility of blood-vessel stapling may now
be regarded as established, although the
profession in general has yet to be per-
suaded of its usefulness. Of the various

SOVIET VASCULAR STAPLER, like the American stapler designed by Mallina (see

illustration on opposite page), consists of anvil and staple halves (left and right respec-
tively). The Soviet instrument (shown approximately one-fifth larger than actual size),
besides being a great deal more complicated, also presents greater maintenance problems.
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designs, the Soviet instruments have had
the most extensive use, both in the op-
erating room and in the laboratory.
The skilled vascular surgeon can re-
join the ends of larger vessels, four or
five millimeters or more in diameter, by
hand-sewn sutures. The work is time-
consuming. The surgeon may have to in-
sert, one at a time, as many as 30
stitches, and he must tie each stitch be-
fore inserting the next one. In most cases,
when the surgical technique has been
good, the rejoined vessels function ade-
quately. Smaller vessels can also be sewn
together by hand, but the stitches almost
invariablv protrude into the otherwise
smooth lining of the vessel and may
cause the formation of a blood clot that
cuts off circulation. In the absence of a
clot a frequent complication is a nar-
rowing of the vessel, which decreases
the flow of blood. For the smaller blood
vessels only the most exacting tech-
niques, involving the use of a low-power
binocular microscope, can prevent such
complications. The rejoining of one small
artery takes 15 minutes or more. In Bos-
ton recently surgeons were able to sew
back a boy’s arm that had been com-
pletely severed at the shoulder. The
blood vessels at the shoulder are larger
than four millimeters in diameter. A
recent attempt in New York to rejoin a
severed hand just above the wrist failed
because the vital arteries there are only
about 1.2 to two millimeters in diameter.
The surgeons sewed them together but
clotting cut off the flow of blood.

One of the authors (Miller) special-
izes in surgery for cancer, particu-
larly cancer of the pancreas. He became
interested in the Soviet blood-vessel
stapler because these operations fre-
quently involve the need to sever and
then reconnect important arteries. In re-
moving the pancreas, for example, it is
often necessary to take out a section of
the artery that supplies blood to the low-
er small intestine. This artery is only four
millimeters in diameter—too small to su-
ture successfully by hand. Malignancies
in the neck and elsewhere also often
compromise small vital arteries and con-
front the surgeon with difficult decisions.

Sometimes it is necessary to remove
the esophagus. A rather intricate opera-
tion now makes it possible to replace the
esophagus with a segment of small in-
testine taken from the same patient.
The small intestine receives its blood
from arteries in the mesentery, the sheet
of tissue that suspends the intestines
from the rear wall of the abdomen.
Along with the piece of intestine, the
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AMERICAN STAPLER consists of stapling and anvil halves. One pusher, which in turn drives the staples against the anvil bushing.

half of the staple and anvil bushings are shown enlarged at bottom. Two cuffing clamps on each half help to prevent the blood vessel
Each of the two stapling levers controls one half of the staple (color) from pulling out of the bushing once it is set in place.
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STAPLING OPERATION i« depieted in the nine drawings on
these two pages, One end of a hlood vessel is laid in the groove of
one of the hushing halves (11 the other bushing hall is locked
oaver il I]"[I thl" ““'.“"I ‘.“(l i?‘ f“ld"'l over Lo r""lll n |'uﬁ ﬂrl]‘l“li

the bushing tip (2) ; two cuffing clamps are closed on the cuff(3).
This procedure is repeated with the other end of the vessel, using
the other half of the stapler. The two halves of the instrument (4)
are then joined by setting the coupling pin of one in the coupling
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socket of the other. The vessel ends are brought firmly together by means of the adjustable
screw (5) ; the surgeon forces the staples through the cuffs by pressing the staple levers (6)
and releases the bushings by pressing the bushing levers (7). The instrument is then
opened and removed (8) and the bushing halves are picked from under the cuffs (9).
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surgeon must transplant a part of the
mesentery containing blood vessels. It
may be necessary for him to join an
artery in the mesentery to one from the
chest wall or neck. The arteries are about
1.2 millimeters in diameter, and a mech-
anism for connecting them quickly and
smoothly would ensure success in the
operation.

After trying for two years without
success to obtain a vascular stapler
from the U.S.S.R., Miller turned for help
to David Rose, a New York builder with
an interest in medical matters. Rose
made the necessary contacts in Moscow
and late in 1959 sent an emissary to pick
up two vascular staplers for work on
blood vessels in two different size ranges.
After gaining experience with these in-
struments in operations on experimental
animals, Miller used them in surgery on
four human patients, two with pancreat-
ic cancer and two with cancer of the
head and neck. All the operations were
successful.

In designing their staplers the Soviet
technicians and surgeons decided that
stapling must take less time than manual
suturing and must provide a suture that
causes little damage to adjacent tissues
and organs. They decided furthermore
that the quality of the suture must not
depend on the abilities of the surgeon.
The instrument, in other words, had to
be virtually foolproof in the hands of any
surgeon.

Miller and other U.S. surgeons who
have used the vascular staplers (includ-
ing two other authors of this article,
Christie and Cooper) agree that the
Soviet instruments meet these require-
ments. In our opinion, however, they are
unnecessarily complicated, consisting as
they do of 21 separate pieces that must
be taken apart and cleaned after each
operation. The parts are machined to
such fine tolerances that they all have
to be at the same temperature to fit
back together. One reason for the com-
plexity of the Soviet staplers is that their
various units slide into, over or around
each other. More important, the barely
visible staples (the wire is about as thick
as a human hair) must be loaded under
a binocular magnifying glass, a task
that requires almost daily practice if it
is to be done quickly. Four to eight sta-
ples must be loaded for each applica-
tion. Cleaning, loading and sterilizing
a stapler takes several hours. It would
be difficult to manufacture such devices
in quantity in the US., where skilled
labor is so costly, and almost impossible
to employ them regularly in U.S. hospi-
tals, which suffer from a chronic lack of
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skilled technical personnel. (Visiting So-
viet surgeons who demonstrated the
staplers on experimental animals in the
U.S. in 1961 brought along a graduate
engineer to take care of the instru-
ments.) No one in the U.S. knows how
widely vascular staplers are being used
in the average Soviet hospital.

hen it became apparent that the So-

viet vascular staplers would not
meet U.S. requirements, Rose set up a
nonprofit organization, the Foundation
for Medical Technology, to design new
staplers and to enter other fields in
which engineers and physicians should
be working together. One of the authors
of this article (Mallina) is an engineer,
and he joined the group to work on the
stapler. After two years he has produced
a model that we believe is just as effec-
tive as the Soviet device and much sim-

VESSEL IS HELD in the bushing by two vessel teeth (4 and B)
and a pair of cuffing clamps. In the longitudinal section at left the
two ends of the vessel, cuffed and clamped, have been brought to-

AFTER CUFFS ARE STAPLED one of them is rolled back over
the other. In the longitudinal section at top left the broken black
line represents the positions of the third and fourth staples with
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pler. It should be added that the Soviet
developments in this field have inspired
physicians elsewhere in the U.S., Canada
and Japan to undertake similar efforts.

We found that the heart of the prob-
lem was the heart of the instrument: the
cartridge, or “bushing,” that holds the
staples and the corresponding anvil
against which the staples are pressed.
To understand why this is so, it is nec-
essary to consider how the stapler works.

Each vascular stapler has half a dozen
different cartridges and corresponding
anvils of graduated inside diameters for
blood vessels of different sizes. In the
Soviet instruments these units are made
of stainless steel and are quite expensive
to produce. (The slot that holds the
staples is not much wider than a human
hair.) Foreign users of the Soviet instru-
ments receive only one set of cartridges
and anvils for each stapler, and spare
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units have not vet been made available.

Each cartridge and anvil consists of
a ring divided into semicircular halves.
The two cartridge half-rings each con-
tain two to four tiny compartments for
the staples. An end of the blood vessel
is laid in the tiny groove of one of the
half-rings; then the second half-ring is
brought down and locked in place over
the vessel so that the cartridge forms a
complete ring, or collar, around the ves-
sel. The end of the vessel projects sev-
eral millimeters beyond the collar. The
surgeon folds this end back, exposing
the lining of the vessel and forming a
cuff around the tip of the staple car-
tridge. In the Soviet instrument two
clamps are next brought to bear on the
cuff to hold the vessel in place. The oth-
er vessel end is similarly collared, cuffed
and clamped to the anvil unit, the whole
procedure taking only a minute or so.

//)

gether. Cross-sectional view in middle shows the configuration of
the vessel inside the bushing. The perspective view at right
shows the staple bushing half containing the lower vessel tooth.

respect to the other two, which appear in black. The section at
bottom left shows one cuff rolled over the other. The two corre-
sponding perspective views are at top and bottom right respectively.



Then the two halves of the stapler are
clamped together, with the result that
the cuffed ends of the blood vessels meet
firmly and exactly [see illustration on
pages 52 and 53]. The surgeon presses
two levers operating two pushers that
force the staples through the cuffs
formed by the blood-vessel ends and
against the anvil, which bends the legs
of the staples into a flattened “B.” In the
American instrument another control
releases the cartridge and anvil ring
from the rest of the stapler. The stapler
is then removed from the surgical field.
The surgeon now carefully picks the
four half-rings from under the blood-ves-
sel cuffs. He unrolls one cuff so that it
forms a tube around the other cuff, and
in a matter of minutes the blood vessel
has started to heal. No part of any staple
enters the sensitive interior region of
even the smallest blood vessel; fibrous
tissue fills the hairline groove where
the two ends have been joined. The in-
terior of the vessel later shows almost
no signs of a scar. It would be possible
to remove the staples afterward, but
since the metal is quite inert there is no
point in doing so.

We decided that for use in the U.S.

the cartridge and, if possible, the
anvil would have to be inexpensive and
disposable. The du Pont plastic Delrin
seemed suitable for a cartridge, if any-
one could mold it to the fine tolerances
needed. Fortunately the Hoffer Plastics
Corporation of South Elgin, Ill., proved
equal to the task. They have produced
experimental molds that in full produc-
tion can make Delrin cartridges for a
few cents apiece. The plastic units are
in every way comparable to the Soviet
handmade steel units, and they are su-
perior in that the plastic presses on the
staples slightly, holding them in place.
(Staples sometimes fall out of the steel
cartridges.) Since Delrin is translucent,
the surgeon can hold the cartridge up to
the light to satisfy himself that the sta-
ples are all in place.

Mallina has also designed a single
machine for clipping off short lengths
of stainless-steel or tantalum wire from
a spool, bending them into staples,
pointing them and inserting the finished
staples into the plastic cartridge. This
automatic operation completely elim-
inates tedious handwork under the mag-
nifying glass. In practice the cartridges
would come from the factory loaded,
sterilized and sealed in packets. Recent-
ly it has been found that metal-coated
plastic anvils can also be made for a few
cents apiece. Thus the surgeon could use
one stapler to join as many blood vessels

HALF OF BUSHING used in the American stapler has an inside diameter of about 1/16
inch. The object on the finger is a staple. The tip of the bushing holds two more staples.

of the same size or different sizes as nec-
essary in one operation, without stop-
ping to reload and sterilize the car-
tridges.

The stapler itself, which actually
serves merely as a holder for the staple
cartridge and the blood-vessel ends, is
also much simpler in the American
model. Mallina tried to eliminate some
of the controls of the Soviet device but
found that this, with one exception, was
impossible. The Soviet engineers had
come up against the same problems and
had solved them. Mallina simplified the
stapler in part by pivoting the controls
rather than sliding them. In a system of
pivots close tolerances are essential only
at the pivot points. By removing one set
of controls and combining others, Mal-
lina had produced a machine with 15
instead of 21 separate parts. As with the
Soviet instrument, the surgeon needs
only a few seconds to carry out each
step in the operation. Almost anyone can
learn in a few minutes to take apart,
clean and reassemble the American ap-
paratus. This is particularly important
because in U.S. hospitals nurses, who
would prepare the devices, are frequent-
ly moved from one job to another. Omit-
ting sterilization time, the apparatus can
be cleaned and made ready in a few
minutes. In the development of the lat-
est model of the instrument and the
staple-loading machine the Central Re-
search Division of Becton, Dickinson &
Co. made valuable contributions.

Mallina has managed to moderate the
danger of damage to the blood vessel
and to reduce the length of the vessel
that must be engaged in the stapler by
applying a simple physical law to the
problem of holding the blood vessel in
place. A blood vessel is not only elastic
(it contracts to a fraction of its original

© 1962 SCIENTIFIC AMERICAN, INC

length when it is cut); it is also one of
the most slippery substances one can
imagine. The Soviet designers employ
clamps to hold the vessel in place before
and after cuffing. In addition, bulldog
clamps behind the cartridge and anvil
squeeze the vessel. Ruled, engraved
scales on the Soviet stapler are intended
to show the force being applied to the
vessel, but the Soviet surgeons who
demonstrated the apparatus in the U.S.
appeared to ignore the scales and to
work by feel. Even with the scales there
is always a chance of squeezing the slip-
pery vessel so hard that the sensitive
inner lining is damaged, encouraging
the formation of a clot.

Instead of relying on squeezing or
pinching to hold the blood vessel in
place, Mallina placed blunt teeth in the
groove of each cartridge half and each
anvil half. The teeth in the lower half-
rings mesh with the teeth in the upper
sections, but with a gap between so
that the vessel is bent but in no way
crushed. These teeth, and others on the
perimeter of the tip of the cartridge
and anvil, bring the principle of deflec-
tion into play. The principle is familiar
to anyone who has ever “snubbed” a
large boat to hold it against the dock.
The boat can be held with little effort if
the rope from it is wrapped several times
around even a slippery post. The reason
is that the force required to hold it de-
creases geometrically with the increase
in the sum of the angles through which
the rope (the wall of the blood vessel in
the case of the vascular stapler) is
turned. The teeth in the cartridge and in
the anvil also made it possible to elimi-
nate two clamping jaws found on each
half of the Soviet stapler and so make
the tip of the stapler 15 millimeters wide
compared with the 20-millimeter width
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of the Soviet instrument. As a result our
stapler can be used to suture a blood
vessel that has been severed (uite near
a branching vessel.

In the laboratory for experimental
surgery at the Bronx Veterans Adminis-
tration Hospital we have used our new
disposable-cartridge stapler in many op-
erations on experimental animals, join-
ing arteries and veins of various sizes as
well as ureters and other tubes. We have
not observed a single blood-vessel clot
or other failure even in vessels as small
as 1.5 millimeters in diameter. We have
turned the instrument over to visiting
surgeons in the midst of such experi-
mental operations, inviting them to use it

(R

with little instruction. They have in each
case been able to rejoin severed blood
vessels successfully.

At present not many U.S. vascular
surgeons take kindly to the idea of
blood-vessel staplers. Most have not seen
or used such instruments but have only
heard of them. One has observed that
the instruments would be useful for dec-
orating a surgical museum. Another has
commented that the staplers reflect a
lack of clinical experience with vascular
disease. Indeed, it is a fact that staples
cannot usually be used on arteries signifi-
cantly affected by arteriosclerosis or oth-
er degenerative diseases; the same is
often true of hand-suturing. The com-

BLOOD VESSEL IS STAPLED by Christie in an experimental operation performed on a
dog. Here Christie pushes one of the levers that will inject the staples into the cuffs.
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ment that vascular staplers are only for
amateurs is correct in a sense, since the
original Soviet instruments were created
for use by surgeons who are not skilled
in suturing blood vessels. Nevertheless,
by rejoining very small blood vessels
quickly and easily the staplers in some
cases do a job that only the most skillful
hands could duplicate. If vascular sta-
plers were widely available today, they
might be used once a week or so in large
hospitals for rejoining or rearranging
blood vessels damaged by accident or
by disease. Some cases now routinely
considered inoperable would probably
receive the benefit of surgery. Without
question, if staplers were generally avail-
able they would be used with increasing
frequency.

In the future the vascular stapler will
play a critical role in the transplanta-
tion of organs. Surgeons have trans-
planted kidneys, hearts, glands, limbs
and other body parts in experimental
animals, and the success of the surgical
procedure has been demonstrated in the
attainment of full function by the trans-
planted organ. The surgery is eventually
negated, however, by the immune re-
sponse of the recipient’s body. Unless
the donor is an identical twin the trans-
planted tissue is rejected as foreign ma-
terial. The immunity mechanism can be
suppressed by the use of ionizing radi-
ation, but as yet the procedure is too
difficult and too drastic for routine use
[see “The Transplantation of the Kid-
ney,” by John P. Merrill; SciexTtiric
AnERICAN, October, 1959].

The stapler already plays a key role in
the spectacular organ transplants under-
taken by Vladimir P. Demikhov and oth-
ers at the Sklifosovsky Institute in Mos-
cow. Demikhov has attached a second
living head to a dog (the transplant
functioned for 29 days) and a second
heart in several animals. In the opinion
of Jacob J. Matloft, a surgeon at the New
England Center Hospital in Boston who
spent four months with Demikhov this
year, the hundreds of experimental or-
gan transplants performed at the Sklifo-
sovsky Institute would have been im-
possible without the stapler. Often four
or more blood vessels must be joined
for one transplant, and hand-suturing
would usually take far too long.

It is now generally believed that
in the near future the immunity barrier
will somehow be overcome or bypassed.
When that happens, hospitals through-
out the world will need the vascular (and
nerve) stapler. Fortunately it will be
ready for them.
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boron-barium-lanthanum-thorium-strontium glass with neodymium ... what we gave
them for the cornerstone.. . . utterly simple photomicrography

Laser logic

It was a thrill to see this laser rod com-
mence action at a threshold of only 20
joules at room temperature.

Emission: 1.06u, by transition of Nd3+
from 4F3/2 to 4I1;;2 (not down to
ground state, which is 4lg/2).

Price: $395 for 2”7 x Y4” cylinder. More
for larger sizes, which are available.
Time to technological obsolescence:
inevitably short.

Reputation of supplier : decent.

Name of supplier: Eastman Kodak
Company, Apparatus and Optical Divi-
sion, Rochester 4, N. Y.

Delivery : very fast to the first few early
birds who would be uncomfortable to
let this one whistle by without a close
look ; stretching out thereafter.

Premises:

In the rare earths the 4f levels are
shielded by the S5s electrons and don’t
depend on the influence of a crystal
field to define their energy in the way
that Cr3t levels depend on a crystal
field. Therefore they can work in glass.
Advantages of glass over crystals are 1)
optical homogeneity, 2) potentially
larger size, 3) potentially lower cost,
4) the 25 years of practical experience
we have had from our commercial
pioneering of rare-earth glasses for
photographic lenses.

While people ultimately interested in
machine tools and weapons are still
feeling out the ground rules of laser
engineering, our neodymium-boron-bar-
ium-lanthanum-thorium-strontium glass
is a good first choice because 1) it emits
at a wavelength convenient to photo-
tubes, phosphors, and photography;
2) neodymium requires no refrigerants,
since its fluorescence doesn’t return the
ion to the ground state; and 3) thresh-
old for laser action comes at 1/3 the

energy input that neodymium needs in
silicate glass. (Whether low threshold
implies high over-all efficiency at con-
verting electrical power to coherent
radiation needs to be cleared up.)

Instead of silvered ends, customers
will prefer dielectric filters tuned to
reflect ~1009, of the 1.06u radiation at
one end and 989, at the other end be-
cause 1) by interferometric tests in the
visible, where the filters are wide open,
one can check for homogeneity, end flat-
ness, and end parallelism without re-
moval of the coating; 2) the ends operate
solely by interference and don’t soak up
energy to cook themselves on.

Resist news: thick and fast

An important university recently asked
us for a contribution not of money but of
a small object suitably symbolic to
deposit in the cornerstone of a new
building its College of Engineering is
putting up. After thinking about it a bit,
we sent them three intricately shaped
pieces of metal so small that one of them
got lost in transit and never found its
way into the box that will be opened
some day to show our descendants some
of the topics that engineers in 1962
regarded as fresh and promising. Is it
not true that the engineering mind
today is much occupied with working
metals and semiconductors in ways to
get as much performance as possible
from as little bulk as possible?

Doggone right. In addition to making
deposits in cornerstones, we have been
busy expanding the line of photosensi-
tive resists on which this hot new art so
strongly depends. Everybody in it
should be delighted to learn of KOR, a
new one that’s 10 to 15 times as sensitive
to arc light and 30 to 100 times as
sensitive to tungsten light as Kodak’s
well-known resist, KPR. This opens up
the possibility of exposing KOR by a
projected image instead of by contact
printing from a master, but the photo-
graphic speed is still a little low for an
ordinary photographic enlarger. You
may wish to fix up some sort of high-
intensity projection printer.

KOR is 3 or 4 times as viscous as
KPR. As stands to reason, a thick coat-
ing requires more exposure than a thin
one. Typically, a useful whirled-on KOR
coating might require 1100 foot-candle-
minutes if applied straight, as compared
with 275 when the stuff has been cut 1:1
with Kopak Ortho Resist Thinner
before application. When so cut, vis-
cosity about matches that of uncut KPR,

By coincidence, the relative prices of
the two dopes are such that a quart of
the 1:1 diluted KOR costs about as
much as a quart of straight KPR.

The flies in the ointment are strictly
figurative and not troublesome. For one,
since KOR is more heat-sensitive than
KPR, the pre-baking temperature limit
is 176°F for 10 minutes. For another,
since KOR is sensitive out to 550mpu
instead of just in the u-v, the work area
cannot stand tungsten or daylight illu-
mination. Gold fluorescent lamps can
be used at 8 feet for not more than
10 minutes.

For more dope on the dope, get in touch
with Eastman Kodak Company, Graphic

Arts Division, Rochester 4, N. Y. For just the
dope, call up a Kodak Graphic Arts Dealer.

What makes hickory the way it is

This photomicrograph shows the basic struc-
ture of hickory wood. It was taken on a plain,
ordinary microscope with a BROWNIE Camera.
For details on this use of BROWNIE Cameras,
request a copy of “Photomicrography with
Simple Cameras” from Eastman Kodak Com-
pany, Sales Service Division, Rochester 4, N. Y.
Everybody knows what a BROWNIE Camera is.

Price subject to change without notice.

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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FEngineered
Environment

The careful pocket gopher keeps his
burrow tightly sealed all day except
for an hour or two around noon—
then he opens a hole for ventilation.
This supply of fresh air lasts until
nightfall.

Your military or industrial pro-
ject may also require engineered
environment. American Air Filter
designs and provides equipment to
create a complete “envelope of air”
conditioned within the limits re-
quired for stable operation of the
most sensitive Aerospace systems.

Our recent project experience in-
cludes Minuteman, Atlas, Nike
Zeus and Pershing. Through these
and numerous other projects Amer-
ican Air Filter has proved it can
produce environmental systems
that meet precision specifications,
including reliability, radio interfer-
ence supression, performance under
extreme conditions.

Inquire: Defense Products Divi-
sion, American Air Filter Co., Inc.,
310 Third Street, Rock Island, Illi-
nois, Phone 788-9311.

Write for Bulletin D-164

COMPLETE SYSTEMS
CAPABILITY

* Heating

¢ Ventilating

o Air Filtering

* Refrigeration

¢ Humidity Control

ENGINEERED
ENVIRONMENTAL
SYSTEMS

58

e

Bombarded Satellites

he hydrogen device exploded 200

I miles over Johnston Island in the

Pacific Ocean on July 9 has pro-
duced “a substantial and greater than
anticipated increase in the intensity of
radiation at higher altitudes in the
region of the natural Van Allen belt,”
according to the Atomic Energy Com-
mission and the Department of Defense.
By causing solar cells to deteriorate, the
radiation has silenced three scientific
satellites: Transit IVB, Traac and the
British-built and U.S.-launched Ariel.
The disclosure confirms the fears of Brit-
ish scientists who had urged the U.S. to
call off the high-altitude test on the
grounds that its effects could not be fully
predicted and that it might change the
earth’s environment for an unknown
period.

The new high-intensity belt of radia-
tion consists chiefly of electrons released
by the July 9 nuclear explosion and in-
jected into the magnetic field surround-
ing the earth. The electrons spiral back
and forth along lines of magnetic force
in a belt about 3,000 miles deep and
3,600 miles wide that circles the earth
at the Equator. The lowest part of the
belt is about 600 miles above the Pacific
and dips to about 200 miles over the
South Atlantic. Except where the new
artificial belt dips below 600 miles it ap-
proximatelv overlaps the inner Van Allen
belt of natural radiation that extends
from about 600 to 3,600 miles above the
earth. The natural inner belt consists
chiefly of protons with energies of be-
tween 10 and 100 million electron volts
(Mev). The electrons forming the new
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SGIENGE AND

belt have energies of one Mev and up.

The belt’s presence was signaled by
Injun I, a satellite carrying radiation in-
struments built in the laboratory of
James A. Van Allen at the State Univer-
sity of Iowa. The orbit of Injun I lies be-
tween 550 and 630 miles above the earth.
Soon after the July 9 explosion a small,
heavily shielded Geiger tube aboard the
sate]llte which normally counts about
600 protons per second, suddenly began
counting more than 11,000 particles per
second in passing over South America.
In the course of several weeks, as elec-
trons leaked out of the belt, the peak
counting rate dropped to about 5,000
per second. Data received from Telstar,
the communication satellite, show that
the peak intensity of the new belt is at
an altitude of about 2,400 miles, where
the radiation level has increased about
100 times.

Independent evidence for the belt’s
formation came from radio observatories
in Hawaii and the Philippines. The latter
reported a doubling of radiation inten-
sity immediately after the July 9 test.
Radio noise from the electrons has inter-
fered with radio-astronomical studies of
the galaxy.

The AEC and Van Allen’s laboratory
do not agree on how long the bomb-in-
jected electrons may persist at altitudes
of 500 miles and up. Whereas the AEC
savs thev may persist for five years or
more, Van Allen and his associates esti-
mate many months.”

The Test Ban

\s disarmament negotiations moved
Y from Geneva to the U.N. General
Assembly last month there was a selec-
tion of test-ban proposals on the table,
but none, apparently, on which the U.S.
and the U.S.S.R. could agree. The ob-
stacle was underground testing.

The U.S. and Britain stood on two
proposals. One called for prohibition of
all tests, with mandatory on-site inspec-
tion of underground events certified as
“unidentified” by an international com-
mission. The other would ban tests in the
atmosphere and space and under water—
all of which are readily identifiable—but
allow underground tests to continue.

The U.S.S.R., having turned down in-
spection on the ground that it is a pre-
text for espionage and the partial ban
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on the ground that it would provide a
stimulus to the arms race, insisted that
any test ban would have to meet one of
three conditions. An across-the-board
agreement would be acceptable, accord-
ing to Soviet representative Vasily V.
Kuznetsov, only if inspection of under-
ground events were at the invitation of
the country concerned. Alternatively, the
U.S.S.R. would agree to a formal ban
on the readily identifiable tests only if
they were accompanied by a moratorium
on underground tests until general dis-
armament is negotiated. In the absence
of any formal agreement, said Kuz-
netsov, the U.S.S.R. would settle for a
moratorium on all testing.

Pickle-Barrel Space Shooting

rl’he double satellite flight carried out
by the U.S.S.R. in August reflected
an extremely high degree of reliability
in equipment and of accuracy in launch-
ing procedure. Calculations by Martin
Summerfield of Princeton University and
Robert M. L. Baker, Jr., of the University
of California, made at the request of
The New York Times, make clear the
order of accuracy that was required.
To put a satellite close to one already
aloft without maneuvering once in orbit,
the second one must be launched when
the orbital plane of the first slices

through the launching site, and when the |

first satellite is overhead; in other words,
the first satellite must be at a certain
point on its orbit and the launching site
must be under that point. This conjunc-
tion should ideally occur when a satellite
with a 90-minute orbital period has com-
pleted 16 orbits, since in that time the
earth—and the launching site—will have
made one complete 24-hour revolution.
But it is not that simple. A satellite orbit
wobbles to the west, so that by the time
the satellite arrives at the proper point
on its orbit the launching point will
have moved 17 minutes to the east.
Moreover, the earth actually turns more
than 360 degrees in 24 hours; the
launching site will therefore be an-
other four minutes too far east by the
time the satellite arrives. In other words,
the first satellite will be a total of 21
minutes late. If its orbital period is
shortened by 1.3 minutes, it will just
about make up those 21 minutes in 16

orbits. So the correct period for the first ll STOKES

freeze-driec
foods are
here to stay
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v . % ing the huge marketing potential of freeze-dried

foods. High product quality, low shipping costs, long

b shelf-life, non-refrigerated transit and storage are
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satellite becomes 88.7 minutes instead
of 90, and that is presumably what the
Soviet engineers wanted for Vostok I11.
They came close: 88.32 minutes. But the
.4-minute error meant that Vostok III
would be at the right point for an in-
tercept 6.4 minutes (.4 minute multi-
plied by 16 orbits) before the launching
site got there and 2,000 miles downrange
by the time Vostok IV could be launched
in the same orbit. The two satellites
could not be both in the same orbit and
close to each other. But Vostok IV could
be put alongside Vostok I1I in a parallel
and nearby orbit if it were fired another
6.4 minutes ahead of time. That would
call for launching Vostok IV a total of 28
minutes less than 24 hours after Vostok
I11: 17 minutes for Vostok 1II's orbital
wobble, four minutes for the earth’s ex-
tra rotation, 6.4 minutes for the error in
Vostok III's period and a little more to
give the second satellite time to climb
to altitude.

Vostok III’s launching time was re-
ported as 11:30 a.m. on August 11 and
Vostok IV’s as 11:02 the next morning—
exactly 28 minutes less than 24 hours
later. Summerfield’s comment: “Real
pickle-barrel shooting!”

Antarctic Summer

he approach of the Antarctic summer

- finds some 80 U.S. scientists heading
south this month for a new season of
research and exploration. This is the
fourth year in which the National Sci-
ence Foundation, through its U.S. Ant-
arctic Research Program, is organizing,
administering and supplying financial
support for investigations in the world’s
first international scientific preserve.
NSF grants this season will total about
$6,240,000. Logistic support is provided
by the Navy.

Increased emphasis on upper-atmos-
phere research has led to the establish-
ment of a new year-round scientific sta-
tion (named for James Eights, who was
the first U.S. scientist to visit Antarctica)
at a site near the base of the Antarctic
Peninsula that is magnetically conjugate
to a station near the city of Quebec.
Tonospheric and cosmic ray research will
also be carried out aboard the Antarctic

Research Program vessel Eltanin. Inves-

tigators will take advantage of the Elta-
nin’s mobility by operating a mobile low-
frequency radio laboratory on a truck
that will cruise through the northern
U.S. and southern Canada along a course
conjugate to the ship’s course in Antarc-
tic waters. The vessel, available now
for its first full Antarctic summer, will
also make possible an expanded program
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in oceanography and marine biologyv.

An effort will be made to clarity the
geological history of the continent and
to relate its various geological provinces
to one another. Investigations will be
carried out in the largely unexplored
Pensacola Mountains, in the Queen
Maud Range and Ellsworth Mountains
and near the Shackleton Glacier in the
Antarctic Horst. A major over-snow trav-
erse will cover 1,270 miles of the cen-
tral polar plateau, gathering seismic and
other data on ice thickness and rock-sur-
face elevations. Its findings may resolve
some bothersome conflicts in reports
from earlier expeditions that covered
some of the same territory. And glaciolo-
gists will try to develop a new aerial
techni¢jue for measuring ice-surface
movement in an effort to answer the
basic question of whether the volume of
ice in Antarctica is increasing, decreas-
ing or is in a state of equilibrium.

New Step in Photosynthesis

\ substance called ferredoxin, recent-
X 1y found to exist in green plants, is
apparently an important link in the pri-
mary, energy-carrying chain of events in
photosynthesis. So report Kunio Tagawa
and Daniel I. Arnon of the University
of California in an article in Nature.
An iron-containing protein, ferredoxin is
the most strongly electronegative (that
is, electron-donating) electron carrier
known to participate in the oxidation-
reduction reactions of the living cell. Its
role in photosynthesis is to accept elec-
trons released from chlorophyll by light
and to transfer them to a material known
as pyridine nucleotide. This in turn
serves as the electron donor, or reducing
agent, for the conversion of carbon diox-
ide to carbohydrates.

Ferredoxin was first isolated earlier
this year by L. E. Mortenson, R. C. Val-
entine and |. E. Carnahan of the E. L
du Pont de Nemours laboratories, who
extracted it from soil bacteria of the
genus Clostridium. The discovery had
special significance for Arnon and his
co-workers because they had been using
extracts of the same bacteria in some
experiments in photosynthesis.

They were trying to find out if chloro-
plasts—the functional units of photosyn-
thesis in green plants—can be made to
produce hydrogen gas under the action
of light. Certain photosynthetic bacteria
were already known to do so. This meant
that in the bacteria, light must release
electrons to highly electronegative car-
riers, since a large reducing potential is
required to convert hydrogen ions to
hydrogen gas. According to a theory put
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Advanced developments at Bendix-Pacific in the control of undersea craft include a revolutionary new
automatic maneuvering control system for U.S. Navy submarines. Like flying an airplane on automatic
pilot, this system controls a submarine's steering and diving maneuvers and gives the “pilots" a televised
picture simulating the speed and attitude of the craft.
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The Creators of the
IDL PYRO-650*
Automatic Brightness
Pyrometer
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a theoretical upper limit . . . because
this pyrometer’s full capabilities have
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| forward by Arnon’s group, the “primary
: photochemical act” should be the same
|in plants and in bacteria. Therefore

plant photosynthesis should also involve

electrons on carriers that are electro-

negative enough to reduce hydrogen.
| Under normal conditions plants would
not actually produce hydrogen because
they lack an enzyme called hydrogenase,
which is also required.

The experimenters therefore tried
adding to chloroplasts hydrogenase ob-
tained from various bacteria. They found
that the illuminated chloroplasts would
then evolve hydrogen. In most cases they
also had to add an electron-carrying
| compound, but not when they used an
extract of Clostridium. The bacteria con-
tained their own electron carrier, which
turned out to be ferredoxin.

Once they knew that bacterial ferre-
doxin could participate in the electron-
transfer reactions of photosynthesis in
green plants, they suspected that the
plants themselves might contain a simi-
lar material. They applied the extraction
procedure of the du Pont chemists to a
preparation of spinach chloroplasts and
obtained a substance closely resembling
the ferredoxin of Clostridium. In subse-
quent investigations they have found
that ferredoxins from spinach, Clostridi-
um and other bacteria all have the same
effect. In particular the ferredoxin ena-
bles chloroplasts to take electrons from
hydrogen gas and transfer them to pyri-
dine nucleotide in the absence of light.
In other words, hydrogen can perform
the function of light in chloroplasts that
are enriched in ferredoxin.

Hot, Wet Moon

he moon may have a hot interior and
it may harbor substantial quantities
of subsurface water, two investigators
have suggested in separate studies. This
runs counter to the prevailing view that
the moon is cold to its core and devoid
of water. Zdenék Kopal of the University
of Manchester has estimated that tidal
friction, operating for billions of years,
may have heated the moon’s interior to
1,000 or 2,000 degrees centigrade. It is
known that the earth’s gravitational at-
traction has created a permanent bulge
of about 165 feet on the side of the moon
that faces the earth. Kopal has computed
that this bulge is increased about 10 per
cent when the moon is closest to the
earth and is reduced an equal amount
when the moon is most distant. It is this
tidal oscillation, Kopal believes, that has
heated the moon’s interior.
The speculation that the moon may
have important resources of water is dis-
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cussed in a recent issue of Nature by
John W. Salisbury of the Air Force Cam-
bridge Research Laboratories. Salisbury
argues that none of the minerals regard-
ed as valuable on earth could be mined
economically on the moon, even if rich
deposits happened to exist and could be
located. Water, on the other hand, would
have considerable value. In addition to
its usual physiological applications, it
could be decomposed by hydrolysis to
provide oxygen for breathing and hydro-
gen and oxygen for use as fuel.

Salisbury considers various lines of
evidence suggesting that large water de-
posits may exist beneath the lunar sur-
face. Three years ago, for example, the
Soviet astronomer N. Kozyrev recorded
the spectrum of a gas escaping in a
large crater. The gas contained a two-
carbon molecule that may have been
acetylene formed by the action of water
on calcium carbide. Salisbury also dis-
cusses how water may have played a role
in the formation of certain topographical
features, such as chains of small craters
and “wrinkly ridges.” He urges that ad-
vanced lunar probes be designed to pros-
pect for water in likely regions.

Sterilized Mosquitoes
A chemical-sterilization method that
shows practical promise for extermi-
nating mosquitoes is reported in Nature
by Donald E. Weidhaas of the U.S. De-
partment of Agriculture. Unlike insecti-
cides, which may harm many different
organisms and are of limited effective-
ness, sterilization can be confined to spe-
cific organisms and, more important, can
lead to total extermination of the species.
Sterilization produced by X-ray treat-
ment of male insects has already been
applied with great success against the
screw-worm fly in the southeastern U.S.
[see “The Eradication of the Screw-
Worm Fly,” by Edward F. Knipling;
ScientiFic AMERICAN, October, 1960].

The substances used by Weidhaas are
complex phosphorus-containing organic
compounds known as tepa and apholate.
They had previously been found to steri-
lize both sexes of the housefly. Weidhaas
and his associates discovered that the
chemicals would also sterilize two spe-
cies of mosquito, Anopheles quadrima-
culatus Say and Aédes aegypti (L.).

In one experiment Weidhaas collected
88 wild Anopheles females and exposed
57 of them for four hours on panels
treated with 500 milligrams of tepa per
square foot. The other 31 females were
kept as controls. Two-thirds of the un-
exposed controls laid eggs that devel-
oped normally. Two-thirds of the ex-
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THE INFINITE USES OF INFIN'T How many ways will space exploration benefit our

children? The list grows almost daily. Satellites will
help predict weather more accurately. Men will make and place objects in the heavens to replace stars for navi-

gation. There is literally no end in sight. Take one of the areas in which ITT is deeply involved: communications.
The diagram shows a proposed network that would tie 90 per cent of the earth’s surface into one telephone,
TV and data transmission system. Three satellites, placed in fixed orbits 22,300 miles above the equator, would
do it. / Within the ITT System our companies have the full range of capabilities for building entire space
systems from ground based equipment to the satellites themselves. With the help of 8,000 scientists and engi-
neers in 24 countries, the ITT System is amassing the communications knowledge needed to help make the

most of the infinite uses of infinity. / International Telephone and Telegraph Corporation, World Headquarters:
320 Park Avenue, New York 22, New York.

worldwide electronics and telecommunications
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posed females also laid eggs, but not a

single egg developed.

Two-Phase Bone

rl’he evolutionary success of vertebrate

- animals may rest in large part on the
same principle that has made Fiberglas
a commercial success, according to a
University of Oxford zoologist. In a let-
ter to Nature . D. Currey points out that
bone, like Fiberglas, is a “two phase”
material, stronger than either of its com-
ponents and superior in mechanical
properties to other types of skeleton.

Bone consists of tiny crystals of a
mineral called apatite, dispersed through
a matrix of the protein collagen. If it
could be tested in pure bulk form, bone
apatite would presumably exhibit the
typical properties of ceramic materials—
high elasticity and compressive strength
and low tensile strength. Collagen, on
the other hand, has low elasticity and
high tensile strength. As with any two-
phase material, the strength of the com-
bination is due to the fact that small
cracks in the elastic material—apatite—
do not spread to become big ones be-
cause the apatite crystals are themselves
small and are separated by the soft and
yielding collagen. The combination gives
bone a high elasticity in tensile strength
of about 15,000 pounds per square inch
and a compressive strength of about
25,000 pounds per square inch.

Invertebrate skeletons usually consist
of large crystals of calcium carbonate,
in which cracks can easily spread. “The
superiority of bone over most other
skeletal materials,” Curry concludes, “is
probably one of the main foundations ol
the success of the vertebrates.”

Coming In on a Wing and Two Feet

"T'he ability of the houseflv to land

upside down on a ceiling has long
fascinated entomologists, aeronautical
engineers and armchair naturalists, and
there has been much speculation on how
the insect does it. A leading theory has
been that the fly executes a half-roll as
it approaches the ceiling and then makes
a six-point landing on all feet at once.

Not so, says William G. Hyzer in a
paper published in Science. He has pho-
tographed the maneuver with a high-
speed motion picture camera operating
at the rate of 9,500 frames per second.
His pictures show the fly executing the
start of an inside loop that carries it
vertically upward and plants its fore-
feet on the ceiling. It then pivots around
the point of attachment and puts down
its other four feet.
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A new breed of
testing machines

Order: Universal Hydraulic Testing Machines . Family: Budd
Genus: UEH Series . Species: 75,000 lbs., 200,000 lbs., 400,000 lbs.
and higher capacities limited only by your needs.

Distinguishing traits: Can test specimens, structural parts and components
in tension, compression, flexure, alternating load (cycling) and stress relaxa-
tion . . . at high straining rates in either direction of loading. Incorporate an
impressive array of structural and operational features, from which the following

few examples have been selected to whet your appetite for complete data:

Loading frame is controlled by a closed-loop electrohydraulic servo system

commanded by a linear programmer which provides a ramp function of

predetermined slope for programming the machine in any of three modes of

control—position, load and strain. The machine incorporates a

function generator for sinusoidal programming, provisions for

using an external curve follower, and manual control any
time you wish to extend flexibility.

Genealogy: The UEH series is the latest in a
large family of Budd high-performance testing
machines, both universal and specialized. Its
other relatives include a wide variety of Budd
products for testing, stress analysis and research
(see below). A brief communication from you will
quickly bring all vital statistics on UEH ma-
chines, as well as on other products of interest.
Instruments Division, The Budd Company, P.O.
Box 245, Phoenixville, Pa.

wsrauments M Yy 4
V& 1/ [/ [/ e

MetalFilm strain gages and instrumentation « Load cells « PhotoStress* photoelastic materials
and equipment o Universal and Fatigue testing machines « Radac® eddy current test equip-
ment ¢ Radiography equipment e« Irradiation systems

*zandman method
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THE GENETIC CODE

How does the order of bases in a nucleic acid determine the order of

amino acids 1n a protein? It seems that each amino acid 1s speciﬁed

by a triplet of bases. and that triplets are read in simple sequence

ithin the past year important
progress has been made in
solving the “coding problem.”

To the biologist this is the problem of
how the information carried in the genes
of an organism determines the structure
of proteins.

Proteins are made from 20 different
kinds of small molecule—the amino
acids—strung together into long poly-
peptide chains. Proteins often contain
several hundred amino acid units linked
together, and in each protein the links
are arranged in a specific order that
is genetically determined. A protein is
therefore like a long sentence in a writ-
ten language that has 20 letters.

Genes are made of quite different
long-chain molecules: the nucleic acids
DNA (deoxyribonucleic acid) and, in
some small viruses, the closely related
RNA (ribonucleic acid). It has recently
been found that a special form of RNA,
called messenger RNA, carries the genet-
ic message from the gene, which is
located in the nucleus of the cell, to the
surrounding cytoplasm, where many of
the proteins are synthesized [see “Mes-
senger RNA,” by Jerard Hurwitz and
J. ]J. Furth; ScCIENTIFIC AMERICAN,
February].

The nucleic acids are made by joining
up four kinds of nucleotide to form a
polynucleotide chain. The chain pro-
vides a backbone from which four kinds
of side group, known as bases, jut at
regular intervals. The order of the bases,
however, is not regular, and it is their
precise sequence that is believed to
carry the genetic message. The coding
problem can thus be stated more explic-
itly as the problem of how the sequence
of the four bases in the nucleic acid de-
termines the sequence of the 20 amino
acids in the protein.

The problem has two major aspects,
one general and one specific. Specifically
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by F. H. C. Crick

one would like to know just what se-
quence of bases codes for each amino
acid. Remarkable progress toward this
goal was reported early this year by
Marshall W. Nirenberg and J. Heinrich
Matthaei of the National Institutes of
Health and by Severo Ochoa and his
colleagues at the New York University
School of Medicine. [Editor’s note: Brief
accounts of this work appeared in “Sci-
ence and the Citizen” for February and
March. This article was planned as a
companion to one by Nirenberg, now in
preparation, which will deal with the
biochemical aspects of the genetic code.]

The more general aspect of the coding
problem, which will be my subject, has
to do with the length of the genetic cod-
ing units, the way they are arranged in
the DNA molecule and the way in which
the message is read out. The experiments
I shall report were performed at the
Medical Research Council Laboratory
of Molecular Biology in Cambridge,
England. My colleagues were Mrs. Les-
lie Barnett, Sydney Brenner, Richard
J. Watts-Tobin and, more recently,
Robert Shulman.

The organism used in our work is the
bacteriophage T4, a virus that infects
the colon bacillus and subverts the bio-
chemical machinery of the bacillus to
make multiple copies of itself. The in-
tective process starts when T4 injects
its genetic core, consisting of a long
strand of DNA, into the bacillus. In less
than 20 minutes the virus DNA causes
the manufacture of 100 or so copies of
the complete virus particle, consisting
of a DNA core and a shell containing at
least six distinct protein components. In
the process the bacillus is killed and the
virus particles spill out. The great value
of the T4 virus for genetic experiments
is that many generations and billions of
individuals can be produced in a short
time. Colonies containing mutant indi-
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viduals can be detected by the appear-
ance of the small circular “plaques” they
form on culture plates. Moreover, by the
use of suitable cultures it is possible to
select a single individual of interest from
a population of a billion.

Using the same general technique,
Seymour Benzer of Purdue University
was able to explore the fine structure of
the A and B genes (or cistrons, as he
prefers to call them) found at the “rII”
locus of the DNA molecule of T4 [see
“The Fine Structure of the Gene,” by
Seymour Benzer; SCIENTIFIC AMERICAN,
January]. He showed that the A and B
genes, which are next to each other on
the virus chromosome, each consist of
some hundreds of distinct sites arranged
in linear order. This is exactly what one
would expect if each gene is a segment,
say 500 or 1,000 bases long, of the very
long DNA molecule that forms the virus
chromosome [see illustration on opposite
page]. The entire DNA molecule in T4
contains about 200,000 base pairs.

The Usefulness of Mutations

From the work of Benzer and others
we know that certain mutations in the
A and B region made one or both genes
inactive, whereas other mutations were
only partially inactivating. It had also
been observed that certain mutations
were able to suppress the effect of harm-
ful mutations, thereby restoring the
function of one or both genes. We sus-
pected that the various—and often puz-
zling—consequences of different kinds
of mutation might provide a key to the
nature of the genetic code.

We therefore set out to re-examine
the effects of crossing T4 viruses bearing
mutations at various sites. By growing
two different viruses together in a com-
mon culture one can obtain “recombin-
ants” that have some of the properties



a
ht ¢ ht h rm ril tu

rI h m ht ht tu tu ht

l A GENE

M e alahmm_'assaafﬂaa’?ﬁﬂ.

! BGENE————%I

/

;af

FCO

C (+ WITH —) 1)
TEs PE

Btla

W ALONE: B GENE INACTIVE

FCO
ad —wiTH 4 A
* .

t":" i

B ALONE: B GENE INACTIVE

FC7

€ (- WITH 4) )

£
"

B ALONE: B GENE INACTIVE

"y

mPLUS®: B GENE ACTIVE

B PLUS m: B GENE ACTIVE

Bib1 Bib2
E4 & » ]
Bibi B1b2
3 k] " oW L
B1b1 B1b2 B2 i

B PLUS m: B GENE ACTIVE

rIl REGION OF THE T4 VIRUS represents only a few per cent
of the DNA (deoxyribonucleic acid) molecule that carries full
instructions for creating the virus. The region consists of two
genes, here called A and B. The A gene has been mapped into
six major segments, the B gene into 10 (b). The experiments re-
ported in this article involve mutations in the first and second seg-
ments of the B gene. The B gene is inactivated by any mutation

that adds a molecular subunit called a base (colored square) or
removes one (black square). But activity is restored by simultane-
ous addition and removal of a base, as shown in ¢, d and e. An
explanation for this recovery of activity is illustrated on page 70.
The molecular representation of DNA (f) is estimated to be ap-
proximately in scale with the length of the B1 and B2 segments of
the B gene. The two segments contain about 100 base pairs.
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of one parent and some of the other.
Thus one defect, such as the alteration
of a base at a particular point, can be
combined with a defect at another point
to produce a phage with both defects
[see upper illustration below]. Alterna-
tively, if a phage has several defects,
they can be separated by being crossed

with the “wild” type, which by defini-
tion has none. In short, by genetic meth-
ods one can either combine or separate
different mutations, provided that they
do not overlap.

Most of the defects we shall be con-
sidering are evidently the result of add-
ing or deleting one base or a small group
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of bases in the DNA molecule and not
merely the result of altering one of the
bases [see lower illustration on this
page]. Such additions and deletions can
be produced in a random manner with
the compounds called acridines, by a
process that is not clearly understood.
We think they are very small additions
or deletions, because the altered gene
seems to have lost its function complete-
ly; mutations produced by reagents ca-
pable of changing one base into another
are often partly functional. Moreover,
the acridine mutations cannot be re-
versed by such reagents (and vice
versa). But our strongest reason for be-
lieving they are additions or deletions
is that they can be combined in a way
that suggests they have this character.

To understand this we shall have
to go back to the genetic code. The
simplest sort of code would be one in
which a small group of bases stands for
one particular acid. This group can
scarcely be a pair, since this would vield
only 4 X 4, or 16, possibilities, and at
least 20 are needed. More likelv the
shortest code group is a triplet, which
would provide 4 X 4 X 4, or 64, possi-
bilities. A small group of bases that
codes one amino acid has recently been
named a codon.

The first definite coding scheme to be
proposed was put forward eight years
ago by the physicist George Gamow,
now at the University of Colorado. In
this code adjacent codons overlap as
illustrated on the opposite page. One
consequence of such a code is that only
certain amino acids can follow others.
Another consequence is that a change in
a single base leads to a change in three
adjacent amino acids. Evidencegathered
since Gamow advanced his ideas makes
an overlapping code appear unlikely. In
the first place there seems to be no re-
striction of amino acid sequence in any
of the proteins so far examined. It has
also been shown that typical mutations
change only a single amino acid in the
polypeptide chain of a protein. Although
it is theoretically possible that the genet-
ic code may be partly overlapping, it is
more likely that adjacent codons do not
overlap at all.

Since the backbone of the DNA mole-
cule is completely regular, there is noth-
ing to mark the code off into groups of
three bases, or into groups of any other
size. To solve this difficulty various in-
genious solutions have been proposed.
It was thought, for example, that the
code might be designed in such a way
that if the wrong set of triplets were
chosen, the message would always be
complete nonsense and no protein would



be produced. But it now looks as if the
most obvious solution is the correct one.
That is, the message begins at a fixed
starting point, probably one end of the
gene, and is simply read three bases at
a time. Notice that if the reading started
at the wrong point, the message would
fall into the wrong sets of three and
would then be hopelessly incorrect. In
fact, it is easy to see that while there is
only one correct reading for a triplet
code, there are two incorrect ones.

If this idea were right, it would imme-
diatelv explain why the addition or the
deletion of a base in most parts of the
gene would make the gene completely
nonfunctional, since the reading of the
genetic message from that point onward
would be totally wrong. Now, although
our single mutations were always with-
out function, we found that if we put
certain pairs of them together, the gene
would work. (In point of fact we picked
up many of our functioning double
mutations by starting with a nonfunc-
tioning mutation and selecting for the
rare second mutation that restored gene
activity, but this does not affect our
argument.) This enabled us to classify
all our mutations as being either plus or
minus. We found that by using the fol-
lowing rules we could always predict the
behavior of any pair we put together in
the same gene. First, if plus is combined
with plus, the combination is nonfunc-
tional. Second, if minus is combined
with minus, the result is nonfunctional.
Third, if plus is combined with minus,
the combination is nonfunctional if the
pair is too widely separated and func-
tional if the pair is close together.

The interesting case is the last one.
We could produce a gene that func-
tioned, at least to some extent, if we
combined a plus mutation with a minus
mutation, provided that they were not
too far apart.

To make it easier to follow, let us as-
sume that the mutations we called plus
really had an extra base at some point
and that those we called minus had lost
a base. (Proving this to be the case is
rather difficult.) One can see that, start-
ing from one end, the message would be
read correctly until the extra base was
reached; then the reading would get
out of phase and the message would
be wrong until the missing base was
reached, after which the message would
come back into phase again. Thus the
genetic message would not be wrong
over a long stretch but only over the
short distance between the plus and the
minus. By the same sort of argument one
can see that for a triplet code the com-
bination plus with plus or minus with
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PROPOSED CODING SCHEMES show how the sequence of bases in DNA can be read.
In a nonoverlapping code, which is favored by the author, code groups are read in simple
sequence. In one type of overlapping code each base appears in three successive groups.

minus should never work [see illustra-
tion on next page].

We were fortunate to do most of our
work with mutations at the left-hand end
of the B gene of the rII region. It appears
that the function of this part of the gene
may not be too important, so that it may
not matter if part of the genetic message
in the region is incorrect. Even so, if the
plus and minus are too far apart, the
combination will not work.

Nonsense Triplets

To understand this we must go back
once again to the code. There are 64
possible triplets but only 20 amino acids
to be coded. Conceivably two or more
triplets may stand for each amino acid.
On the other hand, it is reasonable to
expect that at least one or two triplets
may not represent an amino acid at all
but have some other meaning, such as
“Begin here” or “End here.” Although
such hypothetical triplets may have a
meaning of some sort, they have been
named nonsense triplets. We surmised
that sometimes the misreading produced
in the region lying between a plus and
a minus mutation might by chance give
rise to a nonsense triplet, in which case
the gene might not work.
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We investigated a number of plus-
with-minus combinations in which the
distance between plus and minus was
relatively short and found that certain
combinations were indeed inactive when
we might have expected them to func-
tion. Presumably an intervening non-
sense triplet was to blame. We also
found cases in which a plus followed by
a minus worked but a minus followed bv
a plus did not, even though the two
mutations appeared to be at the same
sites, although in reverse sequence. As I
have indicated, there are two wrong
ways to read a message; one arises if the
plus is to the left of the minus, the other
if the plus is to the right of the minus. In
cases where plus with minus gave rise
to an active gene but minus with plus
did not, even when the mutations evi-
dently occupied the same pairs of sites,
we concluded that the intervening mis-
reading produced a nonsense triplet in
one case but not in the other. In con-
firmation of this hypothesis we have
been able to modify such nonsense trip-
lets by mutagens that turn one base into
another, and we have thereby restored
the gene’s activity. At the same time we
have been able to locate the position of
the nonsense triplet.

Recently we have undertaken one
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other rather amusing experiment. If a
single base were changed in the left-hand
end of the B gene, we would expect the
gene to remain active, both because this
end of the gene seems to be unessential
and because the reading of the rest of
the message is not shifted. In fact, if the
B gene remained active, we would have
no way of knowing that a base had been
changed. In a few cases, however, we
have been able to destroy the activity of
the B gene by a base change traceable
to the left-hand end of the gene. Presum-
ably the change creates a nonsense
triplet. We reasoned that if we could
shift the reading so that the message was
read in different groups of three, the new
reading might not yield a nonsense
triplet. We therefore selected a minus
and a plus that together allowed the
B gene to function, and that were on
each side of the presumed nonsense
mutation. Sure enough, this combination
of three mutants allowed the ger.e to
function [see top illustration on page
74]. In other words, we could abolish
the effect of a nonsense triplet by shift-
ing its reading.

All this suggests that the message is
read from a fixed point, probably from
one end. Here the cuestion arises of
how one gene ends and another begins,

WILD-TYPE GENE

since in our picture there is nothing on
the backbone of the long DNA molecule
to separate them. Yet the two genes A
and B are quite distinct. It is possible
to measure their function separately,
and Benzer has shown that no matter
what mutation is put into the A gene, the
B function is not affected, provided that
the mutation is wholly within the A
gene. In the same way changes in the
B gene do not affect the function of the
A gene.

The Space between the Genes

It therefore seems reasonable to
imagine that there is something about
the DNA between the two genes that
isolates them from each other. This idea
can be tested by experiments with a
mutant T4 in which part of the rII re-
gion is deleted. The mutant, known as
T4 1589, has lost a large part of the
right end of the A gene and a smaller
part of the left end of the B gene. Sur-
prisingly the B gene still shows some
function; in fact this is why we believe
this part of the B gene is not too im-
portant.

Although we describe this mutation
as a deletion, since genetic mapping
shows that a large piece of the genetic

information in the regicn is missing, it
does not mean that physically there is
a gap. It seems more likely that DNA is
all one piece but that a stretch of it has
been left out. It is only by comparing it
with the complete version—the wild type
—that one can see a piece of the message
is missing.

We have argued that there must be
a small region between the genes that
separates them. Consequently one would
predict that if this segment of the DNA
were missing, the two genes would
necessarily be joined. It turns out that it
is (uite easy to test this prediction, since
by genetic methods one can construct
double mutants. We therefore combined
one of our acridine mutations, which in
this case was near the beginning of the
A gene, with the deletion 1589. Without
the deletion present the acridine muta-
tion had no effect on the B function,
which showed that the genes were in-
deed separate. But when 1589 was
there as well, the B function was com-
pletely destroyed [see top illustration on
page 72]. When the genes were joined, a
change far away in the A gene knocked
out the B gene completely. This strong-
ly suggests that the reading proceeds
from one end.

We tried other mutations in the A
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the wild-type gene is CAT, CAT...
ing to TCA, TCA...
Addition and removal of a base puts the message in phase again.

MESSAGE IN PHASE AGAIN

Adding a base shifts the read-
Removing a base makes it ATC, ATC...



gene combined with 1589. All the acri-
dine mutations we tried knocked out the
B function, whether they were plus or
minus, but a pair of them (plus with
minus) still allowed the B gene to work.
On the other hand, in the case of the
other type of mutation (which we be-
lieve is due to the change of a base and
not to one being added or subtracted)
about half of the mutations allowed the
B gene to work and the other half did
not. We surmise that the latter are non-
sense mutations, and in fact Benzer has
recently been using this test as a defini-
tion of nonsense.

Of course, we do not know exactly
what is happening in biochemical terms.
What we suspect is that the two genes,
instead of producing two separate pieces
of messenger RNA, produce a single
piece, and that this in turn produces a
protein with a long polypeptide chain,
one end of which has the amino acid
sequence of part of the presumed A pro-
tein and the other end of which has most
of the B protein sequence—enough to
give some B function to the combined
molecule although the A function has
been lost. The concept is illustrated
schematically at the bottom of the next
page. Eventually it should be possible to
check the prediction experimentally.

How the Message Is Read

So far all the evidence has fitted verv
well into the general idea that the mes-
sage is read off in groups of three, start-
ing at one end. We should have got the
same results, however, if the message
had been read off in groups of four,
or indeed in groups of anv larger size.
To test this we put not just two of our
acridine mutations into one gene but
three of them. In particular we put in
three with the same sign, such as plus
with plus with plus, and we put them
tairly close together. Taken either singly
or in pairs, these mutations will destrov
the function of the B gene. But when
all three are placed in the same gene,
the B function reappears. This is clearly
a remarkable result: two blacks will not
make a white but three will. Moreover,
we have obtained the same result with
several different combinations of this
type and with several of the tvpe minus
with minus with minus.

The explanation, in terms of the ideas
described here, is obvious. One plus will
put the reading out of phase. A second |
plus will give the other wrong reading.
But if the code is a triplet code, a third
plus will bring the message back into
phase again, and from then on to the end
it will be read correctlv. Only between
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the pluses will the message be wrong
[see bottom illustration on page 74].

Notice that it does not matter if plus
is really one extra base and minus is
one fewer; the conclusions would be
the same if they were the other way
around. In fact, even if some of the plus
mutations were indeed a single extra
base, others might be two fewer bases;
in other words, a plus might really be
minus minus. Similarly, some of the
minus mutations might actually be plus
plus. Even so they would still fit into our
scheme.

Although the most likely explanation
is that the message is read three bases
at a time, this is not completely certain.
The reading could be in multiples of
three. Suppose, for example, that the
message is actually read six bases at a
time. In that case the only change
needed in our interpretation of the facts
is to assume that all our mutants have
been changed by an even number of
bases. We have some weak experimental
evidence that this is unlikely. For in-
stance, we can combine the mutant 1589
(which joins the genes) with medium-
sized deletions in the A cistron. Now, if
deletions were random in length, we
should expect about a third of them to
allow the B function to be expressed if
the message is indeed read three bases at
a time, since those deletions that had
lost an exact multiple of three bases
should allow the B gene to function. By
the same reasoning only a sixth of them
should work (when combined with
1589) if the reading proceeds six at a
time. Actually we find that the B gene
is active in a little more than a third.
Taking all the evidence together, how-
ever, we find that although three is the
most likely coding unit, we cannot com-
pletely rule out multiples of three.

There is one other general conclusion
we can draw about the genetic code. If
we make a rough guess as to the actual
size of the B gene (by comparing it
with another gene whose size is known
approximately), we can estimate how
many bases can lie between a plus with
minus combination and still allow the
B gene to function. Knowing also the
frequency with which nonsense triplets
are created in the misread region be-
tween the plus and minus, we can get
some idea whether there are many such
triplets or only a few. Our calculation
suggests that nonsense triplets are not
too common. It seems, in other words,
that most of the 64 possible triplets, or
codons, are not nonsense, and therefore
they stand for amino acids. This implies
that probably more than one codon can
stand for one amino acid. In the jargon
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NONSENSE MUTATION is one creating a code group that evidently does not represent
any of the 20 amino acids found in proteins. Thus it makes the gene inactive. In this hypo-
thetical case a nonsense triplet, CGT, results when an A in the wild-type gene is changed

to G. The nonsense triplet can be eliminated if the

reading is shifted to put the G in a

different triplet. This is done by recombining the inactive gene with one containing a
minus-with-plus combination. In spite of three mutations, the resulting gene is active.

of the trade, a code in which this is true
is “degenerate.”

In summary, then, we have arrived at
three general conclusions about the
genetic code:

The message is read in nonover-
lappmg groups from a fixed point, prob-
ably from one end. The starting point
determines that the message is read cor-
rectly into groups.

2. The message is read in groups of a
fixed size that is probably three, although

WILD-TYPE GENE
C,JA'L(E,?\TCATCATCATCATCATCAT

multiples of three are not completely
ruled out.

3. There is very little nonsense in
the code. Most triplets appear to allow
the gene to function and therefore prob-
ably represent an amino acid. Thus in
general more than one triplet will stand
for each amino acid.

It is difficult to see how to get around
our first conclusion, provided that the
B gene really does code a polypeptide
chain, as we have assumed. The second

conclusion is also difficult to avoid. The
third conclusion, however, is much more
indirect and could be wrong.

Finally, we must ask what further evi-
dence would really clinch the theory we
have presented here. We are continu-
ing to collect genetic data, but I doubt
that this will make the story much more
convincing. What we need is to obtain
a protein, for example one produced by
a double mutation of the form plus with
minus, and then examine its amino acid
sequence. According to conventional
theory, because the gene is altered in
only two places the amino acid se-
quences also should differ only in the
two corresponding places. According to
our theory it should be altered not only
at these two places but also at all places
in between. In other words, a whole
string of amino acids should be changed.
There is one protein, the lysozyme of
the T4 p’;w&e that is favorable for such
an approach, and we hope that before
long workers in the U.S. who have been
studying phage lysozyme will confirm
our theory in this way.

The same experiment should also be
useful for checking the particular code
schemes worked out by Nirenberg and
Matthaei and by Ochoa and his col-
leagues. The phage lysozyme made by
the wild-type gene should differ over
only a short stretch from that made by
the plus-with-minus mutant. Over this
stretch the amino acid sequence of the
two lysozyme variants should correspond
to the same sequence of bases on the
DNA but should be read in different
groups of three.

It this pait of the amino acid sequence
of both the wild-type and the altered
lysozyme could be established, one
could check whether or not the codons
assigned to the various amino acids did
indeed predict similar sequences for
that part of the DNA between the base
added and the base removed.

I
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THREE BASES ADDED

TRIPLE MUTATION in which three bases are added fairly close

together spoils the genetic message over a short stretch of the
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MESSAGE IN PHASE AGAIN

gene but leaves the rest of the message unaffected. The same re-
sult can be achieved by the deletion of three neighboring bases.
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Arthur Trent heard them quite clearly.
The tense, angry words shot out of his
receiver.

“Trent! You can’t get away. We will
intersect your orbit in two hours and if
you try to resist we will blow you out of
space”’

Trent smiled and said nothing. He had
no weapons and no need to fight. In far
less than two hours, the ship would make
its Jump through hyperspace and they
would never find him. He would have
with him nearly a kilogram of Krillium,
enough for the construction of the brain-
paths of thousands of robots and worth
some ten million credits on any world in
the Galaxy—and no questions asked.

Old Brennmeyer had planned the whole
thing. He had planned it for thirty years
and more. It had been his life’s work.

“It’s the getaway, young man;” he had
said. “That’s why I need you. You can
lift a ship off the ground and out into
space. I can’t”

“Getting it into space is no good, Mr.
Brennmeyer;” Trent said, “we’ll be caught
in half a day”

“Not) said Brennmeyer, craftily, “if we
make the Jump; not if we flash through
hyperspace and end up light-years away?

“It would take half a day to plot the
Jump and even if we could take the time,
the police would alert all stellar systems”’

“No, Trent, no” The old man’s hand
fell on his, clutching it in trembling excite-
ment. “Not all stellar systems; only the
dozen in our neighborhood. The Galaxy is
big and the colonists of the last fifty thous-
and years have lost touch with each other”

He talked avidly, painting the picture.
The Galaxy now was like the surface of
man’s original planet (Earth, they had
called it) in prehistoric times. Man had
been scattered over all the continents but
each group had known only the area
immediately surrounding itself.

“If we make the Jump at random)
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Brennmeyer said, “we would be anywhere,
even fifty thousand light-years away, and
there would be no more chance of finding
us than of finding a pebble in a meteor
swarm’’

Trent shook his head, “And we don’t
find ourselves, either. We wouldn’t have
the foggiest way of getting to an inhab-
ited planet”

Brennmeyer’s quick-moving eyes
inspected the surroundings. No one was
near him, but his voice sank to a whisper
anyway. “I've spent thirty years collecting
data on every habitable planet in the
Galaxy. I've searched all the old records.
I've travelled thousand of light-years, far-
ther than any space-pilot. And the location
of every habitable planet is now in the
memory store of the best computer in
the world”

Trent lifted his eyebrows politely.

Brennmeyer said, “I design computers
and I have the best.

“I’'ve also plotted the exact location of
every luminous star in the Galaxy, every
star of spectral class F, B, A and O, and
put that into the memory store. Once
we’ve made the Jump the computer will
scan the heavens spectroscopically and
compare the results with the map of the
Galaxy it contains. Once it finds the
proper match, and sooner or later it will,
the ship is located in space and it is then
automatically guided through a second
Jump to the neighborhood of the nearest
inhabited planet”

“Sounds too complicated”’

“It can’t miss. All these years I've
worked on it and it can’t miss. I'll have
ten years left yet to be a millionaire. But
you're young; you’ll be a millionaire much
longer”’

“When you Jump at random, you can
end inside a star”

“Not one chance in a hundred trillion,
Trent. We might also land so far from any
luminous star that the computer can’t
find anything to match up against its pro-
gram. We might find we’ve jumped only
a light year or two and the police are still
on our trail. The chances of that are
smaller still. If you want to worry, worry
that you might die of a heart attack at
the moment of take-off. The chances for
that are much higher”

“You might, Mr. Brennmeyer. You're
older”’

The old man shrugged. “I don’t count.
The computer will do everything auto-
matically”

Trent nodded and remembered that.
One midnight, when the ship was ready
and Brennmeyer arrived with the Krillium
in a briefcase (he had no difficulty for he
was a greatly trusted man) Trent took
the briefcase with one hand while his
other moved quickly and surely.

A knife was still the best, just as quick
as a molecular depolarizer, just as fatal,
and much more quiet. Trent left the knife
there with the body, complete with finger-
prints. What was the difference? They
wouldn’t get him.

Deep in space now, with the police-
cruisers in pursuit, he felt the gathering
tension that always preceded a Jump. No
physiologist could explain it, but every
space-wise pilot knew what it felt like.

There was a momentary inside-out feel-
ing as his ship and himself, for one moment
of non-space and non-time, became non-
matter and non-energy, then reassembled
themselves instantaneously in another part
of the Galaxy.

Trent smiled. He was still alive. No star
was too close and there were thousands
that were close enough. The sky was alive
with stars and the pattern was so different
that he knew the Jump had gone far.
Some of those stars had to be spectral
class F and better. The computer would
have a nice rich pattern to match against
its memory. It shouldn’t take long.

He leaned back in comfort and watched
the bright pattern of starlight move as
the ship rotated slowly. A bright star
came into view, a really bright one. It
didn’t seem more than a couple of light-
years away and his pilot’s sense told him
it was a hot one; good and hot. The com-
puter would use that as its base and match
the pattern centered about it. Once again,
he thought: It shouldn’t take long.

But it did. The minutes passed. Then
an hour. And still the computer clicked
busily and its lights flashed.

Trent frowned. Why didn’t it find the
pattern? The pattern had to be there.
Brennmeyer had showed him his long
years of work. He couldn’t have left out a
star or recorded it in the wrong place.

Surely stars were born and died and
moved through space while in being, but
these changes were slow, slow. In a mil-
lion years, the patterns that Brennmeyer
had recorded couldn’t—

A sudden panic clutched at Trent. No!
It couldn’t be. The chances for it were
even smaller than Jumping into a star’s
interior.

He waited for the bright star to come
into view again and, with trembling hands,
brought it into telescopic focus. He put
in all the magnification he could, and
around the bright speck of light was the
tell-tale fog of turbulent gases caught, as
it were, in mid-flight.

It was a nova!

From dim obscurity, the star had raised
itself to bright luminosity,—perhaps only
a month ago. It had graduated from a
spectral class low enough to be ignored
by the computer, to one that would be
most certainly taken into account.

But the nova that existed in space didn’t
exist in the computer’s memory store
because Brennmeyer had not put it there.
It had not existed when Brennmeyer was
collecting his data—at least not as a
luminous star.

“Don’t count it] shrieked Trent.
“Ignore it

But he was shouting at automatic
machinery that would match the nova-
centered pattern against the Galactic pat-
tern and find it nowhere and continue,
nevertheless, to match and match and
match for as long as its energy supply
held out.

The air supply would run out much
sooner. Trent’s life would ebb away much
sooner.

Helplessly, Trent slumped in his chair,
watching the mocking pattern of star light
and beginning the long and agonized wait
for death.

—If he had only kept the knife.
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Thank goodness Trent left the knife.
Neither we nor Dr. Asimov would care
to have that sort of thing on our con-
science.

But, in a mood quite different from that
in which Trent earned notoriety, we at
Hoffman are happy to report that some
of the things we’ve been busy at are now
gaining favorable recognition in a variety
of areas.

No less spectacular than the navigation
feat in “Star Light} when viewed as cur-
rent accomplishment, is the performance
of Hoffman TACAN in guiding an Air
Force B-58 on its record-setting (1044.3
mph average) coast-to-coast round trip
at altitudes to 50,000 ft. This, one of the
more than 20,000 such airborne systems
we’ve made in recent years, “found” 64
VORTAC stations in the process of keep-
ing this high-performance aircraft on
course toward its record.

Really down to earth: our Highway
Emergency Call System, soon to be
installed on the central portion of the Los
Angeles freeway network, under contract
to the California Division of Highways.
This radio-operated system lets stranded
motorists call for help by merely pushing
a button—using solar-cell converted
energy from just 5 minutes of sunlight.
In the unlikely event of a blight on our
usually sunny area, the system’s sun-
charged batteries could carry on for as
long as 60 days.

Less down to earth: the minds of our
men at Hoffman Science Center, high on
a hill overlooking Santa Barbara. They
are hard at work striving toward such
things as a solar cell power system which
would serve our country’s first men on the
moon, as well on developing Laser com-
munications systems that will let these
heroes report back to less venturesome
souls on this planet. Real progress is being
made in both areas, and we have every
hope of broadening our contributions to
this nation’s space programs far beyond
what we’ve been proud to provide so far.

Because our business, you see, is con-
verting science fiction into scientific fact.
We’re concentrating our efforts on those
things we know most about. These broad
areas of military and industrial electron-
ics: communications, navigation, recon-
naissance, surveillance, semiconductor
devices and the conversion of solar energy
into electric power. If you have a problem
that might relate to what we do, call us.

Hoffman / ssaciomes

3761 So. Hill Street, Los Angeles 7, Calif.
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Semiconductor Particle-Detectors

This new type of counter is supplanting all others in the field

of low-energy nuclear physics. Among its advantages are rapid

response and the ability to distinguish particles close in energy

uclear physics became possible
\- when experimenters first learned
how to detect the particles
emitted by radioactive materials. Today
the study of nuclear structure is still
largely a matter of counting and measur-
ing the fragments that excited atomic
nuclei eject to rid themselves of excess
energy. Recently the measurements have
been made both easier to perform and
more precise through the application of
semiconductors. Just as the transistor
has all but pushed the vacuum tube out
of the electronics shop, so are semicon-
ductor detectors fast supplanting bulkier
and less efficient counters in the nuclear
laboratory.

By current multibillion-electron-volt
standards the particle energies in nuclear
radiation are modest indeed: they are
measured in millions of electron volts
(Mev) or, at most, a few tens of Mev.
As it happens, it is precisely in this low-
energy region that semiconductor count-
ers are best suited to function. Not only
can they detect low-energy particles ef-
ficiently, they can also differentiate be-
tween tiny differences in energy.

The classical detector in low-energy
physics has been the ionization chamber.
A brief consideration of its operation
will help to make clear the advantages
offered by the new devices. The cham-
ber is filled with an inert gas and con-
tains a pair of electrodes, which are
maintained at a potential difference of
about 1,000 volts. A nuclear fragment
entering the chamber through a thin
window ionizes some of the gas atoms.
The electrons and positive ions are swept
out of the gas and onto the electrodes,
giving rise to an electric pulse propor-
tional in amplitude to the number of ion
pairs produced. This in turn is propor-
tional to the energy lost by the fragment
in the chamber. The duration of the
pulse depends on the time required to
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sweep up the liberated charge. (In con-
trast to its well-known relative, the Gei-
ger counter, the ionization chamber does
not employ a strong electric field to
multiply the charges produced by the
incoming particle. In order to measure
energy, the chamber must respond with
pulses of different sizes to different
quantities of liberated charge.)

The quality of the counter is deter-

mined principally by its ability to dis-
tinguish between fragments of nearly
equal energy; or, more strictly, between
fragments losing nearly equal quantities
of energy in the chamber. Because many
nuclear measurements require a distinc-
tion among almost simultaneous events,
a counter should produce brief signals
to achieve good time resolution. Brief
signals provide the additional bonus of

SEMICONDUCTOR COUNTERS are photographed in an experiment on neutron-neutron
interaction at the Brookhaven National Laboratory. View at left shows vacuum chamber in
which a target material, placed at the center, is bombarded by cyclotron beam emerging
from tube at top. Counters are mounted on two arms. In close-up view at right the circular
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short recovery time, enabling the count-
er to respond to a rapid succession of
particles.

Both the energy resolution and the
time resolution of an ionization chamber
are easy to estimate. The theoretical limit
for energy resolution is set by the fact
that it takes, on the average, 27 electron
volts of energv to ionize one gas atom.
If a nuclear fragment loses one Mev
in the gas, it produces some 1,000,000 —
27, or 37,000 ions. This average figure
is subject to an uncertainty arising from
the chance element in the process of
collision and ionization. On the assump-
tion of a “Poisson distribution,” or a bell-
shaped probability curve, the uncertain-
ty is measured by the square root of
37,000, or 192. A detailed analysis shows
that the curve is not exactly bell-shaped
and that the uncertainty is somewhat
smaller, but the simpler computation
correctly reflects the dependence of the
uncertainty on the amount of energv re-
quired to produce an ion pair. In the
present example this uncertainty sets a
theoretical limit of 192 = 37,000, or .52
per cent, on the energy resolution of the
ionization chamber.

Time resolution is simplv a question
of the speed with which the electric
field clears out at least the majority of
the liberated charges. It is determined
primarily by the distance the charges
have to travel and by the intensity of the
electric field. In a practical ionization
chamber it is hard to resolve pulses sepa-
rated by less than 10 microseconds
(millionths of a second). In terms of
counting rate this means that if the num-
ber of accidental coincidences is to be
less than 1 per cent of the registered
counts, the rate must be limited to fewer
than 1,000 counts per second.

{n ionization chamber must be fairly
=+ large because to lose a measurable
amount of its energy a nuclear fragment
must cover a considerable distance in
a gas. Here the advantage of a solid-
state device is most clearly apparent.
The great stopping power of scintilla-
tion crystals has made them the most
popular detectors for low-energv nuclear
research [see “Scintillation Counters,”
bv George B. Collins; SCIENTIFIC AMER-
1caN, November, 1953]. Their energy
resolution is limited, however, to about

3 per cent at best, and they are insepara-
ble from the intricate photomultiplier
tube. On both counts the semiconductor
counter is superior, and it is displacing
not only the gas-filled ionization cham-
ber but also its own solid-state kin, the
scintillation crystal.

In their physical appearance semi-
conductor counters resemble scintilla-
tion crystals, but in operation thev are
more closely related to ionization cham-
bers. Charges created by incoming par-
ticles are collected by electrodes at the
surface and converted to electric pulses.
The first devices to be designed on this
principle did not make use of the pecu-
liar properties of semiconductors but
were made simply of nonmetallic crys-
tals, such as diamond or silicon. The
carbon atoms in a diamond crystal are
bound to one another in such a way
as to tie all the atomic electrons to their
respective lattice points. No charges are
available to carry a current even if a
high electric field is applied across the
crystal. In solid-state parlance we say
that the valence band, where the elec-
trons are tied to their lattice sites, is
separated by a wide, forbidden energy

disk facing 45 degrees from the axis of the arm is an “n-p junction”
counter (see text), which counts the particles from target and
measures their energy. The rectangles on one-inch silicon disk out-
line two separate counting areas. To the left of disk, seen edge on,
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is a “surface barrier” counter, which measures the rate of energy
loss of the particles. The information from both counters serves
to identify particles. The experiment is a joint project of the Bell
Telephone Laboratories and Brookhaven National Laboratory.

79



gap from the conduction band, in which
the charges are free to move through
the crystal. When a nuclear fragment
enters the crystal, it knocks electrons
from the valence band into the conduc-
tion band, thus creating mobile charge
carriers. These consist of both the liber-
ated electrons and the positive “holes”
they vacate. An external electric field
can now sweep out the charge carriers,
giving rise to a pulse of current.

In addition to its much higher stop-
ping power compared with gas, the crvs-
tal counter surpasses the ionization
chamber in energy resolution and re-
covery time. To activate one charge pair
in the diamond crystal requires only nine
electron volts, on the average, as against
27 for argon. Repeating the earlier cal-
culation shows that the loss of one Mev
of energy by a fragment activates 111,-
000 electron-hole pairs, with an uncer-
tainty of the square root of 111,000, or
333. This gives an efficiency limit of .3
per cent. Even more significant is the
improvement in time resolution. Princi-
pally because much shorter distances are
involved, the activated charges are
swept out from the crystal in a few hun-
dredths of a microsecond instead of a
few microseconds.

[n spite of its great advantages, the

crystal counter has not been a suc-
cess. Two drawbacks are responsible:
dark current and polarization. Random

thermal motions continually activate
charge carriers in the crystal, even in the
absence of an ionizing nuclear projectile
(that is, even in the “dark”). Under the
influence of the external electric field,
they give rise to an ever present fluctu-
ating current that constitutes electrical
noise above which the useful signals
must be detected.

The dark current is insignificant in
diamond because of the large width of
the forbidden gap and the presence of
so-called trapping centers arising from
localized crystal imperfections. Depend-
ing on the type of imperfection, a trap-
ping center may catch electrons or holes.
Both tvpes of center exist in every crys-
tal, and they waylay a substantial frac-
tion of the charge carriers activated by
the bombarding particles. These trapped
charges build up an electric field inside
the crystal, which opposes the externally
applied field. Even at moderate counting
rates polarization considerably reduces
the effective field strength. Not only
does this lower the detection efficiency,
it also destroys the proportionality be-
tween particle energy and collected
charge, which is essential for good
energy resolution.

By choosing a crystal such as silicon,
which is similar to diamond but has a
smaller forbidden gap, the effects of
polarization can be considerably de-
creased. The bombarding particles re-
lease enough charge carriers to fill the

traps and still produce substantial cur-
rent. But the gain is offset by a prohibi-
tively large dark current. A slab of high-
purity silicon a quarter of a centimeter
thick and one square centimeter in area
has a resistance of approximately 2,500
ohms. Applying 250 volts across the slab
gives rise to a dark current of a tenth of
an ampere. Merely to dissipate the re-
sulting 25 watts of heat becomes a prob-
lem, to sav nothing of the difficulty of
detecting the pulses that are caused by
radiation.

What is wanted is a crystal with high
resistance, to minimize dark current, and
with minimum tendency to polarization.
A fairly effective compromise that has
been developed recently makes use of a
silicon crystal judiciously doped with
phosphorus and gold. Phosphorus atoms
have five outer, or valence, electrons,
one more than can fit into the inter-
atomic bonds in the silicon crystal. The
extra electrons are easily detached from
their atoms to become mobile charge
carriers. Because the majority of carriers
are then negative, phosphorus-doped
silicon is called an n-type semiconductor.
The availability of electrons from the
donor phosphorus atoms means that n-
type silicon has much lower resistance
than pure, or “intrinsic,” material. Add-
ing the right number of gold atoms just
offsets the decrease in resistance by pro-
viding deep trapping centers to capture
the mobile electrons. The net effect is
that a crystal of ordinary silicon achieves
the resistance of extremely pure, intrin-
sic material.

At moderate counting rates detectors
made of silicon doped with phosphorus
and gold work remarkably well. More-
over, the statistical limit on energy reso-

SIGNAL
PATH OF L lution is very low, since the average
PARTICLE energy needed to generate a charge pair
=[=
SIGNAL
PATH OF e
PARTICLE -|_

CRYSTAL COUNTER (top), which was forerunner of semicon-
ductor counters, is compared schematically with classic ionization
chamber (bottom). Both are shown in approximately actual size.

In both an incoming particle releases mobile charges, which are
swept away by an externally applied voltage and which produce
a brief output voltage pulse. Crystal gives much sharper pulses.
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in silicon is only 3.5 Mev. In the case
of a particle losing one Mev of energy
the limit is only 2 per cent. At higher
counting rates, however, gold-doped sili-
con crystals are still prone to polariza-
tion. In addition, they must be operated
at liquid nitrogen temperatures so that
thermal motions do not lift too many
charge carriers across the narrow for-

bidden gap.

The chief stumbling block for the

homogeneous crystal counter, at
least in the present state of technology,
is the apparent impossibility of achiev-
ing high resistivity without recourse to
trapping. An elegant resolution of this
problem has been found in the surface-
junction counter.

Consider a silicon crystal in the in-
terior of which one lattice atom in every
million million or so is replaced by a
boron atom. Boron has three valence
electrons—one fewer than are required
to satisfy the bonds to all neighboring
atoms in the crystal. Therefore every
boron atom constitutes an acceptor site,
where electrons can easily lodge. Elec-
trons moving into the sites leave behind
positive holes that can move through
the crystal and carry electric current.
For this reason the material is called
p-type. Suppose that one surface of the
p-type crystal is doped with phosphorus
to make it n-type. Then some of the
extra donor electrons from the surface
will lodge themselves in acceptor sites
underneath, creating a narrow polarized
region that is positive on one side and
negative on the other [see illustration on
page 84]. This dipole layer of bound
positive and negative charge gives rise
to an internal electric field that maintains
the “depletion” region free of charge
carriers and gives it very high resistivity.
An external electric field applied in the
direction of the internal field serves to
widen the depletion region. In contrast
to gold-doped silicon, the junction has
no deep trapping centers to cause polar-
ization.

When an ionizing nuclear fragment
passes through the junction, it leaves a
plasma of conduction electrons and holes
in its wake that is swept out by the elec-
tric field within a few nanoseconds
(thousands of a millionth of a second).
This is the fastest detector recovery time
known. The energy resolution, deter-
mined by the low energy needed for
creation of an electron-hole pair in sili-
con, is still at its record low. (If ger-
manium, with a narrower forbidden gap,
is used instead of silicon, the limit to
the energy resolution lies even lower.

But germanium junction counters have
to be cooled, whereas silicon works per-
fectly well at room temperature.)
Similar to the surface-junction detec-
tor, both in quality and operation, is
the silicon (or germanium) surface-
barrier detector. It is designed to take
advantage of the fact that the undam-
aged surface of a crystal can play the
role of acceptor. Donor electrons from
the interior of a phosphorus-doped, n-
type silicon crystal collect on the sur-
face, establishing a high-resistivity de-
pletion region near the crystal surface,
exactly as in the junction counter. A
thin film of gold evaporated onto the
surface makes it possible to widen the
depletion layer by applying an addi-
tional voltage between the surface and
the interior of the crystal. An ionizing

particle entering the depletion region
gives rise to a current pulse that can
be collected at the gold film.

Ithough surface-junction and surface-
4+ X barrier counters are unexcelled in
their energy resolution and speed of sig-
nal, the limited depth of their depletion
layer constitutes a serious weakness. To
distinguish among particles of different
energy the detector must stop all the
particles within its sensitive region so
that all the energy of each one contrib-
utes to the output pulse. The depth of
the sensitive depletion layer increases
as the square root of the applied voltage
times the resistivity (determined by the
purity) of the crystal. Even with exter-
nally applied fields as high as 400 volts
and the purest available silicon, the

VARIOUS TYPES OF COUNTER discussed in the text were built in the author’s labora-
tory at the University of Rochester. Raised rectangle in middle of strip at top left is a sur-
face-barrier counter. Entire assembly is about two inches long. The other devices are: a
surface-junction counter (top right), an n-i-p counter (middle left), a thin transmission
counter (middle right), a p-n-i-p counter (bottom left), in which transmission counter is
incorporated in the n-i-p device, and a combined transistor-counter (bottom right), which
amplifies its own signals. Commercial firms have begun to make some of the devices.
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SHAPED
HOLES

ROUND
HOLES

OR: WHEN A HOLE IS PROPER
MATTER FOR A SCIENTIST

Few would consider the hole an appro-

priate subject for the attention of a
scientist. Unless the hole in question
must have a particular shape—not just
round, but a completely unconventional

shape—with specifications like this:

Shape: almost any (including round)

Material: any metal
or alloy

Capillary length (a):
.001 to .060 in.

Limb width (b):
.0025 to .010 in.

Limb length (c):
.004 to .040 in.

Density:

up to 300 holes on a 6 in. diameter disc
BisHopPscientists haverecently developed
new techniques and equipment to pro-
duce almost any shaped hole to ex-
tremely close tolerances and specifica-
tions.

The first application of this new tech-
nology was in shaped hole spinnerettes
for the synthetic fibre industry, which
improved the appearance, prismatic
glitter, crease resistance and even the
life of synthetic fibers so extruded. Could
your application be: combustion jets?
Extrusion plates? Plasma engine nozzle?

If holes—round or shaped —are of any
concern to you, why not investigate

BisHOP’S unique ability in this area?

BISHOP

MALVERN, PENNSYLVANIA
A JOHNSON MATTHEY ASSOCIATE
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J.BISHOP & CO.
platinum works

depth of the sensitive region is only one
millimeter. Therefore at present deple-
tion-layer counters can be used to de-
tect only particles that lose all their
energy before they traverse one milli-
meter of silicon. Since the rate at which
the particles lose energy is proportional
to the square of their charge, the shal-

i

)

lowness of the sensitive region is no
handicap in working with multiply
charged fragments. In most cases they
are completely stopped in silicon after
traveling only a fraction of a millimeter.
For this reason these counters are admir-
ably suited to the detection of nuclear
fission fragments and have recently made

a a

CONDUCTION IN CRYSTAL can take place only if charge carriers (black dots) are
raised from valence energy band (lower gray segments) to conduction band (upper gray
band) , where they are above the potential energy barriers (dark-colored shapes) separating
the atoms of the crystal. Applying an outside voltage provides a potential “hill” (b) down
which the carriers can move. Imperfections in the crystal are traps (black lines) for
| carriers. When the traps are filled (c), an internal voltage partly offsets the applied voltage.
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possible fission measurements of un-
equalled precision.

Even alpha particles and helium 3
ions, with their charge of two units, are
easily detected, and their energy meas-
ured, within the sensitive region, as long
as their energy does not exceed some 40
Mev. Most investigations of nuclear
structure involve energies below this
value, so that surface-junction and sur-
face-barrier counters are now used al-
most exclusively for alpha spectroscopy
and similar experiments. The trouble
begins as soon as protons or deuterons
(nuclei containing one proton and one
neutron) are involved. The rate of en-
ergy loss for protons is only about a
quarter of that for alpha particles, so
that a detector with a sensitive region
wide enough to stop 40-Mev alphas will
be good for protons only up to 10 Mev.
Tilting the crystal at an angle to the
incoming particles extends the range to
somewhat higher energies, but the basic
limitation remains. Of course this limi-
tation makes depletion-layer counters
completely unsuitable for high-energy
nuclear physics, where particle energies
reach billions of electron volts.

A considerable widening of the sensi-
|

tive depletion region is achieved in the

n-i-p (n-intrinsic-p) version of the junc- |

tion counter. This device can be envis-
aged as a cross between an n-p junc-
tion and a crystal counter. It was first
made in France by diffusing phosphorus
and boron into the opposite faces of an
ultrapure silicon slab. The result was a
crystal with three distinct zones: a thin
n-type surface layer, an intrinsic (un-
doped) interior and a p-type surface

layer. As in the case of the n-p junction, |

some of the donor electrons drift over
to occupy some of the acceptor sites,
thereby depleting portions of the n and
p layers of charge carriers. Moreover,

the electric field thereby created bridges |

the intrinsic region, and so it too is kept
free of carriers. Therefore practically the
entire crystal becomes sensitive to ioniz-
ing rays. The counter works well, but it
is difficult to make. Even extremely
minute quantities of impurities in the
silicon supply so many charge carriers
that the central region can no longer be
maintained in a depleted state.

An ingenious substitute for ultrapure
silicon has been developed at the Gen-
eral Electric Research Laboratory by
E. M. Pell. He begins with p-type sili-
con and diffuses lithium atoms into one
face of the crystal. Lithium, with its
single outer-shell electron, acts as a do-
nor impurity and creates an n-p surface
junction. Unlike the donors mentioned
previously, however, lithium atoms do

P.l. tape recorder secret
is an open book

A unique stacked-reel tape magazine is one of many
space-saving secrets which enable Precision instrumen-
tation recorders to out-perform conventional magnetic
tape instruments many times their size. Other design
secrets are push-button selection of
function and speed, light beam end-
of-tape sensing, front panel calibra-
tion and testing, interchangeable tape
loop magazines, and all-solid-state
plug-in electronics.

A/l the secrets of these recorders are
unveiled in detailed new brochure
67. Write for your copy today.

14-CHANNEL
PRECISION RECORDER
Loaded magazines can be
interchanged in 5 seconds.

P.S. — Here's an installation secret — two complete 14-
channel analog (or 16-channel digital) recorders mount
in only 51" of vertical rack space.

PRECISION
INSTRUMENT

SAN CARLOS, CALIFORNIA / LY 1-4441

P.|l. Invites inquiries from senior engineers seeking a challenging future,
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not fit themselves into the crystal lattice
proper but remain “interstitial.” They
are small enough to wander through the
lattice. If a voltage is applied to the crys-
tal in the right direction, lithium atoms
that have given up their valence elec-
trons will be forced into the p-type in-
terior. There each ion eventually en-
counters an acceptor site occupied by an
electron and hence negatively charged.
The positive lithium ion neutralizes, or
“compensates,” the acceptor ion. In the
process it becomes neutral itself and is
no longer acted on by the outside volt-
age. The result is that all the acceptor
sites within a rather wide zone are
eventually compensated, and the mate-
rial here exhibits properties of intrinsic
silicon of very high resistivity. In effect
the crystal now has an n-i-p configura-
tion. Many laboratories today are fabri-
cating n-i-p counters by the lithium drift
method. Sensitive depths up to two
millimeters are achieved more or less

routinely. A few experimenters have
made high-quality n-i-p counters twice
as thick, and Jack H. Elliott at the Ra-
diation Laboratory of the University of
California has succeeded in extending
the compensation to a depth of six milli-
meters, which appears to be a record.
Although the manufacture of thick semi-
conductor counters is still largely an
occult art, it will undoubtedly be re-
duced soon to a standardized procedure.

Interestingly enough, at the same time

that physicists are straining to make
thicker semiconductor counters, they are
also trying to produce extremely thin
ones. The latter are useful in distinguish-
ing different types of particles of the
same energy. Suppose that 20-Mev
alpha particles are to be counted in the
presence of 20-Mev deuterons. Alpha
particles at this energy have a range of
.2 millimeter in silicon; the deuterons
penetrate to 1.5 millimeters. A counter

with a depletion region only .2 milli-
meter thick will completely stop the
20-Mev alpha particles within its sensi-
tive region, while absorbing less than
two Mev of energy from the deuterons.
Consequently the alpha signals are
about 10 times larger than deuteron sig-
nals and can easily be selected electroni-
cally. It should be noted that although
the experiment requires a narrow sensi-
tive zone, the crystal need not be thin.

Now consider the problem of counting
the deuterons rather than the alphas in
the mixed beam. As long as the 20-Mev
deuterons do not have to be further dis-
tinguished from, say, 19.7-Mev deu-
terons, the solution is straightforward.
The alphas can be absorbed away by
covering the counter with a thin foil.
The more penetrating deuterons pass
through the foil, leaving only two Mev
of energy behind, and can then be
detected without interference. But in
traversing the foil deuterons undergo a

I p-TYPE

(black lines) ; n-type contains “donor sites,”
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“depletion” region

< DEPLETION REGION ——%l

P-N JUNCTION COUNTER is made, in effect, by joining p-type
and n-type semiconductors. P-type contains empty “acceptor sites”
each with an easily

lost electron (bluck dot). At junction electrons from donor sites
drift into acceptor sites, producing a voltage that keeps the
(slanted section) free of mobile carriers.



STAINLESS STEEL LIFELINE TO THE HEART

There are a growing number of
people in America today who are
going quietly and confidently about
their business. They look normal.
They act normal.

Yet, these people are literally
battery-driven.

Each carries, securely locked be-
neath the muscles of his chest or
abdomen, a tiny transistorized bat-
tery box called a pacemaker. This
box transmits pulsing electrical
current along a stainless steel
suture to the patient’s heart wall.
These gentle, timed electrical im-
pulses shock the heart muscle into
action.

The evolution of the pacemaker
has returned many serious and
possibly fatal heart cases to nor-
mal life.

However, pacemakers were not
always as portable as they are to-
day. The first ones were large, bed-
side units, which are in common
use today. Further development
produced a pacemaker small
enough to be carried by the pa-
tient. One of several ways the steel

suture entered his body was
through a vein in his neck. He
could move about, yes, but the unit
was somewhat cumbersome and he
lived a restricted life. Now, doc-
tors and scientists have developed
aminiature pacemaker, completely
internal. It provides vital stimulus
to the heart without interfering
with the patient’s normal activity.

Cyanamid’s role in the evolution
of the pacemaker? A relatively
small one...about as important as
the cord that plugs into the wall
and brings your electrical appli-
ances to life.

Cyanamid’s Davis & Geck Divi-
sion manufactures the stainless
steel conductive suture that trans-
mits electrical current from the
pacemaker to the heart. This, how-
ever, is not quite as simple as it
sounds. The wire must be strong,
it must be non-corrosive. It must
be chemically inert. It must be
able to withstand continuous bend-
ing and straightening with every
beat of the heart. This steel wire is
implanted inside a patient’s body.

It is his lifeline.

But this is not a new type of as-
signment for Cyanamid’s Davis &
Geck Division. It has, for many
years, been engaged in the manu-
facture of sutures...the fine tough
strands and filaments that hold
wounded muscles and skin to-
gether until they heal.

The perfected Davis & Geck
conductive suture consists of 49
filaments of wire, each finer than
a human hair. These wires are
twisted into a fine steel cable,
coated with an insulating material
and joined to special surgical
needles. The entire unit is then
ready to be mated to a pacemaker
and help maintain life.

Development of this link in the
lifesaving chain is typical of the
work being done by twelve Cyana-
mid divisions. From man-made
fibers to industrial chemicals to
stainless steel lifelines there is one
common denominator. Man’s need.
If the need exists now or is likely
to exist, there are Cyanamid sci-
entists at work on it today.

Agricultural / Building Products / Davis & Geck / Fibers / Formica Corporation (C YANAMI D

Industrial Chemicals / Lederle Laboratcri_s / Organic Chemicals / Pigments

Plastics and Resias / Cyanamid of Canada Limited / Cyanamid International AMERICAN CYANAMID COMPANY, WAYNE, N.J.
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process called straggling, which spreads
their energies. If the 20-Mev deuterons
are accompanied by 19.7-Mev deuter-
ons, the two groups become indistin-
guishable.

This is where the extremely thin trans-
mission counter comes in. Harvey E.
Wegner of the Los Alamos Scientific
Laboratory has demonstrated that in
traversing a thin crystal different par-

pel ©
O .'

N-I-P COUNTER is made by diffusing lithium atoms (open circles)
into one surface of p-type semiconductor. Lithium can donate its
single outer electron (black dot in circle) to acceptor sites, con-
verting surface to n-type (“b” right) and forming an n-p junction
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ticles give rise to pulses proportional to
the rates at which they lose their energy.
Therefore alphas produce much larger
pulses than deuterons. The smaller deu-
teron signals from a thin sampling
counter can be used to “gate” a second,
ordinary counter so that it will respond
only to the deuteron and ignore all the
pulses arising from the alphas. Since the
sampling counter is very thin, straggling

<— DEPLETION REGION %l

'

o

DEPLETION REGION
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is not significant and the high resolution
of the main counter can be fully realized.

Making extremely thin transmission
counters involves as much magic as
does fabricating thick depletion layers.
The main bugbear is the fragility of
thin silicon wafers. Workers at the Bell
Telephone Laboratories have recently
produced a transmission counter a hun-
dredth of a millimeter thick—a remark-

depletion region (“b” center). Lithium ions pushed into crystal
by an outside voltage “compensate” acceptor levels in the p-type
material, creating an “intrinsic” region with high resistivity and
correspondingly increasing the thickness of the sensitive layer (c).



Mc DONNELL & Co

INCORPORATED

"Why we chose the NCR Computer.”_moowm & CO., INCORPORATED, New York, N. Y.

“When we contemplated acquisition of
a computer, we approached the equip-
ment with the same type of careful
scrutiny which we used when evaluat-
ing NCR as a growth stock. After ex-
haustive studies—similar to the research
of our own Vital Investment Analysis
—we concluded that the NCR 315 of-
fered us the greatest savings in time
and money.

“Our NCR 315 gives us the size
system we require to meet our present
needs. This eliminates our having to buy

NCR PROVIDES TOTAL SYSTEMS—FROM ORIGINAL ENTRY TO FINAL REPORT—

THROUGH ACCOUNTING MACHINES, CASH REGISTERS OR ADDING MACHINES, AND DATA PROCESSING
The National Cash Register Co.+1,133 offices in 120 countries .78 years of helping business save money

a larger system than we now have use
for. With the greater flexibility of the
NCR 315, we can anticipate its future
expansion . . . adding units to our Com-
puter as required.

“"Furthermore, our NCR 315 will
give us Card Random Access Memory
(CRAM)—a data storage unit which we
believe superior to magnetic tape sys-
tems. With high-speed CRAM, we can
compute our entire domestic branch
system’s account operations on a daily

basis (purchase, sales, interest, divi-
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dends, margin requirements, etc.) . ..
thus effecting substantial savings in in-
terest charges and overhead.

“Economy . . . flexibility . . . simplicity

. efficiency . . . reliability—all impor-
tant basic reasons why we at McDonnell
& Co. believe the NCR 315 will serve
our needs best. And as McDonnell &
Co. grows, our NCR 315 will grow—
without cosfly conversion.”

McDonnell & Co., Incorporated

NCR
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Collectadatda: how to collect
data without collecting mistakes

Data collection, the laborious busi-
ness of “keeping track,” is vital to
efficient plant operation. The ideal
way to collect data is to use a sys-
tem whereby the men recording data
virtually cannot make mistakes.
Add speed to accuracy andyou have
the perfect data collection system.

Such a system is now available from
Friden. It’s the new Model 30 Col-
lectadata System: a series of trans-
mitting units connected to a central
receiver. Workers dial reports in-
stead of writing them.

The Model 30 Collectadata has the
most elaborate in-machine and oper-
ator checks of any data collection
system you can name. Each dial is
checked; the worker’s identification
is checked; and the input card itself
is checked. Only if all three have
been used properly, can the message
go through.

The Collectadata Model 30 gives

totally accurate data—automatically.
Another new feature: The system
can be changed from collecting data
to taking attendance. Men can check
in or out on the new Friden Badge
Reader almost as fast as they can
walk by the machine. Further, the
controls are tamper-proof.

By many standards, this is the most
advanced, most reliable data collec-
tion system available. Get the full
story by calling your local Friden
Systems man. Or write: Friden, Inc.,
San Leandro, California.

THIS IS PRACTIMATION: prac-
tical automation by Friden— for
business and industry.

ITiden

Sales, Service and Instruction Throughout the U. S. and World
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able accomplishment. At the University
of Rochester my colleagues and T are
trying to employ the undepleted portion
of the n layer in a thick n-i-p counter as
the base for a thin gold-silicon surface-
barrier counter. We hope in this way to
dispense with the separate fragile wafer
and at the same time convert the insensi-
tive “window” layer of the n-i-p de-
tector into a useful component of a com-
bination counter.

Some nuclear radiations contain
separate groups of particles so nearly
equal in energy that even the best semi-
conductor counters cannot resolve them.
In that case the groups must be sorted
out spatially, by passing the beam
through the field of a strong magnet.
Each particle trajectory bends at a dif-
ferent angle, depending on the charge
and momentum. The separated beams
are normally detected by sending them
through special photographic emulsions,
where they produce a visible track. But
nuclear emulsions leave a great deal to
be desired as particle detectors. Often
the success or failure of a measurement
hinges on some minor adjustment of the
apparatus while the experiment is in
progress. No such control is possible
when working with nuclear emulsions
because the experimenter cannot tell
what is happening until the emulsions
have been developed and scanned. Fur-
thermore, scanning of the developed
emulsions is in itself an onerous task.

A number of workers have tried re-
placing nuclear emulsions with banks of
gas-filled or scintillation counters. To
preserve the high resolution that the
magnetic spectrograph provides, the in-
dividual counters must be uite narrow—
on the order of two millimeters or less
in thickness. Gas counters do not func-
tion well in such small dimensions.
Scintillation counters can be cut to any
size, but the need for individual photo-
multiplier tubes makes the array im-
possibly unwieldy. The semiconductor
counter, on the other hand, being com-
pact and self-contained, is eminently
suited for assembly into arrays. Banks
of 20 counters each have already been
constructed and used successfully at the
University of Rochester and at the Uni-
versity of Michigan.

The semiconductor counter has barely
emerged from infancy. Many of its po-
tentialities remain to be explored; some
undoubtedly are yet to be thought of.
As with so many technological aids to
basic science, its development is a two-
way street: while serving as a detector
of nuclear radiation, it furnishes valu-
able information on the properties of
semiconductors.



Enjay tests at 20 helow to keep diesel fuel flowing

““Downtime’” is a dirty word wherever heavy-duty diesels
are at work. It can mean costly repairs, idled manpower,
jobs behind schedule. And the culprit can be hidden in the
diesel fuel you buy: tiny crystals of wax that form when the
temperature drops, capable of clogging fuel filters and
supply lines.

To solve this problem, Enjay has conducted extensive
cold-room and field studies on an advanced new additive

which modifies wax crystal structure in such a way that
diesel fuel will flow dependably —even at minus 40°F.

These studies are typical of work going on at Enjay Labo-
ratories to perfect new and improved additives for petroleum
marketers. Similar work is being carried on in the chemical,
plastic and rubber fields. To find out how such end-product
research can help solve your problem, please write to Enjay,
60 West 49th Street, New York 20, New York.

ENJAY CHEMICAL COMPANY, a division of Humble Qil & Refining Company
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Heres How

A-L Research
is Enlarging
the Horizons

Out of the A-L Research Center have come such steels and
alloys as S-816, a super-alloy for jet turbine blades; A-286,
the most widely used of the super-alloys; AM-350 and AM-
355, versatile new precipitation-hardening stainless steels;
MF-1, the special muffler steel; electrical steels with improved
orientation; and many more.

This new R&D Center concentrates within its five stainless
steel buildings the equipment and people that contribute so
much to both the usual and unusual in special metals. These
attractive, efficient structures, on a 13}4 acre plot, provide
more than 120,000 square feet of space.

Allegheny Ludlum's Research Center also works on individ-
ual, specific customer problems, both onits own initiative and
in cooperation with customers’ technical people.

One unusual research facility is the Processing Laboratory.
This pilot plant uses: SPECIAL SCALED-DOWN MILL
EQUIPMENT PLUS SCALED-UP LAB PRODUCTS to nar-
row the familiar gap between laboratory speculation and com-
mercial production on a realistic size/mass basis. It has the
dual capability of preparing scaled-up test samples to labora-
tory standards, and processing such materials on scaled-down
equipment under equally rigorous conditions.

The advantage is two-fold: samples of high speculative
compositions may be produced in commercial shapes for cus-
tomer evaluation on a reasonable time basis; and production
techniques on a realistic size basis can be fully explored.

The A-L Process Laboratory is really a small-sized steel
mill. It is equipped to melt heats up to 500 pounds by a variety
of standard and special practices and has special heating
facilities, a 500-ton forging and extrusion press, both hot
and cold rolling mills, powder rolling mill, and two strip proc-
essing lines.

This is another function of Research at Allegheny Ludlum
...tolead the way with the production as well as the develop-
ment of new compositions, to improve the industry’s reaction
time to new material demands, and to provide a source of
practical information for commercial production.

New steels and alloys, constant investigation and testing of
today’'s metals, better processing techniques —all are the
business of A-L's new Research and Development
Center. Allegheny Ludlum Steel Corporation, q.,;#

Oliver Building, Pittsburgh 22, Pennsylvania.

4358

ALLEGHENY LUDLUM

PIONEERING on the Horizons of Steel
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Zone melting furnace.
Levitation induction melting. Electron microscope.




The A-L Processing Lab is equipped to melt by four different processes—air arc, air in- Research rollsin hotand cold mills under care-
duction, vacuum arc and vacuum induction—and produces ingots from !4 to 500 Ibs. fully controlled and monitored conditions.
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In the A-L Processing Laboratory, a unique, continuous
surface treating line embodies all known devices, plus
a few experimental ones, which can be used to affect
the surface of flat rolled stainless or electrical steels.
A similar set-up for continuous annealing is adjacent.
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Small car economy with big car performance

Breakaway acceleration from 0 to 60 mph in just a fraction
over 8 seconds. That is the unheard of big car performance
achieved with small car economy by a popular 1962 auto-
mobile turbocharged by Garrett-AiResearch.

The Garrett turbocharger is the first controlled for opti-
mum performance at all driving speeds. No matter how fast
or slow you may be traveling, sudden acceleration and extra
pulling power are there instantly and smoothly when you
need them —on any grade at any altiiude.

How is it possible? The Garrett turbocharger, driven

entirely by the engine’s waste exhaust gases, sucks in
larger amounts of outside air and forces maximum fuel-air
charges into the cylinders. This means better combustion,
more power.

Garrett’s AiResearch Industrial Division has been a lead-
ing manufacturer of lightweight turbochargers for more
than a decade on everything from earth-moving equipment
and trucks to pumping stations and small aircraft. And now
AiResearch turbochargers are providing the most dramatic
passenger automobile improvement in a decade.

THE GARRETT CORPORATION « AiResearch Manufacturing Divisions ¢« Los Angeles 9,

California » Phoenix, Arizona « other divisions and subsidiaries: Airsupply-Aero Engineer-

b 4

ing * AiResearch Aviation Service « Garrett Supply ¢« Air Cruisers ¢« AiResearch Industrial

S

¢ Garrett Manufacturing Limited ¢ Garrett International S. A. « Garrett (Japan) Limited
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Cognitive Dissonance

It is the subject of a new theory based on experiments showing

that the grass is usually not greener on the other side of the

fence and that grapes are sourest when they are in easv reach

here is an experiment in psychol-
I ogy that you can perform easily
in your own home if you have a
child three or four years old. Buy two
toys that you are fairly sure will be
equally attractive to the child. Show
them both to him and say: “Here are
two nice toys. This one is for you to
keep. The other I must give back to the
store.” You then hand the child the toy
that is his to keep and ask: “Which of
the two toys do you like better?” Studies
have shown that in such a situation most
children will tell you they prefer the
toy they are to keep.

This response of children seems to
conflict with the old saying that the grass
is always greener on the other side of
the fence. Do adults respond in the same
way under similar circumstances or does
the adage indeed become true as we
grow older? The question is of consider-
able interest because the adult world
is filled with choices and alternative
courses of action that are often about
equally attractive. When they make a
choice of a college or a car or a spouse
or a home or a political candidate, do
most people remain satisfied with their
choice or do they tend to wish they had
made a different one? Naturally any
choice may turn out to be a bad one on
the basis of some objective measure-
ment, but the question is: Does some
psychological process come into play
immediately after the making of a choice
that colors one’s attitude, either favor-
ably or unfavorably, toward the deci-
sion?

To illuminate this question there is an-
other experiment one can do at home,
this time using an adult as a subject
rather than a child. Buy two presents for
your wife, again choosing things you
are reasonably sure she will find about
equally attractive. Find some plausible
excuse for having both of them in your

by Leon Festinger

possession, show them to your wife and
ask her to tell you how attractive each
one is to her. After you have obtained a
good measurement of attractiveness, tell
her that she can have one of them, which-
ever she chooses. The other you will re-
turn to the store. After she has made her
choice, ask her once more to evaluate
the attractiveness of each of them. If you
compare the evaluations of attractive-
ness before and after the choice, you will
probably find that the chosen present
has increased in attractiveness and the
rejected one decreased.

Such behavior can be explained by a
new theory concerning “cognitive dis-
sonance.” This theory centers around
the idea that if a person knows various
things that are not psychologically con-
sistent with one another, he will, in a
variety of ways, try to make them more
consistent. Two items of information

that psychologically do not fit together
are said to be in a dissonant relation to
each other. The items of information
may be about behavior, feelings, opin-
ions, things in the environment and so
on. The word “cognitive” simply em-
phasizes that the theory deals with rela-
tions among items of information.

Such items can of course be changed.
A person can change his opinion; he
can change his behavior, thereby chang-
ing the information he has about it; he
can even distort his perception and his
information about the world around him.
Changes in items of information that pro-
duce or restore consistency are referred
to as dissonance-reducing changes.

Cognitive dissonance is a motivating
state of affairs. Just as hunger impels a
person to eat, so does dissonance impel a
person to change his opinions or his be-
havior. The world, however, is much

The grass is not always greener on the other side of the fence
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plechmman

Consequences of making «a decision between two reasonably attractive alternatives

RECEIVES

c

NCERTAIN

RECEIVES
ONE RECORD

—1 -5 0 5 5
AMOUNT OF DISSONANCE REDUCTION

DISSONANCE REDUCTION is a psychological phenomenon found to occur after a person
has made a choice between two approximately equal alternatives. The effect of the phe-
nomenon is to enhance the attractiveness of the chosen object or chosen course of action.
The chart summarizes the results of an experiment in which high school girls rated the
attractiveness of 12 “hit” records before and after choosing one of them as a gift. Substan-
tial dissonance reduction occurred under only one of three experimental conditions de-
scribed in the text. Under two other conditions no systematic reduction was observed.
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more ctfectively arranged for hunger
reduction than it is for dissonance reduc-
tion. It is almost always possible to find
something to eat. It is not always easy to
reduce dissonance. Sometimes it mav be
very difficult or even impossible to
change behavior or opinions that are
involved in dissonant relations. Conse-
quently there are circumstances in which
appreciable dissonance may persist for
long periods.

To understand cognitive dissonance

as a motivating state, it is necessary
to have a clearer conception of the con-
ditions that produce it. The simplest
definition of dissonance can, perhaps,
be given in terms of a person’s expecta-
tions. In the course of our lives we have
all accumulated a large number of ex-
pectations about what things go together
and what things do not. When such an
expectation is not fulfilled, dissonance
occurs.

For example, a person standing un-
protected in the rain would expect to get
wet. If he found himself in the rain and
he was not getting wet, there would exist
dissonance between these two pieces
of information. This unlikely example is
one where the expectations of different
people would all be uniform. There are
obviously many instances where dif-
ferent people would not share the same
expectations. Someone who is very self-
confident might expect to succeed at
whatever he tried, whereas someone
who had a low opinion of himself might
normally expect to fail. Under these cir-
cumstances what would produce disso-
nance for one person might produce
consonance for another. In experimental
investigations, of course, an effort is
made to provide situations in which ex-
pectations are rather uniform.

Perhaps the best way to explain the
theory of cognitive dissonance is to show
its application to specific situations. The
rest of this article, therefore, will be de-
voted to a discussion of three examples
of cognitive dissonance. I shall discuss
the effects of making a decision, of lying
and of temptation. These three exam-
ples by no means cover all the situations
in which dissonance can be created. In-
deed, it seldom happens that everything
a person knows about an action he has
taken is perfectly consistent with his
having taken it. The three examples,
however, may serve to illustrate the
range of situations in which dissonance
can be expected to occur. They will also
serve to show the kinds of dissonance-
reduction effects that are obtained un-
der a special circumstance: when dis-
sonance involves the person’s behavior



and the action in question is difficult to
change.

Let us consider first the consequences
of making a decision. Imagine the situ-
ation of a person who has carefully
weighed two reasonably attractive al-
ternatives and then chosen one of them—
a decision that, for our purposes, can
be regarded as irrevocable. All the in-
formation this person has concerning
the attractive features of the rejected al-
ternative (and the possible unattractive
features of the chosen alternative) are
now inconsistent, or dissonant, with the
knowledge that he has made the given
choice. It is true that the person also
knows many things that are consistent
or consonant with the choice he has
made, which is to say all the attractive
features of the chosen alternative and
unattractive features of the rejected one.
Nevertheless, some dissonance exists and
after the decision the individual will try
to reduce the dissonance.

There are two major ways in which
the individual can reduce dissonance in
this situation. He can persuade himself
that the attractive features of the re-
jected alternative are not really so attrac-
tive as he had originally thought, and
that the unattractive features of the
chosen alternative are not really unat-
tractive. He can also provide additional
justification for his choice by exaggerat-
ing the attractive features of the chosen
alternative and the unattractive features
of the rejected alternative. In other
words, according to the theory the proc-
ess of dissonance reduction should lead,
after the decision, to an increase in the
desirability of the chosen alternative
and a decrease in the desirability of the
rejected alternative.

This phenomenon has been demon-
strated in a variety of experiments. A
brief description of one of these will
suffice to illustrate the precise nature of
the effect. In an experiment performed
by Jon Jecker of Stanford University,
high school girls were asked to rate the
attractiveness of each of 12 “hit” records.
For each girl two records that she had
rated as being only moderately attrac-
tive were selected and she was asked
which of the two she would like as a gift.
After having made her choice, the girl
again rated the attractiveness of all the
records. The dissonance created by the
decision could be reduced by increasing
the attractiveness of the chosen record
and decreasing the attractiveness of the
rejected record. Consequently a meas-
urement of dissonance reduction could
be obtained by summing both of these
kinds of changes in ratings made before
and after the decision.

Different  experimental variations
were employed in this experiment in
order to examine the dynamics of the
process of dissonance reduction. Let us
look at three of these experimental
variations. In all three conditions the
girls, when they were making their
choice, were given to understand there
was a slight possibility that they might
actually be given both records. In one
condition they were asked to rerate the

records after they had made their choice
but before they knew definitely whether
they would receive both records or only
the one they chose. The results for this
condition should indicate whether dis-
sonance reduction begins with having
made the choice or whether it is sus-
pended until the uncertainty is resolved.
In a second condition the girls were
actually given both records after their
choice and were then asked to rerate
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Further consequences of making a difficult decision
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all the records. Since they had received
both records and therefore no dissonance
existed following the decision, there
should be no evidence of dissonance re-
duction in this condition. In a third
condition the girls were given only the
record they chose and were then asked
to do the rerating. This, of course, re-
sembles the normal outcome of a deci-
sion and the usual dissonance reduction
should occur.

The chart on page 94 shows the
results for these three conditions. When
the girls are uncertain as to the outcome,
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or when they receive both records, there
is no dissonance reduction—that is, no
systematic change in attractiveness of
the chosen and rejected records. The
results in both conditions are very close
to zero—one slightly positive, the other
slightly negative. When they receive
only the record they chose, however,
there is a large systematic change in
rating to reduce dissonance. Since dis-
sonance reduction is only observed in
this last experimental condition, it is
evident that dissonance reduction does
not occur during the process of making

i
PAID
$1.00

n

5 1 1.5

CONSEQUENCES OF LYING are found to vary, depending on whether the justificat’on
for the lie is large or small. In this experiment students were persuaded to tell others that
a boring experience was really fun. Those in one group were paid only $1 for their co-
operation; in a second group, $20. The low-paid students, having least justification for lying,
experienced most dissonance and reduced it by coming to regard the experience favorably.
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GRADED CHANGE OF OPINION was produced by paying subjects various sums for
writing essays advocating opinions contrary to their beliefs. When examined later, students
paid the least had changed their opinion the most to agree with what they had written. Only
the highest paid group held to their original opinion more strongly than did a control group.
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a decision but only after the decision is
made and the outcome is clear.

Let us turn now to the consequences
of lying. There are many circumstances
in which, for one reason or another, an
individual publicly states something that
is at variance with his private belief.
Here again one can expect dissonance
to arise. There is an inconsistency be-
tween knowing that one really believes
one thing and knowing that one has
publicly stated something quite differ-
ent. Again, to be sure, the individual
knows things that are consonant with his
overt, public behavior. All the reasons
that induced him to make the public
statement are consonant with his having
made it and provide him with some
justification for his behavior. Neverthe-
less, some dissonance exists and, accord-
ing to the theory, there will be attempts
to reduce it. The degree to which the
dissonance is bothersome for the indivi-
dual will depend on two things. The
more deviant his public statement is
from his private belief, the greater will
be the dissonance. The greater the
amount of justification the person has for
having made the public statement, the
less bothersome the dissonance will be.

I I w can the dissonance be reduced?

One method is obvious. The indi-
vidual can remove the dissonance by re-
tracting his public statement. But let us
consider only those instances in which
the public statement, once made, cannot
be changed or withdrawn; in other
words, in which the behavior is irrevo-
cable. Under such circumstances the
major avenue for reduction of the dis-
sonance is change of private opinion.
That is, if the private opinion were
changed so that it agreed with what was
publicly stated, obviously the dissonance
would be gone. The theory thus leads us
to expect thatafter havingmadean irrev-
ocable public statement at variance with
his private belief, a person will tend to
change his private belief to bring it into
line with his public statement. Further-
more, the degree to which he changes
his private belief will depend on the
amount of justification or the amount of
pressure for making the public statement
initially. The less the original justifica-
tion or pressure, the greater the dis-
sonance and the more the person’s pri-
vate belief can be expected to change.

An experiment recently conducted at
Stanford University by James M. Carl-
smith and me illustrates the nature of
this effect. In the experiment, college
students were induced to make a state-
ment at variance with their own belief.
It was done by using students who had



volunteered to participate in an experi-
ment to measure “motor performance.”
The purported experiment lasted an
hour and was a boring and fatiguing
session. At the end of the hour the ex-
perimenter thanked the subject for his
participation, indicating that the experi-
ment was over. The real purpose of the
hour-long session, however, was to pro-
vide each subject with an identical ex-
perience about which he would have an
unfavorable opinion.

At the end of the fatiguing hour the
experimenter enlisted the subject’s aid
in preparing the next person for the ex-
periment. The subject was led to believe
that, for experimental purposes, the next
person was supposed to be given the im-
pression that the hour’s session was go-
ing to be very interesting and lots of fun.
The subject was persuaded to help in
this deception by telling the next sub-
ject, who was waiting in an adjoining
room, that he himself had just finished
the hour and that it had indeed been very
interesting and lots of fun. The first sub-
ject was then interviewed by someone
else to determine his actual private opin-
ion of the experiment.

Two experimental conditions were
run that differed only in the amount of
pressure, or justification given the sub-
ject for stating a public opinion at vari-
ance with his private belief. All subjects,
of course, had the justification of helping
to conduct a scientific experiment. In
addition to this, half of the subjects were
paid $1 for their help—a relatively small
amount of money; the other subjects
were paid $20—a rather large sum for
the work involved. From the theory we
would expect that the subjects who were
paid only $1, having less justification for
their action, would have more disso-
nance and would change their private
beliefs more in order to reduce the dis-
sonance. In other words, we would ex-
pect the greatest change in private opin-
ion among the subjects given the least
tangible incentive for changing.

The upper illustration on the opposite
page shows the results of the experiment.
The broken line in the chart shows the
results for a control group of subjects.
These subjects participated in the hour-
long session and then were asked to give
their private opinion of it. Their gen-
erally unfavorable views are to be ex-
pected when no dissonance is induced
between private belief and public state-
ment. It is clear from the chart that intro-
ducing such dissonance produced a
change of opinion so that the subjects
who were asked to take part in a decep-
tion finally came to think better of the
session than did the control subjects. It
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The effect of rewards on lying

is also clear that only in the condition
where they were paid a dollar is this
opinion change appreciable. When they
were paid a lot of money, the justifica-
tion for misrepresenting private belief is
high and there is correspondingly less
change of opinion to reduce dissonance.

Another way to summarize the result
is to say that those who are highly re-
warded for doing something that in-
volves dissonance change their opinion
less in the direction of agreeing with
what they did than those who are given
very little reward. This result may seem
surprising, since we are used to think-
ing that reward is effective in creating
change. It must be remembered, how-
ever, that the critical factor here is that
the reward is being used to induce a
behavior that is dissonant with private
opinion.

To show that this result is valid and
not just a function of the particular
situation or the particular sums of money
used for reward, Arthur R. Cohen of
New York University conducted a simi-
lar experiment in a different context.
Cohen paid subjects to write essays
advocating an opinion contrary to what

© 1962 SCIENTIFIC AMERICAN, INC

they really believed. Subjects were paid
either $10, $5, $1 or 50 cents to do this.
To measure the extent to which disso-
nance was reduced by their changing
their opinion, each subject was then
given a questionnaire, which he left un-
signed, to determine his private opinion
on the issue. The extent to which the
subjects reduced dissonance by chang-
ing their opinion to agree with what they
wrote in the essay is shown in the lower
illustration on the opposite page. Once
again it is clear that the smaller the
original justification for engaging in the
dissonance-producing action, the greater
the subsequent change in private opin-
ion to bring it into line with the action.

'Fhe final set of experiments I shall
* discuss deals with the consequences
of resisting temptation. What happens
when a person wants something and
discovers that he cannot have it? Does
he now want it even more or does he
persuade himself that it is really not
worth having? Sometimes our common
general understanding of human be-
havior can provide at least crude an-
swers to such questions. In this case,
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we’ll divide
to
your

specifications

—:' Precision dividing—circular
and linear—is a specialty of W. &
L.E. Gurley where an unparalleled
array of Swiss-built dividing en-
gines and custom-built American
machines, in the hands of vet-
eran craftsmen, provides accu-
rate, quality precision dividing on
metals and glass by ruling, milling,
scribing, photographic projection.

What can we divide for you?

W. & L.E. GURLEY

562 Fulton Street, Troy, New York

>

98

however, our common understanding is
ambiguous, because it supplies two con-
tradictory answers. Everyone knows the
meaning of the term “sour grapes”; it is
the attitude taken by a person who per-
suades himself that he reallv does not
want what he cannot have. But we are
also familiar with the opposite reaction.
The child who is not allowed to eat
candy and hence loves candy passionate-
lv; the woman who adores expensive
clothes even though she cannot afford
to own them; the man who has a hope-
less obsession for a woman who spurns
his attentions. Everyone “understands”
the behavior of the person who longs for
what he cannot have.

Obviously one cannot say one of these
reactions is wrong and the other is right;
they both occur. One might at least,
however, try to answer the (uestion:
Under what circumstances does one re-
action take place and not the other? If
we examine the question from the point
of view of the theory of dissonance, a
partial answer begins to emerge.

Imagine the psvchological situation
that exists for an individual who is
tempted toengage in a certain action but
for one reason or another refrains. An
analysis of the situation here reveals its
similarity to the other dissonance-pro-
ducing situations. An individual’s knowl-
edge concerning the attractive aspects
of the activity toward which he was
tempted is dissonant with the knowledge
that he has refrained from engaging in
the activitv. Once more, of course, the
individual has some knowledge that is
consonant with his behavior in the situ-
ation. All the pressures, reasons and
justifications for refraining are consonant
with his actual behavior. Nevertheless,
the dissonance does exist, and there will
be psychological activity oriented to-
ward reducing this dissonance.

As we have alreadv seen in connection
with other illustrations, one major way
to reduce dissonance is to change one’s
opinions and evaluations in order to
bring them closer in line with one’s
actual behavior. Therefore when there is

Temptation accompanied by a severe threat

Temptation accompanied by a mild threat
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From conception

to demonstration at AGN ...

ML-1: WORI.D’S FIRST FULLY MOBILE NUCLEAR POWER PlANT

Aerojet-General Nucleonics is engaged in one of the most
challenging projects ever assigned to an organization special-
izing in reactor activities. The project: conceive, build and
demonstrate a nuclear power plant powerful enough to supply
400 kw of electricity continuously for a year without refueling
..compact enough to be transported by truck-trailer, flatcar,
or cargo plane...simple enough to be operated by a small
crew of trained Army enlisted men...tough enough to with-
stand shock, vibration, pressure,and environmental extremes...
and safe enough to be picked up and transported to a new
site within hours after shutdown. One of the final steps, gener-
ation of electricity by the demonstration ML-1, was accom-
plished in September.

The ML-1 is the smallest (40 tons) and hottest (1200°F. outlet
temperature) nuclear power plant ever to produce electricity,

and is the only plant in which the reactor is coupled directly
to closed-cycle, high-speed turbo machinery. It is gas-
cooled, and fueled with BeO-UQs.

Full responsibility for the ML-1 project was assigned by the
Atomic Energy Commission to AGN under the Army Gas-
Cooled Reactor Systems Program. During management of the
program, AGN has gained broad experience in all phases of
lightweight, gas-cooled nuclear power plant design and pro-
duction. AGN management skills, high-temperature reactor
technology, test experience, and project personnel also are
being applied to studies of advanced ground power plants,
space power systems, and nuclear ram-jets.

ML-1 is a joint project of the U. S. Atomic Energy Commission
and the U. S. Army Corps of Engineers.

iy
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Consequences of resisting temptation when deterrence varies

TEMPTATION

| SEVERE
THREAT

MILD
THREAT

| |
—10 0 10 20 30 40 50 60 70 80 920

—40 —30 —20

NET PER CENT OF SUBJECTS

CONSEQUENCES OF TEMPTATION were explored by prohibiting children from playing
with a desirable toy. Later the children were asked to re-evaluate the attractiveness of the
forbidden toy. In one case the prohibition was enforced by removing the toy from the child’s
presence. In the second case the prohibition took the form of a threat of severe punishment
in the third case, a threat of mild punishment. The chart shows the net per cent of children
who thought the forbidden toy more attractive after the experiment than before. (“Net
per cent” means the per cent who found the toy more attractive minus the per cent who
found it less so.) Evidently only those threatened mildly experienced much dissonance, and
they reduced it by downgrading toy’s desirability. Others thought the toy more desirable.
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dissonance produced by resisting temp-
tation, it can be reduced by derogating
or devaluing the activity toward which
one was tempted. This derivation from
the theory clearly implies the sour-
grapes attitude, but both theory and
experiment tell us that such dissonance-
reducing effects will occur only when
there was insufficient original justifica-
tion for the behavior. Where the original
justification for refraining from the ac-
tion was great, little dissonance would
have occurred and there would have
been correspondingly little change of
opinion in order to reduce dissonance.
Therefore one might expect that if a
person had resisted temptation in a
situation of strong prohibition or strong
threatened punishment, little dissonance
would have been created and one would
not observe the sour-grapes effect. One
would expect this effect only if the per-
son resisted temptation under conditions
of weak deterrent.

This line of reasoning leaves open the
question of when the reverse effect oc-
curs—that is, the situation in which
desire for the “unattainable” object is
increased. Experimentally it is possible
to look at both effects. This was done
by Elliot Aronson and Carlsmith, at
Stanford University, in an experiment
that sheds considerable light on the
problem. The experiment was performed
with children who were about four years
old. Each child was individually brought
into a large playroom in which there
were five toys on a table. After the child
had had an opportunity to play briefly
with each toy, he was asked to rank the
five in order of attractiveness. The toy
that the child liked second best was then
left on the table and the other four toys
were spread around on the floor. The ex-
perimenter told the child that he had to
leave for a few minutes to do an errand
but would be back soon. The experi-
menter then left the room for 10 min-
utes. Various techniques were employed
to “prohibit” the child from playing with
the particular toy that he liked second
best while the experimenter was out of
the room.

For different children this prohibition
was instituted in three different ways.
In one condition there was no tempta-
tion at all; the experimenter told the
child he could play with any of the toys
in the room and then took the second-
best toy with him when he left. In the
other two conditions temptation was
present: the second-best toy was left on
the table in the experimenter’s absence.
The children were told they could play
with any of the toys in the room except



FIRST, CATCH YOUR TEMPERATURE

7000°F

4144°K

5000°F

DO*®

ROCKET FUELS
COMBUSTION
RANGE

infrared
Radiamatic
Pyrometers

INDUSTRIAL
PROCESS RANGE

infrared
Radiamatic
Pyrometers,
thermocouples

BIOLOGICAL
RANGE
filled-bulb
thermal systems,
resistance
thermometers,
thermistor probe

ENVIRONMENTAL
RANGE

filled thermal
systems, resist-
once thermometers,
pencil-type
thermocouples

CRYOGENIC
RANGE
Germanium
resistance
thermometers

There’s an old recipe for rabbit
stew that begins: ‘‘First, catch
your rabbit.”” The same could
be said of extremely low, high
and very precise temperature
inputs for data reduction and
data handling systems. Here,
too, acquiring the proper raw
materials for processing is of
fundamental importance. And
in this latter instance, wouldn’t
it save a lot of work, worry and
wherewithal if the same people
who helped you bag your game
in the first place also helped you
cook it to a turn? Here’s what
we mean . . .

ALL THE WAY FROM 1°K.
Honeywell has developed stand-
ard sensors in hundreds of types,
sizes and calibration ranges for
measuring from the very bottom
of the thermal scale to 7000°F,
which is well beyond the com-
bustion range of most rocket
propellants. Even as you read
this, Honeywell researchers are
working to extend the measure-
ment of temperature with stand-
ard sensors nearer and nearer
to absolute zero at one end of
the scale, and into the plasma
range at the other.

AND IF YOU CAN'T FIND IT
IN STOCK, we’ll probably be
able to make a super-sensor for
you. If your project involves
taking temperature under the
most demanding conditions, ex-
tremely close measurement over
a very short span, or mmeeting
highly exotic research require-
ments, we’ll custom-tailor a
sensing element to order, and
give you our word it will work.
Some of these super-sensors are
taking profile temperatures of
aircraft engine exhausts; some,
capable of withstanding the
shock of mninety times gravity,
are reporting rocket engine tem-
peratures; others are measuring
atomic reactor temperatures up
to 4000°F with a sensing element
30" long and 0.035" in diameter.

ONLY THE BEGINNING. You
might think that Honeywell
would be content with the crea-
tion of standard and special

temperature sensors for every
conceivable area of scientific in-
vestigation. Far from it. For
Homneywell supplies everything
in the data processing chain.
This includes every kind of sens-
ing device or transducer for accu-
rately measuring variable in-
puts, and this material is then
passed on to Honeywell graphic
recorders, oscillographs, data
loggers, magnetic tape equip-
ment, computers, and other
data handling systems. This
makes it highly practical to
think in terms of an all-Honey-
wellsystem, commplete from sens-
ing to readout. Among other
things, this offers the unargu-
able advantage of compatibility:
every element along the way
communicates in the same lan-
guage, with the requisite speed
and accuracy.

SOUND REASONS. There are
many sound reasons for having
an all-Honeywell data system.
Omne of the most cogent: Honey-
well guarantees that the whole
assemblage will work satisfac-
torily, by taking full respomnsi-
bility for the performance of
each and every component mak-
ing up a system. Still another:
Homneywell’s experienced man-
power resources, which assure
on-time installation and readily
available follow-up maintenance
service from any of 125 Honey-
well service centers throughout
the U.S. and Canada.

So whether your data handling
system involves an environmen-
tal test chamber, or leisurely
logging the temperature of sea
water four times a day, you’ll
get usable results, faster and
easier, if you’ll put the whole
assignment in the hands of your
local Honeywell field engineer.
He can tell you many ways that
Honeywell can save you time,
money and headaches through-
out the entire area of data
gathering and handling. Or write
Industrial Products Group,
Minneapolis-Honeywell, 4412
Wayne Avenue, Philadelphia 44,
Pennsylvania.

Honeywell
Duta, Haucliy S

HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan.
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| the one on the table. The children in one

group were threatened with mild pun-
ishment if they violated the prohibition,
whereas those in the other group were
threatened with more severe punish-
ment. (The actual nature of the punish-
ment was left unspecified.)

During his absence from the room
the experimenter observed each child
through a one-way mirror. None of the
children in the temptation conditions
played with the prohibited toy. After 10
minutes were up the experimenter re-
turned to the plavroom and each child
was again allowed to play briefly with
each of the five toys. The attractiveness
of each toy for the child was again
measured. By comparing the before and
after measurements of the attractiveness
of the toy the child originally liked sec-
ond best, one can assess the effects of the
prohibition. The results are shown in the

chart on page 100.
\\ “hen there was no temptation—that

'V is, when the prohibited toy was not
phyvsically present—there was of course
no dissonance, and the preponderant re-
sult is an increase in the attractiveness of
the prohibited toy. When the temptation
is present but the prohibition is enforced
by means of a severe threat of punish-
ment, there is likewise little dissonance
created by refraining, and again the
preponderant result is an increase in the
attractiveness of the prohibited toy. In
other words, it seems clear that a pro-
hibition that is enforced in such a way
as not to introduce dissonance results in
a greater desire for the prohibited ac-
tivity.

The results are quite different, how-
ever, when the prohibition is enforced
by only a mild threat of punishment.
Here we see the result to be expected
from the theorv of dissonance. Because
the justification for refraining from play-
ing with the tov is relativelv weak, there
is appreciable dissonance between the
child’s knowledge that the toy is attrac-
tive and his actual behavior. The tend-
ency to reduce this dissonance is strong
enough to more than overcome the ef-
fect apparent in the other two condi-
tions. Here, as a result of dissonance
reduction, we see an appreciable sour-
grapes phenomenon.

The theory of cognitive dissonance
obviously has many implications for ev-
eryday life. In addition to throwing light
on one’s own behavior, it would seem to
carry useful lessons for everyone con-
cerned with understanding human be-
havior in a world where evervthing is
not black and white.



RESEARCH DEFEATS AN OLD ENEMY

Corrosion is a hungry enemy, always ready to feed
on anything made of metal. Every year it causes
more than 8 billion dollars in damage.

Celanese polymer research is doing something
about corrosion by developing new, rust-resistant
materials . .. not metals, but tough, rugged plastics
that can take the place of metals in many
applications. One of the latest is a unique
engineering plastic called Celcon. This material
won't rust or corrode—even when exposed to the
attack of sea water. One of its first uses was in
marine bilge pumps, an application that
has always demanded expensive brass.

Celcon is already fast replacing metal in hundreds

of “corrosion” spots. The automotive industry, for

example, is planning to use Celcon’s unusual
properties to make chrome trim clips, as well
as one-piece instrument panels and
carburetor parts. Other industries are designing
plumbing fixtures, hardware and appliances that will
benefit from Celcon’s chemical resistance,
great strength and surface beauty.

Although you may not always recognize Celcon
at work in the products you use, you can
be certain it will be doing a better job for you.
Celanese Corporation of America,

522 Fifth Avenue, New York 86, N. Y. celanese® cCelcon®

C2lavcse

CHEMISTRY FOR YOU
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NEW CONCEPT IN A
PORTABLE POWER DRILL

Black & Decker has come up with two new professional drills: one a /2" model, the other
a 3/s" model that provide 20°% more usable power. What helped make the new design
possible? Torrington Drawn Cup Roller Bearings and Needle Bearings —the first time

such bearings have ever been used in a Black & Decker portable power tool.

Principals who collaborated in the development of B&D’s
high-performing new portable power drill. Left to right,
Richard Reichold, Torrington District Engineer; B&D’s Sam-
uel H. Kohler, Development Engineering Manager; and
B&D’s George W. McCarty, V.P., Research & Development.

| 04

Black & Decker’s research and development engineers
are constantly on the alert for new technologies that
contribute to the growth of the Company’s broad line of
power tools. The objectives are one or more of the fol-
lowing: increased efficiency, power and capacity...
reduced weight, size and cost.

In the B&D consumer products line of moderately
priced tools for the home market and light service
trades, the Sales Department saw a need for a higher-
performing portable electric drill for the professional.

George W. McCarty, Vice President of B&D’s re-
search and development, and Samuel H. Kohler, Devel-
opment Engineering Manager, recognized the possibility
of such a product. But they also saw problems—the need,
for example, to get a more efficient armature bearing
capable of higher performance. The cost of using ball
bearings could be much higher than desired; assembly
was time-consuming; mass production economies would
be difficult to achieve.

Torrington Drawn Cup Roller Bearing a possibility...
Previous to this, Torrington engineers had developed
their new Drawn Cup Roller Bearing and gathered ex-
tensive test information on its performance as an arma-
ture bearing. From these tests, Torrington engineers felt
their new Drawn Cup Roller Bearing was ideal for appli-
cations like portable electric tools. It is highly efficient
in high-speed operation. (Armatures generally run at
20,000 to 25,000 rpm.) It offers high capacity in a small
cross section, has ample provision for lubrication stor-
age and circulation and installs easily by a simple press
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fit. Most important of all, the bearings could be counted
on to lower armature bearing costs by as much as 50%.
Torrington presented the Drawn Cup story to the B&D
engineering department for their consideration.

Joint program developed to evaluate new bearing

Acting on information that a Drawn Cup Roller Bearing
was available, B&D’s engineering department gave
Torrington an electric power drill to be fitted with roller
bearings on the armature shaft. Torrington installed the
bearings and returned the unit to B&D for endurance
tests. After life testing and refinements, Kohler and
McCarty saw the value of the roller bearings and insti-
tuted new tests on a new design—a special V4" drill.
All of these subsequent tests were completely satisfac-
tory. The use of low-friction roller bearings and needle
bearings enabled B&D to utilize many existing compo-
nents and provide 20% more power. It also resulted in
tremendous savings in total bearing costs.

Today, B&D has two new professional drills going for
them: one a /4" model, the other a 3/s” model. Both are
completely equipped with Torrington Drawn Cup Roller
Bearings and Needle Bearings—the first time such bear-
ings have ever been used on a B&D portable power tool.

All in all, it's a striking example of collaboration be-
tween the industrial design engineer and Torrington
engineers at their productive best. Torrington is at your
service, too. We make every basic type of antifriction
bearing. We'll be glad to help you apply the right bearing
to whatever product you have in mind. There’s no obliga-
tionwhenyou call in aTorrington engineer. At Torrington,
service is part of the product.

Cross section drawing showing location of Drawn Cup Roller
Bearings in Black & Decker’'s new portable power drill.

Torrington Drawn Cup Roller Bearing has a one-piece, heat-
treated steel retainer which guides the rollers. It is compact,
lightweight, installs by a press fit in a straight housing bore.
Other features include: a long pregreased service life,
outstanding efficiency at high speeds and low unit cost.

Black & Decker Portable Power Drill-it's the company’s
first portable power tool ever to be completely equipped
with Torrington Drawn Cup Roller Bearings and Needle
Bearings. B&D experts consider it “an entirely new concept
in drill power and value that provides 20% more usable
power, more get-up-and-go to whiz through the toughest job.”

PROGRESS THROUGH PRECISION THE TonR‘"GTON COMPANY ggﬁﬁlgeg%:b cgr:lNIESgllgﬁl

Serving industry throughout the world with all basic types of antifriction bearings, metal specialties and rotary swaging machines.
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TAKE YOUR FIRST LOOK
AT THE NEW CONTROL DATA

3600 COMPUTER SYSTEM

EXECUTES OVER 500,000 INSTRUCTIONS PER SECOND!

At this speed, a typical Control Data 3600
system can automatically interchange data with
peripheral equipment at 4 million characters
per second. Through additional data channels,
interchange rates are smoothly expandable to
15 million characters per second. The 3600
memory is expandable (in 16,384 word incre-
ments) to 262,144 words*.

These and many other performance charac-
teristics put the Control Data 3600 Computer

*(51-bit parity-checked words)

in a class by itself. This is also true for the
3600 programming services.

The 3600 is designed to take full advantage
of new programming systems as they are de-
veloped—and is already compatible with most
systems existing today. Yet, it is priced /ess than
any computer approaching its capabilities.

Talk to your Control Data representative
soon about your computing problems and the
new Control Data 3600 Computer System.

THE BASIC PROGRAMMING SYSTEMS OF THE 3600
MCS (Master Control System) FORTRAN ALGOL COBOL COMPASS 1604 COMPATIBILITY PACKAGE
8100 34th Avenue South

Minneapolis 20, C 0 N TR 0 L D ATA

Minnesota COR

Offices: Albuquerque e Beverly Hills ¢ Birmingham e Boston
e Chicago e Cleveland e Dallas ¢ Dayton e Denver e Detroit
e Honolulu e Houston e Ithaca e Kansas City ¢ Minneapolis
e Newark e Orlando e Palo Alto e Toronto ¢ Washington, D.C.
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ELECTRICITY IN PLANTS

Electrical disturbances similar to the nerve impulse are associated

with a number of plant life processes. It seems ]ike]y that these

currents and fields somehow mfluence plant arowth and development

he processes of life have been
I found to generate electric fields
in every organism that has been
examined with suitable and sufficiently
sensitive measuring techni(lues. In some
organisms bioelectricity serves well-
recognized functions. The electrical dis-
turbance of the nerve impulse, for ex-
ample, carries information down the
length of the nerve fiber. The central
nervous system as a whole can be com-
pared with a telegraphic exchange with
electrical pathways linking the nerve
cells in networks of almost unimaginable
complexity. When measuring techniques
similar to those used by the nerve phys-
iologist are applied to plants, it is found
that they too generate electric fields and
currents. Whether electricity plays any
part in the growth or other metabolic
activity of the plant, or is merely a by-
product of these processes, is not yet
known. Recent experiments have point-
ed, however, to possible ways in which
the bioelectric fields and currents gen-
erated by a plant may serve in the co-
ordination and control of its develop-
ment. It has been found, for example,
that large individual plant cells respond
to electrical, chemical or even mechani-
cal stimulation in just the same way as a
nerve cell does: with an electrical im-
pulse that sweeps along the surface of
the cell.

The delicately balanced distribution
of inorganic salts in and around a living
cell, whether plant or animal, accounts
for its electrical properties. Living tis-
sues are largely liquid; they consist of
watery solutions of salts separated into
compartments by membranes. In solu-
tion the salt molecules dissociate into
electrically charged ions, some of which
can pass more freely through the mem-
branes than others. Where there are con-

centration differences across a mem-

by Bruce I. TI. Scott

brane, positive and negative charges
become separated and an electric field is
set up. These differences in concentra-
tion are maintained by pumps, driven
by the metabolism of the cell, that push
ions through the membrane in one di-
rection or the other [see “Pumps in the
Living Cell,” by Arthur K. Solomon;
SCIENTIFIC AMERICAN, August]. In or-
der to explain the potential difference
in a given cell, therefore, one must take
a complete inventory of the ions on each
side of the membrane, determine how
easily each ion can pass through the
membrane and establish whether the ion
is moving by diffusion or under an elec-
tric force across the membrane or is be-
ing pumped.

Such observations are at present out
% of the question on most individual
plant cells. They are seldom more than
a ten-thousandth of a cubic millimeter
in volume. Fortunately, a few species
offer cells that are much larger; these
are the fresh-water algae Nitella and
Chara and the marine alga Halicystis.
Individual cells of Chara can be as
much as 15 centimeters long and 1.5
milliméters in diameter. With respect to
size, at least, these cells are freaks, and
it may turn out that conclusions based
on work with them are far from correct
for the rest of the vegetable kingdom.
Nevertheless, they have provided a
starting point, much as the giant axon
of the squid, a correspondingly outsized
nerve fiber, facilitated early work on the
electrochemistry of the nerve impulse
[see “The Nerve Impulse and the Squid,”
by Richard D. Keynes; ScIENTIFIC
AniericaN, December, 1958].

The Chara cell has a large central
chamber, or vacuole, that contains salts
(mainly potassium chloride and sodium
chloride) in concentrations much higher
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than those that occur in the pond or
river in which the plant grows. As a
result a large osmotic pressure—which
tends to equalize the concentration of
salt by forcing water into the cell—-puffs
up the cell inside its tough cellulose
wall. Lining the cell wall and separating
it from the vacuole is a thin layer of liv-
ing cytoplasm that streams continuously
around the cell interior.

In seeking clues to the working of this
cell, investigators have adopted various
stratagems. They have extruded the
vacuolar sap from the cell and compared
its chemical content with that of the
pond water. Thanks to ingenious tech-
niques developed by Nobuo Kamiya of
Osaka University, even the cytoplasm
that envelops the vacuole can be ex-
tracted and analyzed, although the re-
sults are uncertain because there is so
little cytoplasm and one cannot be sure
that its ionic content remains unaltered
during extraction. By the use of radio-
active isotopes information has been
gained about the movement of ions
between the pond water and the cyto-
plasm and between the cytoplasm and
the vacuolar sap. Finally, investigators
have inserted glass micropipettes, filled
with conducting salt solutions, into the
cell and used them for measuring mem-
brane potential differences and resist-
ances. Essentially the same methods and
tools were employed by the nerve phys-
iologists in their work on the giant axon.

The present picture of the electro-
chemistry of the Chara cell is most no-
tably the product of investigations by J.
Dainty at the University of Edinburgh
and by A. B. Hope and N. A. Walker
of the Commonwealth Scientific and In-
dustrial Research Organisation in Aus-
tralia. It appears that the high salt con-
centration in the fluids of the cell is prin-
cipally maintained by a chloride pump
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CHARA CELL used in experiments on plant electricity is from
Chara australis, a large fresh-water alga. The plant, illustrated at
left, has a long stem composed of a succession of single giant cells,
one of which is indicated by the bracket and is enlarged in the
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CONCENTRATIONS of four ions inside Chara cells and in the
pond water are maintained by three processes. The bars show the
concentrations of each ion outside the cell (1), in the cytoplasm
(2) and in the vacuole (3). Cytoplasmic concentrations are not
well established. The gray arrows represent movement of ions due
to concentration differences. The potential difference across the
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drawing at center. A small segment of the cell wall is in turn en-
larged in the drawing at the right. The cytoplasm is the living tissue
of the cell and chloroplasts are the organs of photosynthesis. Plas-
malemma is the controlling membrane. Vacuole is filled with sap.
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plasmalemma causes positive ions to move in and negative ions to
move out (black arrows). Except in the case of potassium, an
active pump (colored arrows) is required to balance ion move-
ments. The arrow for pumping is broken in the case of calcium,
since these ions may never reach equilibrium across the membrane.
The high chloride concentration makes inside of the cell negative.
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that pushes the negative chloride ion
into the vacuole from the external me-
dium. This makes the inside of the cell
negative. As a result the positive ions of
potassium, sodium and calcium are
pulled in passively. All of these ions tend
to leak back into the external medium.
The cell’s books are balanced in the case
of each ion only when the net gain due
to the electric force and the active pump,
if there is one, offsets the loss through
leakage. A weak outward pumping of
sodium and calcium thus seems to sup-
plement the inward chloride pump in
maintaining the interior negative charge.
Because potassium can most easily pass
in and out of the cell, it is this ion that
has most control over the steady-state,
or resting, potential. On the other hand,
the resting membrane appears to be
relatively impermeable to calcium. The
main barrier to leakage of the ions from
the cell is apparently the plasmalemma,
on the outer surface of the cytoplasm in-
side the cellulose wall.

"[his understanding of how the cell be-
- haves when it is undisturbed sets the
stage for consideration of the remarkable
way in which it reacts to stimulation.
One can stimulate the cell by passing a
pulse of electric current through it, by
treating it chemically in various ways or
simply by poking it gently with a fine
probe. The effect is to make the inside
of the cell momentarily less negative. If
the stimulus exceeds a certain threshold,
the membrane potential in the stimu-
lated region does not recover immedi-
ately; instead it continues to rise rapidly
toward zero and then returns more
slowly to its resting value. Examination
of the ion flow at this moment shows
that the membrane in the stimulated
region has become permeable to cal-
cium; it is the inward rush of this posi-
tive ion that depolarizes the membrane.
The local flow of electric current raises
the potential above the threshold in a
neighboring region of membrane, trig-
gering the same electrochemical changes
there. The disturbance thereby travels
over the surface of the cell as a wave.
This is almost exactly what happens
when a nerve cell is stimulated, and the
wave that sweeps over the plant cell
fully merits description as an action po-
tential wave, in the same class of phe-
nomena as the nerve impulse. The
shapes of the waves are similar, and both
waves are initiated by a stimulus that
must reach, in each case, a threshold
value [seeillustration at right]. Of course
there are differences also. The plant cell
is relatively sluggish. A complete action

“spike” for Chara takes about 20 seconds,
compared with a few milliseconds for a
nerve, and it moves only a few centi-
meters per second along the cell (even
more slowly when the cell is bathed in a
weakly conducting solution) instead of
many meters per second. In the nerve
cell it is a sudden inward movement of

sodium, rather than calcium, that de-
polarizes the membrane. An outward
movement of potassium ions subse-
quently restores the membrane potential
to its resting value in the nerve and
probably does so in the plant cell as well.

The most remarkable aspect of this
comparison is not that there are differ-
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EFFECTS OF STIMULATION on squid axon (top) and the Chara cell (bottom) are com-
pared. In both cases stimulation makes the inside of the cell less negative. At a threshold
the membrane potential spikes into an action potential wave (colored curves) that moves
along the cell. The spike is triggered by a change in membrane permeability: sodium ions
flow into the nerve cell, calcium ions into the Chara cell. Potassium then flows out to restore
the resting potential. Note the marked difference in wave velocity in the two cells.
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ences but that two cells so far removed
from each other on the biological scale
should have active membrane properties
with so many features in common. One
wonders if the action potential wave may
not be a characteristic of all cells that
has merelv been adapted in the nerve
cell to the function of communication.
If the relative slowness of the process in
Chara is a feature of plant cells, this
could be related to the general quies-
cence of plants compared with animals.
Anyone who has seen a speeded-up
movie of a growing plant, however, must
have been impressed by the animal-like
character of its movement and re-
sponses.

In the case of the Chara cell no bio-
logical function for the action potential
wave has yet been established. It is rare-
lv seen to stimulate neighboring cells,
but this mav be because these cells are

in contact only at their ends. In another
plant, with cells in more intimate con-
tact, a stimulus from the environment
might be transmitted from cell to cell.
It is interesting to note that the passage
of the wave is closely linked to the
streaming of the cvtoplasm in the cell.
Streaming in a stimulated cell does not
cease evervwhere at the instant of stim-
ulation but stops progressivelv along the
cell as the action wave moves along it.

Although it is not possible to follow
in detail the electrical activity in the tinv
individual cells of higher plants, the
plant as a whole and its various organs
produce fields and currents that can be
measured and plotted. The root of a
bean shoot growing in a weakly conduct-
ing medium, for example, is found to act
as an electric generator sending tiny cur-
rents into the medium and back through
the root [see top illustration on opposite

BEAN-ROOT TIP is enlarged about 50 times in the photomicrograph at left. It is composed
of a great number of individual cells in various stages of growth, division and development.
The root cap protects the tip; cell division is concentrated above the cap; cellular elonga-
tion occurs primarily higher in the root, above the three-millimeter section depicted.

10
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page]. This is probably because the
growing plant is actively absorbing ions
through its roots. The flow of ions into
the root and their movement to other
locations in the plant produce a macro-
scopic electric field that can be mapped
by exploration with a voltage-measuring
probe connected to a sensitive electrom-
eter. The instrumentation must be highly
sensitive, because only about a hun-
dredth of a microampere flows across
a square millimeter of root surface. The
electric output of 100 billion roots would
be needed to light a 100-watt lamp.

bservation of the flow of current tells
some interesting things about what
is going on in the plant. In a medium
containing potassium, for instance, a
root sends out a current from its upper
part and back into itself near the tip.
Because the cells at the tip are active-
ly dividing and the creation of new
cytoplasm sets up a high demand for
potassium, one mayv deduce that the in-
flow of positivelv charged potassium
ions is associated with the inflow of cur-
rent at the tip. On the other hand, if the
growth medium is rich in sodium, the
root sends a current outward from both
the tip and the base of the root and in-
ward most strongly where the cells have
almost reached their maximum length.
This suggests that these cells are now
filling their vacuoles with the sodium,
contributing to the build-up of osmotic
pressure that gives the root its turgor.
Analysis of the ion content of successive
small cross sections of root tissue from
the tip upward confirms these deduc-
tions. Further confirmation is supplied
by experiments with radioactive sodium
and potassium that show that their paths
of entry into the root follow the paths in-
dicated by our bioelectric observations.
That the multicellular root tissue re-
sponds like the single cell of Chara to
stimulation can be demonstrated by sim-
plv giving the root a gentle poke. The
potential at any point near the root
changes suddenly and usually makes one
or two oscillations before settling down
to a steady state. A few roots behave in a
more mysterious way. Without any stim-
ulation the potential near the root starts
to oscillate in a rhythmic fashion, the
oscillations continuing for perhaps sev-
eral hours before the root reverts to its
normal steady electric behavior. The
periods of oscillation for the roots we
have studied are about five minutes.
Evidently in these cases there is an alter-
nating-current generator in the root as
well as a direct-current source.
My colleagues and I at the University



f

&)

st e

ELECTRIC CURRENTS are found around bean roots growing in trations of potassium (gray) and sodium (color) are indicated by

salt solutions and are related to the concentration of specific ions density of shading. Apparently each of the two positive ions is
in the roots. The root at left is growing in a solution of potassium concentrated where it is most needed: potassium in the region of
chloride, the ene at right in a sodium chloride solution. Concen- actively dividing cells and sodium in a region of maturing cells.
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SPONTANEOUS OSCILLATIONS in electric currents of the kind corded by probes at various points near the root suddenly start to
mzpped in the illustration at the top of the page are sometimes oscillate, with periods of about five minutes, as shown in the four
recorded near a bean root growing in water. The potentials re- solid-line graphs. The oscillations are strongest near the root tip.
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One of a series briefly desceribing GM’s research in depth

When two solids touch ...
plastic strain or dislocations?

The engineer would talk of a plastically strained material.
The solid state scientist, of dislocations occurring on the
atomic level. Here at the General Motors Research
Laboratories, we're interested in learning more about the
mechanical nature of solids from both points of view.

One of our current investigations into the solid state, for
example, is aimed at fitting together an atomic picture of
what happens when a solid is deformed by a contact

force. Simple case: a sapphire ball rolling across a

soft single crystal of copper.

For various directions of roll, striking differences in
deformation, hardness, and rolling force have been
measured and related to the crystal’s atomic slip planes.
Our work has progressed from this macroscopic
correlation to a three-dimensional study of dislocation
arrangement. Encouragingly, experimental results have
agreed with theoretical predictions as to how specific
crystal dislocations interact to cause work

hardening—a phenomenon that sharply limits further
damage to the material.

A fundamental understanding of mechanical properties
may some day help man improve a number of practical
contact processes . . . processes where two solids touch.
Rolling. Stamping. Pressing. Wear and friction of moving
parts. General Motors is seeking this understanding

with research in depth.

General Motors Research Laboratories

Warren, Michigan

Ball track across copper crystal is narrower, harder
and has higher friction in a cube diagonal direction
(right interferogram) than in a cube edge direction.
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of Tasmania became interested in the
reasons for this unstable behavior. We
wondered if the oscillations might not be
a clue to some function served by the
bioelectricity of plants. One possible
function was suggested to us by the feed-
back linkage that stabilized the perform-
ance of the sensitive pen recorder we
were using to observe the oscillations.
In a feedback control system a small
portion of the energy of the output signal
is fed back to the input opposite in phase
to the input signal. The feedback thus
opposes the oscillation of the signal
and, when the linkage is properly ad-
justed, damps the response of the system.
In the case of our recorder, the feedback
made the pen move quickly to a new
position without overshooting and stay
there without oscillating, or “hunting.”
By increasing the amount of the feed-
back we could cause the pen to make a

few rapid oscillations before it settled
down, and with a further increase we
could make it oscillate wildly back and
forth across the scale. The reason for this
is that there is always some delay in the
feedback path and too much feedback
too late can cause overshooting and oscil-
lation instead of control.

"t occurred to us that we had a modern
recording device and an old-fashioned
bean root behaving in the same way. The
behavior could be regarded as being
perfectly natural in each case, because
the feedback loop that is the genius of
the automatic-control revolution in con-
temporary technology is really an adap-
tation of a universal principle that makes
living systems self-regulating.
If the electrical oscillations of the
bean root were indeed a symptom that
some feedback loop had become over-

corrected, what was the nature of the
linkage? We considered various se-
quences of processes that might form a
loop with the characteristics required to
fit the observed oscillations. The most
promising is a scheme that involves the
plant hormone called indoleacetic acid.
This hormone, it is believed, controls the
elongation of the maturing plant cells
in the zone just behind the growing
point of a root or shoot. In very small
concentrations it appears to soften the
cell wall; this would allow osmotic pres-
sure in the vacuole to lengthen the cell.
At higher concentrations it seems to in-
hibit elongation.

According to our scheme electric
forces set up in the root by the action of
indoleacetic acid may provide the feed-
back linkage that in turn controls the dis-
tribution of the hormone. As a weak acid
it forms negative ions in solution. The
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FEEDBACK LOOP is proposed to explain oscillations in the bean
root’s field. Rhythmic variation of the indoleacetic acid (IAA)
content of the medium induces oscillations of the same period
(T) in the bioelectric current near the root. But these oscillations
lag behind the input oscillations. As the input period is varied,
the time delay (D) of these oscillations in the bioelectric current,
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the amount by which they are out of phase with the input oscilla-
tions, is found to vary in a manner consistent with a feedback loop.
Moreover, resonance, or maximum amplitude (A4), occurs for peri-
ods of about five minutes, indicating that the natural oscillation
observed in bean-root currents is caused by feedback. Varying the
osmotic pressure instead of the IAA content gives similar results.



amount of indoleacetic acid reaching
sites in the cell where it is active is
therefore likely to depend on local elec-
tric forces, particularly voltage changes
across cellular membranes. Since it ap-
pears to modify the permeability of the
membrane to various inorganic ions,
the movement of indoleacetic acid in the
plant tissue may affect the pattern of
current flow around the root. These cur-
rent changes would in turn influence lo-
cal potential differences in the root tis-
sue through which the negative ions of
indoleacetic acid pass. In this wav the
bioelectric current observed in the vi-
cinity of the root may serve to close the
teedback loop between events in the in-
dividual cell and processes in the root as
a whole.

It is one thing to suggest such a cvcle
of feedback interactions and quite an-
other to test it in a living plant in which
the individual reactions cannot be iso-
lated. In one test we have used we sub-
jected a root that was not itself produc-
ing oscillations to deliberately timed
oscillation in the concentration of in-
doleacetic acid the fluid

in medium

IAA

coleoptile, the TAA’s progress down the shoot is accompanied by

I 14

manufactured by the tip of the coleoptile that sheathes a
young oat shoot moves down the coleoptile to its growing region.
When a block of agar containing IAA is placed on a decapitated

bathing the root. The root responded
by producing electric oscillations all of
the same period. We found that we
could elicit maximum oscillation from
the root at a period of about five min-
utes. This resonance identified the nat-
ural period of the loop, because it
marked the time required for the im-
posed disturbance to travel around the
loop and return, just one cycle later, to
reinforce the next oscillation. The hor-
mone oscillation and the resulting elec-
tric oscillation are out of step with each
other. This is another expected char-
acteristic of a feedback loop, in which
there are always time lags. It gives fur-
ther clues to the wav the components
may be linked up in the loop.

We have subjected the root to a simi-
lar “frequency response” test by varving
the salt content and therebv the osmotic
pressure of the culture medium. This
variable does not directly form part of
the proposed feedback loop, although
variation in osmotic pressure intimate-
lv affects the system. It quickly alters the
membrane potential in the root’s outer
cells, probably by rapid water movement

and change in the salt concentration in
these cells. Resonance again occurs at
periods of about five minutes. This, we
expect, is close to the period of anv
spontaneous oscillatory behavior of the
root.

We are confident that there is a feed-
back system in the root in which the
interactions appear to be as described.
It mav even be that the over-all growth
of the root is co-ordinated by the indi-
cated interaction of hormone and elec-
tric field. We have not, however, been
able to observe anv departure from nor-
mal growth in roots that have been sub-
jected to sustained overcorrection and
oscillation of the postulated feedback
svstem.

rI‘he demonstration in a lower organ-

ism of a feedback system with char-
acteristic periods of oscillation is of in-
terest in still another connection. This is
the time sense, or “biological clock,” of
such organisms. It is now well known
that all living svstems from higher ani-
mals down to single-celled organisms be-
have in wavs that vary rhythmically
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an electric wave. The density of the gray shading indicates the
strength of the downward potential gradient that is recorded. A
small upward gradient (color)
pulse. The downward gradient may influence IAA movement.

precedes the initial downward



Georgia Tech Contributes
Brain Power for the
Race into Space!

When the first American reaches the moon,
it may well be that materials which went
into his space vehicle were developed,
tested and perfected at Georgia Tech. Tech
engineers are manning such vital space
centers as Cape Canaveral and Huntsville.

Georgia Tech's Nuclear Research Center
adds still another top-flight facility to its
program of aeronautical and space-oriented
projects . .. ranging from high temperature
materials studies, to the effects of constant
angular rotation on bodily organs in a tum-
bling satellite. Tech scientists recently ini-
tiated studies related to the possible de-
velopment of rocket propulsion systems
which use high temperature nuclear radia-
tion. Georgia Tech is making major contri-
butions in space technology and to the

future security of our nation.
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Georgia Tech’s Burroughs-220 computer in action
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Georgia Tech Specialists
Reveal New Potentials in
many Industrial Fields

The engineering experiment station at Tech
has prepared a series of opportunity re-
ports on many products and industries.
They offer valuable data, with many appli-
cations to your own operations. A partial
list includes:

7] Plastics [] Computers and Calculators
[] Ceramic Tile [] Electronics [] Light
Metal Castings [7] Antibiotics [} Metal
Lockers and others

We invite you to write for a free personal
copy. For reports on other specific indus-
tries or products, write to:

;‘ ____________________ |

Jack Minter, Director  Dept. sA-10
100 State Capitol, Atlanta, Georgia

Please send me your Special Report on

Address
City State

GEORGIA DEPARTMENT
OF COMMERCE
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in 15 years

More than 1,400,000 curies of 100
radioisotopes and 5,000 grams of
250 different enriched stable iso-
topes have left ORNL for use in
worldwide industries. More than
859 of the radioisotope ship-
ments go by air so that short-half-
life products reach their destina-
tion without delay.

Can ORNL research
revolutionize your business?

15 years of isotope development
gives our staff the experience you
need to apply isotopes to your
field. For more detailed informa-
tion, write to Isotopes Division,
Oak Ridge National Laboratory,
P. O. Box X, Oak Ridge, Tenn.

NEW CATALOG. Complete

listing and prices of all ORNL
i spe products. Send for your
copy now.
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operated by
Union CarBipE CORPORATION
for the
U. S. Aromic Enercy Commission
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even when there is no apparent periodic
change in their environment. A built-in
electrochemical oscillator governed by a
feedback loop nicely fits the specifica-
tions for a biological clock.

No less than the roots, the above-
ground portions of the plant generate
electric fields that may have significance
in growth processes. As long ago as
1932, Frits W. Went, now director of the
Missouri Botanical Garden, suggested

tht indoleacetic acid moves down in the
coleoptile of the grasslike plants under
the infHuence of electric forces. The
coleoptile is a hollow sheath that grows
upward in the seedlings of these plants
and serves as protection for the develop-
ing shoot; it is a favorite subject for
study of the effects of light, gravity and
various hormones on the plant bending.
Like the root tip, the tip of the cole-
optile manufactures indoleacetic acid,

APPARATUS for studying the electric field generated by a bean root is shown in this
photograph. The bean plant is held by a clamp at center. The glass tubes are probes to meas-
ure bioelectric potentials. The lens at left foreground projects a magnified image of the root.

BEAN PLANT

——  —MEASURING — —REFERENCE
T _PRGBES_ T __—

PROBE

TO ELECTROMETER

——y

POTENTIALS are measured as shown in this diagram of the apparatus in the photograph
at the top. Two glass probes explove the vicinity of the root and another probe is used
as a reference. Probes are connected to an electrometer through mercury-calomel celis.
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which moves down the coleoptile to the
growing region, where it controls the
rate at which the cells elongate. Winslow
R. Briggs and his co-workers at Stanford
University showed in 1957 that light
shining on one side of the tip of a corn
coleoptile makes some of the indoleace-
tic acid that would have traveled down
the lighted side move down the darkened
side instead. The extra amount of hor-
mone on the darkened side makes the
cells there elongate more than those on
the lighted side, and the coleoptile bends
toward the light.

Recently, in partial confirmation of
Went’s prediction, A. R. Schrank at the
University of Texas has found lateral
differences in potential around a coleop-
tile corresponding to the distribution of
indoleacetic acid when the coleoptile
is illuminated from one side. C. H. Hertz
at the University of Lund in Sweden
has found a similar distribution of po-
tential in coleoptiles placed horizontally
and in process of bending upward
against the force of gravity.

We have addressed our experimental
effort in this connection to the question
of how the indoleacetic acid moves down
the coleoptile as fast as it does. It moves
at the relatively high speed of 15 m:lii-
meters per hour through tissue that doe:
not appear to contain any long, pipelike
cells that might carry it downward in a
flowing solution. Our observations show
that a change in indoleacetic acid con-
centration in the coleoptile is accom-
panied by a change in electric field along
the coleoptile surface. As the hormone
moves down the plant, the electric
change moves with it as an electric
wave.

We can initiate these waves either
by lighting the coleoptile from one sidc
or by cutting off the tip and placing
some of the hormone on the cut end.
The association of the hormone and the
electric field suggests a possible explana-
tion for the rapid movement of the hor-
mone. Through a feedback interaction,
such as that postulated for the root,
the advancing front of indoleacetic acid
sets up an electric field that in turn
may push the hormone farther down
the coleoptile.

Observation and speculation so far
have not answered the question of
whether or not the electric fields set up
by a growing plant influence its develop-
ment. There are encouraging indica-
tions that they do play such a role. The
discovery of more conclusive evidence
awaits further refinement in techniques
for the detection and perhaps the
manipulation of these fields.
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ment, the Telstar satellite, Bell Tele-
phone Laboratories took a bold new
design approach that emphasized
the use of high reliability compo-
nents with virtually total elimination
of redundancy. All apparatus pack-
ages for Telstar were built “in-house”
by Bell Labs, and they were carefully
designed and tested for long life.
Thus, the use of A-B Type CB
(Y4 watt) and Type EB (15 watt)
hot molded resistors for this impor-
tant project clearly acknowledges their
ability to meet the most severe oper-
ating conditions.

Allen-Bradley resistors are made
by a unique hot molding process—
developed and used exclusively by
A-B—which assures such uniform and
stable characteristics that their per-
formance is accurately predictable in
service . . . and they are completely
free from catastrophic failures.

You can obtain this same outstand-
ing performance only when you in-
sist on A-B fixed resistors. For full
details on the complete line of A-B
quality electronic components, please
write for Publication 6024, today.
The satellite Telstar was designed and built
by American Telephone & Telegraph Co.’s

Bell Telephone Laboratories, and AT&T paid
for the cost of launching by NASA,




DADDY LONGLEGS

Although these familiar denizens of the countryside have eight

leos. they are not spiders. Their elongated limbs are more than
&5 M P

a means of locomotion; they also appear to act as sense organs

he harvestmen, as the British
call them, or les faucheux (the

reapers), as the French call them,
put in their appearance during the late
summer and early fall, when they are to
be seen wandering in the woods, in the
long grass, in hedgerows and ditches or
hiding under window sills and in dark,
damp places among the fallen leaves and
vegetable rubbish on the ground. The
Germans call them, among other things,

by Theodore H. Savory

die Afterspinnen, or “near spiders.” Near
spiders but not spiders; near, because
they have eight legs and belong to the
same arachnid class; but not, because
they belong to the distinctly different or-
der of Phalangida, their round or oval
bodies have no waist, their pincer-like
jaws produce no poison, they do not spin
and they have two eyes (not eight, as in
spiders) set in turrets on their backs.
Americans call them by the most

immediately descriptive name of all:
daddy longlegs. The name has special
relevance to the present inquiry. As I
wrote in 1938, “the study of harvestmen
is the study of legs.” My remark has since
been quoted so often by other zoologists
that it can be supposed to express a
truth. Indeed, as will be seen, legs make
up a large part of the story. For one
thing, a harvestman’s legs are much
more than mere organs of locomotion.

TWO DADDY LONGLEGS walk along an ivy leaf in this photo-
graph. These animals, which are also known as harvestmen, consti-
tute the order Phalangida. Like spiders, they are members of the
arachnid class. The harvestman at the rear in this photograph has
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only six legs. Although the normal complement is eight, harvestmen
drop their limbs easily and cannot regenerate them. Of all the legs,
the most important are the long second pair. These precede other
legs as the animal walks and so perform the function of antennae.
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STRUCTURAL DETAILS of the harvestman’s body are seen in the forward part of the body. The six pairs of appendages (jaws,

a drawing of the animal in feeding position, magnified 30 times. short limbs called pedipalpi and four pairs of legs) are attached
The two eyes are set on each side of a turret atop the cephalothorax, to the six segments of the cephalothorax. The pedipalpi and the
120
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legs also have six segments each. Behind
the cephalothorax is the segmented abdo-
men, which contains the internal organs.

They carry sense organs that to some
extent correspond to those of touch,
taste and hearing in higher animals.

To study harvestmen and their legs, a
box perhaps 18 inches by 12 and about
six inches deep, with a sheet of glass for
a lid, is about all that is wanted. The
floor can be covered with half an inch
of earth or coarse sand, and in this can
be sunk a saucer of water. Some stones
or a few dead leaves will give shade and
shelter; thus is created a reproduction of
the harvestmen’s natural environment.
Since cannibalism is rare among them,
a dozen or as manv as a score of indi-
viduals can be kept in such a cage.

They must, however, be fed. Their
cousinship with spiders suggests that
they should be supplied with live insects
and allowed to capture them, but in fact
this is not so. Nor need the food be of
the kind that harvestmen can be expect-
ed normallv to come across. Experience
shows that to provide them with such
things as dead insects and spider eggs
is a waste of time and trouble; harvest-
men will eat almost any contribution
from the table. Pieces of bread and but-
ter, meat and particularly fat are all
acceptable. Lamb fat seems to be a
special favorite, and harvestmen can be
seen plunging their jaws into it and
cutting out small fragments. The appear-
ance of a harvestman, perhaps somewhat
battered after its journey from the fields
in a small box carried on the back of
one’s bicycle, is remarkably improved
by a few hours with a little bread, fat
and water.

At all times harvestmen need water.
In cages they come to the receptacle pro-
vided almost as regularly as other wild
animals gather at lakes and rivers. If de-
prived of water for several days, a har-
vestman becomes stiff and torpid. Given
access to water, it drinks for several min-
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utes, seems to regain strength, moves
away and begins to feed. Harvestmen
cannot withstand starvation to the same
extraordinary degree that spiders can,
but thev have a more tenacious grasp on
life than might be expected.

'I*he physical condition of wild animals

- is seldom as good as that of animals
in zoos; the same is true of harvestmen
in observation cages. Thev quicklv settle
down to a life that is not so much normal
as luxurious. Safe from their enemies,
with water at hand and food regularly
available, thev display their full reper-
tory of behavior.

During the day they seldom move.
One might think of them as asleep, yet
easily awakened. Often the attempt to
learn something of their behavior begins
when they respond to the movement of
one’s head as one stoops to look at them.
All at once thev are stirred to activity,
racing together around and around the
cage, their bodies rising and falling and
striking the box, tap-tap-tap as thev go,
until with almost equal suddenness they
stop as it they have forgotten what all
the fuss was about.

In the evenings the cages present a
different picture, with each occupant
intent on the business of the moment.
One of the most frequently observed ac-
tions is the harvestman’s habit of preen-
ing. All invertebrates whose sense organs
are scattered over their bodies keep
themselves scrupulously clean so that
their organs are not clogged with dust.
Always after feeding, and at other times
as well, harvestmen brush themselves.
One by one their long legs are turned
under the body, grasped by the jaws
and slowly pulled between them. By the
time the last segment has been reached
the leg is curved almost into a circle;
when the claws are released, the leg



MOLTING HARVESTMAN usually hangs by its claws. In this
position it struggles vigorously until it has split the skin on the
top of its body from the skin on the bottom. This frees jaws, body
and top segments of legs from the old skin, which remains on the
back of the body (a). Next it frees the remaining segments of its
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legs. The pedipalpi hold the legs together in a bundle and force
them toward the jaws. The jaws then drag each leg in turn out of
its old skin, cleaning them at the same time (b). This process may
take a full 20 minutes. When it is completed and the harvestman
has molted, the cast skin is left hanging by the empty claws (c¢).
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shoots out like a spring. To clean its jaws
the harvestman dips them in water.

One of the most surprising differences
between harvestmen and other arach-
nids, particularly spiders, is the ease
and frequency with which they mate.
It is well known that a male spider
enters into a long and elaborate court-
ship before it undertakes the roundabout
process of fertilization peculiar to its
particular species [see “Unorthodox
Methods of Sperm Transfer,” by Lord
Rothschild; Scientiric AMERICAN, No-
vember, 1956]. Scorpions similarly in-
dulge in a dance together, and the small
false scorpions exhibit a complex ritual
in which the male leads the female to a
spermatophore deposited on the ground.
There has been much discussion, and
little general agreement, as to the mean-
ing and function of these remarkable
activities. To these speculations harvest-
men add nothing, for they seem to have
no form of courtship, either tactile or
visual. Even in captivity they mate im-
mediately on meeting.

']111(3 behavior that so distinguishes the

~ harvestmen among the Arachnida
can be related to an anatomical distinc-
tion that sets them apart. Unlike spiders,
male harvestmen possess a definite sex
organ, a hard chitinous duct that can
be easilv dissected from the body and
mounted for microscopic study and that
differs appreciably from one species to
another. It is extruded from the male
abdomen, passes between the female’s
chelicerae, or jaws, and delivers the
sperm inside the genital operculum, the
plate on the underside of the body that
covers the genital organs. The actual
union occupies barely a minute. After
separation the partners, continuing their
wanderings in the cage, are likely to
mate again, either with each other or
with other occupants. Harvestmen are,
indeed, the Casanovas of the arachnid
world. Some species of harvestmen seem
to be particularly insatiable and, when
well fed, will spend the evening in no
other occupation.

Female harvestmen have an exten-
sible tubular ovipositor that they push
into the ground when laying their eggs.
On observing that a female harvestman
had laid her eggs in the saucer of drink-
ing water in one of my cages, it occurred
to me that egg laying may depend on the
availability of moist ground, soft enough
for the entry of the ovipositor. I placed
a shallow tray of moist sand in the cage
and was rewarded a month later to find
three batches of eggs within. No eggs
had been laid anywhere else. The eggs

HARVESTMAN PREENS by grasping the top of each leg between its jaws and pulling the
leg along its entire length. When the claws are reached, the leg almost forms a circle; as the
jaws release it, it snaps back like a spring. Harvestmen preen to clean their sense organs.

HARVESTMAN DRINKS by immersing its jaws in water while resting pedipalpi and one
or more legs on water’s surface. The animal also assumes this posture to clean its jaws of the
debris accumulated in preening. Harvestmen can survive without water only a few days.
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| are small, pale spheres, less than half a
millimeter across and unprotected. Al-
though species differ somewhat in their
seasonal habits, many harvestmen in
temperate climates lay their eggs near
winter; others hatch more quickly and
the young hibernate until the spring.

I shall not easily forget the thrill with
which T first saw a baby harvestman
staggering across the sand of the cage
shortly after hatching. Very young har-
| vestmen seem at first to be feeble little
creatures and to have difficulty co-ordi-
nating their long legs. For full apprecia-
tion of all their miniature detail, one
must look at them under the microscope.
A young harvestman is not much more
than an hour old, however, before
its growth compels the first casting of
its skin.

Discontinuous growth by molting is
characteristic of the great phylum of
Arthropoda, which includes the crus-
taceans and the insects as well as the
arachnids, all of them encased in tough
external skeletons. The harvestmen molt,
or undergo ecdysis, seven or eight times
at intervals of about 10 days before
reaching maturity. They generally do
their molting at night. In the morning
the empty skeleton is found, usually
hanging by its hind legs and with all
eight legs of the former tenant discern-
ible in the tangle of withered tissue.

To visualize the topologically improb-

able process by which the harvestman
withdraws its long, thin, segmented legs
from the skeleton it has outgrown one
must inspect the animal’s anatomy more
closely. The body still shows, in the
first place, traces of the segmentation of
the annelid worm that is the common
ancestor of the arthropods. Six segments
can be recognized in the cephalothorax
(the joined head and thorax that consti-
tutes the forward portion of the body)
and nine in the abdomen. A remarkable
feature, to which the shortness of the
harvestman’s body is partly due, is the
forward displacement of the sternites, or
ventral plates, of the abdomen. This has
the apparent effect of bringing the ter-
gites, or dorsal plates, down over the
tip of the abdomen and around onto its
underside. As a result the two plates
above and below one another on the
abdomen do not belong to the same
segment. At the same time the genital
operculum is pushed forward, obscur-
ing much of the detail of the underside
of the cephalothorax.

The six segments of the cephalothorax
each bear a pair of segmented appen-
dages: the chelicerae, or jaws, the pedi-
palpi and the four pairs of legs. The jaws
are like the claws of a lobster on a much
smaller scale; they act as forceps with
the terminal segment closing against a
prolongation of the segment immediate-
ly behind it. In the adult these fixed and

BLACK HOURGLASS PATTERN on its back distinguishes the harvestman Mitopus morio
from all other species. Of all harvestmen, this species has the widest distribution. It is found
throughout Europe and North America and is the only known harvestman in Greenland.
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movable fingers are sharply pointed but
smooth; in the newly hatched young
they are conspicuously and even strong-
ly toothed. As many as 11 sharp teeth
have been counted on the fixed finger
and five on the movable one, which sug-
gests a more formidable armament in
compensation for the small size and
feeble strength of the infant. The pedi-
palpi are limbs of six segments, like short
legs. They are often covered with
bristles, variously arranged; no doubt
they function as sense organs, largely of
a tactile nature. On the coxae, or base
segments, of the first two pairs of legs
the harvestman is equipped with projec-
tions called gnathobases, which hold the
food against the mouth. The external
mouth therefore appears as a longitudi-
nal opening that runs backward from
the jaws the full length of the cephalo- |

thorax to the forward edge of the genital |

operculum.

W/Then the harvestman begins to molt,
hanging by its claws, it starts opera-
tions with vigorous struggles. These
split the skin; the jaws and the first long
segments of the legs spring at once
through the gap and the body follows.
The freeing of the legs, the most pro-
tracted part of the business, now begins.
The pedipalpi hold the bundle of legs
together and force them forward toward
the jaws. One at a time, the jaws drag
the legs out and free of the outgrown
skeleton. As in preening, the legs are
bent around in a circle until the claws
come loose. In the infant this last step is
facilitated because the claws have few-
er segments. By the time each leg
springs straight it has been thoroughly
cleaned and kneaded by the jaws.

Although the time interval between
two molts averages about 10 days, it
seems to be influenced by temperature
and diet. Apparently the animal does not
have to hang upside down during the
process; I have had specimens that have
molted on the ground. Sometimes a
harvestman eats its cast skin, but in cap-
tivity this is unusual. Perhaps the be-
havior is induced by hunger or by a
shortage of protein in the food recently
eaten.

Collectors who try to pick up a har-
vestman by a leg often see the animal
escape on seven legs, leaving the eighth
in the forceps. The leg always separates
at the junction between the coxa and
trochanter, the first and second seg-
ments. It continues reflex activity, jerkily
bending and straightening, for some
time. Occasionally one has the strange
experience of finding a leg lying alone
on the grass vigorously kicking at noth-
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Jack Faulkner’s
curiosity contributed
to lighter tanks

Jack Faulkner heads the Military
Equipment Section of Alcoa’s De-
velopment Division. His aerospace
background and 15 years with Alcoa
have made him a bug on weight
savings. So when Ordnance Tank
Automotive Command’s suspension
project engineer asked if Alcoa
could come up with an aluminum
wheel for the Army’s new Main
Battle Tank (MBT), Jack’s reac-
tion was, “I’m sure we can—let’s
get started.”

Faulkner and his engineers had
one successful tank wheel under
their belts (the M-60) and another
fully designed and laboratory-tested
(the M-109); now they were close
after the third. It began to take
shape on paper. The wheel would
use Alcoa’s unique re-entrant de-
sign that had proved itself on the
M-60 wheel, but it would be a
couple of pounds lighter, even
though much larger. Jack hand-
carried his baby to OTAC.

OTAC bought the idea, gave
Alcoa an R&D contract to prove
this design and provide prototype
wheels.

A few weeks later, a hand-forged
sample was ready for Alcoa’s de-
velopment lab. It got the works.
Ultrasonic inspection. Tensile tests.
The full gamut of stress-coat, strain-
gage and load-deflection tests. Doz-
ens of checks and counterchecks.

The result: a 62-1b aluminum
wheel that’s as strong as steel, but
weighs only half as much. An alu-
minum wheel that can stand a
60,000-1b load pounding over the
roughest terrain. A wheel that,
along with its 19 companions, cuts
1,200 1b of unsprung weight off the
Army’s MBT to give it more punch,
more mobility.

No other aluminum producer has
so much experience, so many men,
alloys and machines to provide an
answer to your problem. Write:
Aluminum Company of America,
1866-K Alcoa Building, Pittsburgh
19, Pennsylvania.
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ing. Most animals that grow by molting
can shed their limbs with ease. This
capacity, which is known as autotomy,
is generally accompanied by the capac-
ity to regenerate the lost limb. Spiders,
in fact, can regenerate more than one
lost limb at a time. If the loss occurs too
close to the time of the next molt, the
new limb (or limbs) will be somewhat
undersized. This is not a severe handi-
cap; spiders with an asymmetric appear-
ance are not uncommon. Under labora-
tory care, spiders have even been known
to regenerate all eight legs at once.

Strangely enough, the harvestman
does not have the ability to regrow the
limbs it may shed in this manner. No
matter what dire alternative fate it
would elude by autotomy, it must re-
main short of a leg. Only the coxal seg-
ment is left between its now larger fel-
lows. Toward the end of the season, in
fact, harvestmen with the full comple-
ment of eight legs are in the minor-
ity. Octavius Pickard-Cambridge once
found a specimen running actively about
on only two! As harvestmen get older
they are likely to lose their legs while
drinking. They stand on the water to
drink, and if they are unable to pull
their legs free from the surface tension,
they may lose one or more. Unable to
free their legs or shed them in time, they,
may drown. I have seen this happen
to captive harvestmen on more than one
occasion; if it happens in the wild, it
must be one of the few examples of a
natural death that does not consist in
being eaten.

I,Iarvestmen have another and less

Pyrrhic  defense against an ap-
proaching enemy. On each flank, just
behind the first legs, there lies a pair
of dark-colored glands that have some-
times been mistaken for eyes. These
secrete an odorous fluid that repels a sen-
sitive predator. Among some species of
harvestmen the stimulus of danger pro-
vokes the emission of visible drops of
fluid. Unlike spiders, which are normally
odorless, harvestmen always have a
slight atmosphere of their own. Some
authors have compared the scent of dif-
ferent species to various familiar odors,
for which fetid serves as a common de-
nominator. Most surprising is the effect
of this secretion on the animals them-
selves. If all the harvestmen collected
in an afternoon are put into a jam jar or
similar closed container, they will be
found, on return to the laboratory, to be
apparently unconscious, as if anesthe-
tized by each other. They recover their
usual activity, however, soon after they
are shaken out into the cages.
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On observing harvestmen in action for
a little while, one’s attention is attracted
to their second pair of legs. They are
usually the longest, and one of the first
things noticed is that this pair is gen-
erally stretched forward, feeling and
testing the ground ahead as the harvest-
men run. In this regard these legs recall
the antennae of insects and crustaceans.
Whenever a harvestman moves slowly
or uncertainly, it touches the ground in
front with its second legs before pro-
ceeding. A resting harvestman often
moves or lifts a leg of the second pair
as if it were an alerted sentinel, sus-
picious of the approach of danger. I
have seen a harvestman react to the
slamming of my laboratory door by
raising a second leg with a sudden jerk.
I have also seen a thirsty harvestman
take a step with one of its fourth legs
into water, turn and touch the water
with a second leg before moving forward
to drink. A chemical, a tactile and a
kind of auditory sense all seem to be
incorporated in this pair of legs.

Although the loss of one of the second
legs is not an incapacitating handicap,
their importance becomes more obvious
when an individual has lost them both.
Its movements then are slower; it seems
to hesitate as it moves, after the manner
of a blindfolded man in a crowd. In
the wild it would probably not survive
for long.

One observation of mine seems to sug-
gest that essential functions are asso-
ciated with this pair of legs. By chance
I had at the same time a male that had
lost its right second leg and a female
of the same species that had lost its left
second leg. As soon as they met they
attempted to mate. But because their
second legs were missing from the same
side as they faced each other, they
failed to unite. Frustration continued, in
spite of constant attempts.

ZXl)out 2,000 species of harvestmen
4+ X have been found and described in
all parts of the world except the polar
regions. From this multitude three spe-
cies common to the North Temperate
Zone stand out as worthy of individual
mention.

The species Phalangium opilio is com-
mon both in Europe and North America.
Known to Aristotle, mentioned by Robert
Hooke, named by Linnaeus and recog-
nizably illustrated by many of the
medieval naturalists, it holds a unique
position in the order. It is larger than
most species of harvestman, with a body
almost a centimeter long; it is also one of
the few species in which the sexes are
distinguishable at a glance. The custom-
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ary statement that males have smaller
bodies and longer legs than females has
no significance if an observer has only
one specimen before him and cannot say
whether its legs are “long” or “short.” In
P. opilio, however, the male has upward
horns to its chelicerae that distinguish
it at once. What the value or function
of this distinction is, and why it is not
found among most other species, no one
can yet say.

A harvestman with a personality, if
this is not stretching language too far,
is Mitopus morio. Its back bears the de-
sign of a black hourglass, a feature that
makes it recognizable both to its captors
today and in the drawings of naturalists
of earlier times. Its really interesting
characteristic is its breadth of distribu-
tion. Not only is it found over most of
Europe and in many parts of North
America, it also extends northward into
Iceland, and it is the only known har-
vestman in Greenland. A large and ac-
tive species, as befits one that can endure
the temperatures of near-arctic lands, it
scarcely deserves a name that means
“thread-foot fool.”

The third species is of a different
kind. Its name is Megabunus diadema
and it leads a much more obscure life.
In Britain careful collectors can find it
on hilltops and on the sides of moun-
tains at altitudes higher than those in-
habited by most of its fellows. It is a
beautiful little creature, bearing a deli-
cate pattern of silver, green and black,
recognizable at once by the long spines
on its ocular turrets that form the
crown, or diadem, that gives it its name.
But its claim to fame is more bizarre.
Collectors have rarely found males of
Megabunus; one statistically minded
enthusiast recorded only one male in a
total of 407 specimens. Laboratory in-
vestigation then showed that the females
of this species are able to produce their
young parthenogenetically and so avoid
the normal consequences of a scarcity of
males. Parthenogenesis has been demon-
strated in a few other species; M. dia-
dema seems to be the only one in which
it is virtually the normal practice.

' Not long ago the spiders were the

e most neglected of the most interest-
ing animals. Today the dual title of most
| neglected and most interesting belongs
to the harvestmen. With their rounded
bodies ornamented with little spikes;
two eyes perched crazily atop, back to
back, like the faces of a clock tower; un-
gainly legs, insecurely attached; occa-
| sional puffs of mephitic vapors—they
| suggest that evolution is not without a
| sense of humor.
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What a life the CP-100 recorder leads. It even gets transport assembly lifts up. And it operates on almost
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seal metal joints, ® seal leaks
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insulate wiring
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use as adhesive
for pre-fabricoted
silicone rubber

For a thousand jobs, just squeeze
it on and it’s on to stay! No pre-
mixing or priming. RTV-102
silicone rubber adheres to almost
anything — glass, metal, plastics,
tile, wood, silicone rubber. Sets in
minutes, cures in a few hours, forms
a resilient rubber that never dries
out, cakes or cracks. Resists mois-
ture, grease, weathering, many
chemicals, and temperatures from
—75°F to 500°F.

RTV-102 won’t sag on vertical
surfaces, can be smoothed over
large areas, “gives” with vibration
and flexing. For free evaluation
sample plus technical data, write

MATHEMATICAL GAMES

A collection of puzzles involving

numbers, logic and probabilities

by Martin Gardner

very eight months or so this col-
Eumn presents a selection of short

problems of various types. The
nine problems that follow can for the
most part be solved by anyone who
“thinks mathematically.” The only one
that calls for knowledge of mathematics
beyond the high school level is the third,
Leo Moser’s problem concerning a fam-

| ily chess tournament, but even here the

probability theory involved is elemen-
tary. Answers to all problems will be
given next month.

1.

A sheet of legal-sized paper, 8% by
12% inches, has an area of 106% square
inches. Seven file cards of the three-by-
five-inch size have a combined area of
105 square inches. Obviously it is not
possible to cover the large sheet com-
pletely with the seven cards, but what
is the largest area that can be covered?

The cards must be placed flat, and they
may not be folded or cut in any way.
They may overlap the edges of the sheet,
however, and it is not necessary for
their sides to be parallel with the sides of
the sheet. The illustration below shows
how the seven cards can be arranged
to cover an area of 98% square inches.
This is not the maximum.

Everyone in the family, young and
old, will enjoy working on this puzzle.
If the required materials are not handy,
a sheet of cardboard can be cut to the

%-by-12%-inch size, and the seven
three-by-five rectangles can be cut from
paper. It is a good plan to rule the large
sheet into half-inch squares so that the
area left exposed can be computed
quickly.

The problem has at least two elements
of surprise. It was first posed last De-
cember by Jack Halliburton in Recrea-
tional Mathematics Magazine, and the
first surprise was the discovery by read-
ers of an answer that exceeded Halli-
burton’s. The second surprise was the
more recent discovery, by Stephen Bar,
of a still better solution. Barr’s solution
will be disclosed here next month for

I

il Y

on your letterhead describing your
application to Section U1070, Sili-
cone Products Department, General
Electric Company, Waterford, N.Y.

GENERAL @3 ELECTRIC |

5 8 s 0 B )

How much of the paper can be covered with seven file cards?
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IBM asks basic questions in mechanical analysis

What 1s the best design ?

This is an example of the force-time relationship of impact
printing as the striking head of an output printing device
comes into contact with its platen.

As computers go faster, so must the machines which
work with them. The tremendousspeed at which these
mechanisms function magnifies traditional problems
of wear, elasticity, and timing. To meet rigorous new
standards of performance, 1BM engineers are apply-
ing the techniques of mechanical analysis to the de-
velopment of high-speed mechanisms.

Through a combination of experimental measure-
ments and mathematical analyses, 1BM engineers
attempt to determine exactly what is taking place at
any given instant during the machine cycle. For ex-
ample, our engineers recently were given the assign-
ment of increasing the operating speed of the output
printing element in a data processing system by as
much as twenty-five percent without major redesign.
To do so, they progressively varied mass, spring
forces, and the elasticity of several components, and
measured resulting changes in the system’s physical
characteristics. By translating these experimental
results into mathematical terms, they were able to
arrive at a solution to the problem which might
have been impossible to obtain using only trial-and-
error methods.

The exact description of the way in which many vari-
ables interact during the machine cycle requires
advanced measurement and analysis techniques.
For example, the impact curves shown above were
produced by a mechanical structure with several

After modifications were made in the printing mechanism,
the force-time relationship reflected a cleaner impact, produc-
ing a sharper impression from the printer.

degrees of freedom—a system extremely complicated
to calculate. 1BM engineers chose to alter one
structural member slightly to produce an overriding,
dominant frequency. They could then analyze the
structure’s operation mathematically.

Mechanical analysisis helping 1BM engineers to create
mechanisms with fundamentally new designs. For
instance, in a revolutionary new typewriter, the 1BM
Selectric,™ they were able to design a mechanism to
compensate automatically for wear and elasticity in
the print-selection system. In an important new de-
velopment in disk storage, they used a hydraulic
actuator to position magnetic read-write heads which
float on air bearings. And they have developed a
high-speed printer, controlled by a computer’s pro-
gram, which prints by means of engraved type sus-
pended on a chain which moves past the paper at
high speed. Mechanisms with advanced designs like
these are helping to make it possible to take full ad-
vantage of the immense capabilities of the computer.

If you have been searching for an opportunity to
make important contributions in mechanical analy-
sis, space, programming systems, or any of the other
fields in which 1BM™ scientists and engineers are find-
ing answers to basic questions, please contact us.
1BM is an Equal Opportunity Employer. Write to:
Manager of Professional Employment, IBM Corp.,
Dept. 659X, 590 Madison Avenue, N. Y. 22, N. Y.
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they asked:

“CAN YOUR PARCHMENT
HELP US KEEP

STAPH MICROBES
UNDER CONTROL?"

(50 Paiapar® did just that)

Vicious staphylococci microbes have
been plaguing hospitals across the
country. To fight back, the hospitals
use every germ-killing technique known.
And Patapar Vegetable Parchment is a
great help.

How? Special ‘“Hospital Patapar”
helps make sterilizing with steam or
ethylene oxide gas quick and sure. In-
struments, surgical gowns, gloves,
bandages are wrapped in Patapar be-
fore they go into the sterilizer. The
Patapar allows steam or gas to pass
freely through to the contents of each
package—but protects against subse-
quent contamination from room air.
Thus keeping the contents of each
package sterile.

Helping fight germs is just one of
many talents Patapar possesses. It’s
also known for its amazing strength
(wet or dry), its grease and heat resist-
ance, dielectric properties, translu-
cency and purity.

If the Patapar Vegetable Parchment
you need doesn’t exist, our Research
and Development Department will
work with you to develop a sheet pre-
cisely suited to your needs. SEND FOR
BULLETIN 104B.

PATERSON PARCHMENT PAPER COMPANY

Bristol, Pennsylvania

NEW YORK, N.Y. PARK RIDGE, ILL.
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Two unorthodox cryptarithms

the first time. There is as yet no proof
that Barr’s solution is the maximum, so
perhaps some reader of this department
will find a third level of surprise.

2.

Six Hollywood stars form a social
group that has very special character-
istics. Every two stars in the group either
mutually love each other or mutually
hate each other. There is no set of three
individuals who mutually love one an-
other. Prove that there is at least one set
of three individuals who mutually hate
each other. The problem leads into a
fascinating new field of graph theory,
“blue-empty chromatic graphs,” the na-
ture of which will be explained when
the answer is given next month.

3.

A certain mathematician, his wife
and their teen-age son all play a fair
game of chess. One day when the son
asked his father for $10 for a Saturday
night date, his father puffed on his pipe
a moment and replied:

“Let’s do it this way. Today is
Wednesday. You will play a game of
chess tonight, another tomorrow and a
third on Friday. Your mother and I will
alternate as opponents. If you win two
games in a row, you get the money.”

“Whom do I play first, you or Mom?”

“You may have your choice,” said the
mathematician, his eyes twinkling.

The son knew that his father played
a stronger game than his mother. To
maximize his chance of winning two
games in succession, should he play
father-mother-father or mother-father-
| mother?

Leo Moser, a mathematician at the
University of Alberta, is responsible for
this amusing question in elementary
probability theory. Of course you must
prove your answer, not just guess.

4

In most cryptarithms a different let-
ter is substituted for each digit in a sim-
ple arithmetical problem. The two re-
markable cryptarithms shown above are
unorthodox in their departure from this
practice, but each is easily solved by
logical reasoning and each has a unique
answer.

In the multiplication problem at the
left in the illustration, newly devised by
Fitch Cheney of the University of Hart-
ford, each E stands for an even digit,
each O for an odd digit. The fact that
every even digit is represented by E does
not mean, of course, that all the even
digits are the same. For example, one E
may stand for 2, another for 4, and so
on. Zero is considered an even digit. The
reader is asked to reconstruct the numer-
ical.problem.

In the multiplication problem at the
right, each P stands for a prime digit
(2, 3, 5 or 7). This charming problem
was first proposed some 25 years ago by
Joseph Ellis Trevor, a chemist at Cornell
University. It has since become a classic
of its kind.

D.

If one-fourth of a square is taken from
its corner, is it possible to dissect the
remaining area into four congruent
(same size and shape) parts? Yes, it can
be done in the manner shown at the left
in the illustration below. Similarly,

Three dissection puzzles
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The world’s smallest satellite has been developed by Space
Technology Laboratories. Its shape will be different from all
other satellites before it. STL engineers and scientists have
used a tetrahedral configuration to bring about some remark-
able characteristics in a space vehicle. There will be no need
for batteries nor regulators in flight. The satellite will have
no hot side, no cold side. It will require no attitude control
devices. No matter how it tumbles in space it will always
turn one side toward the sun to absorb energy, and three
sides away from the sun to cool instrumentation and telem-
etry equipment inside. It can perform isolated experiments
in conjunction with other projects. Or it can be put into
orbit by a small rocket to make studies of its own, up to five
or more separate experiments on each mission it makes.

STL is active on hardware projects such as this and as prime
contractor for NASA’s OGO and an entirely new series of
classified spacecraft for Air Force — ARPA. We continue
Systems Management for the Air Force’s Atlas, Titan and
Minuteman programs. These activities create immediate
opportunities in: Space Physics, Radar Systems, Applied
Mathematics, Space Communications, Antennas and Micro-
waves, Analog Computers, Computer Design, Digital
Computers, Guidance and Navigation, Electromechanical
Devices, Engineering Mechanics, Propulsion Systems,
Materials Research. For So. California or Cape Canaveral
opportunities, please write Dr. R. C. Potter, Dept. ]1(), One
Space Park, Redondo Beach, California, or P. O. Box 4277,
Patrick AFB, Florida.STL is an equal opportunity employer.

SPACE TECHNOLOGY LABORATORIES, INC.
a subsidiary of Thompson Ramo Wooldridge Inc.

Los Angeles ¢« Vandenberg AFB ¢ Norton AFB, San Bernardino ¢ Cape Canaveral » Washington, D.C. » Boston ¢ Huntsville ¢ Dayton
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an equilateral triangle with one-fourth
of its area cut from a corner, as in the
center figure in the illustration, can also
be divided into four congruent parts.
These are typical of a large variety of
geometric puzzles. Given a certain geo-
metric figure, the task is to cut it into a
specified number of identical shapes that
completely fill the larger figure.

Can the square at the right in the
illustration be dissected into five con-
gruent parts? Yes, and the answer is
unique. The pieces can be any shape,
however complex or bizarre, provided
that they are identical in shape and size.
An asymmetric piece may be “turned
over”; that is, it is considered identical
with its mirror image. The problem is
annoyingly intractable until suddenly
the solution strikes like lightning. Y

6.

Robert Abbott, author of the recently
published book Four Card Games, pro-
vided the curious street map reproduced

below, accompanied by the following
story:

“Because the town of Floyd’s Knob,
Indiana, had only 37 registered automo-
biles, the mayor thought it would be
safe to appoint his cousin, Henry Stables,
who was the town cutup, as its traffic
commissioner. But he soon regretted his
decision. When the town awoke one
morning, it found that a profusion of
signs had been erected establishing nu-
merous one-way streets and confusing
restrictions on turns.

“The citizens were all for tearing
down these signs until the police chief,
another cousin of the mayor, made a
surprising discovery. Motorists passing
through town became so exasperated
that sooner or later they made a pro-
hibited turn. The police chief found that
the town was making even more money
from these violations than from its speed
trap on an outlying country road.

“Of course everyone was overjoyed,
particularly because the next day was
Saturday and Moses MacAdam, the

county’s richest farmer, was due to pass
through town on his way to the county
seat. They expected to extract a large
fine from Moses, believing it to be im-
possible to drive through town without
at least one traffic violation. But Moses
had been secretly studying the signs.
When Saturday morning came, he aston-
ished the entire town by driving from
his farm through town to the county seat
without a single violation!

“Can you discover the route Moses
took? At each intersection you must fol-
low one of the arrows. That is, you may
turn in a given direction only when there
is a curved line in that direction, and you
may go straight only when there is a
straight line to follow. You may leave an
intersection only at the head of an ar-
row. For instance, at the first intersection
after leaving the farm, you have only
two choices: to go north or to go straight.
If you go straight, at the next intersec-
tion you must either go straight or turn
south. True, there is a curved line to the

north, but there is no arrow pointing

START

'3

NORTH

FINISH

The traffic maze in Floyd’s Knob
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DESIGNING WITH MYLAR ® POLYESTER FILM

MYLAR...in the voice you hold in your hand

People without voices use esophageal speech. .. mouth-
ing air into words. Now Western Electric provides them
with a supplement: an all-transistorized artificial larynx
with athindiaphragm coverof rugged ‘‘Mylar’’ polyester
film. It is a voice they can hold in their hand.

One problem was the selection of a material to cover
the diaphragm. It had to be flexible, to transmit vibra-
tion to the throat; tough, to resist puncture.-It.had to
reject corrosive perspiration; remain-thermally stable
in all climates. Above all, it had to operate for years
without drying out or cracking. A material which met all

these requirements was thin ‘“Mylar’’ polyester film.
Today, ‘‘Mylar" is a basic material for design. Flexible,
but strong. Thin, but durable. Doing new things that
couldn’t be done before. Doing old things—better.
Try “Mylar”. Investigate its amazing properties as a
key to solving your design problem. Write or call Du Pont,
Film Department, N-10452SA, Wilmington, Delaware.

@m:{b only DU PONT makes
MYLAR

POLYESTER FILM
Better Things for Better living . . . through Chemistry
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Lets Quit Kidding

C# s #0

A sigma is a sigma (O).
It's not an S nor is it a &.
O is an accepted abbreviation for:

molecular diameter
standard deviation
surface tension

specific conductance
Stefan-Boltzmann constant
stress, normal.

If O or any other symbols are im-
portant in what you write, you need
TYPIT®. Over 500 different symbols
are available.

It takes only 4 seconds to insert a
TYPIT ® symbol as you type. Call
your local office machine dealer or
write to the address below for catalog
of symbols and additional information.

mechanical enterprises, inc.
3127 Colvin Street
Alexandria 8, Virginia

Advanced Coatings
for
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White Room Cleanliness |

Where ultra-cleanliness is of utmost impor-
tance, consider TILE-COTE® as a mainte-
nance-free finish. TILE-COTE® provides a
high-density, readily-decontaminated film
with an inert, virtually impermeable
surface of ceramic-like appearance and
permanence.

Sample specifications . . .

e Adhesion: excellent to wood, metal,
masonry and mortar, glass ana most
plastics

e Pot life: min. 8 hrs. at 75° F.
e Temp. range: 250° F. to —40° F.

e Unaffected by: steam, alcohols,
lubricants, carbon tetrachloride,
detergents and cleansers, aromatic
and aliphatic hydrocarbons and
other corrosives.

Versatility is an important feature of TILE-
COTE®, which may be applied as a filler-
finish system over bare wood and masonry
or as a finish over painted surfaces. Fif-
teen bright high-reflectance colors are
available with identical service criteria.
Write for bulletin P-52B with full data,
specifications, and color standards.

|
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north, so you are forbidden to leave that
intersection in a northerly direction.”

7.

Every now and then a magazine runs
a cover picture that contains a picture
of the same magazine, on the cover of
which one can see a still smaller picture

| of the magazine, and so on presumably
| to infinity. Infinite regresses of this sort

are a common source of confusion in
logic and semantics [see “Paradox,” by
W. V. Quine; SCIENTIFIC AMERICAN,
April, 1962]. Sometimes the endless
hierarchy can be avoided, sometimes
not. The English mathematician J. E.
Littlewood, commenting on this topic
in one of his books, recalls three foot-
notes that appeared at the end of one of
his papers. The paper had been pub-
lished in a French journal. The notes, all
in French, read:

“1. I am greatly indebted to Prof.
Riesz for translating the present paper.

“2. 1 am indebted to Prof. Riesz for
translating the preceding footnote.

“3. I am indebted to Prof. Riesz for
translating the preceding footnote.”

Assuming that Littlewood was com-
pletely ignorant of the French language,
on what reasonable grounds did he
avoid an infinite regress of identical

footnotes by stopping after the third
footnote?

[0]
O.

An old numerical problem that keeps
reappearing in puzzle books as though
it had never been analyzed before is the
problem of inserting mathematical signs
wherever one likes between the digits
1,2,3,4,5, 6,7, 8, 9 to make the ex-
pression equal 100. The digits must re-
main in the same sequence. There are
many hundreds of solutions, the easiest
to find perhaps being

1+2+3+4+5+6
+7 4 (8X9) =100.

The problem becomes more of a chal-
lenge if the mathematical signs are
limited to plus and minus. Here again
there are many solutions, for example

1+2+34—-5+67—-8+9 =100,
124+3—-4+5+67+8+9=100,
128—4—-5—-6—-7+8—9=100,
123 +4 — 5+ 67 — 89 = 100,

123 +45—67 +8—9 =100,

123 — 45— 67 + 89 = 100 .

“The last solution is singularly simple.”
writes the English puzzlist Henry

o

\mhh“____‘##,/

Archimedes’ problem of the crossed cylinder:
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Blabbermouth

NARATE is an automatic radar test system developed
for the Navy by Northrop. One of its main functions is
to warn the radar operator when anything goes wrong
with his equipment. But that’s just the first step.
When itdiscoversa fault in theradar, NARATE can be
programmed to find out what the trouble is, and isolate
it down to the lowest removable unit. Or it can be di-
rected to bypass the fault in order to continue the test.

NARATE has been tested at the Navy Electronics Lab-
oratory, San Diego, for integration and compatibility
with a complex air search radar. It is now installed
aboard the USS Columbus for evaluation in fleet oper-
ations. Based on the proven Datico automatic test
equipment concept, NARATE was developed for the

Navy by the N. i
Dia\:;:iony otf ;ort?lrrt;gfncs N o RT H R n P
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ELECTROSTATIC GENERATORS

Utilized Worldwide for Applications in:

Nuclear Physics, Insulation Testing,

Electron Microscopy, Mineral Separation,

Electrostatic Precipitation

Provide High-Voltage Power Supplies in a

‘Wide Range of Models...Featuring:
® Essentially pure DC output

Current to 14 ma

drift

Voltages to 600 KV, infinitely variable

Medium or High Stability, to 0.19, hr.

Easily adjustable, closely regulated out-

put voltages to .0019,
® Simplified maintenance, long life

Extreme safety: Low output capacitance,
Minimal short-circuit & overload currents,

Remote adjustment & shut down

Write now for new Catalog 100 covering the com-

plete line of Sames Electrostatic Generators.

arne)

US4, INCORPORATED
" Dept. 118, 269 Commercial Ave., Palisades Park, N. J.

precision!

MINOX

camera

The miniscule Minox is but 37" long—weighs
a mere 3% oz. Although it's the world’s smallest
and lightest precision-engineered camera, it has
most of the important big camera features that
make it a photographic gem: built-in exposure
meter; large, bright optical viewfinder; 2 built-in
filters; F/3.5 Complan four element color-cor-
rected lens; focuses 8" to infinity; all speeds
to 1/1000 sec.; 50 exp. magazine that loads
in seconds. If you loathe cumbersome camera
equipment, make this your year to own a Minox!
Werite for brochure.

Minox B with bullt-In exposure meter,
chain and leather case. Under $150.00

Minox Corporation
Q"_‘Oj Forest Hills 75, N.Y.

a famous camera from camera - tamous LTI TN
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NEW MINIATURE B) OWER

This precision miniature blower de-
livers 9 cfm against a paq.
pressure of .75” H,0 (13 cfm free
air). Operates on 26 v.a.c., 400
cycle, using 325 ma. maximum,
D.C. version also available
from stock. Ask for Technica|
Bulletin VAX from Globe |n.
dustries, Inc., 1784 Stanley
Avenue, Dayton 4, Ohio,

1%” dia.
1.4 ounces
actual size

GLOBE

| GLOBE INDUSTRIES, INC.
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Ernest Dudeney in the answer to Prob-
lem No. 94 in his Amusements in Mathe-
matics, “and 1 do not think it will ever
be beaten.” As far as I know, Dudeney’s
claim has never been challenged.

In view of the popularity of this prob-
lem it is surprising that so little effort
seems to have been spent on the problem
in reverse form. That is, take the digits
in descending order, 9 through 1, and
form an expression equal to 100 by in-
serting the smallest possible number of
plus or minus signs. The answer to this
problem is still open, but next month I
shall give the best solution I know.

9.

One of Archimedes’ greatest achieve-
ments was his anticipation of some of

| the fundamental ideas of calculus. The

problem illustrated on page 136 is a
classic example of a problem that most
mathematicians today would regard as
unsolvable without a knowledge of cal-
culus (indeed, it is found in many calcu-
lus textbooks) but that yielded readily
to Archimedes’ ingenious methods. The
two circular cylinders intersect at right
angles. If each cylinder has a radius of
one unit, what is the volume of the
shaded solid figure that is common to
both cylinders?

No surviving record shows exactly
how Archimedes solved this problem.
There is, however, a startlingly simple
way to obtain the answer; in fact, one
need know little more than the formula
for the area of a circle (pi times the
square of the radius) and the formula
for the volume of a sphere (four-thirds
pi times the cube of the radius). It may
have been the method Archimedes used.
In any case, it has become a famous
illustration of how calculus often can be
completely side-stepped by finding a
simple approach to a problem.

The six divisibility problems present-
ed in last month’s department are
solved as follows:

1. To prove that a number of the form
ABABAB must be evenly divisible by 7,
we have only to note that such a num-
ber is the product of AB and 10101.
Because 10101 is a multiple of 7, the
number ABABAB must be also.

2. When the digits 1 to 7 are ran-
domly arranged to form a number, the
probability that the number is divisible
by 11 is 4/35. To be divisible by 11 the
digits must be arranged so that the dif-
ference between the sum of one set of
alternate digits and the sum of the other
set of alternate digits is either O or a
multiple of 11. The sum of all seven
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miniaturization

Indiana General engineers probed new ways to increase the packaging density and extend the operating tem-
perature range of memory stacks. By using a continuous wire method of inserting drive lines through memory
planes — and then folding the individual arrays — the MICROSTACK was developed. This unique stringing tech-
nique eliminates bulky frames and all solder connections between planes. As a result, a MICROSTACK slashes
space requirements 90% compared to conventional stacks and offers new standards of reliability. m 1GC
MICROSTACKS are available with up to 32,768 cores in a single matrix enclosure. Individual units may be stacked
to provide any desired memory capacity. Temperature-controlled MICROSTACKS operate between —55° C and
+85°C. m MEMORY SYSTEMS ARE OUR BUSINESS. MICROSTACKS are typical of the advanced engineering
you receive when you let IGC engineers solve your memory system problems. Write today for facilities brochure
to Indiana General Corporation, Electronics Division, Keasbey, New Jersey.
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Questar is the finest and most versatile small telescope in the world.
Its superb new optical system embodies the first basic discovery in
telescope optics in 200 years. These optics belong to the new family of
catadioptric, or mixed lens-mirror, systems, and permit a full-sized
3.5 inch telescope of 7-foot focal length to be compressed by optical
folding into a closed tube only 8 inches long. Questar thus becomes
the world’s shortest high-powered telescope.

All Questar’s advantages stem from this ultra-compactness of its
unique design. Superfluous now is the great tripod, the heavy
machinery and counterweights of the long-tubed single-purpose
telescope. In their place is a beautiful little 7-pound example
of hand craftsmanship which is not just one instrument, but several.

It does many things superbly well. It does them so easily and
conveniently that you might well ask why such an instrument was not
made before. The answer is that an extremely short form of the new
optics had to be developed, new methods devised for its manufacture,
and radically new ways to mount a telescope invented and perfected.

Questar introduced the new optics to the world in this daringly
short design in May, 1954, after 8 years of research and development.
Since then its performance has astonished everyone, including us
who make it. It has firmly established the superfine telescope on a new
level of serious respect. And it has made this company not only the
world’s largest manufacturer of short catadioptric telescopes but the
only maker of f/2 Cassegrain high-power optical systems.

These paragraphs open the 32-page Questar booklet which is
illustrated by some astonishing photographs, showing 1- and 2-second
detail, that let the instrument’s high performance speak for itself.

May we send you a copy? Questar costs only $995 in English fitted
leather case and is sold only direct at one factory price.

QUESTAR

Box 20 New Hope, Pennsylvania
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digits is 28. It is easy to find that 28 can
be partitioned in only two ways that
meet the 11 test: 14|14 and 25|3. The
25|3 partition is ruled out because no
sum of three different digits can be as
low as 3. Therefore only the 14‘14 par-
tition need be considered. There are 35
different combinations of three digits
that can fall into the B positions in the
number ABABABA. Of the 35, only four
(167, 257, 347, 356) sum to 14. There-
fore the probability that the number
will be divisible by 11 is 4/35.

3. The smallest number that has a
remainder of one less than the divisor,
when divided by each integer from 2 to
10 inclusive, is 2519. It is amusing to
note that “Professor Hoffmann,” in his
book Puzzles Old and New (1893),
calls this a “difficult problem” and de-
votes more than two pages to solving
it by a complicated application of divisi-
bility rules. Hoffmann failed to note
that each division falls just one short of
being exact, so we need only to find the
lowest common multiple of 2, 3, 4, 5, 6,

. 7,8, 9, 10, which is 2520, then subtract

1 to get the answer.

4. The problem of the cube with the
missing edge of smaller cubes is equiva-
lent to showing that a number of the
form n®* — n (where n is any positive
integer greater than 1) must always be
evenly divisible by 6. The following is
perhaps the simplest proof:

n—n=n(n?—1)=n(n—1)(n+1).

The expression to the right of the sec-
ond equal sign reveals that the number
(n* —n) is the product of three con-
secutive integers. In any set of three
consecutive integers, it is easy to see that
one integer must be divisible exactly by
3 and that at least one integer must be
even. (These two properties may, to be
sure, unite in the same integer, e.g., 17,
18, 19.) Since 2 and 3 are factors of the
product of the three consecutive in-
tegers, the product must be divisible by
2 X 3, or 6.

5. The remainder, when 3 to the pow-

| er of 123456789 is divided by 7, is 6.

The short cut here is that successive
powers of 3, when divided by 7, have
remainders that repeat endlessly the six-
digit cycle 3, 2, 6, 4, 5, 1. Divide
123456789 by 6 to obtain a remainder

| of 3, then note the third digit in the

cycle. It is 6, the answer to the problem.
6. The problem asked for a set of four
different digits, excluding 0, that could
not be arranged to make a four-digit
number divisible by 7. Of the 126 dif-
ferent combinations of four digits. only
‘hree work: 1238, 1389 and 2469.



CAPABILITY IS A TOTAL—a sum of related facilities. It re-
quires a harmonious blend of skilled research teams,
disciplined production units, well-planned distributing
centers—all dedicated to the same capability goals.
O General Cable has great and varied capabilities. They
result from a planned, balanced organization with wide
experience in producing wire and cable products for every
kind of application. Our capabilities are always available
—for R&D as well as supply contracts of any scope.
General Cable Corporation, 730 Third Ave., New York 17

GENERAL@ CABLE CORPORATION
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This is the source of new
scientific measuring accuracy




PROGRESS

in scientific measurement depends in part on continuing im-
provement of the oscilloscope, a basic measuring tool that
visually displays repetitive or fleeting electrical phenomena.

Dramatic improvements in circuitry have made the oscilloscope
a versatile and indispensable tool. Yet, refined and sophisticated
as scope circuitry may be, the limitations of conventional cath-
ode ray tubes can create reading errors which only improved
CRT design can correct. Hewlett-Packard has combined both
electronic and manufacturing achievements to produce oscillo-
scope CRTs that come closer than ever before to eliminating
human reading error.

Three basic improvements have been made: a 50% greater
picture size on a high-frequency scope, removal of parallax view-
ing error, and the elimination of reflected glare.

For high speed (50 MC) oscillography, & has produced an en-
tirely new cathode ray display tube. This new 12,000 volt CRT
displays high speed electrical signals on a full 6 cm x 10 cm cali-
brated screen (509 larger than previously available for high
frequencies) . Deflection defocusing has been eliminated, and the
sensitivity of the CRT has been doubled. Less amplification is
needed to swing the electron beam so simpler, more reliable
driving circuits can be used. The 50% larger display that stays
in focus at full deflection significantly reduces the reading error.

Second, & developed a manufacturing technique to eliminate a
parallax viewing error which, on most oscilloscopes sold today,
can be as great as 59 unless every portion of the trace is viewed
from precisely in front of that part of the screen. This parallax
error was caused by a separation as great as 14” between the
trace, falling on the inside of the CRT face, and the square-
centimeter-scribed scaling graticule, placed on the outside sur-
face of the CRT face. & completely eliminated parallax error
by placing the graticule on the inside of the tube, in the same
plane as the trace. Readout is now identical from any angle.

Finally, glare and reflections from ambient light have always
plagued scope users. Viewing screens blocked out reflected light
but limited viewing to one person at a time. Now, an etching
process on the surface of the safety glass face plate on ¢ CRTs
eliminates glare, at the same time preserving clear viewing.

Hlustrated here is the electron gun against a background
of flame from the gas jets of the assembly fixture.

Hewlett-Packard oscilloscope technology includes the
continuing tmprovement of cathode ray tube design and
construction for new scientific measuring accuracy.

1501 Page Mill Road, Palo Alto, California
H E W L ETT Hewlett-Packard S.A., Geneva; Hewlett-Pack-
ard (Canada) Ltd., Montreal; Boonton Radio
Corporation, Dymec Division, Harrison Labora-
PAC KARD tories Division, Hewlett-Packard Associates,
F. L. Moseley Co., Palo Alto Engineering Com-
pany, Sanborn Company. Plants: California

COM PANY (4), Colorado (2), Massachusetts, New Jersey
(2); England, Germany. 7502

@ 175A 50 MC Universal Oscilloscope

is the first & scope to incorporate the new 12
Kv no-parallax CRT as standard equipment, al-
though the no-parallax feature is available as
standard or as an optional extra on other &
scopes. The 175A offers a 50 MC main vertical
amplifier; plug-in versatility for dual trace view-
ing to 40 MC, high sensitivity, sweep delay, time
marker, X-Y recorder output; simple calibration
and maintenance; preset automatic trigger over
entire bandwidth; new & modular packaging
for bench and rack mount in a single instru-
ment. $1,325.00 (Basic instrument. Versatile
plug-ins optional at extra cost.)
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Conducted by C. L. Stong

aves of one kind or another are
found at work everywhere in the
universe, ranging from gamma

rays of minute wavelength emitted by
nuclear particles to the immense undu-
lations in clouds of dust scattered thinly
between the stars. Because waves of all
kinds have in common the function of
carrying energy, it is not surprising that
all waves behave much alike. They move
in straight lines and at constant veloci-
ties through uniform mediums and to
some extent change direction and veloc-
ity at junctions where the physical prop-
erties of the mediums change. The part
of a sound wave in air that strikes a
hard object such as a brick wall, for ex-
ample, bounces back to the source as
an echo, an effect identical in principle
with the image cast by a mirror and with
the seismic disturbances that ricochet
from layers of rock in the earth’s interior.
All are examples of wave reflection. Dis-
junctions in wave mediums account for
the power transformers that hang from
poles on city streets. Ofthand they may
seem to bear little resemblance to the
bluish coating on camera lenses or to the
megaphones used by cheerleaders. But
the three devices have a function in com-
mon: helping waves to travel across
junctions between mediums of differing
characteristics without reflecting energy
back to the source. All three are trans-
formers.

Such similarities suggest the under-
lying simplicity and order that charac-
terize nature. By learning how waves
of one kind behave the experimenter
learns what behavior to expect of others,
and problems solved by the study of
waves in one medium can be applied,
with appropriate modification, to those
in other mediums. Some acoustic proper-
ties of an auditorium, for instance, can
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How to make a ripple tank

to examine wave phenomena

be investigated by observing the action
of waves in a shallow pan of water.
When the pan is fitted with a glass bot-
tom, illuminated by a point source of
light and equipped with a motor-driven
agitator to generate waves, it becomes a
ripple tank, a fascinating apparatus that
is widely used for investigating wave
behavior of all kinds.

The pan of a simple ripple tank that
can be made in the home consists of a
picture frame about two inches thick and
two feet square, closed at the bottom by
a sheet of glass calked to hold water, as
shown in the top illustration on the op-
posite page. The tank is supported about
two feet above the floor by four sheet-
metal legs. A source of light to cast
shadows of ripples through the glass
onto a screen below is provided by a
100-watt clear lamp with a straight fila-
ment. Because the lamp is suspended
above the tank with the filament axis
vertical, the end of the filament approxi-
mates a point source and casts sharp
shadows. The lamp, partly enclosed by
a fireproof cardboard housing, is sus-
pended about two feet above the tank
on a framework of dowels. The wave
generator hangs on rubber bands from
a second framework made of a pair of
metal brackets notched at the upper end
to receive a wooden crossbar. The dis-
tance between the wave generator and
the water can be adjusted either by
changing the angle of the metal brackets
or by lifting the crossbar from the sup-
porting notches and winding the rubber
bands up or down as required. The agi-
tator of the wave generator is a rectan-
gular wooden rod. A wooden clothespin
at its center grasps a 1%-volt toy motor
driven by a No. 6 dry-cell battery. Sev-
eral glass or plastic beads are attached
to the agitator by stiff wires, bent at right
angles, that fit snugly into any of a series
of holes spaced about two inches apart.
Details of the wave generator are shown
in the bottom illustration on the opposite
page. Attached to the shaft of the motor
is an eccentric weight, a 10-24 machine
screw about an inch long. The shaft runs
through a transverse hole drilled near

© 1962 SCIENTIFIC AMERICAN, INC

the head of the screw, which is locked to
the motor by a nut run tight against the
shaft; another nut is run partly up the
screw. The speed of the motor is ad-
justed by a simple rheostat: a helical
spring of thin steel wire (approximately
No. 26 gauge) and a small alligator clip.
One end of the spring is attached to a
battery terminal, and the alligator clip
is made fast to one lead of the motor.
The desired motor speed is selected by
clipping the motor lead to the spring
at various points determined experimen-
tally. (A 15-ohm rheostat of the kind
used in radio sets can be substituted for
the spring-and-clip arrangement.)

The inner edges of the tank are lined
with four lengths of aluminum fly screen-
ing three inches wide bent into a right
angle along their length and covered
with a single layer of cotton gauze band-
age, either spiraled around the screening
as shown in the upper illustration on
page 146 or draped as a strip over the
top. The combination of gauze and
screening absorbs the energy of ripples
launched by the generator and so pre-
vents reflection at the edges of the tank
that would otherwise interfere with wave
patterns of interest.

The assembled apparatus is placed in
operation by leveling the tank and fill-
ing it with water to a depth of about
3/4 inch, turning on the lamp, clipping
the motor lead to the steel spring and
adjusting the height of the wave gen-
erator until the tip of one glass bead
makes contact with the water. The
rotation of the eccentric weight makes
the rectangular bar oscillate and the
bead bob up and down in the water.
The height, or amplitude, of the result-
ing ripples can be adjusted by altering
the position of the free nut on the ma-
chine screw. The wavelength, which is
the distance between the crests of ad-
jacent waves, can be altered by chang-
ing the speed of the motor. The amount
of contrast between light and shadow
in the wave patterns projected on the
screen can be altered by rotating the
lamp. The wave generator should be
equipped with at least one pair of beads



so that ripples can be launched from
two point sources. Waves with straight
fronts (analogues of plane waves that
travel in mediums of three dimensions)
are launched by turning the bead sup-
ports up and lowering the rectangular
bar into the water.

As an introductory experiment, set up
the generator to launch plane waves
spaced about two inches from crest to
crest. If the apparatus functions proper-
ly, the train of ripples will flow smoothly
across the tank from the generator and
disappear into the absorbing screen at
the front edge. Adjust the lamp for maxi-
mum contrast. Then place a series of
paraffin blocks (of the kind sold in gro-
cery stores for sealing jelly), butted end
to end, diagonally across the tank at an
angle of about 45 degrees. Observe how
the paraffin barrier reflects waves to one
side, as in the upper illustration on page
148. In particular, note that the angle
made between the path of the incident
waves and a line perpendicular to the
barrier (6;) equals the angle made by
the path of the reflected rays and the
same perpendicular (6,). Set the barrier
at other angles larger and smaller than
45 degrees with respect to the wave gen-
erator and also vary the wavelength and
amplitude of the waves. It will be found
that the angle of incidence equals the
angle of reflection whatever the position
of the barrier, a law of reflection that de-
scribes waves of all kinds.

Next replace the paraffin barrier with
a slab of plate glass about six inches
wide and a foot long and supported so
that its top surface is about 1/2 inch
above the tank floor. Adjust the water
level until it is between 1/16 and 1/8
inch above the glass and launch a series
of plane waves. Observe how the waves
trom the generator slow down when they
cross the edge of the glass and encounter
shallow water, as shown in the lower il-
lustration on page 148. As a result of the
change in speed the waves travel in a
new direction above the glass, just as a
rank of soldiers might do if they marched
off a dry pavement obliquely into a mud-
dy field. In this experiment waves have
been diverted from their initial direction
by refraction, an effect observed in
waves of all kinds when they cross
obliquely frcm one medium to another
in which they travel at a different veloc-
ity. Water waves are unique in that they
travel at different speeds when the thick-
ness, or depth, of the medium changes.
To a very good approximation the ratio
of wave velocity in shallow and deep
water is proportional to the ratio of the
depths of the water. This ratio is in ef-
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FREE UNI TA?O”N
50

PAGE
OBSERVER'S
GUIDE

With artificial satellites already launched and
space travel almost a reality, astronomy has
become today's fastest growing hobby.
Exploring the skies with a telescope is a
relaxing diversion for father and son alike.
UNITRON’'s handbook contains full-page
illustrated articles on astronomy, observing,
telescopes and accessories. It is of interest
to both beginners and advanced amateurs.

CONTENTS INCLUDE:

Observing the sun, moen, planets and wenders of the sky o
Constellation map « Hints for ebservers « Glossary of telescope
ferms o How techeese a telescape o Astrophotography

UN/TRON

INSTRUMENT COMPANY « TELESCOPE SALES DIV.

66 NEEDHAM ST, NEWTON HIGHLANDS 61, MASS.
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PHOENIX
GOODYEAR AIRCRAFT

(Arizona Division)
offers career opportunities that will chal-
lenge your talent in the technical areas
listed below.

SR. DEV. ENG'RS.
Develop wideband i-f amplifiers, i-f oscil-
lators, 1-f isolation amplifiers, and related
circuits.
Develop microwave circuits and equip-
ment including wave-guide assemblies,
and related circuits.
Servomechanisms. Develop and design of
antenna stabilization servo systems. Film
drive control systems.
Develop radar transmitters and modula-
tors including pulse forming networks,
transformers, protection circuits, X-band
amplifiers and related circuits.
Display and pulse circuits. Develop dis-
play circuits and controls. Bomb naviga-
tion cross hair circuitry.

SR. DESIGN ENG'RS.
Optical design and development. Design
lenses and complete optical systems.

SR. PACKAGING ENG'RS.
Layout packaging and detailing layout of
electronic sub-assemblies including i-f and
r-f units.

Request Application or Send Resume to:
M. J. McColgan,
Engineering Personnel

Goodyear Aircraft Corporation
Litchfield Park, Arizona

An equal opportunity employer.
Similar positions at Goodyear Aircraft

Corporation, Akron, Ohio.
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fect the “index of refraction” of the two  much slower in dense materials, such as
“mediums.” In the case of electromag- flint glass. A dense medium shaped in
netic waves (such as light) or mechani-  the form of a lens will focus or disperse
cal waves (such as sound) the velocity light rays, radio waves and even me-
of wave propagation varies with the den-  chanical vibrations.

sity of the mediums. Light waves travel Note in the illustration that the edge
at 186,200 miles per second in a of the glass facing the generator reflects
vacuum but somewhat slower in air and ~ waves of low amplitude toward the side.
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Matching the impedance of two water-wave mediums

© 1962 SCIENTIFIC AMERICAN, INC



Some energy is reflected by waves of all
kinds when they encounter an abrupt
difference in the refractive index of me-
diums. The net reflection at the disjunc-
tion between the deep and shallow water
an be minimized by beveling the edge
of the glass (or any other smooth, solid
material substituted for glass) as shown
in the lower illustration on the opposite
page. Reflection still occurs. But reflec-
tions cast by the front part of the wave
oppose those set up by following parts
of the wave and cancellation takes place.
The beveled edge thus acts as a trans-
former that in effect matches the im-
pedance of the two mediums. Similarly,
the optical density of the bluish coating
on camera lenses is made intermediate
between that of air and glass to mini-
mize the loss of light by partial reflec-
tion, much as the tapered megaphone
minimizes the reflection back into a
cheerleader’s throat from the acoustic
disjunction between his lips and open air.

Wave energy can also be focused, dis-
persed and otherwise distributed as de-
sired by barriers of appropriate shape,
as exemplified by the parabolic reflectors
used in telescopes, searchlights, radars
and even orchestra shells. The effect
can be demonstrated in two dimensions
by the ripple tank. Make a barrier of
paraffin blocks or rubber hose in the
shape of a parabola and direct plane
waves toward it. At every point along
the barrier the angle made by the inci-
dent waves and the perpendicular to
the parabola is such that the reflected
wave travels to a common point:
focus of the parabola. Conversely, a
circular wave that originates at the
focus reflects as a plane wave from the
parabolic barrier, as shown in the upper
illustration on page 150. In this experi-
ment the wave was generated by a drop
of water.

Waves from two or more sources trav-
el through a uniform medium independ-
ently of one another, although the wave
energy at any point in the medium is at
each instant the algebraic sum of all
waves impinging on that point. Wherc
the crests of waves from two source:
coincide, the amplitudes add, and where
the crest of one wave coincides with the
trough of another of equal amplitude
they cancel. The effect is called wav
interference. Two reflecting surface
can be spaced in such a way that ligh
waves of all colors except one cancel
Such optical interference accounts fo
the rainbow hues of soap bubbles, whicl
change with variations in the thicknes
of the soap film.

Interference effects can be demon-

the |
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SPELLBINDING EXPERIMENTS with
SILICON SOLAR CELL AND SUN BATTERY!

Experience cndless  fascination in
converting sunlight into electricity to
power small motors, amplifiers, etc.
(See July 61 Popular Science article
*The Boat That Runs on Sunlight’
for latest techniques). Plastic case 118"
X 1%” x 3/16”. Produces .3 to .45 volt
—10-16 milliamps. 21-page Handbook
gives full data on 12 pat experiments.
... $2.25 Postpaid

“lower

Stock No. 60,216-S ..
Selenium  Photocell.
Silicon Cell

Stock No. 30 411-S . .......$1.50 Postpaid
Solar Cell and Photocell Handhook I‘axcnmtm;; 112-
page Handbook on Silicon-Cell and Selenium projects,

Lower power, price than

demonstrations, ete. Explains photo-voltaic theory, per-

formance. Gives lnfrared and ultra-violet applications.
I’aperhound 6” x 9”7,
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MINIATURE WATER PUMP

Wonderful for experiments, miniature water-
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Stock No. 70,342-S... ..$5.00 Postpaid

DeLuxe Chest . . . Stock No. 70,343-5..$10.00 Ppd.
ORDIR BY STOCK NUMBER .SEND CHECK OR

.and OTHER SCIENTIFIC BARGAINS

Americon Made—
Over 50% Saving
STEREO MICROSCOPE

\'ears in development. Equals $300 to $400
trument. Precision American m
ed for checking, inspecting, s
mbly work. Up to 3” working ¢
Clear, sharp, erect image. Wide, 33 d
sional field. 2 sets of objectives on rotatir

turret. 23X and 40X. 10 Day Iree Trial.

Stock No. 85,056-S.... ....$99.50

OFFSPRING OF SCIENCE . . . REA
BEAUTIFUL CIRCULAR DIFFRACTION GRATING
JEWELRY |” DIAMETER
A Dazzling Rainbow of Color!
As a scientific phenomenon, this new
kind of jewelry is capturing atten-
tion everywhere. Shimmering rain-
hows of gem-like color in jewelry of
exquisite beauty—made with CIR-
CULAR DIFFRACTION GRATING
REPLICA. Just as a prism br up
light into its full range of individual
colors, so does the Diffraction Grating.
Stock No. 1704-5 Earrings ... 2.20 Pstpd.
Stock Neo. 1714-5 Cuff Links . 2.20 Pstpd.
Stock No. 1729-5 Pendant $2.20 Pstpd.
Stock No. 1727-S Tie-Clasp 1.65 Pstpd.
Stock No. 1735-(5 Bracelet

.8

Six %" Gratings)....$7.70 Pstpd.
War Surplus Ameri Made T7x50 Bi lars
Big suvings! Brand new! Crystal
clear viewing 7 power. Kvery opti-

cal element is coated. An excellent
night glass—the size recommended
for mlelllle viewin Individual eye
{ Exit |m|nl Approx. field

s ft. (an‘ym"
merican 7 X
Our war surv

case " inelud

normally 4.50.

plus price you real money.

Stock No. 1544-S . Only $74.80 ua\luﬁ Tax b tulsild
6§ X 30 Binocular—similar to_above, a terrifl lutyuin
Stock No. 963-S.. ... $33.00 Pstpd CTax ind e

NEW! STATIC ELECTRICITY GENERATOR
STURD!*IMPROVED MODEL!

Nee a (hn]lmg S
oft
Illll" B 5!

Sturdily made—it stands 14”7 ]ll;,l
Turn the handle and two 9” plastic
dises rotate in opposite directions.
Metal collector brushes pick up the
static electricity, store it in the
Leyden jar type condenser until dis-
charged by the jumping spark.
Countless tricks and experiments.
24 pageinstruction hooklet included.
Stock No. 70,070-S...$12.95 Pstpd.

ark display as you
re bolt of lig l

Remove Your Retaining Rings, Disassemble

Lenses, Comeras, etc. ADJUSTABLE
SPANNER WRENCH
Mile fur 11K Alr }-unn

AL Tractinn of

1 oaie do

Stock He ?D 355-5..

.512.50 Postpoaid

MEW Z00M MICROSCOPE EYEPIECE
Z00MS POWERS FROM 30X TO 2000X

yet!

"

ia

Stock No. 60,270-8 §25.00 Pstpd
MAIL COUPON FOR FREE CATALOG!

WORLD'S LARGEST SOURCE OF OPTICAL PARTS

160 pages! Over 1000 bargains!
Huge selection of lenses. Make your
own trains of lenses from simple,
achromatic, magnifying and con-
densing types. Choose from fabu-
lous variety of filters, mirrors; flat,
raw, and slab glass; plus every |
type of prism; war surplus optical
instruments, parts and accessories.
Also telescopes, microscopes, bin-
oculars, sniperscopes, science ex-
periment items; math learning und
teaching aids. Requesf Catalog S.
EDMUND SCIENTIFIC CO.. Barrington, N.J.
Name...
Address...
City...

MONEY ORDER .

sam\md

AAAAAAAAAAAAAAAA Zone.......State...
SATISFACTION GUARANTEED!

EDMUND SCIENTIFIC CO.,BARRINGTON, N.)J.
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HAYDY

""Sheer listening joy!"—that’s
how Leonard Bernstein described
Library of Recorded Masterpieces
exciting VIVALDI recording proj-
ect. And now the London Times
praises LRM’s new HAYDN SYM-
PHONY series, recorded by the
Vienna State Opera Orchestra un-
der Max Goberman:

"Recordings of exceptional
quality. Mr. Goberman has
an extraordinary knowledge of
Haydn’s style.” And, Roland Gelatt
in Reporter Magazine writes:
“Goberman’s sense of the sonic
framework proper to Haydn is un-
matched on records.”

18 of Haydn's masterpieces
are included in the first nine re-
leases—newly recorded in mono
and stereo—and ranging from the
“Morning, Noon and Night” cycle
(Nos. 6, 7 and 8) to the powerful
Nos. 96 and 98. Some are recorded
for the first time; others for the
first time in stereo; many for the
first time are correctly played
from the original scores with all
the authentic instruments called
for, under the supervision of, and
with program notes by, the noted
HAYDN scholar, H. C. Robbins

Landon.

"Their finest recording to
date" says High Fidelity Maga-
zine of LRM’s recording of Sym-
phonies 98 and 22. “Goberman
seems to be as authoritative a
spokesman as Haydn has had in
many years.” As with LRM’s
VIVALDI and CORELLI series,
the complete orchestral scores ac-
company each record.

And all this at little more than
the scores alone would cost—beauti-
fully recorded with the most advanced
fidelity and stereo techniques by the
Vienna State Opera Orchestra with
conductor Max Goberman, and avail-
able in both mono and stereo.

Haydn’s wide-ranging genius finally
receives its due—you are invited to
send for full details.

Write today for free Prospectus,
“HAYDN”

Library of Recorded Masterpieces,
Dept. S-3

150 W. 82nd St.,N. Y. 24, N. Y.

148

strated in the ripple tank by adjusting
a pair of beads so that they make con-
tact with the water about two inches
apart. A typical interference pattern
made by two beads vibrating in step
with each other is shown in the lower
illustration on page 150. Observe that

maximum amplitude occurs along paths
where the wave crests coincide and that
nodes appear along paths where crests
coincide with troughs. The angles at
which maxima and nodes occur can
be calculated easily. The trigonometric
sine of the angles for maxima, for exam-

reflector

: O straight

barrier

Wave refraction
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RENDEZVOUS CONTROL : W

Primary control responsibilities during Gemini
rendezvous and docking operations will be assigned
to the Astronauts. Man, with his ability to see, analyze,
reason and judge, will be fully utilized for this im-
portant phase of America’s first spacecraft rendezvous
operation.

Gemini is a two man, extended mission, orbital
rendezvous and docking spacecraft now being de-
signed and built for the National Aeronautics and
Space Administration by McDonnell.

Rendezvous in space can have several applications

MCDONNELL

Mercury, Gemini, Asset and Aeroballistic Spacecraft « Talos and Typhon Missile Airframes and Engines e« Electronic Systems * Automation

MCDONNELL AIRCRAFT -« ST.LOUIS

in speeding America’s space exploration efforts. Ren-
dezvous will permit launching of multiple payloads
with two or more smaller boosters rather than one
large vehicle. With such techniques it will be possible
to assemble large space stations, ferry space crews and
supplies, refuel and /or assemble chemical upper stages
for deep space missions, and refuel re-usable nuclear
upper stages for deeper space explorations.

Space Rendezvous, the key to a quickened pace
in manned space exploration, is another facet of
manned space flight being pioneered by McDonnell.

F4H and F-110A Fighter and Attack Aircraft « RF-110 Reconnaissance Aircraft o

© 1962 SCIENTIFIC AMERICAN, INC




NCR

RESEARCH
ENGINEERING

PROFESSIONAL PERSONNEL

If your potential is not being recog-
nized, consider the excellent growth
atmosphere at NCR:

o Extensive Company backed R & D

o New facilities: 40% expansion in
building for R & D (complete—1963)

® Advanced programs encompassing
major sciences integrated for prac-
tical results

o Excellent employee benefits
® An aggressive management group

e Professional advancement encour-
aged through Company sponsored
programs

We have openings at this time as listed
below. All are for our Dayton, Ohio,
R & D Center:

SENIOR CIRCUIT DESIGNER:

Familiar with solid-state circuitry ; cre-
ative; desire to work at advanced de-
velopment stage.*

THIN FILM:
Materials research; device develop-

ment.*

DATA REDUCTION ENGINEERS/
MATHEMATICIANS:

Large systems background required;
project leader experience (military).

CHEMISTS—RESEARCH:

Project leader capability ; desire back-
ground and interest in physical chemis-
try ; polymers.

TEST EQUIPMENT DESIGN
ENGINEERS: BS or MSEE

MECHANICAL DESIGN ENGINEERS:

Small mechanism experience desired.
ADVANCED DEVELOPMENT

PLANNING SPECIALISTS*

OPERATIONS RESEARCH*

INTEGRATED ELECTRONICS*

*These positions are not limited to any
special level. Ph.D. background is pre-
ferred for many and some areas of re-
sponsibility involve Management or
Technical Director qualifications.

Send your personal letter to: T. F. Wade,
Technical Placement, The National Cash
Register Company, Main & K Streets,
Dayton 9, Ohio

an equal opportunity employer
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ple, is equal to nA/d, where n is the
order of the maximum (the central
maximum, extending as a perpendicu-
lar to the line joining the source, is the
“zeroth” order, and the curving maxima
extending radially on each side are
numbered “first,” “second,” “third” and
so on consecutively), A is the wave-
length in inches and d is the distance
between sources in inches. Similarly,
minima lie along angular paths given
by the equation sin § = (m — %) A/d,
where m is the order of the minima and

parabolic
reflector

node\

-

\\maximum
\

\
central
maximum

the other terms are as previously de-
fined. In the illustration the ratio A/d
was approximately .39. Wave interfer-
ence finds application in the determina-
tion of standards of length by means of
such instruments as the interferometer,
in receiving antennas that favor tele-
vision signals from a desired direction
and in many other fields.

Barriers need not be solid to reflect
waves. A two-dimensional lattice of uni-
formly spaced pegs arranged as in the
illustration on the opposite page will re-

Wave interference
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Cross section of peg luttice

flect waves in the ripple tank that bear a
required geometrical relation to the lat-
tice. When a train of plane waves im-
pinges obliquely against the lattice, cir-
cular waves are scattered by each peg
and interfere to produce a coherent
train of plane waves. The maximum
amplitude of this train makes an angle
with respect to the rows making up the
lattice such that sin 6 max = nr/2d,
where sin 6 max designates the direc-
tion of maximum wave amplitude, n the
order, A the wavelength and d the spac-
ing between adjacent rows of pegs (the
lattice spacing). This equation, known
as Bragg’s law in honor of its British dis-
coverers, the father-and-son team of Sir
William Bragg and Sir Lawrence Bragg,
has been widely applied in computing
the lattice structure of crvstal solids from
photographs of wave maxima made by
the reflection of X-ray waves from crys-
tals. X-ray waves are reflected from the
three-dimensional lattice of atoms con-
stituting crvstals in the same way and
for the same reason that water waves re-
flect from the two-dimensional array of
brass pegs in the ripple tank. The
phenomenon is seen in the series of three
illustrations on the next page. In the top
illustration, which shows strong reflec-
tion, the ratio of A/d is 1.36 and n = 1.
After this picture was made the ripple
generator was speeded up to launch
waves of shorter length. The middle il-
lustration was then made at the A/d
ratio of .96. Substantially no reilection
was recorded. The wavelength was then
made still shorter for a A/d ratio of .74,
and relatively strong reflection was re-
corded in the second order, as seen in
the bottom illustration.

Another of the many aspects of wave
behavior that can be investizated with
the ripple tank is the Doppler effect,
first studied intensively by the Austrian
phvsicist Christian Johann Doppler. He
recognized the similaritv in wave De-
havior that explains the apparent in-
crease in pitch of an ()nrushing train
whistle and the slight shift toward the
blue end of the spectrum in the color
of a star speeding toward the earth.

MORE THAN

THE LIVING CELL

by JEAN BRACHET

s MATVER?
W H"“' ]I DINGER \

1y ERWIN SCIRO \

The Human, Population \

e
AN LRIA

SAENLIC l OFFPRINTS

have been used in classrooms and laboratories.

SCIENTIFIC AMERICAN Offprints are reproduced directly
from the magazine, with full text, full illustration and full
color. As supplementary classroom readings they are un-
matched for breadth of coverage, flexibility, timeliness and
clarity of exposition.

They cover a broad spectrum of current thought and re-
search in the life sciences, the physical sciences, and the
social sciences. More than 350 titles are now available, in-
cluding many new articles from the June, July, and August
1962 issues, and all nine of the articles from the September
1962 issue devoted to The Antarctic.

Offprints may be ordered individually in any quantity, in
any combination, at any time of the year at 20c each.

Send all orders and requests for complete listings to:

W.H.FREEMAN AND COMPANY

660 Market Street, San Francisco 4, California
and
Hyde House, West Central Street, London, W.C. 1
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simulate
pavallel —— —
crystal plangs

vefdecied waves

Wavelength adjusted for Bragg reflection in second order
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Both eflects are observed because it is
possible for moving wave sources to
overtake and in some cases to outrumn
their own wave disturbances. To demon-
strate the Doppler effect in the ripple
tank, substitute for the agitator bar a
small tube that directs evenly timed
puffs of air from a solenoid-actuated
bellows against the surface of the water
while simultaneously moving across the
tank at a controlled and uniform speed.
(A few lengths of track from a toy train
can be mounted along the edge of the
tank and a puffer can be improvised on
a tov car.)

When the puffer moves across the
tank at a speed slower than that of the
waves, crests in front of the puffer crowd
closely together, whereas those behind
spread apart, as shown in the upper illus-
tration on page 154. If the puffer is
imagined to be the whistle of an ap-
proaching train, an observer stationed
at point A in the photograph would hear
more sound waves per second than an
observer at B and consequently would
hear a higher pitch. Similarly, an earth-
bound observer at A would describe the
color of an approaching star (repre-
sented by the puffer) as containing more
blue than would an observer at B simul-
taneously looking at the receding star.
The Doppler effect is observed in waves
of all kinds, including radio signals. By
means of relatively simple apparatus the
effect can be applied to determine the
direction and velocity of an artificial
satellite from its radio signals [see “The
Amateur Scientist,” SCIENTIFIC AMERI-
CaN, January, 1958].

In the first Doppler-eftect illustration
the puffer was moving about a third as
fast as the ripples. When the speed of
the puffer across the tank exceeds that of
the ripples, shock waves appear, as
shown in the lower illustration on page
154. During this experiment the source
was moving across the stationary me-
dium at a speed about 1.6 times the
wave speed, or at Mach 1.6. The source
is clearly outdistancing its own waves,
just as a speedboat outdistances its bow
waves. If the medium were air and the
puffer a supersonic aircraft, an observer
at point A would be outside the “Mach
cone” and would hear nothing. An
observer at point B, however, would
hear a violent shock wave and one at C
would hear a continuous rumble.

These experiments merely suggest
the many wave phenomena that can be
demonstrated by the ripple tank. The
apparatus is not capable of duplicating
all forms of wave behavior by analogy
because water waves arise from the



SCIENTIFIC PROBLEM-SOLVING:

Gaming for big stakes s Gaming at RAC s
a means of assessing alternatives by simulating complex
situations likely to emerge under conditions of cold,
tepid, or hot war. It is a frequently revealing and always
fascinating business.

RAC’s mission is to furnish high level planners with
factual bases for decision-making in matters of strategy,
tactics, logistics, and similarly complex problem areas. In
so doing, RAC must perforce examine political, economic
and other factors and their interaction, along with purely
military considerations. Noteworthy point: The decisions
involved must frequently take into account the projected
requirementsand circumstancesof1963,1970,and beyond.

The scope of RAC’s responsibilities is constantly
widening. Thus we have a need for senior physicists,
engineers, mathematicians, econometricians, and pro-
grammers to participate in multidisciplinary analyses of
major national problems. RAC is a nonprofit organization
comprising over 400 people who have found our intel-
lectual climate stimulating. More than likely, you will too.

Please direct your inquiry to: Mr. John G. Burke,
Professional Staffing, Research Analysis Corporation,

6935 Arlington Road, Bethesda 14, Maryland. (Resi-

dential suburb of Washington, D. C.) @

An equal opportunity employer &0

Research Analysis Corporation
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AMATEUR

TELESCOPE

MAKING

Edited by Albert G. Ingalls

This set of booksis the authorita-
tive reference library of the en-
thralling hobby of amateur tele-
scope making. Through these
books thousands have discovered
a fascinating mechanical art com-
bined with a great science.

Book One

It beginsat the beginning, 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,
rav 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. ¥.

( Residents of New York City please add 3 % sules tax)

| elliptical motion of water molecules;

sound waves, on the other hand, are
propagated by molecules of gas oscillat-
ing in the direction of the advancing
wave front, and electromagnetic waves
are propagated by transverse changes in
the strength of electric and magnetic

Moving tube emits puffs

of air against water surfa

to make wawves

fields, somewhat as a kink travels on a
stretched clothesline when one end is
snapped sideways. Nevertheless, anvone
who builds and operates a ripple tank
will find it appropriate for enough fas-
cinating experiments to occupy many
rainy afternoons.

R

ovrce velocity

ve velocity

Doppler effect at Mach 3

rd

shock wa\//;b’\_/

Eroup

F 4

Doppler effect at Mach 1.6
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We've got
1980 on the
drawing
boards.

Advanced propulsion-type trajectories
are more efficient but have low thrust,
which causes the rocket to operate over
most of the trajectory. A typical mission,
for example, is one where the space-

craft approaches its destination target
with the same velocity as the target.

From this information we've been com-
piling, you can find out what payload
capability an interplanetary mission will
have at any date from now to 1980,
how much gas it's going to cost you,
and how long it takes to hit target.

Solar probes. Landings on Mars.
Round trip trajectories. That's my field.
Working on trajectories of future
spacecraft with advanced propulsion
systems. lon propulsion, for example.

We've been working on advanced
propulsion trajectories, applying
optimization theory to come out with
the best estimate of payload
capabilities.

The people | work with are pretty
hard to beat anywhere. As far as
being in the midst of things, you'd have
to go some to find a place like this.
All the facilities you need. And I'm
only a 15-minute bike-ride to work.

© 1962 SCIENTIFIC AMERICAN, INC

The normal chemical rocket has a
high initial thrust. Everything happens
all at once, when it leaves the

Earth. Then it coasts the rest of the
way with a small maneuver to trim
things up.

We managed to come up with
trajectory techniques that don't
involve the design parameters of
existing propulsion systems. It's all in
a paper | gave at an ARS meeting
in San Francisco last March.

You've just been talking with Dr.
William Melbourne of Jet Propulsion
Laboratory. He's been at JPL for

six years. And he's here to stay. Do
you feel that way about where you
are now? If not, why not write

to JPL today.

“Research and development for
America's lunar, planetary and
interplanetary exploration programs.”

JET PROPULSION
LABORATORY

Operated by California Institute of Technology for
the National Aeronautics & Space Administration

4802 Oak Grove Drive, Pasadena, California
Attention: Personnel Department
*"An equal opportunity employer



Today, United Air Lines has the world’s largest
and most complete jet fleet. Each Jet Mainliner®
in United’s fleet—the great DC-8, the more pow-

erful DC-8 Mark IV, the versatile 720, and the
captivating Caravelle—was designed with Extra BIG

Care to provide special comfort and convenience

for you who travel with us. Next year, United
will add still another new jet—the 727 Jet Main- FLEET
liner—to the big fleet that is already so far ahead.

© 1962 SCIENTIFIC AMERICAN, INC

This is United Air Lines’ Satellite Terminal
at Los Angeles International Airport. .. sur-
rounded by gleaming Jet Mainliners.

Just leaving the Satellite is a DC-8 Mark
IV nonstop to New York. The DC-8 is the
big jet in United’s big jet fleet...the Mark
IV is especially designed for transconti-
nental service with more powerful engines
that provide greater speed, range and
reserve power for on-time dependability.




Outstanding, too, is the service aboard
the DC-8 Mark IV. There's a new kind of
Red Carpet Service featuring the same
leisurely course-by-course dining that has
delighted those travelers who have flown
with United to Hawaii.

And even in the Custom Coach section—
economical as it is—you enjoy the speed
and comfort of the DC-8 Mark IV Jets...
and dine on a delicious meal prepared in

United’s own flight kitchens by our Euro-
pean trained chefs.

The United jets you fly and the service
aboard them differ only in degree. The im-
portant and essential ingredient is the
Extra Care we aim to take in everything we
do. And that you have a right to expect
from United whether you fly First Class or
Custom Coach...on any plane in the big
fleet that is so far ahead.

© 1962 SCIENTIFIC AMERICAN, INC

WORLD'S LARGEST JET FLEET

UNITED
=y

®

THE EXTRA CARE AIRLINE

Mark 1V is United Air Lines’ designation o f the advanced DC-8
mode! equipped with more powerful JT-4 and turbofan engines.
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‘A SPECIAL OFFER TO READERS CONCERNED WITH NEW
DEVELOPMENTS IN MATHEMATICS & TECHNOLOGY

hoose Any Two

OF THESE 22
OUTSTANDING
WORKS
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(VALUE UP TO $51.90)
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...and choose your first Selection from among these 22 fine books

This special Gift Book Offer hasbeen arranged

by The Library of Science as a service to sci-
entists concerned with new developments in
mathematics and technology. Out of the many
excellent works in the field, our editors have se-
lected these 22 outstanding titles—each of them
research tools designed to “work” for you.
Choose any two of them—a value up to $51.90
—as your free Membership Gift, along with your
first Selection at the reduced Member’s Price. We
know of no better way for you to discover for
yourself the calibre of books and the substantial
savings (at least 40% ) available to you as a
member. May we invite you to mail us your

choices today?

PHYSICAL PRINCIPLES OF
ASTRONAUTICS, by Arthur
I. Berman. Thorough expo-
sition including physics of
solar system, dynamics of
space flight, dynamical as-
tronomy.  LisT PrICE $9.25

MEMBER’s PRICE $6.95

PROBABILITY THEORY &
ITS APPLICATIONS, by Wil-
liam Feller. “A rigorous and
unified account in the light
of modern investigations.”
W. M. Hirsh.
LisT PricE $10.75
MEMBER’S PRICE $ 6.95

Which 2 works may we send you FREE?

The Library of Science
59 Fourth Avenue, New York 3, N. Y.

Please enroll me as a member and send me the
two free books and first Selection I have indicated
below. Bill me for my first Selection only, at the
reduced Member’s Price, plus postage. 1 need take
as few as five more Selections during the next 24
months from the 75 or more available to me, and
I receive a Bonus Book of my choice free after

every fourth Selection.

SYMBOLS, SIGNALS AND
NOISE, by John R. Pierce.
Concepts and applications
of electrical and mechanical
transmission of messages,
machine behavior and
physics. LisT PrICE $6.50

MEMBER’s PrICE $5.50

NATURE OF THE CHEMICAL

BOND, by Linus Pauling.

The Nobel Prizewinner’s

brilliant presentation of mod-
ern structural chemistry.

LisT PRICE $8.85

MEMBER’S PRICE $6.50

L103

2 Membership 1.

Gift Books: o

First Selecti

Address.

City.

..Zone. .. State. =

INTRODUCTION TO THER-
MONUCLEAR RESEARCH, by
Albert Simon. Ideal intro-
duction to controlled ther-
monuclear research, particu-
larly for those not familiar
with plasma physics.
LisT PrICE $5.50
MEMBER’s PRICE $4.95

GROWTH IN LIVING SYS-
TEMS, ed. by M. X. Zarrow.
755 pages. 35 leading scien-
tists present recent research
on one of biology’s most
important frontiers — cells,
genes, DNA, viruses, etc.
LisT PrIcE $15.00
MEMBER’s PRICE $ 9.95

FUNDAMENTALS OF CELES-
TIAL MECHANICS, by J.M.A.
Danby. Comprehensive over-
view with introductory vec-
tors and vectorial mechanics.
Two-body problem, orbit de-
termination, calculation of
perturbations.
LisT PrICE $8.00
MEMBER’s PRICE $5.95

OPERATIONAL CALCULUS,
by Jan Mikusinski. First Eng-
lish edition of this significant
work offers new tools for ap-
plication to engineering and
physical problems.
LisT PrICE $15.00
MEMBER’s PRICE § 9.95

CHAMBERS'S TECHNICAL
DICTIONARY, ed. by Tweney
& Hughes. Revised 3rd Edi-
tion of the reference work
in its field. 1028 pages, over
60,000 entries.
LisT PrIcE $7.95
MEMBER’s PRICE $5.95

MATHEMATICS AND PLAU-
SIBLE REASONING, by
George Polya. Two vols. In-
duction and Analogy in
Mathematics and Patterns of
Plausible Inference. (Counts
as one Selection.)
LisT PrICE $9.00
MEMBER’s PRICE $6.50

SCIENCE IN PROGRESS,
Vol. XII. Contributions by
12 outstanding specialists on
significant advances in such
areas as RNA, heat transfer,
stellar evolution.
LisT PrICE $7.50
MEMBER’s PRICE $5.95

MATHEMATICAL PUZZLES
& DIVERSIONS, by Martin
Gardner. Two vols. From
hexaflexagons to 4-dimen-
sional ticktacktoe—442 pages
of superb recreation and
mental exercise. (Counts as
one Selection.)
LisT PrICE $7.45
MEMBER’S PRICE $5.75

PHYSICAL CHEMISTRY OF
MACROMOLECULES, by
Charles Tanford. Newest
data on structure, x-ray dif-
fraction, light scattering,
transport processes and elec-

trostatics.
LisT PricE $18.00
MEMBER’s PRICE $10.95

A HISTORY OF TECHNOL-
OGY, Vol. V, ed. by Charles
Singer, et al. The late nine-
teenth century (c. 1850-c.
1900). 888 pages, 530 illus-
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by Ernest M. Gruenberg

MEeNTAL HEALTH IN THE METROPOLIS:
THE MIDTOWN MANHATTAN STUDY,
Vor. I, by Leo Srole, Thomas S.
Langner, Stanley T. Michael, Marvin
K. Opler and Thomas A. C. Rennie.
The Blakiston Division, McGraw-
Hill Book Company, Inc. ($9.95).

he sciences that study human be-
I ings are rapidlv becoming more
quantitative. In keeping with this
development the various branches of
public health have become more and
more dependent on statistical surveys,
particularly those concerned with the
rates at which different types of illness
occur in the population. Counting cases
of illness is a complex procedure: it re-
quires both clinical knowledge and the
use of a wide variety of statistical tech-
niques and of supplementary data on the
size and characteristics of the population
being studied.
One of the main sources of raw data
on the frequencv of a disease is the
morbidity survev, a comparatively new
fact- gathelmg device. A morbidity sur-
vey counts each member of a defined
population, distinguishing each accord-
ing to whether or not he has a specified
disease. This count, if it is reasonably
accurate and reasonably well designed,
gives the frequency of the morbid con-
dition in the enumerated population.
The defined population can be regarded
as being made up of several subpopula-
tions—for example, of men and women,
old and voung, rich and poor. By com-
paring the frequency of the condition in
each subpopulation one can ascertain
whether it is more common among men
or women, voung or old, rich or poor.
The morbidity survey is the most direct
way to find out if a specified illness is
more common at any moment in time
(that is, more prevalent) in one part of
the population than in another.
Studies of mental disorders are among

BOOAS

A survey of mental health in New York

raises important issues of methodology

the most common tvpes of morbidity
survey. At least two dozen such studies
have been conducted, and the most re-
cently reported, the occasion for this
review, is in some ways the most sophis-
ticated and in other ways the most cum-
bersome and awkward of the lot.

This book is the first of three pro-
jected volumes resulting from a mor-
bidity survey of “Midtown,”
tial section of Manhattan. The survey
was initiated by Thomas A. C. Rennie,
who was professor of social psvchiatry
at the Cornell University Medical School
until his death in 1956. During the first
vears of the National Mental Health Act
and the National Institute of Mental
Health there was a rapid increase in in-
terest in the Community aspects of men-
tal disorders, with the result that in the
early 1950’s a number of morbidity sur-
veys were begun in the U.S. and
Canada; Rennie was one of the leaders
in this development. Like Alexander H.
Leighton, who supervised the comple-
tion of this work after Rennie’s death,
Rennie was a product of Adolph Mever’s
department of psychiatry at the ]ohns
Hopkins School of Medicine. The first
volume combines a partial report on the
morbidity survey procedure used, the
findings of the survey and the interpre-
tation of those findings with a semi-
popular exposition of the methods de-
veloped and employed by the team.

The Midtown study found that four
out of five people in the survey area had
svmptoms of psvchiatric disorders—a
startling figure to those who think such
symptoms are very rare. It also found
that the prevalence of subjects with
symptoms was commoner among people
who came from poorer homes. The
validity of the findings depends on the

ahdltv of the techniques used. The ef-
torts at popularization are less impor-
tant than the survey findings, because,
as I hope will emerge, the authors of the
book have not been entirelv successful
in their own efforts to master the metho-
dology they seek to explain to others.

In theory the morbidity survey is fair-
ly simple. The objective is to count the

a residen-
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frequencv of a condition (some sort
of illness) in the general population.
A sample of the population is select-
ed, each member of the population is
screened by some method to see if the
condition is present, the number of peo-
ple with the condition is divided by the
number of people put through the
screen; in this manner the proportion
of people with the condition is meas-
ured. When this scheme is applied to a
malarial population (one way is simply
to find out by feeling bellies how many
people have enlarged spleens), it is a
practical device for appraising the size
of the problem, determining what part
of the population has the most malaria
(which provides clues to sources of ex-
posure) and estimating the success of
eradication programs. When the proce-
dure is applied to a search for mental
disorders, great attention must be paid
to just what is counted and to the exact
relevance of counted facts to mental dis-
orders. When it is applied to a hetero-
geneous and migrating population such
as that of the U.S., caution is required
in selecting the popu]ahon. When the
population is divided into subpopula-
tions and inferences are to be drawn re-
garding causes, scrupulous care must be
taken to avoid bias.

The area selected for study by the
investigators of the Midtown Manhattan
Study had a population of some 110,-
000. Using a map of the area, the inves-
tigators sampled at random certain
blocks, certain dwellings in those blocks
and certain occupants of those dwell-
ings. The process yielded a final sample
of 1911 people. These people were
from 20 to 59 vears of age and met cer-
tain requirements regarding residence.
Of the 1,911 people selected, 1,660 an-
swered a rather long questionnaire that
elicited biographical details and infor-
mation about any svmptoms of mental
illness, past and present. That no more
than 251 (13.1 per cent) failed to re-
spond to the (uestionnaire is proof of a
conscientious and competent field job.

Having selected his population, the
investigator must decide just what he
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will count. Morbidity surveys have gen-
eraily undertaken to classify the type
of disorder present. Since World War
II, however, psychiatry has again en-
tered a period of uncertainty regarding
the meaning of diagnostic classifications,
while at the same time interest has been
growing in the fluctuations and varia-
tions in both the intensity with which
psychiatric disorders occur and the
amount of disability experienced by pa-
tients. Indeed, there has been a ten-
dency to think of mental disorders as
being unitary, with the various diagnos-
tic groups being merely superficially dif-
ferent manifestations of the same under-
lying defect in mental functioning. This
unitary viewpoint is held by some well-
known psychiatrists, but I believe it is
a kind of primitivism that obscures the
heterogeneity of mental disorders, in-
hibits sharp, specific thinking and avoids
issues that can be tested empirically.

It is possible, however, to examine
data produced by lumping together a

SEVERITY OF DIFFICULTY IN "CONTINGENCY

SYMPTOMS | FUNCTIONING VALUE"
NONE | NONE | 43
M|LD_ In _ NONE . 1.6

MODERATE f NONE ] 1.8

MODERATE | SOME | 18

SERIOUS SOME . 39

- SERIOUS GREAT | 9.5

 SERIOUS |NCAPACTATED| 450

large number of disorders without com-
mitting oneself to the notion that all sub-
jects are sick for exactly the same rea-
son. We do this in the case of physical
illnesses when we look at national death
rates or disability rates without atten-
tion to specific causes. It is useful, for
example, to know that the U.S. does not
have the lowest infant mortality rate in
the world, even though we would want
to know more details before deciding
what can be done about it.

Hence the decision made in the Mid-
town study to look for people with the
various symptoms of interest to psy-
chiatrists makes some sense. Psychia-
trists ordinarily know what symptoms
they think are important in the instances
of mental disorders they observe. Look-
ing only for symptoms without worrying
about diagnosis is an innovation intro-
duced into mental morbidity surveys
more or less simultaneously by this
study, by Leighton and by me (in a sur-
vey of elderly people in Syracuse, N.Y.).

FINAL | DISTRIBUTION
| CATEGORY | (PER CENT)
WELL 185
| MILD SYMPTOM 64
FORMATION :
MODERATE SYMPTOM|  , ¢
FORMATION :
, )
| MARKED SYMPTOM .
FORMATION :
! SEVERE SYMPTOM e z
FORMATION -
INCAPACITATED 27

S

RATING PROCEDURE used in the Midtown study is illustrated by this table. Psychia-
trists graded each subject on the scale in the two columns at left. The center column shows
how well the clinicians agreed at each level. The two columns at the right give the dis-
tribution of the Midtown population among the six final mental health categories used.

MENTAL HEALTH CATEGORIES

WELL
MILD SYMPTOM FORMATION
MODERATE SYMPTOM FORMATION

IMPAIRED
MARKED SYMPTOM FORMATION
SEVERE SYMPTOM FORMATION
INCAPACITATED

N=100 PER CENT

AGE GROUPS

20-29 30-39 40-49 50-59
23.6 16.8 19.3 15.0
375 37.6 37.0 331
236 224 205 211
1563 232 232 308
(9.6) (14.7) (11.6) (16.4)
(41) (7.5) (7.1 (10.5)
(1.6) (1.0) (3.9) (39)

365 388 467 440

MENTAL HEALTH varied with age as shown in this table adapted from the Midtown
report, which shows what per cent of each age group fell within each of the categories.
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The innovation makes certain types of
survey easier to carry out but does not
necessarily add to the value of the data.
The prevalence of symptoms can be
studied from several points of view. One
approach might be to recognize that cer-
tain characteristics common in sick in-
dividuals may also be prevalent in
people who are not sick. Criminality, for
instance, has been observed in some peo-
ple with psychotic conditions, but field
studies have shown that it is even more
common in individuals without psy-
chotic conditions. (In the Midtown re-
port the possibility that some of the
symptoms enumerated occur in the
absence of mental disorder is not con-
sidered.) Moreover, the notion that cer-
tain physical illnesses are ipso facto
evidence of psychosomatic conditions
is very questionable. One might there-
fore try to determine to what extent cer-
tain “symptoms” are indeed symptoms
of an illness. A second approach would
be to assume that certain symptoms can
be better understood if they are studied
in all sorts of people without reference
to the diseases present; this considera-
tion would justify studies of suicide, al-
coholism or insomnia, to give a few
examples. Finally, one can simply take
the presence of certain symptoms as a
crude index of the presence of disorder.
The Midtown study adopted this view-
point; it counted the number of people
classified as having a specified severity
of symptoms and a specified level of im-
pairment in social functioning,
Case-finding in morbidity surveys al-
most always involves a review of clinical
records of the medical facilities that
service the population. Fredrick C. Red-
lich and A. B. Hollingshead’s work Social
Class and Mental Illness was based
entirely on clinical records of patients
in psychiatric treatment. In their survey
of Baltimore’s Eastern Health District,
Paul V. Lemkau and his colleagues
searched social agency records and add-
ed independent appraisals of the signifi-
cance of these records to the clinical rec-
ords. Other steps can be taken to deepen
the survey. The U.S. census of 1880 ac-
tually tried to count all the helpless peo-
ple in the U.S., including the mentally
ill and the mentally defective, by asking
teachers, doctors and lawyers for nomi-
nees to the category. Some surveys used
such nominations as the first screen and
then went on to examine the nominees
more intensively through direct contact.
This method of case-finding has the ap-
peal of a relatively inexpensive first stage
(collecting nominations) and a relative-
ly intense second stage. Investigators
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end up with a discriminating set of
conclusions about those identified as be-
ing sick. Among those who have used
the method with success are Erik Strom-
gren, C. Burgger, Tsung-Yi Lin, Jan
Book and a number of others who have
made psychiatric surveys. Two major
disadvantages, however, attend the
method. First, it is appropriate only
in closely knit communities, where it is
reasonable to expect every sick person to
be known to at least one key informant
and where the number of key informants
is limited. It is manifestly inappropriate
in a metropolitan complex; in Midtown,
for example, the sample of 1,911 peo-
ple might have called for interviews
with several thousand key informants if
one had set out to contact their physi-
cians, pastors, schoolteachers and so on.
The second disadvantage of the key-
informant screen is that it does not re-
quire an explicit, equally intense scru-
tiny of each member of the population.
The key informants review only the
members with whom they are ac-
quainted, and they are likely to give in-
formation only about those they know
sufficiently well to describe as being pos-
sibly sick.

The obvious way to circumvent these
disadvantages is to skip the nominating
process and go directly to the whole
sample population. This course has in
fact been followed in at least two mor-
bidity surveys in small communities in
Sweden and Norway. A good example
was a survey by Johannes Bremer, who
was assigned as a young government

physician to a small fishing village in
northern Norway and who was obliged
to extend his tour of duty by the Ger-
man occupation. He helped to while
away the years by conducting a mor-
bidity survey of the entire village, every
member of which he knew personally as
well as professionally.

No such exploration in depth was
open to the investigators of the Mid-
town study. Instead they worked with
the specially created interview question-
naire that had been administered to the
1,660 respondents by highly trained
nonmedical professionals. The question-
naire was structured and included ques-
tions regarding specific symptoms and
attitude questions believed to be of
clinical significance. The data from these
interviews were then systematically re-
viewed by two psychiatric clinicians,
who separately rated the respondents on
the basis of the data, ranked each as to
symptom severity and social impairment
and ultimately placed each in one of six
categories, as shown in the upper illus-
tration on page 160.

This procedure of case-finding and
identification involves problems of varia-
bility among interviewers and between
the two raters as well as the validity
of the ratings themselves. Interviewer
variability can be estimated by two
methods: a subsample can be inter-
viewed repeatedly or each interviewer
can be assigned a random subsample of
the whole population and the distribu-
tion of findings derived from different
interviewers or groups of interviewers
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MIDTOWN AND SYRACUSE findings on age distribution are graphed together. The
black curve combines data for the “incapacitated” group in Midtown and people classed as
“certifiable” in Syracuse. The colored curve is for patients in mental hospitals. In both
curves the Midtown data are plotted as open circles and the solid circles are for Syracuse.
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can then be compared. The Midtown
survey assigned interviewers in accord-
ance with their presumed identification
with particular groups in an effort to in-
crease their rapportwith different classes
of respondents, and thereby it sacrificed
an opportunity to estimate interviewer
variability by the second method noted
above. Nor was a subsample reinter-
viewed, but reinterviewing had been
contemplated, and the report expresses
the hope that knowledge of this plan
acted as a damper on interviewer bias.

Rater variability is dealt with in the
Midtown report both by the social sci-
entists who analyzed the data (Srole and
Langner) and by the psychiatrists who
developed the rating methods and did
the rating (Price Kirkpatrick and
Michael). The variability is presented
in terms of correlation coefficients and
“contingency” probabilities for each rat-
ing. The upper illustration on page 160
gives the contingency values for each
category—that is, the number of “times
more often than would be predictable by
pure chance” the two psychiatrists
agreed on a rating.

The illustration makes it clear that the
psychiatrists were in close agreement in
rating people as being well or severely
impaired. But they were much less con-
sistent in discriminating among the mid-
dle three categories. Yet it was in pre-
cisely this area of the ratings that a
major dividing line was established:
Srole and Langner’s analysis, without
making any reference to the data on
rater reliability, uses a cutting point for
analysis  between “moderate” and
“marked” symptom formation. Those
placed in the “marked” or “severe”
symptom or “incapacitated” groups were
lumped together as “impaired,” and the
bulk of the published data relates to “per
cent impaired.” In spite of these short-
comings the Midtown publication re-
flects a considerable advance in methods
in that the available information on
rater variability is at least presented.

The distribution obtained from the
home interviewing and rating of 1,660
persons is shown at the right in the
upper illustration on page 160. Does
it adequately reflect the situation in
Midtown? The definition of the popula-
tion to be sampled excluded those living
away in institutions. This was a disad-
vantage. It meant excluding not only
people in mental hospitals—a treatment
census was taken for the whole Midtown
population but not for the surveyed
sample—but also those in chronic-disease
hospitals, in nursing homes, in prisons,
in military service and at colleges away
from home. This is a common practice in
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If you have ever wished that you, person-
ally, could do something practical to
weight the scale for peace—here is your
chance. Get the facts and spread the facts
about the work of the United Nations.
Help build the public support it needs to
do aneffective job. @ The U.N. is the only
positive alternative to war. It has stepped
in time and again to prevent a major war.
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nical know-how, to help poor nations lift
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themselves by their bootstraps. The U.N.
can do this more effectively than any one
nation acting alone. @ We need the U.N.
and the U.N. needs us. It is the most potent
forum ever devised for mobilizing world
opinion. It is the one place where our
country can work with other nations in the
common cause of peace, with freedom and
justice. @ A strong United Nations—and
possibly survival itself —depends on the
moral support of well-informed citizens.
That’s where you can do a job. Become a
goodwill ambassador for the United
Nations—among your friends and neigh-
bors, in your shop, office, club. To start,
write for a free copy of “THE U.N. IN
ACTION”—a clear, concise briefing for
thoughtful Americans. Just send a post-
card to the address shown below.

UNITED STATES COMMITTEE FOR THE UNITED NATIONS 375 Park Ave., New York 22, N. Y.

A non-partisan, non-profit educational organization whose Chairman is appointed by the President of the United States.
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both morbidity surveys and sociological
surveys. The Bureau of the Census
moves in the same direction. I believe
these practices need to be re-examined,
particularly with respect to mental mor-
bidity surveys. In considering various
rules for sampling defined populations it
might be useful to ask this question: if
every possible population were studied
by this definition and this rule, would
every person in existence be included in
one or another of the populations? That
is, if Midtown’s rules for residence were
applied to every geographic area in the
country, would everyone in the country
be included in one area (and in only
one)? I am of the opinion that certain
transients would not show up anywhere.
Long-term prisoners and long-term hos-
pital patients, for instance, would prob-
ably be left out. This means that our
population-sampling devices need tur-
ther refinement in this direction. (An
extreme example is the National Health
Survey, which ignores all people not liv-
ing in a familial household.)

We may consider now the findings of
the Midtown study as regards distribu-
tion in subpopulations. Morbidity and
mortality data are conventionally first
presented by age and sex. This is a
standard way of dividing the population
and has merit even though there is no
particular logic in selecting these two
dimensions. In the Midtown study the
prevalence of “impaired” conditions
rises with age, as shown in the lower
illustration on page 160.

As I said earlier, I place most cre-
dence in the numbers rated as being
severe and incapacitated, because here
the psychiatrists exhibited a respectable
amount of reliability. “Incapacitated” is
a criterion meant to be comparable to
morbidity intensities found in hospital-
ized people. The treatment census pro-
vided data on patients in mental hospi-
tals. Both of these categories were also
reported in the Syracuse survey, and it is

MENTAL HEALTH CATEGORIES

interesting to graph the two sets of data
together, as I have done in the illustra-
tion on page 162. These two curves show
a marked rise with age in the prevalence
of extremely sick people in two U.S.
populations. This appears to be a reli-
able finding supported by data found
elsewhere in similar morbidity surveys,
and its importance cannot be over-
emphasized. Neither the Midtown nor
the Syracuse study shows a significant
variation between the sexes in these
rates, but in certain other respects the
sexes did vary in Syracuse, and I ven-
ture to predict that subsequent volumes
of the Midtown data will likewise report
some variations by sex.

Morbidity distribution by socioeco-
nomic group, the next of the Midtown
findings to be considered, was based on
Srole’s interpretation of each respon-
dent’s reply to these questions: “When
you were about 18 to 19 years old, what
kind of work was your father doing for
a living?”; “At that time did he work for
himself or others?”; and “About how
many people did he have working for
(under) him?” Replies to these ques-
tions were coded into a 27-category oc-
cupation code and were then collapsed
into three blue-collar levels (skilled,
semiskilled and unskilled) and three
white-collar grades (high, middle and
low). The categories were made ap-
proximately equal in size, although there
is no justification for assuming that there
are in fact any such equal-sized otcupa-
tional levels. When mental health cate-
gories were distributed according to
these socioeconomic strata, the results
were as shown in the illustration below.

Earlier morbidity surveys of un-
treated populations have not made clas-
sifications of this kind by parental occu-
pational status. The Midtown data are
tresh and of considerable significance,
although it should be noted that the
variability in prevalence of cases does
not show up between each step. There

PARENTAL-SES STRATA
[

A
WELL 24.4
MILD SYMPTOM FORMATION 36.0

MODERATE SYMPTOM FORMATION 22.1

IMPAIRED 17.5
MARKED SYMPTOM FORMATION | (11.8)
SEVERE SYMPTOM FORMATION (3.8)

~INCAPACITATED (1.9)

N =100 PER CENT 262

SOCIOECONOMIC STATUS groups varied in mental health, the Midtown survey found.
This table from the book gives the distribution among symptom groups according to SES.
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actually appear to be three grades rather
than six, and the lowest white-collar
occupational group is not very different
trom the highest blue-collar group in
spite of the change in shirt color.

Again, in spite of the value of these
findings, they are subject to criticism.
My major complaint has to do with lack
of age standardization. Health statisti-
cians long ago found that many condi-
tions occur more frequent]y at one age
than at another—and the Midtown sta-
tistics quoted earlier bear this out. When
one wishes to compare the rates at which
such a condition occurs in two different
populations, it is necessary to see it a
difference in age composition of the two
populations accounts for the observa-
tions. There are accepted methods for
doing this. But the present study gives
detailed information about the crude
findings without providing the impor-
tant necessary information about age-
standardized rates. (For the arithmeti-
cally minded it might be worth pointing
out that age standardization is a simple
procedure that uses the principle of
weighted averages. The actual propor-
tions of people of each age group in the
populations studied are viewed as an
arbitrary weighting of the over-all rates.
If the two populations have different age
distributions, the resulting rates for the
two populations have been produced
by different weightings. Age standardi-
zation simply provides a technique of
weighting that gives the effect of each
age group the same weighting in both
populations. Age-specific rates would be
better still, but they are not subject to
separate analysis unless much larger
numbers are available than were present
in this survey.)

The data should all have been stand-
ardized for the ages of the population,
but they were not. Instead Srole and
Langner emphasize that the “well” per
cent declines with lower parental socio-
economic status (SES) and the “im-
paired” per cent rises. The investigators
then go on to invent an easier-to-handle
index by dividing the number “im-
paired” by the number “well” in each
group, which they call a “sick-well
ratio.” This shorthand ratio is, to be sure,
then compared for each age group sepa-
rately, and at each age it is higher for
SES groups E + F than for SES A + B,
with C + D at a more or less intermedi-
ate level. But this is an inadequate way
to publish the material; the authors
should be urged to publish separatelv
and in greater detail a more conven-
tional presentation of their findings.

The authors also assert that sex plays
no part in these distributions, but they
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guiding theme, “Energy Conversion Is Our Business.”

Long-range objective of Allison scientific investigation is the creation and development of
practical energy conversion devices for such applications as direct nuclear conversion systems . . .
plasma acceleration for space flight propulsion . . . energy depots and other forms of energy

conversion systems.

An immediate objective centers on the Military Compact Reactor (MCR). Allison has been
selected by the Atomic Energy Commission to design and develop MCR—a highly mobile,
completely self-contained nuclear fission power system—to provide electric power in remote areas.

To implement these expanding and long-range programs,

we need additional scientists and engineers—both theoretical and experimental:

NUCLEAR PHYSICISTS—(Shielding)—Ph.D.
or M.S. or equivalent, with capabilities in
nuclear reactor shielding field, including ex-
perience in experimental shielding investi-
gations and associated minimum weight
shield configurations.

(Reactor)—Ph.D. or M.S. or equivalent
with substantial experience in reactor
physics field to analyze nuclear behavior of
projected reactors; generate new concepts
in design or control of nuclear reactors.

(Experimental)—Ph.D. preferably in nu-
clear physics, or equivalent with experience
in experimental nuclear physics, to plan,
conduct and analyze critical experiments
on compact reactor core configurations.

SOLID STATE PHYSICISTS—(Section Chief)
—Ph.D., 5-10 yrs. experience in cxperi-
mental solid state physics to direct group
of scientists in experimental research on
materials of interest in direct energy con-
version.

(Senior Research)—Ph.D. in theoretical
physics. Energy conversion experience de-
sirable. Will carry out theoretical work on
the thermodynamics and physics of energy
conversion devices. Considerable use will
be made of computing systems (analog and
digital). Radiant energy conversion, therm-
ionic, liquid metal systems will be ana-
lyzed initially.

(Research)—Ph.D. Must be capable of
carrying out independent research in prop-
erty evaluation of semiconductors and met-
als. Some attention also to liquid state

physics. Radiant energy conversion devices
emphasized in early work.

MATHEMATICAL PHYSICISTS—Ph.D. or
M.S. in mathematics, or equivalent. Prefer
experience in reactor analysis and program-
ming for digital and analog computer. Must
be capable of carrying out all computer
operations (digital or analog) required by
nuclear engineering.

M.S. in mathematics with courses in nu-
clear physics. Requires strong analytical
training in field of mathematics with ex-
perience in nuclear reactor field.

THERMIONIC RESEARCH PHYSICISTS—Ph.D.
with established reputation in field of
thermionic energy conversion, or thermionic
emission. As group leader, he must provide
technical leadership in all areas related to
development of practical thermionic con-
verters (nuclear, solar, and chemical heat
sources).

M.S. or Ph.D. preferred to direct work
in planning and performing experiments on
test diode configurations. Requires strong
academic background in theoretical and ex-
perimental plasma physics with emphasis
on gas discharges, plasma dynamics, diag-
nostic techniques and thermionic emission.

Ph.D. or equivalent (solid state physics)
—Requires good knowledge of solid state
physics associated with high temperature
materials used in thermionic converters.
Will require study of new materials and /or
new processes for emitter and collector elec-
trodes in a thermionic converter.

PLASMA PHYSICISTS—(MHD Power Gener-
ation Research)—Ph.D. in physics or en-
gineering. Must be well-versed in theory of
plasmas and gaseous discharges. Will be
required to lead a research and develop-
ment program in field of MHD power gen-
eration.

(Propulsion)—Ph.D. in physics or engi-
neering. Must be well-versed in plasma
physics and experienced in application of
important diagnostic methods such as
probes, spectroscopy, and microwaves. Will
lead an established research program in
pulsed plasma propulsion.

(Basic Research)—Ph.D. in physics or
mathematics. Background should include
vector and tensor analyses, fundamentals of
probability theory, fundamentals of class-
ical mechanics and electrodynamics, the ki-
netic theory of plasmas, and the principles
of magnetohydrodynamics. Will conduct
theoretical studies in support of experi-
ments in a low density plasma tunnel.

Openings available NOW. A promising
future for those who qualify is available in
in the creative environment at Allison—
plus all the opportunities and advantages
offered through an organization with the
character of General Motors. Interested ?
Let us hear from you. Send your resume or
write to: Mr. V. A. Rhodes, Professional
and Scientific Placement, Dept. 513, Allison
Division, General Motors Corporation,
Indianapolis 6, Indiana.

An equal opportunity employer

ALLISON DIVISION, GENERAL MOTORS CORPORATION
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give no data to support this statement. In
view of their general failure to handie
age in a satisfactory manner and the
tact that the sexes can be expected to be
affected differently by parental SES, I
shall not be satisfied with their assertion
without supporting data. In the Syracuse
survey of older people the two sexes
showed very different patterns of mor-
bidity rates when contrasted with socio-
economic group.

Another point worthy of attention re-
lates to distribution differences by gen-
eration groups. When the authors com-
pare respondents born outside the U.S.
with native Americans whose parents
were born outside the U.S., they find no
differences in the frequency of the “im-
paired” category. In this tabulation ap-
propriate sex and age-standardization
techniques were followed. But no such
standardized data are given regarding
the more reliable “severe” and “in-
capacitated” categories (although these
data are given for the unstandardized
populations, adding to the proliferation
of useless figures at the expense of rele-
vant data).

The investigators expected
grants to have a higher prevalence of
“impaired” states. Because the findings
did not confirm their assumptions they
looked more closely at their data and
decided that immigrants of a new kind
were present: people who move from
urban setting to urban setting rather
than from peasantry to mban setting.
When they broke down their foreign-
born group into these two parts and
standardized for age, they found the ex-
pected differences in the “impaired” per
cent between peasant immigrants and
native-born respondents.

Any survey that seeks to interpret
variations in the prevalence of morbiditv
among subsections of a surveyed popu-
lation involves a number of difficulties.
Let us examine some of these and see
how well they have been surmounted
in the Midtown study.

Each apparent observation of a varia-
tion in prevzllence requires a separate
search for possible bias respecting that
variation in case-finding or case-identify-
ing procedures. Since no survey can
reach 100 per cent efficiency in case-
finding and therefore a certain part of
the defined population alwavs remains
unscreened, each type of variation in
the findings requires its own examina-
tion of the “unknowns”—that is, peo-
ple included in the sample but not
screened in the search for cases. The
present investigators went to some
length to look for bias regarding socio-
economic status in the raters and handled

immi-
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this in an ingenious manner. They have
not been so successful regarding age and
sex, and they acknowledge this fact. Per-
haps the Syracuse survey of older people
did better on age (which was a datum
withheld from the raters, just as SES in-
formation was in the Midtown study),
but it too did not have a good way of
looking for bias with respect to sex.

I believe the Midtown investigators
may have allowed bias to creep into
their analysis of SES differences: in ac-
cordance with their decision not to
count transients they specifically ex-
cluded hotels and clubs. But lower SES
transients do not live in hotels or clubs
to the extent that wealthier people do;
as a result some low-SES transients may
have been counted, and there is ample
evidence that transient populations are
high in prevalence of mental disorders.
This is the sort of error that can vitiate
findings, although my guess is that more
caution in dealing with this particular
source of bias would not have eliminated
the findings regarding the effects of age
and socioeconomic background.

Having found that the prevalence of
mental morbidity varies in a certain way
—that it rises with age, for example—
one has then to look for a possible mech-
anism by which such a change in preva-
lence could be produced. If, as the dis-
cussions in this first Midtown volume
trequently imply, a mental disorder once
present in an individual always remains,
prevalence of such a disorder will in-
evitably rise with age (unless it is asso-
ciated with an excessive mortality rate or
an excessive net emigration rate of sick
people).

As some of the data reported here and
much other evidence make abundantly
clear, however, mental disorders do ter-
minate. (In fact, Michael refers to this
in one of his discussions.) So the rise in
prevalence rates with age must be ac-
counted for by at least one of three fac-
tors: (1) more new cases arise with each
year of life than terminate (incidence
more than terminations); (2) sick peo-
ple die earlier than other people; (3) the
proportion of out-migrants who are sick
is less than the proportion of in-migrants
who are sick. In practice it is almost im-
possible to get direct estimates of these
possibilities from a single cross-section
picture of a population. Several modifi-
cations of the usual data-gathering pat-
terns of morbidity survevs make it
easier to know about these events. For
example, if data are gathered regarding
the duration of residence in the studied
population, information can be obtained
on the prevalence of morbidity among
in-migrants. But even this leaves the
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out-migrants unknown. A follow-up in
a year or two makes 1)05511)18 estimates
of incidence and terminations and of
m-mlgrnnts and out-mlgrants. It is a
curious fact that no one ever seems to
do this.

The appendix note on “incidence”
(the number of new cases arising in a
population in unit time) and “preva-
lence” (the proportion of a population
sick at a given time) is poorly conceived.
It treats these two measures of morbidity
trequency as competitors in a popularity
contest; it is as if geographers had de-
bates on whether length or breadth were
a better measure of size or hydrodynami-
cists debated whether rate of flow or
duration of flow had a greater effect on
the volume moved. Prevalence of a con-
dition in a population is the simple prod-
uct of incidence and the average dura-
tion of the cases.

Confusion on this issue is compound-
ed because the book i; not clear as to
the time dimension of the initial case-
identification procedure. Some items
used in the questionnaire seem to refer
to the respondent’s current functional
state, other (uestions are of the “Have
ever...?” variety and still others
refer clearly to childhood without refer-
ence to the present. Whether or not the
raters made any explicit effort to distin-
guish present from past symptom pat-
terns is not clear. As aresult they end up
by measuring something called “lifetime
prevalence,” which presumably means
the proportion of the population studied
that has at any time displayed any of the
svmptoms being counted. This particu-
lar measure is one of the new gimmicks
that are being introduced these days into
a field of mensuration that has enough
real troubles without being further bur-
dened by unhelpful tricks. Lifetime
prevalence measures are of no visible
usefulness. They depend not only on the
limited reliability of present case-finding
and case-identifying techniques but also
on the distant memory of respondents.
Even if the (uestions had been explicit
in distinguishing the past from the pres-
ent (which they were not), the reliabil-
ity of information regarding past symp-
toms is even less than that regarding the
present. When data regarding past and
present are fused, it becomes almost
impossible to handle the data in a pro-
ductive fashion. It is not possible to
guess intelligently how many of the ob-
servations reported may be due to such
factors.

In this situation, moreover, the issues
regarding in-migrants and out-migrants
become even more complex and urgent.
The distinction between present preva-

vou



When it Comes to
Colonizing the Moon...

Chances are the regenerative liquid metal cell—

developed by Allison—will be “on location’ there.

This revolutionary new power source
could serve as the vitally important power
plant for lunar colonization.

Allison—whose guiding theme is “En-
ergy Conversion Is Our Business”’—
scored a major break-through with the
invention of this new type of liquid
metal power source. It’s a forward step
which, for the first time, makes possible
continuous operation of a thermally re-
generative electrochemical cell. It’s de-
signed for use in combination with nu-
clear, solar, or chemical energy sources
to provide primary power for orbital
space stations, large military supply ve-
hicles, as well as numerous other flight,
stationery, and under-sea installations.

Devices such as solar reflectors, elec-
tromagnetic propulsion systems, ther-
mionic generators and the liquid metal
cell represent areas of concentration in

which our engineers and scientists have
made notable advances.

In the missile field, Allison is produc-
ing first and second stage rocket engine

cases—both steel
and titanium—for
Minuteman
ICBM. Too, Alli-
son has developed
anattitude and ve-
locity control de-
vice to apply
“power steering’’
for missile and
space craft from
i - smalltothe largest
types such as

Nova.
Along with its
missile and space
activity, Allison is maintaining its envi-
able position as designer and producer
of air-breathing engines by developing

more advanced types of air-breathing
engines; turbo-prop engines with a re-
generative cycle for maximum fuel econ-
omy to increase aircraft range as much
as 35%; a compact, lightweight, small
turbo-prop selected as the powerplant
for the Army’s next generation of Light
Observation Helicopters, and thermally
regenerative gas turbine engines for a
wide range of vehicular and industrial
use.

But that’s only part of the Allison
“Energy Conversion” story. How about
the unexplored future ? There is a place
for you on our Allison-GM team.

RESEARCH

Theoretical and experimental studies
of magnetofluidynamics, electron
emission, and other physical processes
involved in plasmas for power genera-
tion and space flight propulsion.

Two-phase liquid metal technology
and liquid metal heat transfer.

Analysis and experimental investiga-
tion of liquid metal fuel cell nuclear
conversion system.

Design and development of nuclear
and solar solid state energy conversion
systems.

Studies of nuclear power system de-
sign.

Study and preliminary design of ad-
vanced power systems for space and
terrestrial use.

Heat transfer research for missiles,
space and nuclear systems.

Reactor analysis for various reactor
design studies.

Design and evaluation of fluidynamics
problems in three dimensional super-
sonic flow.

TURBINE ENGINES

Design of advanced air-breathing en-
gines, for aircraft, vehicle and indus-
trial applications.

Advanced system studies aimed to-
ward propulsion for advanced aircraft.

Design of specific turbo-machinery
for use in the industrial field.

Here are the challenging work areas where we have immediate require-
ments for men with experience and advanced degrees—engineers, scien-
tists, physicists and mathematicians—in the disciplines described:

Design from layout stage, advanced
versions of thermally regenerative
turbo-prop and turbo-shaft engines.

ROCKET MOTOR HARDWARE

Analytical support and engineering
analysis of hot gas dynamics, combus-
tion, structural design and control
system synthesis.

Design and analysis of nozzles for
solid propellant rocket engines; con-
ceptual design of advanced nozzles, in-
cluding regeneration and sublimation
cooling.

Trade-oft studies for rocket engine
components; provide product planning
information.

If you are qualified and interested in a
promising career with Allison, send your
resume today, or write for additional in-
formation: Mr. V. A Rhodes, Profes-
sional and Scientific Placement, Dept.
411, Allison Division, General Motors
Corporation, Indianapolis 6, Indiana.

An equal opportunity employer

Energy Conversion Is Our Business
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Keep up to date with
current scientific
information from USSR

1963

Subscriptions now being accepted
for Russian Scientific Periodicals
(Texts in Russian)
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FIELDS AVAILABLE
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Many more Scientific Magazines
and Journals are available from our
complete catalog.

Write for your copy today.
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Increase your scientific knowledge

and*know-how with r.’—
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SCIENCE
LIBRARY

Authoritative
paperbound books,
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MATINEE

Volumes on physics, astronomy, mathematics,
electronics, geology, biology, medicine, an-
thropology — by such authors as Isaac Asimov,
Bertrand Russell, Ritchie Calder, Ashley Mon-
tagu, Irving Adler.
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books includes 80 titles recommended in the
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Science list of inexpensive science books.
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lence and recent and past incidence
becomes vital. The factors likely to pro-
duce illnesses and the factors likely to
perpetuate them may or may not be the
same, but without separate data no one
will ever find out.

Perhaps the basic trouble is that those
who have been responsible for complet-
ing the analysis and publication of this
studv since Rennie’s unfortunate death
following the field work have been
tempted to make too much of the data
thev have. There is really no substitute
for the morbidity survey as a technique
for measuring the distribution of disease
prevalence in different populations. Be-
yond this, it can portray the distribution
of disease prevalence in the population
it studies within the limitations of its
methods. Sometimes it can even give
insight into the factors that determine
variations in prevalence, but it should
not be expected to go that far. The fac-
tors producing variations in disease
prevalence must be studied by other
methods that include measures of inci-
dence and deal with differential mobility
and mortality of the sick and the well.

This book is one of a growing group
of studies of mental morbidity in the
community. It contains many useful con-
tributions for the specialist along with
much speculation and digression. For
some reason it has not been presented
as a technical monograph but as a
hard-cover commercial book offered at
a high price to both the specialist and
the interested reading public. If any
research workers have been tempted to
withhold their findings from the techni-
cal literature in order to provide meat for
a general book, they should read this
result and be discouraged from such a
course. I believe that the two goals are
incompatible in a single publication and
that this volume is a good demonstration
of the fact.

Short Reviews

LTNPUBLISHED SCIENTIFIC PAPERS OF

Isaac NEwTON, chosen, edited and
translated by A. Rupert Hall and Marie
Boas Hall. Cambridge University Press
(8$11). In the Cambridge University
Library there reposes an immense
amount of manuscript material by or
relating to Isaac Newton. These manu-
scripts, known as the Portsmouth Collec-
tion after the Earl of Portsmouth, who
presented them to the university, deal
with every aspect of Newton’s extraor-
dinarily wide-ranging labors and inter-
ests and include all manner of docu-
ments, scribblings and memorabilia as
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well as letters and copies of letters. Al-
though the correspondence is being col-
lected and published for the first time in
full (reviews of the first three volumes
of H. W. Turnbull’s superb edition of
the letters have already appeared in
these columns), the other manuscripts
have been little explored by scholars,
and it is this material that the Halls have
undertaken to sample—partly for its in-
trinsic interest and partly in the hope of
encouraging others to extend their ef-
fort and erect a suitable monument to
Newton in the form of a complete edi-
tion of his writings. The Halls admit, to
be sure, that it might be futile to print
the whole of the Portsmouth Collection
because Newton kept so much, because
most of his papers have been preserved
and because many items are of trivial
significance. There are “pages of labori-
ous computation whose purpose is indis-
cernible, detached sentences noting the
opinion of some early Father on a doc-
trinal question, drafts in four or five dif-
ferent versions of passages in Newton’s
printed works,” advertisements, pam-
phlets, posthumous papers relating to
Newton, papers concerning his family
and his work at the Mint, complimentary
letters and so on. Nevertheless, there is
much material that deserves to be print-
ed, particularly if what is offered here is
a fair sample. In his most energetic and
creative years Newton apparently al-
lowed no scrap of paper that came to
hand to escape before he had covered
everv blank portion of it with his scrib-
blings. He jotted down anything and
everything that occurred to him, some-
times in orderly and coherent fashion,
sometimes simply helter-skelter. That he
continued this practice even in later life
is shown in a manuscript leaf repro-
duced in this volume. At the top are cal-
culations on motion in a resisting me-
dium, probably relating to the second
edition of the Principia; in the center is
a note on currency in Brandenburg and
France; at the bottom is a theological
note. Pity the editor confronted with
such a mishmash and required to make
sense of it; envy him too, of course, for
the fascinating byways of his journey
and for the unexpected discoveries he
may make.

The Halls” selections throw fresh
light on Newton’s development as a sci-
entist and on his ideas of the world that
science explores. The first section, de-
voted to mathematics, consists of a tract
(“To resolve Problems by Motion™) that
is probably Newton’s first attempt at a
finished exposition of new mathematical
procedures involving his method of



fluxions. Newton th ught of a curve “as |
the line produced by a point moving
with an arbitrary velocity, so that the
co-ordinates x and y of the point also
change with a corresponding and vary-
ing velocity, dependent upon the equa-
tion to the curve. Similarly, the algebraic
expressions denoting the slope of the
tangent to the curve at the point, the
area enclosed under it, and so forth, have
their appropriate velocities of change.
Just as the distance moved in a straight
line by a point is calculated as a product
of velocities and time, so Newton calcu-
lated such algebraic expressions from
their velocities of change, themselves
derived from the rates of change of the
co-ordinates.” This approach led to his
methods of differentiation and integra-
tion. His notation and technique were
clumsy and more difficult to handle than
Leibniz’, but he had forged a new and
powerful tool. Although he did not |
make much use of this tool in writing
the Principia itself, having resolved in
that work to publish his theories and
findings in geometrical form, there is
evidence that he tackled many problems
by fluxional analysis before dev151ng the
svnthetic geometric proof of the truth
of a solution.

The Halls’ book includes also a manu-
script “On the Gravity and Equilibrium
of Fluids,” short papers on the laws of
motion and the elements of mechanics
and a disquisition on the theory of mat-

er. There is a beautifully precise and
lucid paper, later in date than the
Principia, describing “The Mechanical
Frame of the World,” apparently a more
or less popular svnopsis of the content of
the Principia, with some additional ob-
servations—not found in that work—on,
for instance, the gravitational force
exerted by the stars. There are manu-
scripts related to the Principia, among
which are early drafts of propositions in
mechanics, a partial draft of the preface
and a draft of the conclusion, and papers
on education and other topics.

The Halls have performed their edi-
torial function in exemplary fashion. The
manuscripts are given in the original
Latin and in English translations by the
editors. Each section has a critical in-
troduction that sets the manuscripts in
perspective and discusses their impli-
cations. These introductions will be
helpful to both the specialist and the
general reader not only because thev
clarify the meaning of the manuscripts
but also because they enable one to fol-
low the remarkable development of one
of the foremost intellects of all time. Not ‘
for a long time has such a distinguished |

NUCLEAR POWERED

ROCKET
REACTORS

NEED TESTING

The most powerful nuclear reactors ever built are being tested in Nevada
as a part of Project Rover, the nuclear rocket propulsion program. These
reactors will generate many thousands of thermal kilowatts per cubic foot of
core, yet their startup time is measured in tens of seconds.

System operation includes the detailed checkout of each of the subsystems
under local control, with the main operation starting after these functions have
been transferred to the master control room, nearly two miles from the
test cell. Precise sensing of reactor system conditions and fast-response com-
mand of power and propellant flow are requirements which challenge the
best of current reactor and rocket engine technology. Pre-test planning and
post-test analysis require imagination and competence of a high order. De-
velopment of test instrumentation continues to offer unique opportunities for
the exercise of practical ingenuity.

Rover tests are planned, conducted, and analyzed by personnel of the University
of California’s Los Alamos Scientific Laboratory, which has the primary respon-
sibility for development of reactors for nuclear rocket propulsion. Field test
physicists and engineers help determine test objectives, prepare experimental
plans, coordinate experimental group activities, design closed loop control sys-
tems and programmers, determine instrumentation requirements, originate
radiation effects experiments, review system design, plan and direct control
room operations, measure reactor flux and other neutronic quantities, and assist
in reduction and analysis of test data.

We have openings in the permanent test organization at the Nevada Test Site
for B.S., M.S. and Ph.D. physicists and engineers with at least four years’
experience in one of the following fields:

Control room operations / Control system design /
Instrumentation and data analysis / Neutronics /
Radiation effects / Technical review of reactor test
facilities / Reactor test planning and procedures

i

I
[ Qualified applicants are invited to send their resumes to:

los Jalamos

~ scientific laboratory

OF THE UNIVERSITY OF CALIFORNIA
/ o PROJECT ROVER / 4375 LAS VEGAS BLVD. SOUTH / LAS VEGAS, NEVADA

All qualified applicants will receive considerotion for employment without
regard to roce, creed, color, or notional origin. U.S. citizenship required.

169

© 1962 SCIENTIFIC AMERICAN, INC



The Lincoln Laboratory is a center
of research and development in ad-
vanced electronics, with responsi-
bilities in national defense and
space technology. Scientists of
many disciplines participate in a
program directed toward extending
the range and depth of scientific
knowledge and solving problems
fundamental to the security of the

nation.

m RADIO PHYSICS and ASTRONOMY = RE-ENTRY
PHYSICS = PENETRATION AIDS m TARGET IDENTI-
FICATION m SYSTEMS: Space Surveillance, Strategic
Communications, Integrated Data Networks m NEW
RADAR TECHNIQUES m SYSTEM ANALYSIS = COM-
MUNICATIONS: Techniques, Psychology, Theory m IN-
FORMATION PROCESSING m SOLID STATE Physics,
Chemistry, and Metallurgy mA more complete description
of the Laboratory’s work will be sent to you upon
request. Al qualified applicants will receive consideration for employment without

regard to race, creed, color or national origin.

Research and Development

LINCOLN LABORATORY

Massachusetts Institute of Technology - Box 18
LEXINGTON 73, MASSACHUSETTS
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contribution to the history of science
appeared.

ETTERS orF THE LEwIs aND CLARK Ex-
PEDITION, WITH RELATED Docu-
MENTS, 1783-1854, edited by Donald
Jackson. University of Illinois Press
($10). In this thick, well-made volume
are collected 428 letters, memoranda
and other documents, more than half
of which have never before appeared
in print, that touch on all aspects of the
memorable expedition. When Lewis and
Clark turned their boats against the cur-
rent of the Missouri and set out “under
a jentle brease,” they were to become,
as Jackson says in his foreword, “the
writingest explorers of their time. Thev
wrote constantly and abundantly, afloat
and ashore, legiblv and illegibly, and
always with an urgent sense of pur-
pose.” The letters and documents deal
with such matters as authorization, prep-
aration, outfitting, finances, Indian
policy, foreign reaction and Lewis’ vio-
lent death, and they include biographi-
cal data about other members of the
expedition and evaluations by contem-
porary zoologists, botanists and geolo-
gists of the expedition as a scientific
reconnaissance. Among other items that
help to re-create the setting are an
address of welcome by Thomas Jefferson
to a party of Osage Indians; a bill from
a  Philadelphia  storekeeper named
Robert Barnhill to the War Department
tor $10 for a pair of pocket pistols with
“secret triggers”; a report from the artist
Charles Willson Peale on the health of a
prairie dog, and a letter from him to

Jefferson reporting on some “sadly

| deseased” Indians who while tasting the

high life of Philadelphia in 1807 “had
been with the women of bad fame in the
lower part of the town and contracted
the venerial disease.” This is an engross-
ing volume of history, whose major en-
tries, curiosities and trivia combine won-
derfully to shed fresh light on the ex-
pedition.

()UR SYNTHETIC ENVIRONMENT, by
Lewis Herber. Alfred A. Knopf,
Inc. ($4.95). There are any number of
ways a man can do himself in but until

| comparatively recently it was assumed

that mankind as a whole would have a

[ hard time committing suicide. The ad-

vance of science and technology, how-
ever, has considerablv improved these
opportunities. The large-scale use of
atomic weapons is the obvious method,
but there are others that, while slower,
are no less deadly; in fact, the way may
be open for clever men to exterminate

not onlv the entire human population



but also all forms of life on earih. This
book gives a better than average jour-
nalistic account of what is known today
about this distressing subject. Herber
discusses, among other things, the
hazards to man and wildlife created by
agricultural chemicals, the destructive
effects on health of overurbanization, the
dangerous use of chemicals in food
processing, the chemical carcinogens
and the effects of radiation and fallout
in the nuclear age. The author’s thought-
ful observations on (uestions of human
ecology make his book more than a cata-
logue of horrors. The obvious but rather
nice moral is that either we will have to
learn to live in the world—to respect the
right of other creatures to live in it,
from earthworms and ferns to robins
and human beings, to maintain the pu-

rity of our atmosphere and to cultivate |

rather than plunder our planet—or we
will have to pack up and find another
world to destroy.

CALCIPHYLAXIS, by Hans Selye. The

University of Chicago Press ($25).
Selye, director of the Institute of Experi-
mental Medicine and Surgery at the
University of Montreal and widely
known for his workon the effectsof stress
on the human organism, here introduces
a new biological concept: calciphylaxis.
In a 1011g series of experiments in his
own laboratory, which are fully de-
scribed, he demonstrated that tissues can
be made particularly sensitive to calcifi-
cation and that when tissues are in this
state, pathological calcification can be
induced by stimuli, or “challengers,” as
“harmless as plucking a few hairs, pinch-
ing the skin or administering such =
common and seemingly innocuous sub-
stance as the white of an egg.” Little is
known as yet about the biological signifi-
cance of calciphylaxis, but the phe-
nomenon, Selye states, “appears to be
essentially a defense reaction that—as
many other homeostatic responses, in-
cluding serologic immunity and the
General Adaptation Syndrome—may be-
come pathogenic under certain circum-
stances. It remains to be seen to what
extent calciphylaxis plays a role in phys-
iology and pathology and whether it
can be used for therapy.”

INTERNATIONAL BIBLIOGRAPHY OF THE
SociaL SciExCES: SocioLocy, PoLit-
IcAL ScieENce, Economics, ANTHRO-
POLOGY. Prepared by the International
Committee for Social Sciences Docu-
mentation. Aldine Publishing Co. ($35).
These four volumes are part of the
general program of the International
Committee for Social Sciences Docu-

NUCLEAR SCIENCE

AT THE NAVAL LABORATORIES IN CALIFORNIA

. . probes the long/short term effects of the
unseen world of nuclear radiation

No scientific problem now being investigated by the U. S. Naval Laboratories in
California is of more significance than the problem of nuclear radiation effects upon
man and material. This research and development program embraces the entire
spectrum of natural and man-made radiation, including both military and civilian peace-
time application. Focal point of this research is the Naval Radiological Defense Laboratory
(NRDL), San Francisco, where radiation investigation encompasses the disciplines of
chemistry, biochemistry, physics, biophysics, biology, medicine, pharmacology, operations
analysis, engineering and electronics. Here, career scientists investigate, among others,
such phenomena as the chemical properties of fission products; ‘the ability of materials
to absorb, shield and attenuate nuclear and electro-magnetic radiation; the acute and
long-term biological effects of nuclear and other radiations; protective engineering
methods and reclamation techniques related to radioactive contaminants; and the
development of radiac devices and other electronic instrumentation for radiological
research.

Other Naval Laboratories in California also have interests in the nuclear field. For
example, NCEL, Port Hueneme, is presently engaged in investigating the effectiveness of
shielding neutron and gamma rays for shelter entrances; and NEL, San Diego, has a
strong interest in the effects of nuclear weapons on shipboard operations.

Whether assignment concerns the measurement and evaluation of radiation fallout
in a distant Pacific field test, or a laboratory-controlled experiment on the effects of
ionizing radiation on mammalian systems, these challenging projects require skilled and
dedicated professional personnel, with appropriate degrees and experience. Qualified
scientists, engineers and technicians interested in exploring employment opportunities
at the U. S. Naval Laboratories in California not only in nuclear science, but such
other all-embracing areas as underwater ordnance or missiles and space, are invited
to contact the Personnel Coordinator, Dept. A,at the laboratory of their choice.

U. S. Naval Radiological Defense Laboratory (NRDL), San Francisco

U. S. Naval Civil Engineering Laboratory (NCEL), Port Hueneme

Pacific Missile Range (PMR) and U. S. Naval Missile Center (NMC), Point Mugu

U. S. Navy Electronics Laboratory (NEL), San Diego

U. S. Naval Ordnance Test Station (NOTS), China Lake and Pasadena

U. S. Naval Ordnance Laboratory (NOLC), Corona

All qualified applicants will be considered for employment
without regard to race, creed, color, sex, or national origin.
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U.S. NAVAL L TORIES IN CALIFORNIA

171



REQUEST

RETURN
T0 RESEARCH
IN BRITAIN

Are you a British scientist in Canada thinking of returning to work
in Britain?

You may find what you are looking for, without having to go home first,
in the Civil Service, the United Kingdom Atomic Energy Authority or
the Central Electricity Generating Board.

Research Fellowships and Permanent Appointments

You are offered a very wide choice, in all branches of science and

engineering, at a large number of centres where research ranges

from the most fundamental to the most applied.

A panel of scientists will be coming

to Ottawa on 14th January 1963

If you would like to meet them, write by 14th November 1962 to:

Mr. N. R Geary, Senior U.K.A.E.A. Representative in Canada,

c/o Atomic Energy of Canada Ltd., Chalk River, Ontario.

An announcement to British scientists in the U.S.A. will be made in November.

Issued jointly by the Civil Service C ission, the U.K. Atomic Energy Authority
and the Centra! Electricity Generating Board.
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mentation, set up in 1950 with the
help of UNESCO for the purpose of en-
couraging the development of all biblio-
graphical and documentary activities re-
lating to the social sciences. The volumes
noted cover all scientific publications in
the four disciplines published during
1960. The bibliographv is presented in
bilingual form (English and French)
and includes both author and subject
indexes and a list of the periodicals con-
sulted, with their official abbreviations.

"] 'HE Birps oF THE BriTisH ISLES: VOL.
X, by David Armitage Bannerman.
Oliver & Bovd, Ltd. (63 shillings). This
admirable work continues in its stately
and spacious way to describe the birds
of the British Isles, both those that are
common and those that are rare. In the
present volume are covered the remain-
der of the sandpipers not covered in
Vol. IX, vellowlegs, redshanks, plovers
(including the sociable plover Chet-
tusia gregaria), the lapwing, stilt, avocet
and oyster catcher. Twenty-three color
plates by the late George E. Lodge.

'I‘ln-. Eve: VoL. I, edited bv Hugh
Davson. Academic Press, Inc. ($14).
The first of four volumes that are to pro-
vide an integrated account of the phvsiol-
ogy of the eve, with the emphasis on
function. A wide variety of scientific dis-
ciplines are employed. For example, the
present volume on the vegetative phys-
iology and biochemistry of the eve dis-
cusses such topics as electron micros-
copv of the vitreous body and cornea,
active-transport mechanisms involved in
the functioning of the aqueous humor,
vascular circulation in a semirigid cavity
and the metabolism of avascular tissues.
Still to appear are volumes on the visual
process, muscular mechanisms and vis-
ual optics, and the optical space sense.
Photographs and diagrams.

" e PreHisToric CHAMBER ToaBs OF

France, by Glyn Daniel. Thames
and Hudson (70 shillings). An illus-
trated survev of the megalithic cham-
bered tombs of France: their location,
their different shapes and forms, their
chronology. Daniel, who has been in-
terested in this branch of archaeology
for almost three decades, visited most of
the chamber tombs of France, and he
presents in addition to his own descrip-
tions a summary of the extensive field
survevs and researches of others. A fea-
ture of the book is a 40-page bibliography.

"[YHE NATURALIST ON THE RIVER
Axtazoxs, bv Henry Walter Bates.
| Universitv of California Press ($2.45).



ENGINEERS « SCIENTISTS « JOIN US IN GIVING A NEW DIRECTION TO AEROSPACE TECHNOLOGY

takes his world with him

life support systems — only One of the Critical Aerospace Problem
Areas for which REPUBLIC’S PAUL MOORE RESEARCH CENTER has R&D Contracts

At the Center, staff scientists in one of the nation’s most advanced Space Environment laboratories are developing the
life support systems and protective measures needed to make extended space exploration a reality. [] Instrumental in
these investigations is a 4300 cubic foot space chamber which permits the rigorous testing of entire manned space
capsules. From these programs, important new knowledge is being gained in the fields of space medicine, psychology,
physiology, microbiology, biochemistry and nutrition. [] In the other 8 laboratories of the Paul Moore Center, studies of
similar breadth and depth are exploring equally important aspects of aerospace science. For these endeavors, the Center
is the most sophisticated experimental complex in the East.

EXAMPLES OF AEROSPACE R & D PROGRAMS AT REPUBLIC

Re-Entry Test Vehicles for advanced space programs / Thermai Protection Studies / Spacecraft Tracking Concepts (Re-Entry Period) /
Hydraulic & Pneumatic Systems (Re-Entry & Space Voyages) / Life Support Systems / Guidance for Orbital Rendezvous / Full Scale
Plasma-Pinch Engine for Space Propulsion / AEROS Study — Meteorological Satellites (in plane of equator) / Advanced Orbiting Solar
Observatory / Hydrospace Projects / Space Radiation Studies / CO: Adsorption Research / Magnetic Induction Gyro / Antennas (minia-
turization) / Spark Chamber Spectrometer.

IMPORTANT POSITIONS OPEN

Astrodynamics (mission analysis, satellite maneuverability, guidance system criteria for earth satellites, lunar projects) / Structural
Research (elastic & inelastic) / Structural Computer Analysis / Stress Analysis / Hypersonic Gas-dynamics Research / Re-Entry &
Satellite Heat Transfer Analysis / Design Criteria (hypersonic re-entry vehicles) / Thermal Protection Research / Hypersonic Wind
Tunnel Investigations / Space Environmental Controls D & D / Space Propulsion and Power Systems / Cryogenic Research (liquid
hydrogen) / Antenna Design (re-entry vehicles) / Life Sciences (systems) / Physical Sciences / Space Electronics (telemetry, com-
munications, guidance, tracking, ECM, ASGSE, data handling) / Magnetic Resonance Gyro Development / Electromagnetic Theory /
Weapon Systems Analysis.

Interested applicants are invited to write in confidence to Mr. George R. Hickman, Professional Employment Manager, Dept. 8 K

REPUBLILC

AVIATION CORPORATION
AT e L S ——

Farmingdale, Long Island, New York
An Equal Opportunity Employer
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MAN
AND

THE
SUN

By Jacquetta Hawkes

This is the remarkable story of the relationship be-
tween the sun and mankind through the ages — our
dependence on it, our worship of it, our use and
misuse of its energy — from prehistory to the hydro-
gen bomb.

With her unique blend of poetic insight, clear
intellect, and wide learning, Miss Hawkes synthe-
sizes the knowledge and philosophy of many fields
of study, and illuminates both ancient religious myth
and modern scientific fact.

By the author of A Land and Providence Island
$5.00, now at your bookstore

RANDOM HOUSE

DEPARTMENT OF
SCIENTIFIC AND

INDUSTRIAL RESEARCH

Applications are invited from young
British honours graduates in science
and technology at present in North
America for postdoctoral

NATO and DSIR
SCIENCE FELLOWSHIPS

tenable in
UNIVERSITIES, COLLEGES
AND OTHER APPROVED
LABORATORIES IN THE

UNITED KINGDOM

Further details may be obtained from
U.K.S.M., 1907 K Street, N.W., Wash-
ington 6, D.C., quoting reference S/A.

Applications from candidates in Canada
should reach U.K.S.M. by 15th November,
1962. The closing date for candidates in the
U.S.A. is 1st January, 1963.

(Recruitment to DSIR Research Labora-
tories is covcred by a similar operation of
the Civil Service Commission, advertised
separaiey.)
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| A soft-cover reprint of a record of the
| South American adventures of Henry
Walter Bates, who, beginning in 1848,
spent some 11 vears in Brazil and there
collected 14,712 species of animals, of
which no less than 8,000 proved to be
new to science. The first two years Bates
traveled and collected in the company
of Alfred Russel Wallace; then thev
parted and Bates continued his field ex-
plorations alone, encountering many ad-
ventures and hardships and earning
many rewards. All this is delightfully de-
scribed in his book, the attractions of
which are further enhanced by numer-
ous quaint and curious illustrations re-
printed from an earlier version.

Notes

THE PsycHoLoGy OF INsanITY, by
Bernard Hart. Cambridge University
Press ($1.25). A paper-backed reissue
based on the fifth edition (1957) of a
well-known and often reprinted account
of modern notions of insanity.

Tue FaLL orF THE Russian Mox-
arcHY, by Sir Bernard Pares. Vintage
Books ($1.45). A paper-backed reissue
of Pares’ chronicle of the causes and out-
break of the Russian Revolution, first
published in 1939. Pares was himself
in Russia during most of the events he
describes, and his book, informed bv
understanding and sympathy, is a first-
rate performance.

PoLyanzuno Acips, POLYPEPTIDES,
AND ProtEIns, edited by Mark A. Stah-
mann. University of Wisconsin Press
($8). These 36 papers from an interna-
tional svmposium held at the University
of Wisconsin in 1961 represent the views
of investigators in many disciplines and
from this country, England, France,
Germany, Israel and Japan.

CHaucer’s  WorLp, compiled by
Edith Rickert. Columbia University
Press ($2.95). A paper-backed reprint
of Miss Rickert’s exceptionally entertain-
ing selection of materials concerning
Chaucer’s era and surroundings. Many
illustrations.

Viruses, by K. M. Smith. Cambridge
University Press ($3.75). A relatively
fugon-flee, illustrated primer of our
knowledge of viruses: how they differ
from other agents that cause disease,
how they can be isolated and crystal-
lized, what thev look like under the
electron microscope, how they are trans-
mitted and the nature of the diseases
thev cause.
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Science
in the Cause
of Man

by GERARD PIEL

The Publisher of SCIENTIFIC AMERICAN
provocatively presents the choice between
self-annihilation and fulfillment that now
confronts the species man.

“Mr. Plel has pon-
dered deeply on the
influence of science on
man’s progress and
dest iny. Now we have
a book which brings
together his mature
judegments. I have
found in it deep
thoughts and clear
vision.”

—VANNEVAR BUSH

"LIFE TODAY is quite as feasible as
death. The choice of life involves
all kinds of ethical, aesthetic, political,
economic, and social considerations,
along with the scientific and technologi-
cal. Some contradict received wisdom
and demand re-examination of buried
premises.”

Thus Gerard Piel begins his brilliant
examination of the choice we must make
now, a choice that summons our science
and our humanity...why we cannot
escape catastrophe unless we take up
the cause of man. “Whatever small de-
cency we have in our hearts,” he says,
“is just as magnificently capacitated by
science and technology as is our willing-
ness to murder.”

Mr. Piel’s book, SCIENCE IN THE
CAUSE OF MAN, discusses the pursuit
of knowledge and happiness...human
ecology and the American dream...
public patronage of science. .. the ther-
monuclear arms race...the economy of
abundance and of underdevelopment...
secrecy and security...security and
heresy . ..our industrial culture. . .pop-
ulation . .. resources . .. revolution . ..

a stable peace.

J. BRONOWSKI says Mr. Piel’s book re-

flects “The best tradition of humanist writ-

ing.” C. P. SNOW calls it “Most impressive.”

LORD BOYD-ORR comments: “If it were

read by 10 million people on both sides of the

iron curtain an informed public opinion
would force the few men who today hold the
destiny of mankind in their hands to begin
immediate disarmament.”
USE THIS HANDY COUPON
TO ORDER TODAY
r----------...-------------
At wour bookseller, or mail to
ALFRED A. KNOPF, Inc., Dept. N9-11410
239 Great Neck Rd., Great Neck, L.I., N.Y.

Please send ................ copies of SCIENCE IN THE
CAUSE OF MAN by Gerard Piel. I will remit $5.95
per copy, plus a few cents for shipping, as payment
in full.

Name

Address

City... R
CHECK HERE AND SAVE! Enclose $5.95 per copy
and publisher prepays all shipping costs.
N9-11410
sassssssssssssssssssssssssaa
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Fruip-FILLED INCLUSIONS FROM MIN-
eraLS. Edwin Roedder in Economic
Geology, Vol. 53, No. 3, pages 235—
269; May, 1958.

SURGICAL STAPLING

EXPERIMENTAL STUDIES IN SURGERY OF
SmaLL Broop VEsseLs. [I: PaATcHING
oF ARTERIOTOMY USING A PrLAsTIC
ApHESIVE. Charles A. Carton, Laibe
A. Kessler, Bernard Seidenberg and
Elliott S. Hurwitt in Journal of Neuro-

| surgery, Vol. 18, No. 2, pages 188—

194; March, 1961.

| NEw METHOD OF SURGICAL TREATMENT

or Broop VEsseL Lesions. P. 1.

Androsov in A.M.A. Archives of Sur-
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gery, Vol. 73, No. 5, pages 902-910;
November, 1956.

NEW SOVIET SURGICAL APPARATUS AND
INSTRUMENTS AND THEIR APPLICA-
TIoN. Edited by M. G. Anan’yev. Per-
gamon Press, 1961.

A NEw TyPE OF VESSEL-SUTURING APp-
pARATUS. Kivoshi Inokuchi in A.M.A.
Archives of Surgery, Vol. 77, No. 6,
pages 954-957; December, 1958.

Zur TECHNIK DER MAGENRESEKTION.
EiN NEUER MAGEN-DARMNAHAPPA-
RAT. Aladar Von Petz in Zentralblatt
fiir Chirurgie, Vol. 51, No. 5, pages
179-188, 1924.

THE GENETIC CODE

Tue FiNe STtrucCTURE OF THE GENE.
Seymour Benzer in Scientific Ameri-
can, Vol. 206, No. 1, pages 70-84;
January, 1962.

GENERAL NATURE OF THE GENETIC
Copke ror Prot1EIns. F. H. C. Crick,
Leslie Barnett, S. Brenner and R. J.
Watts-Tobin in Nature, Vol. 192, No.
4809, pages 1227-1232; December
30, 1961.

MesseNGER RNA. Jerard Hurwitz and
J.J. Furth in Scientific American, Vol.
206, No. 2, pages 41-49; February,
1962.

TueE NucLeic Acimps: Vol. III. Edited
by Erwin Chargaft and J. N. David-
son. Academic Press Inc., 1960.

SEMICONDUCTOR PARTICLE-
DETECTORS

HALBLEITER-SPERRSCHICHTZAHLER. W.
Czulius, H. D. Engler and H. Kuckuck
in Ergebnisse der Exakten Naturwis-
senschaften, Vol. 34, pages 236-348,
1962.

INTRODUCTION TO SEMICONDUCTOR PAR-
TICLE DETECTORS. W. L. Brown in
IRE Transactions on Nuclear Science,
Vol. NS-8, No. 1, pages 2-10; Janu-

ary, 1961.
NucLEaR  EXPERIMENTATION  WITH
SEmiconpucTOrR DETECTORS. D. A.

Bromley in IRE Transactions on Nu-
clear Science, Vol. NS-9, No. 3, pages
135-154; June, 1962.

SoLip-StaTE DETECTORS FOR HicH
ReEsoLUTION NUCLEAR SPECTROSCOPY.
W. C. Parkinson and O. M. Bilaniuk
in The Review of Scientific Instru-
ments, Vol. 32, No. 10, pages 1136—
1142; October, 1961.

COGNITIVE DISSONANCE
CooNITIVE CONSEQUENCES OF FORCED

CompLiaNcCE. Leon Festinger and
James M. Carlsmith in The Journal of



NUCLEAR SCIENTISTS & ENGINEERS

OBJECTIVE AT UNITED NUCLEAR:

PUT NUGLEAR
ENERGY ON
WHEELS

In essence the problem is: design, build and test a full-scale nuclear power plant with overland portability that will
significantly extend the mobility of the modern mechanized army. The Military Compact Reactor (MCR) is being
developed by United Nuclear Corporation and General Motors Corporation, Allison Division, under contract to the
AEC. United Nuclear is undertaking all nuclear phases of the program. [[] MCR will be a high-temperature, liquid-
metal-cooled system, capable of generating 3000 KW. Its light weight and mobility will make it compatible with
military field operation. MCR will also have important civilian defense and natural disaster emergency applica-
tions. [] Pioneering advances required call for a new order of shielding efficiency and very-high-performance
methods of heat transfer. [ ] United Nuclear is uniquely equipped to solve the new problems posed by
MCR. The company’s nuclear experience reaches back to the beginning of the atomic era. Many of its
scientists and engineers have 10 or more years in the field; an exceptional number hold PhD’s. Some
of the important programs, most of which are active and continuing, include: Supplying nuclear fuel
elements and cores for naval propulsion reactors / Health Physics Research Reactor (FAST BURST)
for BREN program, Nevada Test Site and Oak Ridge studies / High-performance liquid-metal
loops for NASA experimental programs / Design of BR-2, a large, versatile materials and
engineering test reactor for Centre d’Etude de I’'Energie Nucleaire, Mol, Belgium /
PLATR program for conducting heavy water nuclear parameter studies in a zero-
power critical system / Development of unique analytical techniques leading
to substantial shield weight reductions. [] United Nuclear is engaged
in every commercial phase of the nuclear energy cycle, starting
with its own uranium mines and mills, extending through
fuel element and reactor core design and
fabrication to delivery of complete
nuclear plants.

Engineers and scientists interested in advancing all aspects of reactor technology are invited to inquire about openings in:
Power Plant Control Systems Design / Reactor Materials Research / Shielding Theory / Liquid Metal Systems Engineering /

Reactor Physics / Reactor Design & Development / Critical Experimentation / Mathematical Reactor Analysis / Thermal &,

Stress Analysis / Cooling Systems Design and Development / Facility Design.
Address your inquiry in confidence to: Director of Personnel, Dept. 51K

O R P ORAT
5 New Street White Plains, New York

An Equal Opportunity Employer
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BULLETIN FROM
SYLVANIA

FOR ENGINEERS & SCIENTISTS

Manager, Professional Staffing
Sylvania Electronic Systems

‘/“"1

piGEST OF

120

SEND
FOR

90% of OPPORTU TToRTUNTIES
Current

Openings SPANNING THE
Arein SPECTRUM oF
Research, ELEcmomc:R::s
Development, 17 LABORAT
Systems Engi-

neering & Field

Engineering.

40% Require _ﬂf ANIA mt"f"f,',',':.'“ '
an Advanced e TELEPHONE VELECTROL.
Degree.

Sylvania Electronic Systems is a major division of Sylvania
Electric Products Inc., a subsidiary of General Telephone &
Electronics Corporation. An expanding scientific community
with over 2000 engineers and scientists on its technical
staff, the division operates 17 research and development
laboratories, 4 production plants, 10 field offices, plus a
world-wide Product Support Organization. Responsibilities
include advanced systems planning, systems engineering
and management of major government contracts for the
parent corporation, General Telephone and Electronics. Yet
despite its size, the division is built upon recognition of the
individual contribution, with its laboratories organized in
small, informal groupings.
There are openings for engineers and scientists interested
in working on communications systems...data processing
and display. .. detection, tracking and defensive missile
systems . .. electronic warfare ... navigation, security and
reconnaissance systems.
PRINCIPAL LOCATIONS: Western Operation (San Francisco
Peninsula); Eastern Operation (suburban Boston); Central
Operation (suburban Buffalo). Alse near Boston are opera-
tions serving the entire division: Applied Research Labora-
tory; Product Support Organization; Systems Engineering
and Management Operation.

An Equal Opportunity Employer — U. S. Citizenship Required

Please send me a copy of Sylvania ‘‘Digest of 120 Opportunities.”

=

~GY1 ,\'.\f\' I\ eLecrronic sysTems

40 Sylvan Road Government Systems Management
Waltham 54, Massachusetts

NAME —

ADDRESS .
CITY. ZONE STATE
DEGREE(S) . YEAR(S) OF GRADUATION —
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Abnormal and Social Psychology,
Vol. 58, No. 2, pages 203-210;
March, 1959.

PREPARATORY AcTIiON AND BELIEF IN
THE PROBABLE OCCURRENCE OF
Future Events. Ruby B. Yarvan and
Leon Festinger in The ]munal of Ab-
normal and Social Psychology, Vol.
63, No. 3, pages 603-606; November,
1961.

A THEORY OF COGNITIVE DISSONANCE.
Leon Festinger. Row, Peterson &
Company, 1957.

WHEN ProPHECY FalLs. Leon Festinger,
Henry W. Riecken and Stanlev
Schachter. University of Minnesota
Press, 1956.

ELECTRICITY IN PLANTS

BroELecTrIC F1ELDS AND GrowTh. E. |.
Lund et al. University of Texas Press,
1947.

BioeLecTtric FieLps or Bean RooTts
AND THEIR RELATION TO SALT Ac-
cumuLaTioN. B. I. H. Scott and D.
W. Martin in Australian Journal of
Biological Sciences, Vol. 15, No. 1,
pages 83-100; February, 1962.

BioELECTRIC OSCILLATIONS OF BeEAN
Roots: FurTHER EVIDENCE FOR A
FEEDBACK OsciLLaTor. I.S. Jenkin-
son and B. I. H. Scott in Australian
Journal of Biological Sciences, Vol.
14, No. 2, pages 231-247; May, 1961.

Carcrum lons axp THE Actiox Po-
TENTIAL IN NITELLA.  G. P. Findlay
in Australian Journal of Biological
Sciences, Vol. 15, No. 1, pages 69-82;
February, 1962.

ELecTrOLYTES AND PLANT CELLS. G. IE
Briggs et al. Blackwell Scientific Pub-
lications, 1961.

DADDY LONGLEGS

THE SpipErR Book. John Henry Com-
stock.  Comstock  Publishing Co.,
1948.

SPIDERS AND ALLIED ORDERS OF THE
Britisu IsLes. Theodore H. Savory.
Frederick Warne & Co., Inc., 1935.

Spipirs, Scorpions, CENTIPEDES, AND
Mites. ]. L. Cloudsley-Thompson.
Pergamon Press, 1958.

THE VVORLD oF SmaLL ANimaLs. Theo-
dore H. Savory. University of London
Press, 1955.

THE AMATEUR SCIENTIST

THE ScienTIFIC AMERICAN Book oOF
PrOJECTS FOR THE AMATEUR SCIEN-
11sT. C. L. Stong. Simon and Schuster,
1960.
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WHICH JOB WOULD YOU TAKE?

If you're like most of us, you'd take the
job with the more tempting salary and
the brighter future.

Many college teachers are faced with
this kind of decision year after year. In
fact, many of them are virtually bom-
barded with tempting offers from busi-
ness and industry. And each year many
of them, dedicated but discouraged, leave
the campus for jobs that pay fair, com-
petitive salaries.

Can you blame them?

These men are not opportunists. Most
of them would do anything in their power
to continue to teach. But with families
to feed and clothe and educate, they just
can’t make a go of it. They are virtually

forced into better paying fields.

In the face of this growing teacher
shortage, college applications are ex-
pected to double within ten years.

At the rate we are going, we will soon
have a very real crisis on our hands.

We must reverse this disastrous trend.
You can help. Support the college of your
choice today. Help it to expand its facili-
ties and to pay teachers the salaries they
deserve. Our whole future as a nation
may depend on it.

It's important for you to know more about what
the impending college crisis means to you. Write
for a free booklet to: HIGHER EDUCATION,
Box 36, Times Square Station, New York 36, N.Y.
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Just facts.

Pratt & Whitney Aircraft’s record of technological
leadership spans a period of 36 years. Today, the
attitude of our progressive, orderly management—
with an eye to the future—is reflected by the con-
sistent reinvesting of massive company funds,
amounting to multi-millions of dollars annually, in
research and development work.

This philosophy of building a firm foundation for
engineering advances has held true from the early
days of the ‘“Wasp’ engine, on up through the
spectacular success of P&WA jet engines and into
the era characterized by APOLLO and SNAP 50.

Energy conversion, in its many intriguing forms, is
our dominant area of interest. Intensive investiga-
tions at our Connecticut and Florida facilities are
advancing the state of the art in many diverse

fields, ranging from space technology to indus-
trial powerplants.

Can you make important contributions to a solid
and talented engineering organization? We are par-
ticularly interested in qualified engineers at all
levels of experience, with backgrounds in applied
research e analytical engineering e mechanical de-
sign e experimental development e instrumentation
and controls e reliability and program analysis
e vehicle and powerplant systems analysis e ad-
vanced materials,

Please submit your resume in confidence to:

MR. P. H. SmiTH -or-
Pratt & Whitney Aircraft
400 Main Street

East Hartford, Conn.

MRr. J. H. MorTON

Pratt & Whitney Aircraft
West Palm Beach

Florida

Pratt & Wh itney Ai rcraft oveoser UN.TEDHRCRAFT corn

An Equal Opportunity Employer
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Ceramic engineers at Alcoa mix imagination with their own aluminas

These little fire-eaters are called Alcoa®
Tabular Alumina Balls. This photo shows
you how they operate at 1,800°C.

Our tabular alumina balls are designed
for pebble heat exchangers, pebble fur-
naces and similar high-temperature appli-
cations. But don't think of tabular alumina
as just white ceramic balls. It has other
shapes and other uses.

Since the mid-1930’s, it's been used to
make automobile spark plug insulators. In

fact,it'sone of the reasonswhy you seldom
see a broken spark plug.

You'll find tabular alumina in many types
of electrical insulators. Typical examples
are hermetic terminals in radar installa-
tions, and terminal insulators in trans-
formers and condensers.

Tabular alumina is also used in refrac-
tory brick to resist heat, corrosion and ero-
sion in glass and metal furnaces.

Petroleum refining equipment is lined

Entertainment at Its Best. .. ALCOA PREMIERE
Presented by Fred Astaire.. Thursday Evenings, ABC-TV

with castables of high-purity tabular alu-
mina to prevent poisoning of expensive
catalysts and reduce erosion.

There's a new future for tabular alumina
in the plastics industry as a filler in epoxy,
polyester and other resins.

For ideas on how tabular alumina can
help you, write to Alcoa. (Samples are
available.) Aluminum Companyof America,
Chemicals Division, 965-K Alcoa Building,
Pittsburgh 19, Pa.

ALUMINUM COMPANY OF AMERICA
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Talk, write, compute. Western Union Broadband subscribers will be doing all three through this revolutionary voice /date: mechanism.

New way to serve up business data

Today there’s a new way of speaking the four languages of business...voice, the
printed word, graphics and data. *&® Heart of the operation is a “broadband
switching system,” designed and produced to Western Union specifications by
our subsidiary, Automatic Electric. It is being put into service by WU over a national
microwave network. #&® Push buttons provide fast connection at desired band-
width for highest transmission reliability. #&® This is but one example of GT&E'’s

high-speed electronic telephone exchanges designed to meet tomorrow’s needs.

=)
3

i GENERAL TELEPHONE & ELECTRONICS 790 T Avn, Now Yk 17
{ " GT&E SUBSIDIARIES: General Telephone Operating Companies in 32 states ® General Telephone & Electronics Laboratories ® General Telephone & Electronics
U‘ International ® General Telephone Directory Co. ® Automatic Electric ® Leich Electric ® Lenkurt Electric ® Electronic Secretary Industries ® Sylvania Electric Products
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