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For rewarding entertainment, see “omxinus™, . . NBC-TV,

The future’s never been brighter for college students...

facing today’s world of opportunity

TopAY, almost all the leaders of Amer-
ican business are college trained . . .
over half of them with backgrounds in
engineering or science.

But students must plan ahead as
early as possible in high school. Par-
ents and school counselors can help
make certain that young people take
the right preparatory subjects for col-
lege. Then, when the time comes, stu-
dents will have freedom in selecting
courses for their future careers.

PREST-O-LITE Acetylene

} o __UCC’s Trade-marked Products include
BAKELITE, VINYLITE, and KRENE Plastics VISKING Food Casings PRESTONE Anti-Freeze PYROFAX Gas

VISQUEEN Plastic Film UNION CARBIDE Silicones

To help more young men and wom-
en achieve their ambitions, Union
Carbide established a scholarship plan
five years ago. Today, over 750 schol-
arships and fellowships go to deserving
students. The selection of scholars and
administration of scholarships is in
the hands of college officials.

The people of Union Carbide con-
sider this program a worthwhile in-
vestment in America’s most valuable
future asset—its youth.

LEARN MORE about Union
Carbide Scholarships and the
opportunities they present to
deserving young people. Write
today for Scholarship Plan
Booklet A.

Union Carbide Corporation,
30 East 42nd St., New York 17,
N.Y.In Canada,Union Carbide
Canada Limited, Toronto.
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CARBIDE
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AcHESON Electrodes

UnN1oN Calcium Carbide
NATIONAL Carbons SYNTHETIC ORGANIC CHEMICALS HAYNES STELLITE Alloys EVEREADY Flashlights and Batteries

LINDE Oxygen
ELECTROMET Alloys and Metals



Du Mont 12-stage Multiplier Phototubes
provide the high gain of 12 stages plus
outstanding stability to assure uniform results
over long-term use. Du Mont 12-stage
Multiplier Phototubes are available in 2, 3%,
5, 12" and 16" sizes.

You can always count on Du Mont

Precise Photoelectronics to do

the job right —every time.

pUMONT

Precise PHOTOELECTRONICS

Industrial Tube Sales, ALLEN B. DU MONT LABORATORIES, INC. 2 Main Ave., Passaic, N. J.
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Foxboro
malkes a better
instrument

... or Foxboro
doesn’t

make it!

Precision calibration of the d/p Cell Flow Transmitter — a Foxboro development which
has improved processing accuracy in more than 60,000 installations.

FOXBORO

REG. U.S. PAT. OFF.
Creative Design and Manufacture of Instruments and Instrument
Systems for Measurement and Control of Process Variables. The Foxboro Company, Foxboro, Mass., U. S. A.
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An account of how radio is used to determine the orbits of artificial satellites.
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LINDE 2 for

THE COVER

The painting on the cover depicts an
apparatus which will not work but
which has nonetheless been useful
to physicists. It was invented by Al-
bert Einstein to perform a “thought
experiment” which he hoped would
show the error of Werner Heisen-
berg’s principle of uncertainty (see
page 51). The apparatus consists of
an ideal box which will contain ra-
diant energy indefinitely. The box is
suspended from a spring; its weight
can be measured on the scale at left.
Inside the box is a clockwork mech-
anism which at a given instant can
open the shutter at upper right and
allow a single photon of radiant en-
ergy to escape from the box. Ein-

. stein argued that the box could now
eeeln cloud and bUbb'e Chambers be weighed again to obtain precise
information about the photon. This

vee in radiation de'-ecfing equipmenf would contradict the uncertainty

principle. Niels Bohr later demon-
strated, however, that the precision

«eelN gas d'SChar ge deVices of the apparatus would be nulli-

fied by uncertainties of its operation.

...as protective atmospheres for

(]
crystal growing
THE ILLUSTRATIONS
Rare gases produced by LINDE are continuously analyzed by mass Cover painting by Walter Murch
spectrometer, gas chromatography, and chemical and physical

. . P Sour
methods. These analytical checks assure you of the purest rare ' e ouree
btainabl 23 William Vandivert
gases obtainable. 24-26  Irving Geis
LINDE argon, neon, helium, xenon and krypton are available 27 William Vandivert (top),
in one- and two-liter glass bulbs, or in steel cylinders under pres- Naval Research Labora-
sure. Mixtures of gases are also available to your specifications. 28 I t.org ébgttom)
K . 2 rving Geis
Prompt delivery is assured. 29 William Vandivert
For detailed data on the physical and electrical properties of 30-34  René Martin
LINDE Rare Gases, write Dept. R-1. LiNDE CoMPANY, Division of | ‘:35 ) Gm.ham'Hoy}e o
Union Carbide Corporation, 30 East 42nd Street, New York 17, 3637  University of California
. oo L . . 38 Mason Weymouth
N.Y. Offices in other principal cities. In Canada: Linde Company, Il 39-41 Irving Geis
Division of Union Carbide Canada Limited. || 42 Mason Weymouth
52-57  Bunji Tagawa
61 Eric Mose
69 Anthony C. Allison
The terms “Linde” 71-74  Bunji Tagawa
and “Union Carbide” 77 Boice N. Daugherty
are registered 78-82 Bunii Tagaw:
trade-marks of Union -~ u.ll]I agawa
TRADE-MARK Carbide Corporation. 85-90  Eric Mose
i 94-96  Bunji Tagawa
; 99-109 Roger Hayward
A LEADING PRODUCER OF NATURE'S RAREST GASES
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SILICONE NEWS

The Road Ahead: Silicones

® Increase Efficiency

% Reduce Upkeep Costs

WHAT’S AHEAD IN AUTOMOBILES ?—

With °58 models newly sparkling in

the nation’s showrooms, auto men are turning their attention to future car

designs.

Whether the °59 and ’60 editions will be fatter, finnier, or fuel-

injected is anyone’s guess . . . Detroit doesn’t tell. But one thing certain is the
increasing importance of Dow Corning Silicones in automobile performance.
Silicones began appearing in cars only in recent vears, but their application
by designers has constantly increased: the future holds much more.

NEW EFFICIENCY — In an unex-
pected place (the cooling fan) auto
engineers have found a new source
of usable horsepower. Ten or more
horsepower per engine! And the dis-
covery hinges on silicones.

This latest power booster is really a
power saver known as the Thermo-
Modulated Drive. It works on a fluid
drive principle . . . the fan revolves
only as fast as required for cooling.
The fan is connected to the engine
via an adjustable coupling, containing
silicone fluid, rather than direct drive.
A thermostat determines how hot the
engine cooling water is, and adjusts
the fluid coupling — therefore fan
speed — accordingly.

Only silicone fluids are able to keep
a constant enough consistency for this
drive mechanism. They don’t thin out
in heat or become “heavy” when cold,
as petroleum oils do. Auto men
already knew this from using silicone
damping fluids to prevent jiggling of
dash instrument needles. Dow Corn-
ing silicone fluids for new “air rides”
have similar features.

MORE MILES BETWEEN “PIT
STOPS” — Silicones help reduce auto
maintenance too. Here are some cur-
rent examples . . . future ones are
almost limitless!

Item: SEALS MADE OF SILASTIC¥,
the Dow Corning silicone rubber,
prevent oil lgakage in automatic
transmissions. Despite the fact that
transmission oil temperatures now
average 250 F and may reach 325 F,
Silastic defies heat, provides a positive
seal, assures long, trouble-free service.

Item: Dow CORNING 4 X is
specified by all auto manufacturers
to protect and keep weather stripping

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

and rubber mounts from “squeaking.”
Widely used by auto repair shops too
. . . in spray or greaselike form.

Item: JACKETS MOLDED OF
SiLasTic protect spark plugs from
moisture . . . keep them firing when
humidity’s high. Unlike ordinary
rubber, Silastic is not harmed by
engine heat, always maintains a
flexible, effective moisture guard.

Item: SILICONE BASED POLISHES,
everyone’s favorite for protecting a
car . . . give the finest, durable gloss
with the least effort!

NEXT YEAR’S GUIDE— to silicones
is the 1958 catalog of Dow Corning

products, just published. 16 pages,
fully illustrated, and conveniently
indexed, the 58 guide is a practical
one-source reference to the fascinat-
ing new world of silicones. Send for
your free copy today.

FOR MORE INFORMATION on any of these silicone products

or applications, write Dept. 981

Dow Corning CORPORATION

MIDLAND. MICHIGAN

ATLANTA BOSTON CHICAGO CLEVELAND DALLAS DETROIT LOS ANGELES NEW YORK WASHINGTON, D. C.

CANADA: OOW CORNING SILICONES LTD., TORONTO GREAT BRITAIN: MIDLAND SILICONES LTD., LONDON FRANCE: ST GOBAIN, PARIS
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Foaming in place from a liquid stage without added
heat or pressure is one of the most important ad-
vantages of urethane foams. They will expand
and solidify in the confining area of any cavity.
Complicated molds or voids can be filled com-
pletely without expensive fittings or fabrication.
When foamed-in-place, urethanes form a tight
bond to metals, wood, glass, fabrics and most other

quires it, adhesion can be eliminated entirely with
a mold-release agent.

Structural reinforcing can be simplified by foam-
filled “sandwich” panels using thinner primary
surface materials. Insulation of valves, piping or
odd-shaped equipment can be done in less time.
Foaming in place offers a simplified way to im-

prove designs, yet at savings in manufacturing

grease-free surfaces. When the application re- and maintenance costs.

Now: foam-in-place...
New urethane foams made with DuPont HYLENE*

Whether your design problems require a material for structural reinforce-
ment, thermal, sound or vibration insulation, formulators of urethane foaming
compositions can now supply you with liquid two-part systems that offer all
the unique properties of urethane foams in either rigid or semi-rigid form.
These systems, customized to meet your particular requirements, can be
foamed-in-place without added heat or pressure—in densities from 2 to 20
Ibs. /cu. ft.—to fill even the most complex cavities. The foams “self-adhere”
to most surfaces while foaming. They have K factors as low as .21. Their
cell structures are controllable. They offer you new opportunities for product
design and development. / *HYLENE is DuPont’s trademark for its organic

isocyanates—key urethane foam ingredients. Mail coupon today for details.
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TYPICAL PROPERTIES OF URETHANE FOAMS

PROPERTY Density of Foam (per cu. ft.)
21b. 101b. 20 1Ib.
Adhesion (bond strength, psi)
to glass . Traite 9 50 142
to steel . 62 146
to wood R s e 17 62 170

Compressive Strength at 75° F.
(Ib./sq. in at 509, deflection) . . . 10 290 —

Flame Resistance Can be formulated to be self-
extinguishing when flame is
removed; burns only in direct
contact with flame.
Flexural Strength
(Ib./sq. in. at 75° F.) 275 750
As insulating materials, rigid and semi-rigid ure-
Sound Absorption Coefficient thane foams are exceptional performers. In ther-
(@ 500 cycles/sec.) . .+ 099 0.22 - m(ﬁl appliclaitilonf,i they are equallor su%)erior inl{(
o . " value to all leading commercial insulations. At
Tomperaturs Range t0250° F. 10 250° F. to 250° F. densities below 10 1bs./cu. ft. their K factor is
Thermal Conductivity at 75° F. under .25. Low density foams are particularly
(K Factor—BTU/hr./sa.ft./in./°F.)  0.21 0.24 0.32 effective for acoustical insulation. Higher densi-
ties effectively reduce sound transmission. Vibra-
Moisture Absorption—Ibs. per cu. ft. tion dampening effect is also excellent. Few, if
(120 hours at 98% rel. hum.) . . . 0.38 . any, other materials of construction offer the com-
bined insulating properties of urethane foams.

without heat or pressure

permit many improvements in industrial designs

E. I. du Pont de Nemours & Co. (Inc.)
Elastomer Chemicals Dept. SAH-1
Wilmington 98, Delaware

[ ] Please send me a copy of your free booklet, “Rigid and

Write for our new, free booklet Semi-Rigid Urethane Foam.”

describing the properties and
uses of urethane foams.

. [ ] I'm interested in urethane foams for possible application in -

[ ] Please send me a list of foaming composition suppliers.

URETHANE FOAMS

made with DUPONT HYLENE

Name Title

Firm

REC. 05 Par OFF. Address

Better Things for Better Living
«« . through Chemistry

City State
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LETTERS

Sirs:

The article by B. T. Matthias on super-
conductivity [SCIENTIFIC AMERICAN,
November, 1957] contains some mis-
leading statements in regard to theory
which I would like to take this oppor-
tunity to correct. While it is true that
there was no satisfactory explanation of
superconductivity at the time Matthias
did his interesting and important work
on superconducting compounds, this is
no longer the case. Last spring my col-
leagues L. N. Cooper and J. R. Schrieffer
and I proposed a new theory which has
been quite successful in accounting for
the properties of superconductors, not
only in a qualitative but also in a quan-
titative way. This theory is mentioned
briefly in the article, but in context it
appears as only an extension of previous
work and of doubtful validity.

At the time Matthias’s article was pub-
lished only a brief and preliminary ac-
count of our theory had appeared in
print. A comprehensive paper has now
been published in The Physical Review
(issue of December 1). Preprints of the
latter paper have had a fairly wide dis-
tribution for the past several months, so
that a number of physicists have had a
chance to study it. No valid objections
have been raised; there appears to be

Scientific American, January, 1958; Vol. 198,
No. 1. Published monthly by Scientific American,
Inc., 415 Madison Avenue, New York 17, N. Y.;
Gerard Piel, president: Dennis Flanagan, vice
president; Donald H. Miller, Jr., vice president
and treasurer.

Editorial correspondence should be addressed to
The Editors, Scienmiric 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, 415 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.

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

iption rates for U.S.A. and possessions: 1
yea, 5; 2 years, $9; 3 years, $12.50. Canada and
America: 1 vy 86; 2 years, 811; 3 years,
$15. All other countries: 1 year, §8; 2 years, $14;
3 years, $18.

general agreement that our explanation
is sound.

As stated in the article, there is still
some question about mathematical rigor
in parts of the theory. As is often the case
in the solution of complex problems of
this sort, some of the approximations
made are based on physical rather than
on purely mathematical reasoning. No
doubt the mathematical rigor can and
will be improved as time goes on. A num-
ber of physicists are working on different
aspects of the problem now.

Since our explanation makes use of
quantum theory, it is difficult to describe
to the lay reader. It is based on inter-
actions between electrons and vibra-
tional motion of the atoms of the metal,
although not in the way suggested in the
article. Electrons do not “ride along on
the lattice vibration as on a wave”; in
fact, they are scattered about as much in
superconductors as in normal metals.
The difference is that scattering of in-
dividual electrons does not cause the
current to decrease and give resistance
in superconductors as it does in ordinary
metals, but only gives rise to local fluctu-
ations in current. According to our theo-
ry, a fraction of the electrons are asso-
ciated in pairs, and it is an important
feature that the net momentum be pre-
cisely the same for each of these pairs.
In the absence of a magnetic field (prac-
tically, the magnetic field due to the
current itself can be minimized by using
a very thin film) current flows when the
common momentum of the pairs is other
than zero. Thermal fluctuations can
cause pairs to break up or re-form, but
such local fluctuations do not change the
common momentum and thus the cur-
rent; only a force which acts on all of the
electrons at once can do so. Most cur-
rents in superconductors are associated
with magnetic fields. The explanation of
these diamagnetic currents follows along
the lines originally suggested by Fritz
London.

I believe it is fair to say that our
theory goes well beyond an extension of
previous work. In the formulation of our
theory we were of course much aided
by prior theoretical work of London,
H. Frohlich and others and by the vast
amount of excellent experimental work
done by many people, all of which
served to indicate the path along which
a satisfactory theory might be found.
Our essential contribution was to show
how the electronic structure of the su-
perconducting state differs from that of
the normal state. With this break-
through we were able to calculate vari-

© 1957 SCIENTIFIC AMERICAN, INC

ous, superconducting properties for a
simplified model. Theoretical results can
be compared with experiments on real
superconductors when the parameters of
our model are determined empirically
from appropriate measurements on the
metal. One of these, the magnitude of
the interaction which determines the
transition, is evaluated from the transi-
tion temperature, T; the other two re-
quired are obtained from measurements
in the normal state.

Since the transition temperature is
sensitive to the details of electronic
structure which are not well known in
actual metals, a direct calculation of T,
from first principles is difficult. David
Pines (The Physical Review, in press)
has shown, however, that some of the
empirical rules which Matthias found
can be understood on the basis of our
theory.

Jou~N BARDEEN

Department of Physics
University of Illinois
Urbana, Illinois

Sirs:

At the time most of my article was
written, the theory Professor Bardeen
refers to was very new. As an experi-
mentalist, I felt that it was not appro-
priate for me to attempt to evaluate re-
cent theoretical developments. Never-
theless, the obviously great importance
and wide acceptance of Bardeen, Cooper
and Schrieffer’s theory made it necessary
to say something. The resulting compro-
mise was bound to err on the side of
caution. It is certainly much more ap-
propriate for Professor Bardeen to dis-
cuss and evaluate his theory than for me
to, and I am delighted that he has taken
this opportunity to do so.

As he notes in his last paragraph, the
occurrence of superconductors among
chemical substances is naturally a very
difficult theoretical question. After all,
there is no good theory of the occurrence
of phenomena—ferromagnetism, for ex-
ample—which have been much better
understood theoretically. Nonetheless
the Bardeen, Cooper and Schrieffer the-
ory has been much more successful in
this field than any previous one.

B. T. MATTHIAS
Murray Hill Laboratory

Bell Telephone Laboratories
Murray Hill, N. J.



polymers for POWER

The versatility of THIOKOL liquid polymers and their ability
to cure to a tough solid rubber at normal temperatures have

long intrigued the chemical and rubber industries.

But only nine years ago “polymers for power’” was a new and
daring concept in the field of rocketry. Army Ordnance spe-
cialists were among the first torecognize and promote solid

propellant rocket power based on Thickol liquid polymers.

Today Thiokol solid propellant rocket engines developed in
conjunction with the U. S. Army power some of the nation's most
advanced missile systems: Nike Hercules, Hawk, Falcon, Lacrosse,
Sergeant and the X-17.

T+ cokol

CHEMICAL CORPORATION"

TRENTON, N. J. = ELKTON, MD. & MUNTSVILLE, ALA
MARSHALL, TEXAS » MOSS POINT, MISS. » BRIGHAM CITY, UTAH

mark of the Thiokol Chemical Corporation for its liguid polymers, rocket propelliants, plasticizers and other chemical products
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Special Commodities Division
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CAULKING | COMPOUNDS

Guartec... a “secret” ingredient in these products
may stimulate new interest in your products too

Guartec products may help you get the jump on compe-
tition. Added in minute quantities to your water-based
products, Guartec solutions improve spreading, rolling,
brushing and flowing characteristics. Such products apply
easily, have improved body or feel, can be packaged in
unusual or more convenient ways. Results: products with
the extras that make extra sales.

As low cost viscosity modifiers, Guartec gums are five
to six times as effective as starch, two to five times as
effective as synthetic or other vegetable gums. They require
no cooking, keep their properties after freeze-thaw, and

-suspend and stabilize in many combinations of ingredients.

GET MORE FACTS about product improvement with
Guartecs. Write Mr. C. H. Bell, President General Mills,
1228 General Mills Building, Minneapolis 1, Minnesota.
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General

the future is our frontier

INDUSTRIAL GROuP € -

Special Commodities Division « Chemical Division
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Here an Air Force rocket leaves its launching
station, a General M<lls balloon, in mid-azr.
Launched from a platform below the balloon,

it has travelled through the sphere and out the top.

we build rocket stations
in the sky to speed
man’s conquest of space

In Project Farside, this General Mills
polyethylene balloon, the largest ever flown,
lifted a rocket 100,000 feet above the

earth. (The nearly 4,000-pound load was the
greatest ever carried to that height.)

With 98.7 percent of the drag-producing
atmosphere already behind it, the rocket
could then be sent farther out into the
unknown to gather scientific data essential
to man’s mastery of the upper atmosphere.

=
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Unusual projects of this type are a
specialty of the complete balloon systems
group at General Mills. The complete
package includes balloon and instrument
design and manufacture, launching and
recovery services, weather forecasting, data
reduction—everything needed for any type
of high altitude research.

® ¥ ® ¢ ¢ ¢ ¢ ¢ ¢

GET MORE FACTS about high altitude
research and other technical capabilities
at General Mills. Write Mr. C. H. Bell,
President General Mills, General Mills
Building, Minneapolis 1, Minnesota.

i1

General
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the future is our frontier MI l l S

INDUSTRIAL GROUP

Mechanical Division + Chemical Division
Soybean Division ¢ Special Commodities Division
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confinued next page
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now you can give your foods protein sales appeal
at no more than the cost of adding flour

Food processors who take advantage of the widespread
interest in protein fortified foods are operating in a lucra-
tive market these days—and the market is still young,
but growing all the time. Food processors use our Toasted
509, Soy Proteins (they’re no more costly than flour
and just as easy to handle) to make their products
more appealing to a larger number of consumers. Others
can use them to create entirely new products. Toasted
Soy Proteins blend easily, are compatible with most
food ingredients, possess an unusually bland flavor.
Available as granular flours or grits.

GET MORE FACTS about protein fortification with
Toasted Soy Proteins. This could be your next big
opportunity. Write to Mr. C. H. Bell, President General
Mills, 1228 General Mills Building, Minneapolis 1,
Minnesota.

the future 1s our frontier

INDUSTRIAL GROUP

Soybean Division « Chemical Division
Mechanical Division e Special Commodities Division
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& paint a satellite in outer space?

you could with new Versamid-based paints

“Impossible” jobs like this would be no problem with
new paints made from Versamid polyamide resins—
because, these tenacious, flexible coatings require no
oxygen to dry. They defy ordinary paint’s worst
enemies too: alkalies, acids, impact, weathering. They’ll
air dry or bake. Some are as hard after air drying as
ordinary paints are after baking. Other resins provide
some of these characteristics, but only Versamids com-
bine all of them in a single product. In addition to
coatings, Versamids are used to make exciting new
adhesives, sealants flexographic inks, tools and dies.

NOTE: General Mills does not make these new paints, only the Versamid
polyamide resins that make them possible.

GET MORE-FACTS about opportunities with Versa-
mids. Write Mr. C. H. Bell, President General Mills,
1228 General Mills Building, Minneapolis 1, Minnesota.

General

®
the future is our frontier M | I l S

INDUSTRIAL GROUP

Chemlical Division < \echanical Division
Soybean Division e Special Commodities Division
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20 AND 100
YEARS AGO

JANUARY, 1908: “The progress of
work during the year 1907 on the Pana-
ma Canal was such as to confirm the
recent estimate of Secretary Taft and
Colonel Goethals that this great work
will be finished in six years” time. During
the past twelvemonth there was exca-
vated along the line of the canal a total
of 16,764,095 cubic yards. Of this
amount, about 11,000,000 cubic yards
were removed by steam shovels and over
4,800,000 cubic yards by dredges. The
greatest results, of course, were shown
in the Culebra division, from which
alone over 9,000,000 cubic yards were
taken out. For the first time on record,
the 2,000,000-cubic-yard limit of month-
ly excavation was reached and, indeed,
passed. This occurred in December of
last year, when 2,200,539 yards were re-
moved. It now seems certain that the
Culebra cut will not be the determining
factor in the time of completion of the
canal, but rather the vast and difficult
work of building the Gatun locks.”

“The Tartar, one of the five new 33-
knot British destroyers, which had al-
ready, in its preliminary trials, broken
the world’s record for speed by attaining
35.952 knots on an Admiralty course,
carried out its final speed trials in De-
cember, in the presence of various Ad-
miralty officials. The vessel maintained
the unprecedented speed of 35.363 knots
throughout a continuous run of six hours’
duration, thus covering a total distance
of about 212 knots during this period.
On six runs over the measured Admiralty
knot during the six hours’ run the mean
speed proved to be 35.672 knots, and
the best speed attained on any one run
was 37.037 knots, thus creating still an-
other record. The turbines of the Tartar
are of the Parsons type, and steam is sup-
plied by boilers using oil fuel.”

“That the automobile has settled
down to its approximate final type is
suggested by the small and decreasing
number of novelties which have made
their appearance during the past year.
And with this ultimate agreement upon
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a best type there has come a remarkable
improvement in the quality of the prod-
uct, both as to the material of construc-
tion, the reliability of operation, and the
finish and general appearance. Wonder-
fully rapid has been the development of
this most complicated machine to its
present perfection. We may search in
vain through the whole field of mechani-
cal engineering to find a parallel, unless,
indeed, it be in the scarcely less rapid
development of the steam turbine. The
composite automobile at the close of the
year 1907 has a pressed-steel riveted
frame; a 40-horse-power, 6-cylinder en-
gine; magneto ignition, with the jump
spark in reserve; it is water-cooled, with
its pump driven by gears from the en-
gine shaft; it has a three- or four-speed
sliding gear of the selective type; a cone
clutch, or if not that, one of the floating
disk or ring type; the car body is dis-
tinguished by straight lines and a gen-
eral simplicity and purity of outline and
coloring. With reasonably careful han-
dling and inspection, a car of this type,
built by any of the first-class makers,
affords as reliable a means of locomotion
as exists to-day.”

“On December 23 the Signal Corps
issued specifications and invited bids for
a heavier-than-air flying machine capa-
ble of traveling at the rate of 40 miles
an hour in still air and carrying two men
aggregating 350 pounds, as well as suffi-
cient fuel for a flight of 125 miles. In
taking this step, the War Department
has recognized that a dynamic flying
machine is now a reality; so our Govern-
ment is now in advance of all foreign
powers in the recognition of this fact.
As no one has thus far come forward and
won the SCIENTIFIC AMERICAN trophy
for a flight of a kilometer in a straight
line, however, it is extremely doubtful
whether there will be any bidders to
compete for the Government contract
for such a machine.”

“Three grammes of radium (about 46
grains), the largest quantity yet pro-
duced at one time, has been extracted by
the Imperial Academy of Sciences of
Vienna, from 10 tons of uranium and
pitchblende given them by the Govern-
ment from its mines in Bohemia, and
although the crude material cost noth-
ing, the extraction alone amounted to
$10,000. This, however, cheapens the
cost of radium considerably, for the three
grammes, approximately, above men-
tioned, were obtained at one third the
cost of previous products which, it has
been estimated, would be worth not less
than $3,000,000 an ounce. A small frac-
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tion of the yield has been presented to
Sir William Ramsay, the English scien-
tist. A part will be used by other re-
searchers to test Prof. Ramsay’s theory
regarding the breaking up of radium into
other elements.”
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JANUARY, 1858: “The following
statistics will enable our readers to form
some conception of the enormous con-
sumption of gas, and of the extent to
which this branch of industry has at-
tained. Muspratt, in speaking of the in-
fluence of chemistry, says that in Eng-
land 6,000,000 tuns of coal are annually
employed for the manufacture of gas,
and from 12,000,000 to 15,000,000
pounds sterling are expended in its pro-
duction. In London alone 500,000 tuns
of coal are annually used, producing
4,500,000,000 cubic feet of gas and
500,000 chaldrons of coke; of the latter,
125,000 chaldrons are consumed in
manufacturing the gas, and the re-
mainder is sold for fuel. Upwards of half
amillion houses in London burn gas.”

“We see that the Chaffee patent is
again before Congress, on a petition pre-
sented by Mr. Pugh of Ohio for its fur-
ther extension. This may be regarded as
the inauguratory operation of the patent
lobby for the session, and the precursor
of a host of other jobs of a more or less
profitable kind. The amount of corrup-
tion that will be brought to bear on
Congress during the present session will,
we believe, be greater than has ever be-
fore been known. These patent exten-
sions are an inexhaustible mine of wealth
to the lobby speculators. Besides the
Chaffee interest, there are some three or
four others, such as the McCormick
reaper, the Colt pistol and Hayward
India rubber extensions, which are suffi-
cient to make the fortunes of all con-
cerned in them. In addition to these,
there are land jobs and other fat pick-
ings, from which trading politicians,
starving journalists and idle lawyers can
all glean something. Uncle Sam’s estate
may be compared to an Irish patrimony—
it is entailed for the benefit of the hun-
gry and needy.”

“We Americans have manufactured
25,965 miles of railroad, which, if it
could be stretched in one continuous
line around the waist of Mother Earth,
would still leave her about a thousand
miles for a bow-knot.”



BELL TELEPHONE LABORATORIES

DEVELOPS NEW COMPACT
COMPUTER FOR
U.S. AIR FORCE

J. A. Githens, B.S. in E.E., Drexel Institute of Technology, and J. A. Baird, Ph.D. in E.E,,
Texas A. & M., check the control panel of Leprechaun, a new high-speed computer which
solves extremely complex problems in one-tenth of a second. Small size and low power are
made possible by new design principles and Bell Laboratories’ invention of the transistor.

The United States Air Force assigned Bell Labs
an interesting assignment: develop a new kind of
electronic computer. The major requirement was
greater simplicity. Of course, no computer is sim-
ple, but this one (known as ‘“Leprechaun” to its
designers) is much smaller and simpler than most
of the computers currently in use.

It has only some 9000 electrical components;
5000 of them are transistors. As a result, Lepre-

BELL TELEPHONE LABORATORIES

chaun has less than one-third the components of
conventional computers. This facilitates testing,
experimentation, assembly and service.

Even in its experimental state, Leprechaun is
a stimulating example of great strides in the sim-
plification and miniaturization of circuitry . . . a
problem of profound interest to all Bell Labora-
tories researchers as they develop radically new
equipment for your future telephone service.

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT
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The world's largest centrifuge for humans, at Johnsville NADC, is capable of producing 40 times the force of gravity. Flight
surgeons and engineers can ride within the “cockpit’” at the end of a 50 foot arm.

JOHNSVILLE NAVAL AIR DEVELOPMENT CENTER
STREAMLINES RESEARCH VITAL TO DEFENSE

Located in historic Bucks County, just north of Phila-
delphia, the Johnsville NADC is carrying out a multi-
tude of scientific tasks designed to keep our Navy’s
air arm second to none. Johnsville, the Navy’s largest
aeronautical research and developmental activity, de-
veloped the radar early-warning systems for planes
now cruising above the oceans bordering the United
States. Tremendous studies have been made at this
center in airborne anti-submarine detection systems,
and Johnsville scientists developed the first mock-up
of a vertical take-off fighter.

The NADC Aeronautical Instruments Laboratory
at Johnsville is engaged in development and evalua-
tion for the Army-Navy Instrumentation Program,
and was first to develop the automatic artificial stabil-
ity control for rotary wing aircraft. Other NADC
projects include high-speed low-level cameras. ..
techniques for underwater launching of guided mis-
siles . . . and radio controlled drone planes carrying
bombs, used so effectively against the enemy in Korea.

This defense center covers over 750 acres, includ-
ing a Naval Air Station which provides aircraft for
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his is one of a series of ads on the technical

activities of the Department of Defense.

FORD INSTRUMENT CO.
DIVISION OF SPERRY RAND CORPORATION
31-10 Thomson Avenue, Long Island City 1, New York

Field Sales Offices: Beverly Hills, Calif.; Dayton, Ohio

scientists carrying out their experimental missions.
There are eight laboratory groups at Johnsville, spe-
cializing in computation; aircraft armament; systems
for drones, missiles and other special aircraft; aviation
medicine; air warfare research; aeronautical instru-
mentation; aero electronics; and experimental pho-
tography, a field unto itself.

Many unusual facilities are available to Johnsville’s
scientific staff of over 2,200 people. In addition to
equipment such as the giant centrifuge illustrated,
the center has one of the world’s largest analog com-
puters — the TYPHOON — which can handle an
infinite variety of engineering and aerodynamic prob-
lems. Johnsville has a fabrication shop capable of
manufacturing anything from a delicate instrument
to a complete aircraft. Huge cold chambers are avail-
able to test equipment for use under conditions such
as those encountered in Operation Deepfreeze, cur-
rently underway in the Antarctic. Johnsville is cooper-
ating closely in the Geophysical Year — as well as
turning out a wide variety of scientific developments
for BuAer, the fleet, and Navy contractors.

Engineer at Ford Instrument tests jet engine

ENGINEERS of unusual abilities can find a future at FORD INSTRUMENT CO. Write for information.
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exhaust temperature indicator developed for the
Navy's Bureau of Aeronautics.



New Sales Service Lab at Bartles-
ville is completely equipped with latest
commercial processing machinery and
research apparatus, including environ-
mental test chambers. Phillips experi-
enced technical service staff will assist
you in developing new products and
processes using MARLEX plastics. Please
make arrangements through your local
MARLEX sales representative.

High strength and resistance to heat,
cold and moisture adapt MARLEX 50
film to many industrial and agricultural

services . . . for moisture barriers in
building and highway construction, gar-
ment bags, drum and carton liners, pro-
tective and insulating tapes, high-altitude
balloons . . . pond liners, irrigation
ditches, mulch, greenhouses, silo caps
and liners, protective covers, etc.

Liquid-tight pouches made from
MARLEX 50 film are ideal for packaging
foods or industrial products that are oily,
wet, frozen or hygroscopic. Foods can
be boiled in flavor-sealed MARLEX 50
packages. MARLEX 50 film is imperme-
able to moisture and most chemicals, and
new extrusion techniques yield film with
the burst strength and clarity of conven-
tional polyethylene film.

Sterilizable MARLEX 50 film is
suitable for packaging drugs, medical

supplies and instruments . . . covering
operating tables . . . and many other
hospital uses. Controlled orientation in
processing yields a tough, clear, heat-
shrinkable film. Excellent stiffness and
slip and non-blocking characteristics
make MARLEX 50 ideal for use in high-
speed packaging applications.

*MARLEX is a trademark for Phillips family of olefin polymers.

PLASTICS SALES DIVISION, PHILLIPS CHEMICAL COMPANY
A Subsidiary of Phillips Petroleum Company, Bartlesville, Oklahoma

NEW ENGLAND

322 Waterman Avenue,
East Providence 14, R. I.
GEneva 4-7600

DISTRICT
OFFICES

NEW YORK AKRON
80Broadway, Suite 4300 318 Water Street,
New York 5, N. Y.
Digby 4-3480

CHICAGO

Elmhurst, 1Il.
TErrace 4-6600

Akron 8, Ohio
FRanklin 6-4126
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111 S. York Street,

WESTERN SOUTHERN & FOREIGN
330 Security Bldg,,  Adams Building,

Pasadena, Calif. Bartlesville, Oklah

RYan 1-6997 Bartlesville 6600, Ext. 8108
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Water at nearly 250 degrees F, under about 15 |b. pressure, enters flat vertical tubes of brass, which extend back through the
radiator core. Crimped, paper-thin copper bonded to the tubes dissipates engine heat to air flowing through the radiator.

How copper makes it easier to cool today's hot engines

Modern high-speed rolling mill specially installed by
The American Brass Company to produce radiator copper.

THE PROBLEM: As horsepower and
compression ratios zoomed during the
last few years, automobile radiators and
cooling systems had to get rid of more
heat. At the same time, car silhouettes
grew lower — accessories multiplied.
Finally, there just wasn’t room under the
hood for conventional radiators big
enough to do the job.

THE SOLUTION: Radiator designers
went back to fundamentals. The greater
the temperature difference between radi-

ator water and the outdoor air, the more
heat the radiator can toss off. So these
engineers allowed operating tempera-
tures to rise about 50 degrees (under hot
weather driving conditions) by running
the cooling system under pressure. Now,
an even lighter and more compact radia-
tor can get rid of engine heat at a rate
to keep four 6-room houses comfortable
in zero weather.

Having the highest heat conductivity
among commercial metals, copper and
copper alloys help keep radiator size to
the minimum. Even at higher tempera-
tures, they give the needed resistance to
corrosion from the atmosphere and from
water and antifreeze solutions. And, be-

cause these metals are so easy to form
and join, they also make possible eco-
nomical mass production.

THE FUTURE: Through the years,
Anaconda technical men have been
working closely with auto and radiator
manufacturers. With each advance in de-
sign, these specialists helped provide the
precise metal products to meet the new
needs. So too, Anaconda and its manu-
facturing companies can help you meet
your ever-changing requirements.
Whether you need copper and copper
alloy mill products or wire and cable of
copper or aluminum, call the Man from
Anaconda. The Anaconda Company,
25 Broadway, New York 4, N. Y. 57264

ANACONDA

THE AMERICAN BRASS COMPANY—ANACONDA WIRE & CABLE COMPANY
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THE AUTHORS

JOHN T. MENGEL and PAUL
HERGET (“Tracking Satellites by Ra-
dio”) represent the technical and scien-
tific aspects of moon tracking: Mengel
is top radio engineer of the Navy’s Pro-
ject Vanguard, while Herget, professor
of astronomy at the University of Cin-
cinnati, studies the orbits of small mem-
bers of the solar system—including those
launched by man. Mengel acquired a
B.S. in physics from Union College in
1939, then worked on vacuum-tube de-
velopment for the General Electric Com-
pany. This led to research during World
War II on detection devices for ships,
which led to a postwar job making the
first research mnose-shells for the V-2
rocket. In 1955, after several years at the
Naval Research Laboratory he joined
Operation Vanguard, where he now
heads the Tracking and Guidance
Branch. Herget received his undergradu-
ate and graduate training at the Uni-
versity of Cincinnati, and has taught
there since 1931. He saw wartime serv-
ice at the U. S. Naval Observatory and
at Oak Ridge, and is the author of a book
entitled Computation of Orbits.

GRAHAM HOYLE (“The Leap of
the Grasshopper”) is a zoologist at the
University of Glasgow. Although biology
was his first scientific love, he took a
wartime degree at the University of Lon-
don in chemistry and physics. Then
he joined the Ministry of Food to experi-
ment on vegetable dehydration—a job he
describes as “cramming tons of cabbage
into a biscuit tin.” Later Hoyle taught
in a grammar school. Dissatisfied with
this career, he returned to the Univer-
sity of London and started over again
as a zoologist. There, intrigued by the
problem of how insect nerves operate in
spite of the high content of nerve-block-
ing potassium in insect blood, he began
to perform experiments on grasshoppers.

SAMUEL A.SCHAAF, LAWRENCE
TALBOT and LEE EDSON (“Ultra-
high-Altitude Aerodynamics”) are on
the faculty of the University of Califor-
nia, where Schaaf and Talbot co-direct
the Rarefied Gas Dynamics Project and
Edson teaches technical writing. Schaaf,
who also heads the University’s aero-
nautics program, earned a Ph.D. in
mathematics at California in 1944. In
World War II, as a member of Richard
Courant’s applied mathematics group at
New York University, he analyzed the

operation of Germany’s V-1 missile.
Schaaf’s hobby is golf. He says that he
scores in the 70’s because his training in
aerodynamics enables him to predict the
ball’s trajectory. Talbot, who teaches
mechanical engineering at Berkeley, is
an expert on shock-wave structure. Now
on sabbatical leave in France, he is con-
ducting studies at the Mediterranean
Institute of Thermodynamics at Nice
and lecturing at the University of Paris.
Edson, who has a B.S. in physics from
the College of the City of New York,
worked briefly in physical chemistry be-
fore joining the Navy Bureau of Ord-
nance laboratory as a technical editor.
In addition to his teaching duties at
Berkeley, he contributes frequently to
national magazines.

GEORGE GAMOW (“The Principle
of Uncertainty”) was present at the
birth of “the philosophy of uncertainty.”
As a graduate student of physics at the
University of Leningrad in 1928, he
found himself in hot water because “the
research topic proposed by my profes-
sor was so boring that the work hardly
made any progress.” That summer Gam-
ow took some courses at the University
of Gottingen. While there he devised a
quantum theory of radioactivity which
shed new light on the structure of the
atomic nucleus. Instead of returning to
Leningrad he accepted an invitation
from Niels Bohr, who had learned of
his work, to spend a year at the Univer-
sity of Copenhagen on a fellowship pro-
vided by the Carlsberg brewing firm.
The following year he worked with Er-
nest Rutherford at the University of
Cambridge on a Rockefeller fellowship.
At Cambridge he wrote his first book,
entitled Constitution of Atomic Nuclei
and Radioactivity. After two more years
of teaching at Leningrad, Gamow at-
tended the International Solvay Con-
gress on Physics in Brussels and decided
not to return to the U.S.S.R. In 1934 he
accepted a professorship at George
Washington University; in 1956 he be-
came professor of physics at the Uni-
versity of Colorado. After Gamow came
to the U. S., his interests shifted from
pure nuclear physics to its applications
in cosmology, and later to fundamental
problems of biology.

ELIJAH ADAMS (“Barbiturates™)
was recently appointed professor and di-
rector of the pharmacology department
of the Saint Louis University School of
Medicine. A graduate of the Johns Hop-
kins University, he took his M.D. at the
University of Rochester in 1942. He
served as an Army physician during
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World War II, but on his return to civil-
ian life he left medicine for research in
enzyme biochemistry. Adams, who has
been teaching pharmacology at the New
York University College of Medicine,
still finds biochemistry his main interest,
but believes that the fields are merging
“as biochemistry tends to become more
physiologic and pharmacology more bio-
chemical.”

VERNON M. INGRAM (“How Do
Genes Act?”) studies molecular biology
at the Cavendish Laboratory of the Uni-
versity of Cambridge, where he is em-
ployed by the Medical Research Council
of Great Britain. There he developed the
electrophoretic  “fingerprinting” tech-
nique which he describes in his article,
using it first to distinguish the hemo-
globin of men, horses and whales. In-
gram received a Ph.D. in organic chem-
istry from the University of London in
1949.

NORMAN GUTTMAN and HARRY
I. KALISH (“Experiments in Discrimi-
nation”) worked together at Duke Uni-
versity, where Guttman is associate pro-
fessor of psychology. Guttman studied
philosophy at the University of Minne-
sota, then began his career as an experi-
mental psychologist on a wartime pro-
ject, directed by B. F. Skinner, to train
animals to guide air-to-ground missiles.
He has a Ph.D. from Indiana University
and has worked at Duke since 1951 on
grants from the National Institute of
Mental Health. Kalish is a clinical psy-
chologist trained at the University of
Iowa. He is now an associate professor at
Adelphi College.

WILLIS E. PEQUEGNAT (“Whales,
Plankton and Man”) is professor of
zoology at Pomona College. There he
devotes most of his time to the study of
offshore life. “I was among the first biolo-
gists to use the aqualung,” he reports.
“Actually this was probably motivated
by laziness. For me the aqualung meant
liberation from wading expeditions at
the low-tide cycles, which in California
in the summer come during the dark
early hours of the day. Now my assistant
and I regularly don our diving gear,
which includes an underwater tape-re-
corder and flash camera, and study the
reefs down to depths of 100 feet.” The
many discoveries they have made have
led to a research project supported by
the Office of Naval Research. When he
is not teaching, Pequegnat devotes his
attention to the 14,000 chickens on a
poultry ranch which he owns in partner-
ship with three other Pomona professors.
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Take a look at the record . .. FOR RESEARCH REACTORS

Active since the very beginning of
the civilian atomic energy program,
AMF Atomics has steadily grown in
stature as one of the world’s leaders
in the peaceful application of the
atom. Within that time, AMF has
built a stockpile of experience in
nucleonics that is unique.

It is, today, the world’s leader in
the design, development and con-
struction of research reactors. Sev-
eral AMF reactors are already in
operation—a number are nearing
completion—and there are many
others in the fabrication stage, both
home and abroad. Of the pool type,
heavy-water, and light-water tank

types, these AMF reactors offer a
maximum of economy as well as in-
herently safe design and great ex-
perimental flexibility.

In the field of training reactors,
AMF, working together with Dr.
Zinn and GNEC, has developed an
advanced version of the Argonaut
reactor. Called the ‘“Educator”, it
offers universities everywhere a
thorough yet economically practical
training facility.

In power and marine propulsion,
too, AMF Atomics has played a lead-
ing role, with several variations of a
closed-cycle, boiling-water reactor
now in the process of development

for both government and industry.

Aside from its reactor design and
construction activities, AMF Atom-
ics has also taken the lead in devel-
opment of reactor control-rod drives,
remote material-handling equip-
ment, and a number of other special-
ized nuclear devices. Such AMF
equipment is now in actual service
at government and industrial instal-
lations in many parts of the world.

For a complete reactor facility. ..
for specialized control and handling
equipment . . . for authoritative
assistance at any stage of your
atomic energy program—look to
AMF Atomics.

o Power and Research Reactors e Reactor Control Systems o Radio-active Material Handling Equipment e Engineering and Design Services
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~LOOK TO AMF ATOMICS

AMF RESEARCH REACTOR PROJECTS

CUSTOMER

*Battelle Memorial Institute, Columbus, Ohio
Industrial Reactor Laboratories, Inc., Plainsboro, N. J.
University of Buffalo, Buffalo, New York
*Technical University of Munich, Munich, Germany
*International Exhibition, Het Atoom, Amsterdam, Netherlands
Japanese Atomic Energy Research Institute, Tokai-Mura, Japan
McMaster University, Hamilton, Ontario
Greek Atomic Energy Commission, Aghia Paraskevi, Greece
Union Carbide Corp., Sterling Forest, New York
Societa Ricerche Impianti Nucleari, Milan, Italy
AMF-GNE Educator, University of Florida, Gainesville, Florida
Portuguese AEC, Lisbon, Portugal

__(n) _

REACTOR TYPE

Pool-Type

Pool-Type

Pool-Type

Pool-Type

Tank-Type, Demonstration
Heavy Water, Tank-Type
Pool-Type

Pool-Type

Pool-Type

Pool-Type

Training

Pool-Type

AMF ATOMICS
A Division of AMERICAN MACHINE & FOUNDRY COMPANY
AMF Building + 261 Madi

e e 3 et

Ave. * New York 16, N. Y.

© 1957 SCIENTIFIC AMERICAN, INC

N
I::I Lk}
7 [ \J

Copyright, American Map Co., Inc., New York. No. 11855

POWER LEVEL

1000 KW
5000 KW
1000 KW

10,000 KW
1000 KW
1000 KW
5000 KW
1000 KW

10 KW
1000 KW

*In operation
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Herbert Spencer...on the genesis of science

“Without further argument it will, we think, be admitted
that the sciences are none of them separateiy evolved —
are none of them independent either logically or histori-
ca“y; but that all of them have, in a greater or less degree,
required aid and reciprocated it. Indeed, it needs but to
throw aside hypotheses, and contemplate the mixed
character of surrounding pilenomena, to see at once that

these notions of division and succession in the kinds of

i(nowiedge are simpiy scientific fictions: good, if regarded
mereiy as aids to study; bad, if regarded as representing
realities in Nature. No facts whatever are presented to our
senses uncombined with other facts — no facts whatever
but are in some degree disguised i)y accompanying facts:
disguised in such a manner that all must be partiaiiy
understood before any one can be understood.”

~The Genesis of Science, 1854

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A nonprofit organization cngaged in research on probiems related to national security and the pui)iic interest
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Tracking Satellites by Radio

The fastest. most reliable wav to detect an artificial satellite

and initially to determine its orbit is bv radio. A far-flung

svstem called Minitrack has been established for this purpose

he man-made satellites are in a

I sense creatures of the radio age.
One might almost say that were it

not for radio, there would be little point
in sending them up. It is by the agency
of radio that we receive most of the in-
formation the satellites are collecting at
the borders of space. And without radio

by John T. Mengel and Paul Herget

we would have very great difficulty in
observing them at all. They can be seen
only at intervals during their flight under
special conditions; we have to rely pri-
marily on the beeps or whining song of
their tiny radio transmitters to track the
objects and find out where to look for
them. Indeed, radio makes it possible to

MINITRACK ANTENNA, mounted on steel posts, is an array
60 feet long and 10 feet wide. The strips underneath the antenna

© 1957 SCIENTIFIC AMERICAN, INC

follow them even when they are too
small to be visible.

Tracking an object by radio is not,
however, a simple matter. It is like try-
ing to follow an airplane whizzing across
the sky which we can hear but cannot
see. Just as our ears are a much less
precise instrument for location than our

proper form a reflecting screen. The long dimension, which pro-
vides a beam of radio reception 10 degrees wide, runs east-west.
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eyes, so radio is a severely handicapped
! instrument for pin-pointing an object.
{ That ways have nevertheless been found
E to use it successtully for tracking is a
! tribute to the ingenuity and sophistica-
i tion of the present radio art. This article
! will describe the main features of the
E system tracking the satellites. It is called
! “Minitrack” (“mini” denoting the minia-
! ture size of the satellite’s transmitters).
! Minitrack is the ears of the satellite
I
]
]
1
)
1
1
1
[}
]
]
|
|
1
1
I
I
1

program, as “Moonwatch” is its eyes [see
“Observations of Satellite I,” by Fred L.
—————  Whipple and J. Allen Hynek; Sciextrric
T AatericaN, December, 1957]. The an-
tennas of the Minitrack stations in fact
function much like ears. An individual
locates the source of a sound by virtue
of the phase differences in the sound
i = | T 2 waves, arriving at different times at his
two ears. Similarly the listening units of
the Minitrack system are pairs of receiv-
ing antennas, set a measured distance
apart, which indicate the direction of
the signal by phase differences in the
radio waves [see diagram at left].
[ D The direction, in terms of its angle to
the baseline between the two antennas,
ANTENNA SYSTEM of a Minitrack station is made up of eight individual antennas con-  js calculated from the phase difference
nected to form three pairs in the north-south direction and two pairs in the east-west. The by a simple triangulation method. If the
outermost pairs in each direction are 500 feet apart. The north-south inner pairs are sep-
arated by distances of 64 and 12 feet. The spacing of the east-west inner pair is 64 feet.

£
500 FEET

waves arriving at the two antennas are
out of phase by a third of a wavelength,
for example, this gives us a measure of
the extra distance they traveled to the
farther antenna, and we can then deter-
TO ZENITH mine the angle to the baseline. However,
in order to find the actual length of the
extra distance we must know whether it
represents only one third of a wave-
length or one and a third or two and a
third or some larger number plus one
third. To resolve the ambiguity, we set
up other pairs of antennas, spaced closer
together. They give us shorter fractional
phase differences, and, on the basis of
whether the resulting directions fall
within the reception pattern, we can de-
termine the number of wavelengths in-
volved [see diagrams on opposite page].
The reception pattern of a Minitrack sta-
tion is a fan-shaped beam stretching 100
degrees north and south and 10 degrees
east and west. In the long direction of
the beam we have three pairs of anten-
nas, spaced respectively 500, 64 and 12
feet apart; in the narrower east-west
dimension, two pairs with spacings of
500 and 64 feet. The north-south and
east-west determinations give us two
angles which locate the actual direction
of the satellite.

'ro determine the orbit of the satellite
in space, its positions must be lo-

RADIO-RECEPTION PATTERN of the Minitrack antenna array is a fan-shaped heam cated in relation to a stationary set of
which is 100 degrees wide from north to south and only 10 degrees wide from east to west. coordinates, based on the fixed stars.
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Therefore our directions must be related
to such coordinates. The most conven-
ient center for our set of coordinates is
the center of the earth, the point toward
which the satellite is always attracted
[see diagram on page 28]. We find the
direction from the center of the earth to
the satellite by determining the direc-
tions from the earth’s center to the sta-
tion and from the station to the satellite.
The first of these directions, with respect
to the coordinate system, is determined
by the latitude of the station and the
time of day at which the observation is
made. The second should be measured
with respect to baselines running exactly
north-south and east-west. In practice it

is not easy to align the antennas so pre-
cisely. Instead we “calibrate” the station
after it is set up, to determine the correc-
tions that must be applied to its read-
ings. This is done with the aid of an air-
plane carrying a Minitrack transmitter
and a small flashing light which is turned
on and off from the ground station by
radio. The plane is flown at night
through all parts of the antenna pattern,
and the radio direction is measured by
the method we have described. At the
same time a telescope set up at the inter-
section of the north-south and east-west
lines photographs the flashing light
against the background of the stars. The
discrepancy between the radio direc-

tions and the true directions with respect
to the stars is applied as a correction to
the readings taken at the station.

These readings are obtained by means
of an electronic circuit which amplifies,
mixes and compares the signals from an
antenna pair and finally produces an
electrical output proportional to the
phase difference. The output is fed to a
recorder which reads directly in degrees
(360 degrees corresponds to a complete
wavelength). Greater accuracy is pro-
vided by another record in which the
phase difference is recorded to one thou-
sandth of a wavelength and the time of
observation to one thousandth of a sec-
ond. From these figures we can fix the

DIRECTION TO SATELLITE (angle beta) is determined by the
difference in phase between radio waves arriving at each of two
antennas. At top the most distant pair of east (E) and west (W)
antennas are shown schematically. If the satellite is in the di-
rection marked a, its radio waves will travel about one third of
a wavelength farther to W than to E. However, waves from direc-
tion b would travel one and one third extra wavelengths, and those

from c two and one third. The Minitrack system cannot distinguish
among these directions. To resolve the ambiguity a closer pair of
antennas (bottom) is used. Here the first ambiguous direction, con-
taining an extra whole wavelength, is shown by the arrow d. This
lies outside the antenna pattern. Hence the close antennas “see”
only direction a. Therefore the uncertainty in the observations from

the distant antennas is eliminated. The true direction can only be a.
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MINITRACK CIRCUITS convert the phase difference between
signals arriving at each pair of antennas to a form in which it
can be recorded on tape. Incoming signals (top) are mixed with
the output of a local oscillator and combined to form a wave which
pulsates at 500 cycles per second. A pure 500-cycle signal is ex-
tracted for comparison with a 500-cycle reference signal generated
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in the system. The two signals, which have the same phase rela-
tionship as the original radio waves, are converted to a pulsating
current (rectangular wave-form at right center). The width of the
pulses depends on the phase difference. This current is fed into
an analogue indicator and is also mixed with a 500-kilocycle signal
to provide a digital, or numerical, reading of the phase difference.
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direction of the satellite to within 20
seconds of space angle (one 180th of a
degree).

"['he Minitrack system was set up as

part of the U. S. Vanguard project.
All the Vanguard satellites will be fired
from Cape Canaveral, Fla. They are to
be shot into an east-west course near
the equatorial region, and the angle at
which they can be fired is limited to
within 35 degrees of the Equator be-
cause of the presence of the Bahama
Islands offshore. The picket line of Mini-
track stations across their expected path
is strung out in a north-south line up the
west coast of South America and the
east coast of North America [see map
on next page]. Seven stations form this
picket line, and there are four others
scattered over the world—in San Diego,
the British West Indies, South Africa and
Australia. With this arrangement we
have a 90 per cent chance of intercept-
ing every pass of a satellite which is
higher than 300 miles.

Observations from all Minitrack sta-
tions are transmitted by teletype to the
Vanguard Control Center at the Naval
Research Laboratory in Washington.
After being inspected for errors the
message tapes are sent to a computing
center, where their information is auto-
matically transferred to punched cards
which are fed into an IBM-704 elec-
tronic calculator.

Already stored in the machine are the
calibration formula for each station and
correction factors to take care of certain
systematic errors such as the bending of
the radio signal as it passes through the
ionosphere. The computer applies these
corrections and “smooths” the resulting
figures to compensate for random errors.
In a few thousandths of a second it sup-
plies the direction and distance from the
center of the earth to the observing sta-
tion and the direction from the station
to the satellite. As observations on vari-
ous points along the path are collected,
the machine inserts them into the formu-
las from which the orbit is calculated.

Adding corrections for atmospheric
drag and for the wobble of the orbit due
to the bulge of the Equator, the 704
computes the satellite’s minute-by-min-
ute position at a rate 150 times faster
than the actual progress of the vehicle.
As the satellite makes more and more
revolutions around the earth, the com-
puter corrects the orbit.

On Friday, October 4, 1957, the Mini-
track system was practically com-
plete, awaiting the final check-out of

INTERIOR OF TRAILER at Minitrack station contains the radio receivers and other elec-
tronic circuits. Recording tapes can be seen at the bottom of the consoles at the right.

i B R B

SECTIONS OF RECORDING TAPES from a Minitrack station show variations in phase
angle as lines on a graph in the analogue presentation (left) and as specific numbers in the
digital presentation (right). Intermittent pulses at bottom of digital record are time code.
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MINITRACK STATIONS are located at the numbered points on this map. The solid curve
shows the expected path of U. S, satellite; the broken curve, the path of Soviet satellites.

COORDINATE SYSTEM within which a satellite’s orbit is calculated has its center at the
center of the earth (C). Hence the measured direction from a Minitrack station (0) to a
satellite must be combined with the direction from O to C. This is determined by the lati-
tude of O and by the angle L, which depends on the time at which the measurement is made.
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some of the teletype links and the cali-
bration of some of the stations. All the
equipment was set up to operate on 108
megacycles, the frequency recommended
by the International Committee for the
International Geophysical Year. But as
is now well known, the U.S.S.R.’s sput-
niks threw disorder into these prepara-
tions. The launching of Sputnik I
brought a scramble to convert the Mini-
track equipment to receive its 20- and
40-megacycle signals.

The first concern was to put as many
stations as possible into operation at
once, before the satellite’s transmitter
gave out. Instructions sent by teletype
and equipment flown by the U. S. Army
enabled most of the stations to convert
to reception at 40 megacycles within a
few days, but accurate tracking was im-
possible without new antennas. Before
Sputnick I's batteries died, the N.R.L.
was able to supply newly designed an-
tennas to the Blossom Point, Lima and
San Diego stations. These stations col-
lected good tracking data on Sputnicks I
and II.

The experience with the first two
Soviet satellites provided a valuable
shakedown for the Minitrack system.
Besides this, the low frequencies used
by the Soviet satellites yielded informa-
tion about the ionosphere. We had cho-
sen the 108-megacycle frequency for
satellites because it would give a more
accurate indication of direction than the
lower frequencies. The ionosphere bends
a 40-megacycle beam seven times more
sharply than a 108-megacycle beam, and
the refraction of a 20-megacycle beam
is four times worse yet. However, the
displacement of the satellite’s apparent
direction from its true direction can tell
us a great deal about the properties of
the ionosphere. Thus our tracking of the
sputnicks has furnished us with a large
body of data from which we shall be
able to make deductions about the elec-
trified layer and its effects on radio
waves.

But the Minitrack system was de-
signed primarily for the U. S. satellites,
and it is on these that it will demonstrate
its full accuracy and utility. We expect
that we shall be able to plot the paths of
these objects very promptly after they
are launched—even before they have
reached their orbits. This is true even
though the Minitrack system can meas-
ure only angles and directions, not dis-
tances. The “ears” of radio have become
almost as good a “seeing” and tracking
instrument as our eyes, thanks to the
marvelous advances of radio electronics
and computing machines.



STATION AT BLOSSOM POINT in Maryland is photographed lar Minitrack system, some for Soviet satellites and some for other
from the air. Some of the antennas (oblong shapes) are for regu- projects. Road runs approximately west-northwest toward right.
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The Leap of the Grasshopper

A grasshopper can leap 20 times its body length. The phvsiology

of this remarkable performance is studied both for its intrinsic

interest and for its usefulness in improving control of the insect

lhe grasshopper’s jump is one of

I the most remarkable performances
in the biological world. The little
animal can leap about 10 times its body
length in a vertical jump or 20 times its
length (almost one meter) horizontally.
If a man were able to perform in pro-
portion, he could jump over a five-story
building or cover 100 yards in just three
hops. The grasshopper’s leap is an ex-
tremely inviting subject for study, for it
is always a source of amazement and
delight to learn how nature contrives the
living mechanisms that make such feats
possible. Aside from sheer curiosity, we
have other good reasons for looking into
the physiology of the grasshopper. Even
today plagues of locusts (short-horn
grasshoppers) are capable of bringing
one eighth of the world’s population to
the edge of starvation. To gain effective

by Graham Hoyle

control over these terrifying insects we
shall need to learn all we can about their
habits and biology. The grasshopper
seems a particularly good subject for
studying the action of insecticides, espe-
cially on the nervous system.

Let us look first at the jump itself. We
must do this with a slow-motion camera,
because the leap is too fast for the eye
to follow. Preparing to jump, the grass-
hopper raises the front of its body on its
forelegs and cocks its rear legs by squat-
ting with the femurs (thighs) doubled
against the tibiae (shins). The insect
then rears up on its hindlegs and takes
off; this process takes only one thirtieth
of a second. It may jump almost straight
up or forward at an angle as flat as 40
degrees. Once in the air a grasshopper
has no control over its trajectory, unless
it uses its wings. It often spins head over

heels and sometimes lands on its back.
Although it lands at high speed, there is
no damaging crash, because the insect
is so light.

Now let us have a closer look at the

mechanics of the jump. The jump-
ing legs of a grasshopper are very dif-
ferent from the legs of most other insects
and from its own forelegs. In the stand-
ing position the thigh and shin of its
hindlegs are bent to an acute angle, in-
stead of the usual wide angle [see draw-
ing below]. The hindlegs are much
longer and larger than the others. They
are used for pushing, not pulling. This
reverses both the role and the size of the
extensor and flexor muscles: the extensor
muscles are much larger than the flexors
in the hindlegs of a grasshopper. Fur-
thermore, jumping also calls for an evo-

CAROLINA GRASSHOPPER (Dissosteira carolina) illustrates
the powerful hindlegs which grasshoppers use for jumping. These
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legs differ from those of most other insects in that the angle be-
tween the femur (thigh) and tibia (shin) is not obtuse but acute.



lutionary adaptation of the nervous
system designed to activate both hind-
legs to act simultaneously, instead of
alternately as in walking.

The grasshopper’s nervous system
presents some interesting questions
when we come to consider the powerful
yet delicately controlled muscles with
which it achieves its prodigious leaps.

A medium-sized locust, four to five
centimeters long, can jump to a height
of about 45 centimeters (18 inches). On
elementary dynamic principles we can
calculate that to reach this height the
take-off velocity of the animal must be
about 10 feet per second. Again by sim-
ple dynamics we can compute that a
two-gram locust jumping to a height of
45 centimeters at an angle of 60 degrees
must have a take-off thrust of about 30
grams—15 grams with each leg. Thus the
thrust of a locust’s leg amounts to some
eight times the animal’s total weight.
(The maximum thrust of a man’s leg is
only about twice his body weight.) We
have confirmed this calculation by ex-
periments. An adult locust, stimulated
to the jump reflex, can easily raise a 20-
gram weight attached to its foot.

The grasshopper’s leg muscles are so
powerful that at maximum tension they
can snap the tendons like threads. If you
hold a strong jumper in your hand with
its legs doubled so that it cannot extend
its tibiae, and produce a jump contrac-
tion of the muscles by the proper stimu-
lus, you will hear a famt but sharp click—
the breaking of the tendons. After this
experiment the animal can never jump
again.

We can compute just how strong the
jumping muscles are. When the tibia
extends (in jumping or lifting a weight),
it pivots around a pair of small knobs
at the knee [see diagram at right]. Now
the tendon of the jumping muscle (ex-
tensor) is attached at a point about
one millimeter or less away from this
fulerum. The tibia of a large grasshopper
is some 30 millimeters long. Thus when
the jumping muscle in the femur works
to lift a weight attached to the foot, at
the other end of the tibia, it is operating
on the short end of a lever at a disad-
vantage of 30 or 40 to 1. To raise a load
of 20 grams, it must develop a power
of about 800 grams. The grasshopper
weighs only two grams, and its muscle
is only one fiftieth of that—1/25 of a
gram. Consequently the tiny muscle ex-
erts the astonishing power of some 20.-
000 grams per gram of its own weight.
The only known muscles in the whole
animal world that equal this power are
the shell-closing muscles of the clam—

FOLD TO ALLOW FLEXION -__

FLEXOR TENDON

FOLD TO ALLOW EXTENSION —x=
£

FLEXOR MUSCLE

EXTENSOR TENDON

PIVOT (FULCRUM)

MOTOR NERVE

HINDLEG OF THE GRASSHOPPER also has the unusual feature of an extensor muscle
(which straightens the leg) that is larger than the flexor muscle (which bends it). The
short fibers of the extensor muscle are attached at one end to the external skeleton of the
grasshopper and at the other end to a stout tendon which runs down the middle of the femur.

but the grasshopper’s muscles work far
more rapidly than the clam’s. The mus-
cles of man develop, at most, only about
2,000 grams of power per gram of
weight. Experiments on locusts have
shown that in flying, as in the jump, the
locust’s muscles can perform 10 times
more work, in proportion to size, than
human muscles working at top speed
[see “The Flight of Locusts,” by Torkel
Weis-Fogh;  SCIENTIFIC ~ AMERICAN,
March, 1956].

Two features of mechanical design
account for the efficiency and enormous
power of the grasshopper’s jumping
muscle. First, the muscle fibers are very
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short—about 1.5 millimeters, or one
twentieth of an inch. Secondly, they are
arranged like the fibrils of a feather along
the whole length of the femur, attached
to the external skeleton of the insect’s
leg and to a long, broad tendon inside
the leg [see diagram above]. Thus the
load is distributed evenly over the whole
limb. Such an even distribution is im-
possible in a vertebrate structure, where
the skeleton (i.e., bone) is inside, al-
though some of the shoulder muscles of
vertebrates come close to achieving it.

Obviously the grasshopper needs a
very precise regulating system to con-
trol its powerful muscles. In fact, the
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animal shows a perfection of control
which is altogether astonishing. It can
contract the same muscle either with
great power or so delicately that it bare-
ly moves a hairspring, and the contrac-
tions can be so slow as to be scarcely
detectable or so fast that the eye cannot
follow the animal’s movement. And this
remarkable range of control is achieved
with an extremely simple nerve appara-
tus, consisting of just two fibers!

With refined techniques, using iso-
lated nerve-muscle preparations, I have
been able to analyze this nervous control
experimentally.

What causes a grasshopper to jump in
the first place? Here we are on some-
what speculative ground. A swarm of
locusts basking quietly in the sun in a
field may suddenly take off all at once
without any obvious reason. Sometimes
this happens when a cloud passes over
the sun, but often there is no apparent
stimulus that might account for it. In a
cage a grasshopper left quietly alone
seldom jumps. When it is hungry, or
when the cage is crowded with grass-
hoppers, jumping becomes far more fre-
quent. In this situation the animals seem
to be in a tense state which makes them
jump in response to stimuli that they
would otherwise ignore. Sometimes the
approach of a person in the laboratory
will cause all the insects to jump wildly.
Yet we must suppose that grasshoppers
exercise some discrimination among
stimuli, else the enormous expenditure of
energy required for their leaps would
soon exhaust them. It seems that usually
the animal “decides” to leap; in other
words, its jump is not a simple reflex
action but is controlled by a mechanism
of inhibition. No doubt this inhibition
is not always applied correctly. I have
seen grasshoppers which, placed on a
hot plate in an experiment, scorched to
death instead of jumping—as if they

PATHWAYS OF NERVES that cause the
extensor muscles to contract are traced at
left in color. Stimulation of the anal cerci,
two sensory organs located at the tip of the
abdomen, causes impulses to travel up giant
nerve fibers to the third thoracic ganglion.
In this ganglion, part of which is enlarged
at the bottom of the diagram, nerves con-
nect with the brain and with the muscles
of the jumping leg. The impulse from the
giant nerve fiber (1) inhibits the slow fiber
of the leg to stop the walking movement,
(2) stimulates the flexor muscle to cock the
leg, (3) is reinforced by impulses from the
brain, and then finally (4) fires the fast
nerve fiber which actually sets off the jump.



were reduced to a state of indecision by
the conflict between the danger and
their love of warmth.

\‘76 have found that one thing which
will almost invariably make grass-
hoppers jump is stimulation of the pair
of antennae (anal cerci) at the tip of
the insect’s abdomen. These sense or-
gans respond to any slight change of air
pressure—sound waves, the approach of
a predator or a gentle puff of air. We
use this as a standard stimulus to exam-
ine the responses of the nervous system.

When a grasshopper is so stimulated,
nervous impulses travel very rapidly by
way of giant sensory nerves to the motor
nerves that actuate the jumping muscles.
Now these motor nerves are a greatly
stripped-down model of a motor system.
In a higher animal such as man, each
muscle is controlled by hundreds of mo-
tor nerve fibers, the degree of the mus-
cle’s response being determined by the
number of nerve fibers that fire. But the
tiny, slender grasshopper cannot house
any such elaborate system. In fact, it gets
along excellently with just two nerve
fibers for its jumping muscle. One, a
“fast” fiber, has to do only with jump-
ing. The other, a “slow” fiber, controls
walking and other nonjumping move-
ments of the leg.

What happens when sensory impulses
calling for a jump arrive at the motor
nerve centers? Before the animal can
jump, it must stop walking. The first im-
pulse therefore inhibits the slow nerve
fiber and puts it out of action. Next it ex-
cites the flexor muscles to draw the
jumping legs into the cocked position.
Thirdly, the sensory message, combined
with others from the brain, acts on the
tast jumping nerve fiber. The message
may restrain this nerve, saving in effect:
“Disregard this stimulus; it is irrelevant.”
Or it may warn: “Get ready; if vou re-
ceive another message like this one, act
on it immediately, for it is really urgent.”
Now, when a second burst of impulses
comes, the nerve fiber fires immediatelv.
The grasshopper instantly rears up and
takes oft.

How vigorously the insect jumps will
depend on how many impulses the mus-
cle gets within the one thirtieth of a
second interval while it is rearing up to
leap. If only one impulse arrives in that
time, the animal merely hops. (Hopping
and walking is the normal mode of loco-
motion of immature grasshoppers.) If
two impulses come, the grasshopper
makes a moderate jump, for the impulses
sum up to increase the strength of the
twitch contraction of the jumping mus-

+ 60

+ 4+ 4+ ++++++++

VOLTAGE OF A MUSCLE FIBER is the difference in charge between its inner and outer
surfaces. In order to measure it the tip of a tiny glass electrode is placed so that it just pene-
trates the surface of the muscle cell, and a second electrode is placed in the fluid bathing
the cell. When the cell is at rest (top), its outer surface is positive with respect to the inner
surface; the voltage recorded on the meter between the two electrodes is some 60 millivolts.
When the cell is excited to contract (bottom), the voltage falls and reverses slightly; the
inner surface of the cell is positive with respect to the outer surface by about 10 millivolts.

CONTRACTION OF THE MUSCLE FIBERS in response to slow and fast motor nerves is
shown in this diagram. All fibers contract vigorously (indicated by dark shading) when
the fast nerve is stimulated (left). The fibers respond in variable fashion to an impulse
from the slow nerve (center) and most of them respond very weakly (light shading). If
the slow nerve is stimulated repeatedly (right),the responding fibers contract more strongly.
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MUSCLE REACTIONS to slow and fast nerve fibers are contrasted in these charts. The top
line of each chart shows the change in electrical charge of the muscle fiber as measured
with an internal electrode; the lower line shows the tension of the muscle in grams. Stimu-
lation of the fast fiber (upper chart) immediately produces the maximum electrical change
and almost immediately the maximum tension of the muscle. Stimulation of the slow nerve
(lower chart) produces much less electrical change and tension, but the values rise some-
what as the stimulation is repeated, as is the case when the grasshopper runs or walks.
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cle. The maximum jump is elicited by
three impulses.

There are some 3,500 muscle fibers in
an average-sized grasshopper’s jumping
leg. Every one of them must be fully
activated almost instantaneously if the
animal is to make its tremendous leap.
This is taken care of by a most efficient
mechanism. Each muscle fiber has not
one nerve connection, as in vertebrate
animals, but several nerve attachments,
evenly spaced along its length. Thus the
fast-traveling nerve message excites the
whole muscle fiber very rapidly.

\X/Te now have to answer the question:

How is it that the slow nerve, act-
ing on these same fast muscle fibers, can
produce the much milder leg movements
that the animal uses in walking? We
have studied the question by stimulating
the fast and the slow nerves separately
and examining their respective effects on
the fibers of the jumping muscle. By
means of micromanipulated glass capil-
lary electrodes with extremely fine tips
(only about half a micron in diameter)
we measure electric potentials in indi-
vidual muscle cells to follow the effects
of stimulation in detail.

In a muscle fiber at rest there is a po-
tential difference of about one sixteenth
of a volt between the outside of the fiber
membrane and the inside. A nerve im-
pulse arriving at the fiber causes the po-
tential difference to drop, and the fiber
then contracts. When we stimulate the
fast nerve with a single electric pulse,
the nerve impulse breaks down the po-
tential difference in the muscle fibers to
zero or even reverses it slightly. But
when we activate the slow nerve in the
same way, the electrical changes in the
muscle fibers are much smaller. Some
muscle fibers show a substantial change
of voltage; some, hardly any at all.

We have to give the slow nerve several
shocks in quick succession to make as
many as one third of the muscle fibers
contract appreciably. The faster the rate
of excitation, the faster the muscle con-
tracts. At a frequency of 20 pulses per
second via the slow nerve the grass-
hopper’s leg slowly extends its tibia. At
50 per second it makes walking move-
ments; at 100 per second it moves as fast
as if it were running. But it never twitch-
es powerfully enough for a jump.

So we see how the grasshopper’s nerv-
ous system exercises a finely graded con-
trol over muscles which, gram for gram,
are about the most powerful in the ani-
mal kingdom. All this it accomplishes
with only two motor nerve fibers—a su-
perb example of natural economy.



CLOSEUP OF GRASSHOPPER PREPARATION shows the posi- those on the left record the electrical response of the muscle.
tions of the electrodes. Those on the right stimulate the nerve; Muscle tension is recorded by means of the thread tied to the leg.

WEIGHT OF 20 GRAMS IS LIFTED by the hindleg of a grass- during this feat must reach approximately 500 grams. The insect
hopper weighing only 1.8 grams. The tension of the leg muscle is held upside down for the experiment by means of Plasticine.
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ULTRAHIGH-ALTITUDE AERODYNAMICS

At low altitudes the air streaming past a ﬂying object

behaves as a true {luid, but at altitudes above 40 miles

the object 1s struck by mdividual atoms and molecules

by Samuel A. Schaaf, Lawrence Talbot and Lee Edson

Vi an’s rockets and satellites are fly-
‘1\[ ing today in a new medium.
- The upper air is unlike any fluid
in which our vehicles have ever moved
before. What happens, aerodynamically,
to an object flying 50 or 100 miles above
the earth’s surface? Do the familiar rules
of aerodynamics still apply, or does a
designer need to consider new rules?

These questions have been under
study at several centers in the U. S.
since World War II. The first theoretical
work on “rarefied gas dynamics” was

done by Hsue-Shen Tsien of the Califor-
nia Institute of Technology in 1946, and
experimental laboratories were later set
up at the University of California and
at the Ames Aeronautical Laboratory of
the National Advisory Committee for
Aeronautics near Sunnyvale, Calif. Both
at Berkeley and at the Ames Lab special
wind tunnels have been built to investi-
gate the behavior of models in rarefied
air. This article is an account of some
of the things we have learned in the ex-
periments at Berkeley.

SPECIAL SUPERSONIC WIND TUNNEL is used at the University of California to study
the dynamics of rarefied air. The nozzle which admits the rarefied air to the test section
of the tunnel is at upper left. At right are eight models tested in the tunnel. They are mount-
ed on a rotating head so that each can be tested without reducing the vacuum in the tunnel.
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In ordinary aerodynamics we can re-
gard the air as a continuous fluid, like
water or oil. But as soon as man began
to probe into the high atmosphere with
jet airplanes and rockets, aerodynami-
cists became aware that in these thin re-
gions they must begin to pay attention
not only to the gross behavior of air but
also to the behavior of its individual
molecules.

To illustrate why, let us take an imag-
inary flight in a rocket rising from the
ground at 10 times the speed of sound
(Mach 10). It starts in the dense sea-
level air, consisting mainly of nitrogen
and oxygen molecules [see illustration
on page 39]. The density here is some
10'? molecules per cubic inch, and the
molecules” mean free path (the average
distance one will travel before colliding
with another) is less than four millionths
of an inch. They are packed so tightly
together that a practically continuous
film of air molecules forms over the sur-
face of the rocket. This thin envelope of
air, called the boundary layer, moves
with the rocket, and we say that its
velocity (with respect to the rocket sur-
face) is zero. Ahead of the moving body
a shock wave develops. In these circum-
stances we can calculate the lift and air
resistance, or drag, by the ordinary laws
and formulas of fluid mechanics.

,_Y about 40 miles above the earth’s
£+ X surface the rocket encounters a new
atmospheric situation. The medium
changes from a practically continuous
fluid, like water, to a spray of molecules,
like rainfall. The mean free path of the
air molecules is still pretty short—only a
fraction of an inch—but we can no longer
consider the boundary layer a stationary
sheet, with the molecules at rest with
respect to the rocket surface. Molecules
strike the surface of the rocket and re-



FLAT PLATE AND SPHERE are photographed in the University around each model is fuzzy because of the low density of the air.
of California supersonic wind tunnel. The luminous shock wave The air is made luminous by means of an arc-produced discharge.
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AIR IS INJECTED into the supersonic wind tunnel through the pipe at left. Its pressure is
1 to 20 millimeters of mercury. The test section is the cylindrical chamber at right center.
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AIR IS EVACUATED from the tunnel by large vacaum pumps, parts of which appear in
this exterior view of the tunnel. The pressure in the test section is .04 to .2 mm. of mercury.
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bound from it. We say that the gas has
begun to slip. As a result the aerody-
namic characteristics of the medium
change somewhat, and we must take the
slip factor into account.

At 70 miles above the earth’s surface
the rainstorm of air molecules and atoms
begins to thin out further to a drizzle.
The molecules’ mean free path is con-
siderably longer—of about the same or-
der as the thickness of the boundary
layer, which has grown thick enough to
“swallow up” the rocket [see illustration
on page 41]. The battering of the rock-
et’s surface by the molecules now be-
comes an important influence on the
flight of the rocket. The mathematical
analysis of this effect is very complex,
and it has not yet been fully worked out.

At 90 miles the rocket emerges from
this “transition” zone into a region—al-
most at the very edge of space—where
the air molecules are so sparse that no
boundary layer forms at all. The air
density is only one trillionth of that at
sea level, and the mean free path of the
molecules is more than seven feet. (They
are spaced much closer than this, but
seven feet is the average distance they
travel in their random movement be-
tween collisions.)

Here the rocket’s flight produces no
shock wave, and air molecules there-
fore run into the body without warning.
We can draw a comparison with auto-
mobiles encountering a stop light. On a
highway with dense traffic a motorist
gets advance notice of a stop light by
the pile-up of cars ahead. Similarly in
dense air a freely moving molecule is
forewarned of the approaching rocket
by its air pile-up, or shock wave. But
when traffic is sparse, a motorist is not
warned or stopped until he comes to the
light itself. It is the same with air mole-
cules in the sparse outer air: they are
not prepared for the rocket before they
actually hit its surface.

This creates a radically new aerody-
namic situation. We are no longer deal-
ing with boundary layers and flow lines
but only with the impacts of particles
hitting the rocket surface. In this rare-
fied air the drag of the rocket, and the
heating effect of its flight, have to be
calculated on the basis of its collisions
with individual molecules.

The importance of this effect at vari-
ous altitudes is measured by something
called the Knudsen, or K, number—so
named in honor of the Danish physicist
Martin Knudsen. Essentially the K num-
ber represents the ratio of the mean free
path of air molecules to either a dimen-
sion of the flying body (e.g., the diam-



eter of a rocket) or the thickness of its
boundary layer. (Actually it is expressed
as the ratio of the Mach number to the
Reynolds number, a measure of vis-
cosity.) At sea level the K number is
close to zero. But at high altitudes, where
the mean free path of a molecule is many
times greater than the dimensions of the
flying object, K becomes a comparatively
large number.

In our special wind tunnel at the Uni-

versity of California we have been
investigating the behavior of air in the
four ranges of K numbers: continuous
flow, slip flow, the transition zone and
bombardment by individual molecules.
The tunnel simulates flight conditions up
to altitudes as high as 60 miles.

The tunnel is essentially a pipe, 20
feet long and three feet in diameter, in
which the air is reduced to low density
by vacuum pumps [see photograph on
page 36]. In the test section, where the
model is placed, the density amounts
only to a pressure of one twenty-fifth to
one fifth of a millimeter of mercury—less
than one thousandth of the sea-level at-
mospheric pressure. Into this chamber
dried air at a pressure of one to 20 milli-
meters is injected through a nozzle. The
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speed of air flow is controlled by the size
of the nozzle opening. We have pro-
duced air speeds up to Mach 6 in the
test area. The models we have tested in-
clude basic shapes such as cones, cylin-
ders, spheres and flat plates.

To observe and measure the effects in
this strange newrealm, it has been neces-
sary to develop new kinds of apparatus
and measuring devices. The instruments
employed with the tunnel include ma-
nometers and gauges which can measure
very small pressures, and microbalances
that weigh lift and drag in terms of mil-
lionths of a gram. In order to make it
possible to photograph flow patterns, we
use an electric discharge which makes
the flowing air glow like the northern
lights. The glow lasts for a few tenths of
a second—long enough for the glowing
gas to flow through the nozzle and past
the model and to be photographed
through portholes in the tunnel.

Another new device was developed by
Frank Hurlbut, a member of our group,
to study the effect of free molecules
striking the surface of a model. His ap-
paratus can direct a beam of gas mole-
cules at the surface from different angles
and measure the energy and momentum
of the molecules rebounding from the

THREE CHARACTERISTICS of air are plotted against altitude.
The temperature curve is somewhat speculative. Absolute pressure
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surface in each case. To appreciate how
delicate these measurements have to be,
you must realize that we are dealing with
pressure differences of the order of one
10-billionth of a millimeter against a
background of one 10-millionth of a
millimeter.

F. S. Sherman devised an instrument
which probes the inside of a shock wave.
His probe is a small platinum filament
which can be thrust into the shock-wave
region in front of the model. The filament
is heated electrically. Its temperature
changes with changes in the speed of air
flow. Since the electrical resistance of a
wire depends on its temperature, varia-
tions of the air speed in the shock wave
can be recorded. By this device Sherman
has been able to measure the variations
of flow within a shock wave, thus pro-
viding us with the first direct measure-
ment of shock-wave structure. We have
thereby been able to learn something
about the stress-strain relationships in
an object flying through the slip-flow
region, where the shock wave is thick
enough to permit exploration.

Our tunnel tests have already given
answers to several important ques-

tions about high-speed flight in rarefied

=TT 3

1077107* 1077 107" 10 107 10° 107

PARTICLE MEAN FREE PATH (FT.)

refers to pressure above a vacuum. Particle mean free path is the
mean distance traveled by atoms or molecules between collisions.
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MEAN VELOCITY OF MOLECULES near a moving surface is in-
fluenced by the fact that molecules which strike the surface tend to
stick to it. Here the surface is at bottom; it is moving from
right to left. At left (1) is a polar graph suggesting the distri-
bution in the velocity of molecules in a free stream. In center
(2) is a similar graph suggesting the distribution in the velocity
of molecules which have stuck to the surface and then escaped from
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it. At right (3) is a rectangular graph which combines these two
distributions to show the mean velocity of all molecules in the
vicinity of the object. The mean velocity of the molecules near
the surface is low, i.e., they form a “boundary layer.” At an al-
titude of around 40 miles the boundary layer begins to slip along
the surface of the object (short arrow at bottom of rectangular
graph) . At higher altitudes the boundary layer disappears entirely.

75 100

ALTITUDE (MILES)

SKIN FRICTION (broken curve) at low altitudes is unimportant
in comparison with the pressure on a surface (solid black curve).

40

At higher altitudes the ratio of pressure to skin friction (colored
curve) increases, requiring a new set of aerodynamic coefficients.
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air. One of these is the question of heat-
ing. The “heat barrier” is today a major
concern in aviation and rocketry. It puts
a limit on the speed of airplanes and
creates a re-entry problem for rockets
and satellites returning to earth. In the
dense lower levels of the atmosphere, a
fast-moving object heats up quickly by
friction with the air, and it will burn to a
crisp if its speed is high enough. Now
one might suppose that in the rarefied
higher air, where friction diminishes, the
heating effect will be less. It does, in fact,
proceed at a slower rate. But our tests
have also shown, surprisingly, that in
very thin air the impacts of the molecules
will have a greater ultimate heating ef-
fect on the surface of a body than fric-
tion with the denser air of low altitudes
does at the same flight-velocity.

It is not hard to figure out the explana-
tion. We must remember that in rarefied
air the molecules rain against the body
and deliver their energy directly to its
surface, because there is no boundary-
layer cushion around it. Picture now a
certain volume of this air. It has a cer-
tain energy content, measured by the
average velocity of the random motions
of its molecules. But the individual mole-
cules vary in speed: the volume contains
tast-moving and slow-moving molecules.
Now the interesting fact is that in a
given unit of time a body moving
through the volume is battered by a
disproportionate number of fast mole-
cules. In other words, the air delivers a
greater-than-average flux of energy to
the surface of the body. We can perhaps
make this clearer by a simple analogy.
Suppose that a crowd of men and women
is approaching an observer. There are
exactly as many men as women. We as-
sume that each man possesses four times
more energy than each woman. Thus a
group of three men and three women
within the crowd represents 15 units of
energy. Now suppose that the men begin
to walk twice as fast as the women. As
the crowd passes the observer, twice as
many men as women arrive in a unit of
time (the men and women in the spread-
out crowd were evenly distributed at
various distances from the observer to
begin with). Each unit of six people
passing the observer therefore contains
four men and two women. This unit
possesses not 15 but 18 units of energy.
And the analogy roughly describes how
it is that a crowd of air molecules hitting
the surface of a body at high altitudes
delivers more energy than we would ex-
pect from the crowd’s general energy
content.

If the heating effect on a body is

EFFECT OF DENSITY on the flow of air around an object is depicted in these drawings.
At low altitudes (top) the object is coated with a boundary layer and a sharp shock wave
forms in front of it. At altitudes between 40 and 90 miles (middle) the boundary layer
thickens but is less dense and begins to slip. At altitudes higher than 90 miles (bottom)
the density of the air is so low that neither a boundary layer nor a shock wave forms.
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greater in rarefied air than in dense air,
should we expect it to be more likely that
the body will burn up? Not necessarily.
There is a counteracting factor. In thin
air the body loses heat by radiation at a
faster rate, in proportion to the rate of
heating, than in denser air surroundings.
Our calculations suggest that heating
should be within manageable bounds,
even at very high flight-speeds, in the
slip-flow region 40 miles up. To study

MOLECULAR-BEAM APPARATUS was developed by Frank
Hurlbut of the University of California to measure the effects of
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this possibility we are modifying our
wind tunnel and apparatus to permit ex-
periments at low-density air tempera-
tures as high as nearly 20,000 degrees.

Among other high-altitude problems
we have investigated or plan to investi-
gate in the wind tunnel are the effects
of skin friction (the shearing force of
the air upon the skin of the craft) and
the possible aerodynamic effects of the
circumstance that in the high atmos-
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phere oxygen is broken down by sun-
light from molecules to atoms.

he laboratory studies are beginning

to give us an over-all picture of the
aerodynamic conditions at high alti-
tudes. They are providing quantitative
data which should be helpful to the
designers of vehicles and missiles that
will fly to the borders of our atmosphere
and beyond.

molecular bombardment of the surface of a model. It measures
pressure differences of the order of one 10-billionth of a millimeter.



Kodak reporis on:

oxidation and the ills of the spirit. .. a bid for free service from scientific
Americans . .. taming temperature variations

Crazy!

During the past spring we noted a
sharp upturn in the volume of our
correspondence with psychiatrists.
They all wanted to know whether
we could supply the compound
N,N-dimethyl-p-phenylenediamine
dihydrochloride. In accordance with
practice in the retailing game when
you don’t have exactly what the
customer asks for, we replied to
each that we would be happy to
supply the monohydrochloride at
$2.20 for 25 grams. This rejoinder
got us nowhere.

Thus rebuffed (and deservedly
s0), we dipped a little into the fast-
breaking literature of the border-
land between chemistry and the ills
of the spirit.

We learned about ceruloplasmin.
It’s an oxidation-promoting en-
zyme, a protein that accounts for
most of the copper in the body. In
Science for January 18, 1957 (125,-
117) appeared evidence that cerulo-
plasmin runs high in serum of schiz-
ophrenic patients, as adduced from
an increased rate and depth of color
development in the in vitro reaction

N(CHa). N(CHa), +
O " O ]—*—e—
NH.

NH,

Here we found a region with
landmarks familiar indeed to any-
one who has thought deeply about
photographic developers. p-Phenyl-
enediamine is parent to a numer-
ous family of aromatic amines that
assume color when oxidized. Stabil-
ity is enhanced by various substitu-
tions and in the dry crystalline state
by conversion to some salt or other.

If, in this case, the author chose
to have two methyl groups on one
of the amine nitrogens and, instead
of one, two molecules of HCI to
preserve his reagent on the shelf un-
til ready for use, that was his privi-
lege. So also is it the inalienable
right of any neurophysiologist who
wishes to pursue this line of labora-
tory investigation to be able to buy
this dihydrochloride ready made
without bothering to add the ap-
propriate quantity of HCI to a so-
lution of the base or the monohy-

drochloride. (The right may be ex-
ercised by purchase from us of
N,N-Dimethyl-p-phenylenediamine
Dihydrochloride (Eastman 7423) at
$3.05 for 25 grams.)

And now, alongside one group
of wise men who explain the tension
of the times in terms of socio-eco-
nomic forces and another group of
wise men who watch the war be-
tween the id, the ego, and the super-
ego, there stands huddled in stimu-
lating talk a new group of wise men
who point out that the tranquilliz-
ing chlorpromazine and Rauwolfia
alkaloids are potent oxidase inhib-
itors. But even they seem largely
to agree that anybody who at this
time would depemd solely on these
enzymatic measurements for a posi-
tive diagnosis of schizophrenia is
crazy.

“Eastman Organic Chemicals, List
No. 40” contains a long catalog of many
substances other than ceruloplasmin for
which we offer reagents and abstracts on
their use. This alone is worth the space
in your bookcase. For a copy of List No.
40 (which also catalogs some 3600
available compounds) write to Distilla-
tion Products Industries, Eastman Or-
ganic Chemicals Department, Rochester
3, N. Y. (Division of Eastman Kodak
Company).

Get thee to a marker

Scattered over the land area of the
United States lie more than 100,000
U. S. Coast and Geodetic Survey
triangulation station markers. The
Smithsonian Astrophysical Observ-
atory and the U. S. National Com-
mittee for the International Geo-
physical Year would be grateful if
you would arrange to have a camera
over one of these markers at a time
when some artificial satellite or
other is in view, and photograph it.
The camera should be tripod-
mounted and cover at least a 4" x
5” negative with a 5” or 6” lens,
f14.5 or faster. The observer should
have sufficient dexterity or clever-
ness at home-made instrumenta-
tion so that he can interrupt his
trace for a few seconds and know
the start of his interruption within
0.1 second against the time signals
broadcast by Radio Station WWV.
In addition to a reliable radio he
needs a certain attitude.

The possessor of the requisite at-
titude does not consider himself

traduced by the big surprise of
October 4, 1957. On the contrary,
he is pleased at the opportunity
thrown his way when the large
plans for optical tracking equip-
ment proved too ponderous for the
blistering pace set by our eager
IGY collaborators on the other side
of the barbed wire. He thinks it
would be a healthy thing if it turned
out that simple equipment, skill-
fully operated with amateur en-
thusiasm, could reveal almost as
much about the shape of the earth
and its gravitational field as had
been expected of the optical heavy
artillery.

If you are game, write to W. F.
Swann, Eastman Kodak Company,
Rochester 4, N. Y. Ask him for the de-
tails of the ‘“ Phototrack™ assignment
that the Society of Photographic Scien-
tists and Engineers is issuing to scien-
tific Americans.

Arrhenius’s clock

Time, as told by this clock, elapses
at a rate that is temperature-de-
pendent in the same way as the rate
of a chemical reaction is tempera-
ture-dependent. Sensing is done by
the thermistor probe, which goes
into the reaction vessel. It’s handy
in a photographic lab because by
time compensation it tames a 4=
4 F temperature variation to the
equivalent of =4 0.2 F control.
Arrhenius, who wrote the equation
but wasn’t as hipped on photog-
raphy as we are, would have been
pleased.

Though we don’t manufacture these
for sale, we'll be glad to furnish a re-
print that tells how we made ours. Drop
a note to Eastman Kodak Company,
Special Sensitized Goods Division,
Rochester 4, N. Y.

Prices quoted are 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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THAT MAKE NEW
MACHINERY,

In supersonic
flight con-
trols . . . in
automation . . . in every field
of enterprise=~machinery is
literally being made to think!

The guiding genius of true automatic
control—of superhuman functional
speed, uniformity and accuracy—is a
man-made cam. And back of this me-
chanical brain are the inventive minds
and skilled hands of engineers and
craftsmen such as those at Parker. A
pioneer in the field of 3-dimensional
cams, Parker has complete facilities for
design and development assistance as
well as prototype and production manu-
facture—plus an enviable reputation for
precision and leadership in the creation
of cams that can make machines repeat
the most exacting operations—without
the possibility of human
error.

PARKER-=
HARTFORD CORPORATION

Dept. S, Cam Division
Franklin Avenve, Hartford, Connecticut

Please send “Design & Development”
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A Department of Science

bill to reorganize and enlarge the
A Federal Government’s science ac-
tivities is being drafted by the
staff of the Senate Committee on Gov-
ernment Operations. The proposed legis-
lation, in its preliminary form, provides
for the creation of a Department of Sci-
ence and Technology headed by a new
Cabinet officer. In addition it would set
up a Federal science academy patterned
after the military service academies, and
establish “a broad system of science
scholarships and proper incentives to in-
structors in existing schools, colleges and
universities.”

The Senate Committee staff said it
had found little or no coordination or ex-
change of information between Federal
agencies carrying on scientific activities.
The result is “unnecessary duplications
and waste of scientific personnel in many
instances.” The Committee suggested
that the new science department be
given jurisdiction over the National Sci-
ence Foundation, the Smithsonian Insti-
tution, the Office of Technical Services,
the National Bureau of Standards, the
Patent Office, the Weather Bureau and
the Civil Aeronautics Administration’s
Air Navigation Program. The report also
recommended that the science depart-
ment set up a central clearing house for
information, where foreign journals
would be systematically analyzed, trans-
lated and abstracted.

Recommendations on scientific devel-
opment also came from other quarters of
the Government last month. A Senate
subcommittee on preparedness, holding
hearings on the missile program, heard
testimony from Vannevar Bush, Edward
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Teller and others on the necessity for
intensifying sciencé education. The
President’s Committee on Scientists and
Engineers submitted a report calling for
improvement of science teaching in sec-
ondary schools, higher salaries for sci-
ence teachers and more efficient utiliza-
tion of scientists and engineers.

Research Budget

The U. S. Government will budget a

record $3.3 billion for scientific de-
velopment and research in 1958, accord-
ing to a National Science Foundation
report. This represents an increase of
$20 million over 1957 and $680 million
over 1956.

Scientific development will account
for 60 per cent of the total 1958 expendi-
ture, applied research for 32 per cent,
basic research for 8 per cent. More than
three quarters of the funds will go to
the Department of Defense ($2,111
million) and the Atomic Energy Com-
mission ($672 million). The Department
of Defense is expected to allocate 1.6
per cent of its grant to basic research.
Amounts allotted to other agencies in-
clude $200 million to the Department
of Health, Education and Welfare, $132
million to the Department of Agriculture
and $47 million to the National Science
Foundation. Much of the NSF’s grant,
about $30 million higher than the 1956
figure, is accountable to the Founda-
tion’s participation in the International
Geophysical Year.

Enrico Fermi Award

he Enrico Fermi award for 1957 was

presented last month to Ernest O.
Lawrence, director of the University of
California’s Radiation Laboratory at
Berkeley and inventor, in 1929, of the
cyclotron. The $50,000 award was
created in 1954 by the Atomic Energy
Commission; it is presented in recogni-
tion of “especially meritorious contribu-
tions to the development, use or control
of atomic energy.” Lawrence received
the Nobel prize for physics in 1939.

Education in the U.S.S.R.

A detailed study of the Soviet Union
educational system was published

last month by the U. S. Department of
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Health, Education and Welfare. Entitled
“Education in the U.S.S.R.,” the report
underscored the size and intensity of |
the program as well as its emphasis on
training in science and mathematics.

Soviet secondary schools are now
graduating 1.5 million students per year
(as against 1.3 million in the U. S.), and
the number is increasing. All students
cover a prescribed course which includes
mathematics through introductory cal-
culus, geography, biology, physics,
chemistry and astronomy. Enrollment at
the college and university level is 1.9
million (the U. S. figure is three mil-
lion). Seventy per cent of the advanced
degrees conferred are in science and
technology. An additional two million
students attend semi-professional schools
to train as technical assistants in engi-
neering, science, medicine and other
professions.

Soviet children attend kindergarten
until the age of seven and proceed to
an integrated program of primary and
secondary education, of which the first
seven years are compulsory. In the cities
and industrial centers the total course is
10 years; the government intends to ex-
tend this program to all communities
by 1960. Schools are in session six days
a week for about 10 months of the year,
and the 10-year course affords about the
same number of class hours as does the
12-vear program in the U. S.

Starting biology in the fourth grade
and physics and chemistry in the sev-
enth, Soviet children study these sub-
jects “cyclically,” covering more ad-
vanced material each successive year.
The work of the last two years includes
practical engineering, shop practice and
frequent inspection trips to industrial
and agricultural centers. All students
take one foreign languagé, beginning
in the fifth grade. About 40 per cent are
studying English and 40 per cent study
German.

The physical facilities of the primary-
secondary system have not grown as rap-
idly as enrollment, and most of the |
schools are on double sessions. Teacher |
training has more than kept pace, how-
ever; the average class size has been|
reduced from 28.6 in 1940 to 17 in 1956.

Supplementing the regular schools
are many programs for those with special
needs. There are part-time and night

schools for working youths and adults, |
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correspondence courses for rural areas,
schools for the artistically gifted and for
deaf, blind and otherwise physically
handicapped children. Bright students
are grouped together to work under the
supervision of university teachers.

Entrance to college or a semi-pro-
fessional school, according to the report,
is predicated on “a satisfactory political
record” and, except for the highest-rank-
ing applicants, on competitive examina-
tions. In higher education, courses of
from four to six years are offered in five
major fields: engineering, agriculture,
economics and social science, education
and medicine. Instruction hours, includ-
ing those devoted to political indoctrina-
tion, average 1,000 to 1,300 per year,
more than twice the usual amount in
U. S. colleges. Curricula are standard-
ized. Tuition is free and students are
paid a living stipend which is increased
as a reward for superior work and with-
drawn for failure to maintain a satis-
factory record.

The U. S. Welfare Department’s study
of the system empbhasizes the strict poli-
tical controls. Soviet police take part in
the administrative organization and
maintain a constant “surveillance ... on
the political reliability of administrative
personnel, teachers, students and the
others—the minister on down through
the lowest in rank.” Textbooks are some-
times removed for revision to conform
with changes in ideological outlook.
Teachers “try to stick to undisputed
facts,” postponing “synthesis and inter-
pretation . . . until such time as the offi-
cial point of view has been announced—
sometimes just in time to prepare for
examinations.”

Translating Soviet Science

Extensive translation and circulation of

scientific material from the U.S.S.R.
and other countries in its sphere is the
aim of the Pergamon Institute, a non-
profit foundation recently organized in
New York and London. The group is
already publishing English translations
of several important Soviet professional
journals and in coming months expects
to bring out a score of books by leading
Soviet scientists. It reports excellent
cooperation from these authors.

The Institute offers to groups and
individuals a free monthly list of all
current articles and books in science,
technology and medicine published in
the Soviet bloc. It will also assist in
teaching of the Russian language to
students of science, engineering and
medicine in Great Britain and the U. S.
Pointing out that only 2 per cent of
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British scientists and an even smaller
percentage of American scientists can
read Russian, it plans to sponsor a sym-
posium on the problem next summer.

Unspecialized Biology

A new journal called Perspectives in

Biology and Medicine, designed to
inspire workers in the biological sciences
to “think beyond the confines of special-
ization,” has recently put out its first
issue. The quarterly, published by the
University of Chicago Press, seeks to
“communicate and stimulate original
thought in the biological and medical
sciences.” Its editors are Dwight J. Ingle,
a physiologist, and S. O. Waife, a spe-
cialist in internal medicine. Among the
members of its international advisory
board are Sir Henry Dale and G. E. W.
Wolstenholme of Great Britain, U. S.
von Euler of Sweden, B. A. Houssay of
Argentina and Detlev W. Bronk, René
J. Dubos, Peyton Rous, Otto Loewi,
Richard H. Shryock and I. S. Ravdin of
the U. S.

Chest X-Rays

"The U. S. Public Health Service has

recommended that the mass X-ray
examination program for lung tubercu-
losis be discontinued. The decision was
motivated by the growing concern with
radiation exposure, coupled with the
great strides that have been made in
curing tuberculosis. In place of X-rays
for all, the Service urged that the pro-
cedure be limited to persons who re-
spond positively to “patch” tests and to
low-income groups, hospital patients
and persons known to have been exposed
to tuberculosis.

W ater-Soluble Plastics

A new field of high-polymer chemistry

has been opened up with the devel-
opment of water-soluble resins. At low
concentrations the new materials can
be completely dissolved in water; at
higher concentrations they are reported
to have greater thickening power than
any other commercial material now
available.

The new polymers were developed by
the Union Carbide Corporation. They
consist of long chains of from 10,000 to
100,000 molecules of ethylene oxide.
Marketed under the name “Polyox,” they
have already been used experimentally
as sizing materials for textiles. Their use
in textiles could simplify the industry’s
stream-pollution problems; unlike pres-
ent sizing materials, Polyox does not take
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up “biological oxygen” from the water.
Films made of Polyox, though easily
soluble, resist atmospheric moisture
well. This suggests a novel form of
packaging for agricultural chemicals,
inks or paints, which could simply be
tossed into water, wrapper and all.

Snap-Brim Galaxy

r l“he Milky Way apparently is not a
flat disk but is tipped down on one
side and up on the other, like the snap-
brim of a man’s hat. This is the con-
clusion of Australian radio astronomers
who have been mapping the distribution
of hydrogen in the galaxy. The down-
ward tilt is on the side toward the Clouds
of Magellan, our nearest extragalactic
neighbors. Their gravitational attraction
probably helps pull down the edge of
our galaxy. However, the tilt is too big
to be explained by gravity alone. It in-
dicates that there may be other forces
acting between neighboring galaxies.

The measurements also confirm the
spiral structure of our galaxy. Several
distinct arms were mapped in the south-
ern sky, but the regions between the
arms seem to contain more gas than the
corresponding parts of the northern sky.
An assay of hydrogen over the whole
Milky Way shows that it makes up 2 per
cent of the total mass of the galaxy.
At the outer edges of the galaxy, how-
ever, 50 per cent of the material is
hydrogen.

The Australian survey was made by
detecting the 21-centimeter radio waves
emitted by neutral hydrogen in space.
F. J. Kerr, ]J. V. Hindman and Martha
Stahr Carpenter reported the results in
Nature.

Age of Reason

[Y what age does a scientist do his best

work? E. Manniche of the Washing-
ton Public Opinion Laboratory and G.
Falk of the University of Washington,
looking into this question, have found
that the average age of Nobel prize win-
ners in physics (i.e., the age when they
published their work) was 34, in chem-
istry 40, and in medicine 44. About 30
per cent of the physicists and 10 per
cent of the chemists did their work be-
fore the age of 30.

The two investigators, analyzing their
finding in Behavioral Science, suggest
that physics has been a young man’s
game because discoveries in the past
half-century of upheaval in the science
have come from brilliant inspirations
about new concepts rather than from
patient accumulation of data.



“"Harwell” uses Stokes

Vacuum Furnace

for nuclear fuels investigations

The United Kingdom’s Atomic Energy
Research Establishment at Harwell, Didcot,
Berks., England, has had this Stokes Vacuum
Furnace in successful operation since late 1956.

The furnace is used to investigate methods for
simultaneously melting and pouring uranium
under vacuums of 1-10 microns, at temper-
atures of 1200-1400° C. The work is part of an
experimental investigation of pyrometallurgical
processing for nuclear fuels as a possible alter-
native to “wet”’ chemical methods.

If you are planning to investigate the chal-
lenging potential of modern vacuum metallurgy

Vacuum Equipment Division
F. J. STOKES CORPORATION
5500 Tabor Road, Philadelphia 20, Pa.

—plan, too, to take advantage of the undisputed
leadership in equipment and experience which

“Stokes can apply to your problem.

Prime supplier of vacuum furnaces for diversi-
fied uses—induction and arc melting, heat-
treating and sintering—Stokes is in a position
to help you select the most suitable unit for
your work, and to engineer modifications to
meet special requirements.

Stokes also offers extensive research laboratory
and customer advisory facilities. Your inquiry
is invited.
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Shaping the future with Du Pont's

Engineered Fibers...nylon, “Dacron’,

“Orlon”, “Teflon" and ""Super Cordura”

T

TOMORROW'S DATA FROM OUTER SPACE
. . . precisely recorded on paper made from Du Pont fibers

Paper is one of the newest uses for Du Pont synthetic fibers.
Its high dimensional stability can make recording of data
more reliable . . . more precise. One future application may
be recording paper—as indicated above—to receive data from
test instruments in a satellite.

The properties of synthetic-fiber papers may be precisely
engineered and varied, depending upon the fibers used—
Du Pont nylon, Dacron* polyester fiber or Orlon* acrylic
fiber. Papers can be made to have outstanding tensile strength,
tear strength, chemical resistance, fold endurance, dielectric
properties, stability—or any combination of these properties.
Synthetic-fiber papers are good candidates for use in stencil
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tissues, bookbindings, maps, backing for vinyl coatings, elec-
trical insulation, etc. In fact, potential uses for these new
papers are so broad that they are being classed as entirely
new engineering materials.

In other forms, too, the family of five Du Pont fibers offers
you many outstanding design opportunities. For example, in
one test a fire hose jacketed with “Dacron” had 7 times the
abrasion resistance of a natural-fiber jacket. Because of its
acid resistance, “Orlon” is used as a filter medium. In a typical
case it outlasted the original fiber 26 to 1. The strength and
flex resistance of Du Pont nylon make possible tires with
great blowout protection and durability. Fabric of Teflon®
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tetrafluoroethylene fiber is being used in non-lubricated bear-

ings because of its low coefficient of friction. : WRITE FOR YOUR COPY :

Chances are that Du Pont fibers can make an important : The 80 pages of “Du Pont Fibers in In- :

: : > . - dustry” are edited especially for the en- .

COn‘tI‘lbutIOIl to one of your products. Du Pont§ experience, : gicer and designer. The properties of :
testing and research activities offer you an authoritativesource : Du Pont nylon, “Dacron’’, “Orlon”,
£ A L hel ith ial bl . “Teflon” and Super Cordura* high tenac-
ofassistance. Let us help you with your next materials problem.  : jy rayon are described in detail. Technical

and performance data are presented for
most present-day industrial-fiber applica-
tions. Write: E. I. du Pont de Nemours &
Co. (Inc.), Textile Fibers Dept., 5518-B
Nemours Bldg., Wilmington 98, Delaware.

*Registered Du Pont trademarks.

DU PONT FIBERS
REG. U.5.PAT.OFF. FOR |NDUSTRY

BETTER THINGS FOR BETTER LVING . . . THROUGH CHEMISTRY
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T-42 in missiles, rockets, satellites

The T-42 looks like such a little thing. Hardly seems worth the name “Ionization Transducer.” But the idea behind it
is big . . . so big that in the few short years since it was introduced by Decker it has found itself a place in the instru-
mentation systems of every major U.S. rocket and missile. And there is space reserved for it in our satellite.,

THE DECKER . CORPORATION Bala Cynwyd, Pa.

whenever a new development takes place, it is based on ionization and electrical gas discharge
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The Principle of Uncertainty

This rule of modern phvsics, which states that events at the atomic

level cannot be observed with certainty, helps resolve the paradox

that particles sometimes behave like waves and waves like particles

t may seem a paradox that one of the
I cornerstones of modern physics is
something called the principle of
uncertainty. The idea of indeterminacy
as a rule of science does, in fact, disturb
many 20th-century philosophers [see
book review on page 111]. But the un-
certainty principle has proved a power-
ful answer—so far the most fruitful—to
important questions in present-day phys-
ics. It is a timely moment to review how
physicists arrived at the principle and to
explore its meaning.

Our starting point is the classical view
of the motion of a body. The concept of
the trajectory of a moving object is as
old as the human mind. The prehistoric
caveman who threw a stone or a spear
had a mental picture of its flight which
told him that if he threw it in the right
direction with the right speed, it would
hit his prey. This basic idea of a trajec-
tory became the foundation of men’s
concepts concerning the nature of mo-
tion, and in the 18th and 19th centuries
mathematicians were able, on these prin-
ciples, to calculate the motions of the
planets with an accuracy to within an
infinitesimal fraction of 1 per cent. But
at the break of the 20th century a funda-
mental revolution occurred in physics.
Men suddenly discovered that the classi-
cal laws of mechanics and energy which
worked perfectly within the realm of
ordinary experience did not work so well
in the realm of the great cosmos on the
one hand or the interior of the atom on
the other. To resolve the baffling contra-
dictions that turned up, Albert Einstein
created a new relativistic view of space,
time and motion, while explorers of the
atom produced the quantum theory. The
new ideas were so strange that they con-
tradicted common sense, just as the no-
tion that the earth was round had vio-
lated common sense in an earlier day
when men thought the earth must be

by George Gamow

flat as a pancake because their own back-
yards and the land and oceans as far as
they could see appeared flat. But like
Magellan, whose voyage around the
world proved that the earth was a globe,
physicists in the 20th century soon
brought forth proof that the new theo-
ries were a better description of physical
nature than the comfortable old classical
ideas.

In the atomic realm, two discoveries
especially confounded common sense
and common experience. One was the
behavior of light. As a result of work by
Max Planck, Einstein and others, it de-
veloped that light was made up of dis-
crete packets of energy, named ph()tons.
The energy of the photons varied with
the frequency (or wavelength) of the
light: it could be stated precisely as hv,
h standing for Planck’s constant and v
for the frequency. Matter emitted and
absorbed light only in certain definite
quanta (photons). Because even dim
light consists of billions of photons, we
cannot detect its “graininess.” But the
existence of photons, as well as their
obedience to the rule that their energy
depends on frequency, was elegantly
proved by Einstein’s analysis of the pho-
toelectric effect (ejection of electrons
from a metal surface by light) and by
Arthur Holly Compton’s discovery of the
“Compton effect” (changes in the fre-
quency of X-rays when they lose energy
in collisions with electrons).

Waves or Particles?

The proof of the existence of photons
placed the classical theory of light in a
very awkward position. Light was sup-
posed to be made up of waves, and its
properties of interference and diffrac-
tion showed that it did behave like
waves. Yet here it was behaving like
particles! To resolve this crisis, physicists
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had to accept the bizarre notion that
light had the nature, at one and the
same time, both of waves and of parti-
cles. They tried to picture it as a stream
of photons which was given a wave mo-
tion by some kind of guiding “field.” The
picture admittedly was unsatistactory,
but it was the best they could do.

If this flew in the face of common
sense, there was worse to come. It next
turned out that particles behave like
waves! The embarrassment grew out of
Niels Bohr’s famous model of the atom.
He pictured the electrons as whirling
around the nucleus in certain prescribed
orbits: that is, they were permitted to
possess only certain quanta of mechani-
cal energy. When an electron dropped
from one orbit to another, it gave up a
quantum of energy in the form of light—
a photon.

It was not clear what kept the elec-
trons in their orbits or why they should
occupy precisely the orbits that they did,
but Louis de Broglie of France soon
came forward with an answer. He sug-
gested that the electrons were guided
by waves that accompanied their mo-
tion. The nature of these “waves” was,
of course, mysterious, but de Broglie
found striking mathematical support for
his idea. Bohr had noted that if his
model was correct, the distances of the
successive electron orbits from the nu-
cleus of the atoms must be in the ratio
of the squares of whole numbers—that is,
1, 4, 9, 16 and so on. This indicated the
relative lengths of the circular orbits. If
the motions of the electrons were guided
by waves, then obviously in each orbit
the length of the waves had to be such
that some whole number of waves fitted
exactly into the length of the orbit [see
diagram on page 54]. Taking the hy-
drogen atom as a simple case, de Broglie
calculated that the postulated pilot
waves would fit in Bohr’s orbits if the
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PHOTOELECTRIC EFFECT demonstrates that light waves also behave like particles. The
circles in this diagram are the atoms of a metal. The black dots within the circles are
electrons which can be expelled from the metal by light. The wavy lines are light waves;
the colored dots, their associated particles or quanta. In the top picture light expels a single
electron from the metal. In the bottom picture light of the same wavelength but greater
intensity expels two electrons, each of which has the same energy as that of the first electron.
This is explained on the basis that although there are more quanta associated with the
second light wave, each quantum has the same energy as each quantum associated with the
first light wave. On the basis of classical physics, which does not include the quantum
concept. the wave of greater intensity or amplitude should expel electrons of greater energy.
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length of the wave in each case was pre-
cisely equal to Planck’s constant divided
by the mass and the velocity of the elec-
tron in that orbit.

From this basic idea of de Broglie,
developed further by Erwin Schrodin-
ger, came the system called “wave me-
chanics,” a powerful theoretical tool in
explaining the dynamics of the atom.
Very shortly, however, the existence of
de Broglie’s pilot waves was demon-
strated by a proof more tangible than
mathematigal consistency. C. J. Davis-
son and L. H. Germer of the Bell Tele-
phone Laboratories performed their his-
toric experiment showing that a beam
of electrons reflected from a crystal pro-
duces a diffraction pattern—the acid test
of wave motion [see “Davisson and Ger-
mer,” by Karl K. Darrow; SCIENTIFIC
AMERICAN, May, 1948]. And the “wave-
length” of the electrons agreed exactly
with de Broglie’s formula.

So the distinction between waves and
particles all but vanished. Light waves
behaved like particles, and particles be-
haved like waves. Common sense reeled.
Whereas in the good old classical physics
waves were waves and particles were
particles, now one had to deal with
waves possessing properties of particles
and particles possessing properties of
waves. Classical lines of thought could
not cope with such a paradox. It was at
this point that Werner Heisenberg en-
tered to rescue common sense from total
confusion. His solution was the principle
of uncertainty.

A Thought Experiment

Heisenberg went back to the root of
the trouble: the attempt to apply or-
dinary rules and methods of observation
to phenomena on the atomic scale. In
the world of everyday experience we
can observe any phenomenon and meas-
ure its properties without influencing
the phenomenon in question to any sig-
nificant extent. To be sure, if we try to
measure the temperature of a demitasse
with a bathtub thermometer, the instru-
ment will absorb so much heat from the
coffee that it will change the coffee’s
temperature substantially. But with a
small chemical thermometer we may get
a sufficiently accurate reading. We can
measure the temperature of an object as
small as a living cell with a miniature
thermocouple, which has almost negligi-
ble heat capacity. But in the atomic
world we can never overlook the disturb-
ance caused by the introduction of the
measuring apparatus. The energies on
this scale are so small that even the most



COMPTON EFFECT shows that X-ray quanta (colored balls) de- angle of deflection. That is, a quantum deflected at a large angle
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THOUGHT EXPERIMENT of Werner Heisenberg imagined a means of single quanta. This illustrated his principle that phenom-
microscope which would detect a single electron (black dot) by ena at the atomic level cannot be observed without changing them.
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gently performed measurement may re-
sult in substantial disturbances of the
phenomenon under observation, and we
cannot guarantee that the results of
measurements actually describe what
would have happened in the absence of
the measuring devices. The observer and
his instruments become an integral part
of the phenomenon under investigation.
Even in principle there is no such thing
as a physical phenomenon per se. In all
cases there is an absolutely unavoidable
interaction between the observer and the
phenomenon.

Heisenberg illustrated this by a de-
tailed consideration of the problem of
trying to track the motion of a material
particle. In the gross world we can fol-
low the flight of a ping-pong ball with-
out affecting its trajectory one iota. We
know that light exerts pressure on the
ball, but we do not have to play ping-
pong in a dark room (assuming it were
possible), because the pressure of light
is much too small to make any difference
in the ball's flight. But substitute an
electron for the ping-pong ball, and the
situation becomes quite different. Hei-
senberg examined the situation with a
Gedankenexperiment (“thought experi-
ment”), a device which was first used by
Einstein in his discussion of the theory
of relativity.

In such an exercise the experimenter
is allowed an “ideal workshop” in which
he can make any kind of instrument or
gadget—provided that its design and
functioning do not contradict basic laws
of physics. For example, he can have a
rocket that moves with almost the speed
of light, but not more than the speed of
light; or he may use a light source which
emits just a single photon, but not half a

photon. Heisenberg equipped himself
with an ideal setup for observing the
flight of an electron. He imagined an
electron gun which could shoot a single
electron horizontally in a completely
evacuated chamber—barren of even a
single air molecule! His light came from
an ideal source which could emit pho-
tons of any desired wavelength and in
any desired number. And he could
watch the movement of the electron in
the chamber through an ideal micro-
scope which could be tuned at will over
the whole range of the spectrum, from
the longest radio waves to the shortest
gamma rays.

The Errant Electron

What will happen when an electron
is fired in the chamber? According to
our classical textbooks on mechanics, the
particle should follow a trajectory known
as a parabola. But actually, the moment
a photon strikes it the electron will re-
coil and change its velocity. Observing
the particle at successive points in its
motion, we shall find it taking a zigzag
course because of the photon impacts.
Let us, then, since we have an ideally
flexible instrument, minimize the im-
pacts by reducing the photons’ energy,
which we can do by using light of lower
frequency. In fact, by going to the limit
of infinitely low frequency (which is
possible in our apparatus) we can make
the disturbance of the electron’s motion
as small as we wish. But here comes a
new difficulty. The longer the wave-
length of the light, the less able we are
to define the object, because of the dif-
fraction effect. So we can no longer find
the exact position of the electron at any

ELECTRON WAVES fitted into discrete orbits were suggested by Louis de Broglie as the
explanation of the discrete energy levels of the atom. In this schematic diagram the inner
orbit consists of one wave; the second orbit, of two waves; the outer orbit, of three waves.
The radii of the orbits would be in the ratio of those numbers squared: one, four and nine.
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given instant. Heisenberg showed that
the combined uncertainty in position
and in velocity (i.e., the product of the
two uncertainties) can never be smaller
than Planck’s constant divided by the
mass of the particle.

So with very short waves we can de-
fine the positions of a moving particle
sharply but will interfere greatly with
its velocity, while with very long waves
we can determine its undisturbed veloc-
ity but become very uncertain about its
positions. Now we can choose a middle
ground between these uncertainties. If
we use some optimal intermediate wave-
length of light, we will disturb the parti-
cle’s trajectory only moderately and still
be able to define its path to a fairly
close approximation [see diagrams at top
of pages 56 and 57]. The observed path,
expressed in classical terms, will not be
a sharp line, but at least it will be con-
fined within a band. Describing the tra-
jectory of an electron in this way gives
us no difficulty in a case such as a tele-
vision picture tube, where the “thick-
ness” of the electron’s path to the screen
is very much smaller than the diameter
of the spot formed on the screen by the
electron beam. Here we can represent
the electron’s trajectory satisfactorily by
a line. But we cannot describe the orbit
of an electron inside an atom in the same
terms. The band of uncertainty is about
as wide as the distance of the orbit from
the nucleus!

Suppose we give up the attempt to
track a moving particle with light and
try the cloud-chamber method instead.
In our hypothetical workshop we build
an ideal “cloud chamber” which is com-
pletely evacuated of material particles
but is filled with very tiny imaginary
“indicators” that become “activated”
whenever an electron passes close by.
The activated indicators would show the
track of the moving particle just as water
droplets do in a real cloud chamber [see
diagram at bottom of page 56].

Classical mechanics would say that in
principle the indicators could be made
small enough and delicately responsive
enough so that they would subtract no
significant amount of energy from the
moving particle and we could observe
its trajectory with any desired precision.
But quantum mechanics finds a funda-
mental objection to this procedure. One
of its rules is: The smaller the system,
the larger its quanta (minimum amount)
of energy. Thus as the size of the “indi-
cators” was reduced (for more precise
measurement of the electron’s posi-
tions), they would take more energy
from the passing particle. The situation
is quite analogous to the fatal difficulty



ELECTRON WAVES WERE DISCOVERED by C. J. Davisson and L. H. Germer when
they observed that a beam of electrons (left) was deflected at several discrete angles (right)
by a crystal lattice (bottom). This is characteristic of diffraction, a wave phenomenon.

in trying to track a particle by means of
light, and we again arrive at the same
relation for the uncertainties.

Particles Guided by Waves

Where does all this leave us? Heisen-
berg concluded that at the atomic level
we must give up the notion of the tra-
jectory of an object as a mathematical
(i.e., infinitely thin) line. This concept
is accurate enough when we deal with
phenomena in the realm of ordinary ex-
perience, where we can think of a mov-
ing object as held in its path by a kind
of railroad track. But in the small world
of photons and the atom, individual mo-
tions and events are not so firmly pre-
determined. Photons and material par-
ticles such as electrons and protons
move over a range under the guidance
of waves. The important point is that the
guidance is performed in a probabilistic
rather than a strictly deterministic way.
We can measure only the probability
that a photon will strike a given point
on a screen, or that a material particle
will be found in a given place at a given
instant.

I must make clear that the word
“probability” here is used in a rather
different sense from the way it is usually
understood in classical physics and
everyday life. When we say in a game
of poker that there is a certain probabili-
ty of drawing a royal flush, we mean
only that we have to estimate the
chances because we do not know the
arrangement of the cards in the pack.
If we knew exactly how the cards were
stacked, we could predict definitely

whether we would get a royal flush or
not. Classical physics assumed that the
same was true of a problem such as the
behavior of a gas: its behavior had to be
described on the basis of statistical prob-
ability only because of incomplete
knowledge—if we were given the posi-
tions and velocities of all the particles,
we could predict events within the gas
in full detail. The uncertainty principle
cuts the ground from under that idea.
We cannot predict the motions of indi-
vidual particles because we can never
know the initial conditions exactly in the
first place. It is impossible in principle
to obtain an exact measurement of both
the position and the velocity of a parti-
cle on the atomic scale.

A look at Heisenberg’s formula for
measuring uncertainty shows why we
can disregard the principle of uncer-
tainty and safely trust the good old prin-
ciple of determinism when we deal with
matter on the macroscopic scale. The
uncertainty, as I have mentioned, is
equal to Planck’s constant h divided by
the mass of the particle. Planck’s con-
stant is an extremely small quantity: its
numerical value amounts to only about
10727 in centimeter-gram-second units.
When we consider a particle weighing
as much as one milligram, we can in
principle simultaneously determine its
position within a trillionth of a centi-
meter and its velocity within a trillionth
of a centimeter per second—or 30 mi-
crons per century!

Heisenberg’s principle was developed
by Bohr into a new philosophy of phys-
ics. It called for a profound change in
our ideas about the material world—ideas
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TRAJECTORY OF A MOVING PARTICLE is schematically ob-
served with quanta of three different wavelengths. The trajectory
of the unobserved particle is indicated by the broken line in each
drawing. At left the quanta have low energy and long wavelength;

that we acquire in ordinary experience
from early childhood. But it allowed
many puzzles of atomic physics to make
sense. Above all, it extricated us from
the wave-particle paradox. The uncer-

tainty principle showed that the wave-

and particle ideas are mutually comple-
mentary ways of describing nature.

Many physicists readily accepted the
new view. Others did not like it at all.
To the latter group belonged Albert
Einstein. His philosophical convictions
about determinism did not permit him
to elevate uncertainty to a principle. And
just as skeptics were trying to find con-
tradictions in his theory of relativity,

SMALL INDICATORS (larger dots) could be used to trace the path of a particle fired

from a gun (upper left). But the smaller the indicators, the more they disturb the path.
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they disturb the trajectory of the particle very little but only hazily
indicate its path. In center the quanta have medium energy and
medium wavelength; they disturb the trajectory somewhat but nar-
row the indication of its path. At right the quanta have high energy

Einstein tried to discover contradictions
in the uncertainty principle of quantum
physics. However, his efforts led only to
strengthening of the principle of uncer-
tainty. This is interestingly illustrated by
an incident that took place at the sixth
International Solvay Congress on Phys-
ics, in Brussels in 1930.

In a discussion at which Bohr was
present, Einstein performed a “thought
experiment.” Arguing that time was a
fourth coordinate of space-time and that
energy was a fourth component of mo-
mentum (mass times velocity), he said
that Heisenberg’s uncertainty equation
implied that the uncertainty in time was
related to the uncertainty in energy, the
product of the two being at least equal
to Planck’s constant h. Einstein set out
to prove that this was not the case—that
the time and the energy could be deter-
mined without any uncertainty. Consid-
er, he said, an ideal box, lined with per-
tect mirrors, which could hold radiant
energy indefinitely. Weigh the box. Then
at a chosen instant some time later a
clockwork, preset like a time bomb, will
open an ideal shutter to release just
one photon. Now weigh the box again.
The change of mass tells the energy
of the emitted photon. In this man-
ner, said Einstein, one could measure
the energy emitted and the time it was
released with any desired precision,
in contradiction to the uncertainty
principle.

The next morning, after an almost
sleepless night, Bohr delivered a mortal
blow to Einstein’s disproof. He offered a
counter thought experiment with an
ideal apparatus of his own (which I
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and short wavelength; each quantum sharp-
ly locates the particle but completely dis-
turbs its trajectory. Thus the trajectory can
at the most be only roughly approximated.

later actually built in wood and metal,
as Bohr’s student, for his use in lectures
on the subject). Bohr attacked the ques-
tion of weighing Einstein’s box. A spring
scale equipped with a pointer recording
the weight on a vertical column placed
alongside is, he said, as good as any.
Now since the box must move vertically
with a change in its weight, there will
be an uncertainty in its vertical velocity
and therefore an uncertainty in its height
above the table, Bohr pointed out. Fur-
thermore, the uncertainty about its ele-
vation above the earth’s surface will re-
sult in an uncertainty in the rate of the
clock, for according to the theory of
relativity the rate depends on the clock’s
relative position. Bohr proceeded to
show that the uncertainties of time and
of the change in the box’s mass would
indeed have the relation which Einstein
had tried to disprove.

Einstein, bitten by his own argument,
had to agree that Heisenberg’s concept
was free of internal contradictions, but
to the very end of his life he refused to
accept the uncertainty principle and re-
mained hopeful that physics would some
day return to the deterministic point of
view.

During the past decade the validity
of the uncertainty principle has been
argued voluminously, both by writers
who understand the problems at issue
and by writers who do not. Up to the

present this so-called “Copenhagen in- |

terpretation of the quantum theory” has
stood its ground. In my opinion and in
the opinion of many other theoretical
physicists, the uncertainty principle will
stand its ground indefinitely.

WEAPON SYSTEMS by V// 7o

VITRO CORPORATION OF AMERICA has built an outstanding per-
formance record in weapon systems development for the Navy’s new
guided missile ships, now on guard around the clock. Vitro has done
systems engineering for every one of the guided missile ships and has
designed installations of launching and handling systems for the
Navy’s Terrier, Tartar and Talos and the Army’s Hawk missiles.
Systems engineering techniques, pioneered by Vitro, are standard
operating procedure for installation and maintenance of Navy missiles.

Vitro has important ordnance system contracts with Army, Navy
and Air Force plus contracts for sub-systems and components. It is
engaged in electronics manufacture, aircraft components development
and manufacturing, and research and development in physics, chem-
istry, electronics, aerodynamics, ceramics, metallurgy, hydrodynamics,
cybernetics, nucleonics and acoustics.

Whether the need is for operations research, long-range studies,
components, sub-systems or complete weapon systems, Vitro experis
ence assures top performance. A new brochure
describes Vitro’s weapon systems capabilities.

4ro

& Research, develop t, P Y \0 Thorium, rare earths, and heavy minerals
* Nuclear and process engineering, design

CORPORATION of AMERICA
261 Madison Ave., New York 16, N.Y.

€ Recovery of rare metals and fine chemicals

%Aircraft ponents and ordi yst

@& Ceramic colors, pigments, and chemicals

a Refinery engineering, design, construction
4 Uranium mining, milling, and processing
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Llfe on the Chemical Newsfront

THE ““CHEMICAL STORY"’ IS READ BY SHOPPERS on tags describing
the extra qualities imparted to textiles by chemical treatments. Stain
and wrinkle resistance, shrinkage control and water repellency are
among the many benefits of the various CyaNA® finishes offered to
textile processors by Cyanamid. CyaNa tags on garments and yard
goods educate consumers to appreciate —and demand — the benefits
offered by chemistry in improving comfort or extending wear.
(Organic Chemicals Division)

MEATS AND OTHER PERISHABLES ‘‘BREATHE’’ EASIER when
wrapped in plastic which is permeable to air, though moisture resist-
ant. Such films can be made with N-tert-butylacrylamide-acryloni-
trile copolymers. With styrene, N-tert-butylacrylamide copolymer-
izes to give tougher resins with excellent craze resistance. Used in
melamine-formaldehydes, N-tert-butylacrylamide-acrylonitrile
copolymer contributes craze and crack resistance as well as dimen-
sional stability. Many copolymerization possibilities are discussed in
the N-tert-butylacrylamide bulletin. (Market Development Department)
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NEW CYADYN* DYNAMITE will be exhibited for the first time to
the rapidly expanding and progressive quarry industry at the 41st
annual convention of the NatioNaL CRUSHED STONE ASSOCIATION.
Formerly known as CX-307, Cyapyn has proved to be an economical
cap-sensitive explosive possessing very good water resistance.
CyapyN is also finding use as a primer for blasting agents, since only
an electric blasting cap is needed to detonate this new dynamite.
(Organic Chemicals Division)
BRIGHTER FLOOR COVERINGS are the result when CyQuest 40*
sequestering agent is used to remove insoluble soap curds. These
dirt-collecting films, which tend to build up on linoleum, tile and
other floor surfaces, are solubilized and prevented from reforming
by the chelation of the soap-precipitating metal ions. CyQuesT 40
is available as a clear solution which can be directly incorporated
into your liquid detergent or soap products.
*Trademark (Industrial Chemicals Division)

NEW BOILABLE THERMOPLASTIC
HOUSEWARES withstand the scald-
ing temperatures of automatic dish-
washers and sterilizing immersion in
boiling water without softening or
changing shape. They are made of
Cymac® methylstyrene, a new heat-
resistant thermoplastic developed
by Cyanamid. Rigid thermoplastic
products made of Cyamac molding
compounds also withstand sub-zero
temperatures and can be made in a
full range of translucent and opaque
colors. (Plastics and Resins Division)

< CYANAMID >

AMERICAN CYANAMID COMPANY
30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y.

For further information on these and other chemicals, call, write or wire American Cyanamid Company
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BARBITURATES

They are among the most useful of all d1'ugs. In small doses

they act as sedatives; in larger doses they induce sleep; in

still larger doses they are able to produce deep anesthesia

he barbiturates are the most versa-
I tile of all depressant drugs. They
can produce the whole range of
effects from mild sedation to deep anes-
thesia—and death. They are among the
oldest of the modern drugs. Long before
reserpine and chlorpromazine, the bar-
biturates were being used as tranquil-
izers. Indeed, phenobarbital has been
called “the poor man’s reserpine.” Had
phenobarbital been introduced five years
ago instead of half a century ago, it
might have evoked the same burst of
popular enthusiasm as greeted Miltown
and its fashionable contemporaries. Not
that the vogue of the barbiturates is any
less spectacular, in terms of total pro-
duction and consumption. The U. S. peo-
ple take an estimated three to four bil-
lion doses of these drugs per year, on
prescription by their physicians. The
barbiturates rank near the top of the
whole pharmacopoeia in value to medi-
cine. They are also a national problem.
It was nearly a century ago that a
young assistant of the great chemist
August Kekulé in Ghent made the first
of these compounds. In 1864 this young
man, Adolf von Baeyer, combined urea
(an animal waste product) with malonic
acid (derived from the acid of apples)
and obtained a new synthetic which
was named “barbituric acid.” There are
several stories about how it got this
name. The least apocryphal version re-
lates that von Baeyer and his fellow
chemists went to celebrate the discovery
in a tavern where the town’s artillery
garrison was also celebrating the day of
Saint Barbara, the saint of artillerists.
An artillery officer is said to have
christened the new substance by amal-
gamating “Barbara” with “urea.”
Chemists proceeded to produce a
great variety of derivatives of barbituric

60

by Elijah Adams

acid. The medical value of the sub-
stances was not realized, however, until
1903, when two other luminaries of Ger-
man organic chemistry, Emil Fischer
and Joseph von Mering, discovered that
one of the compounds, diethylbarbituric
acid, was very effective in putting dogs
to sleep. Von Mering, it is said, promptly
proposed that the substance be called
veronal, because the most peaceful place
he knew on earth was the city of Verona.

Within a few months of their report,
“A New Class of Sleep-Inducers,” physi-
cians in Europe and the U. S. took up
the new drugs enthusiastically. More
and more uses for them were discovered.
Veronal (barbital) was soon followed by
phenobarbital, sold under the trade
name Luminal. In all, more than 2,500
barbiturates were synthesized in the
next half-century, and of these some two
dozen won an important place in medi-
cine. By 1955 the production of barbi-
turates in the U. S. alone amounted to
864,000 pounds—more than enough to
provide 10 million adults with a sleep-
ing pill every night of the year.

As is true of most drugs, we still do
not know how the barbiturates work or
exactly how their properties are related
to their chemistry. The basic structure
is a ring composed of four carbon atoms
and two nitrogens [see diagrams on
page 64]. Certain side chains added to
the ring increase the drug’s potency; in
some instances the addition of a single
carbon atom transforms an inactive form
of the compound into an active one.
Empirical analysis of the thousands of
barbiturates has given us some practical
information about relations between
structure and activity. But by and large
the mode of action of the drugs is an un-
solved problem.

We know a great deal, however, about
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the action itself. We can follow it best
by examining the successive stages of
the drugs” depressant effect on the cen-
tral nervous system [see “Anesthesia,”
by Henry K. Beecher; SciextirFic
AMERICAN, January, 1957]. From this
standpoint the barbiturates can be con-
sidered together as a group, for the dif-
ferences among them are not fundamen-
tal and concern such matters as the
speed and duration of the effect.

In small doses these drugs are seda-
tives, acting to reduce anxiety and to
relieve psychogenic disorders—for ex-
ample, certain types of hypertension and
gastrointestinal pain. In this respect the
barbiturates are yesterday’s tranquiliz-
ers. They have now taken second place -
in popularity as sedatives to the newer
tranquilizers.

At three to five times the sedative
dose, the same barbiturate produces
sleep. Barbiturates are still by far the
most widely used drugs for this purpose,
as millions of us know. Hardly any hos-
pital patient has escaped his yellow or
red capsule at evening, for it is an ar-
ticle of clinical faith that the patient
needs chemical assistance to achieve
sleep in his new environment. Another
large block of users are the chronic trav-
elers by plane and train. Finally there
are the thousands of sufferers from in-
somnia who take the drugs habitually.

Many persons find barbiturate-in-
duced sleep as refreshing as natural
sleep. Others awake with a hangover,
feeling drowsy, dizzy and suffering a
headache. Tests show that, with or with-
out symptoms, the barbiturates reduce
efficiency: six to eight hours after a
sleeping dose of sodium pentobarbital
(Nembutal) the subjects perform below
par on mental and memory tests. The
various drugs act differently as sleep-
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FIVE BARBITURATES are depicted at the left as they are com- tached to the carbon atom at the right side of their basic ring struc-
monly manufactured. As shown in the column of chemical struec- ture. The permutability of the basic barbiturate structure makes
tures, four of these drugs differ only in the chains of atoms at- possible variations in speed and duration of its effect on the body.
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BARBITURIC ACID (right), is made by combining urea (left) and malonic acid (right)
with the elimination of water (colored rectangles) . The barbiturate families arise from sub-
stitution of other substances for hydrogens at position 5 in the basic barbiturate structure.

producers. Some last for only three
hours or less, others for six hours or
more. The shorter-acting barbiturates
(sodium pentobarbital, secobarbital)
are appropriate for insomniacs who have
trouble falling asleep; the longer-acting
ones (barbital, phenobarbital) for peo-
ple who go to sleep easily but awake
after four to six hours. The latter drugs,
however, are more likely to produce a
hangover.

In large doses a barbiturate acts as an
anesthetic. Not only does the patient
become unconscious, but his spinal cord
reflexes are depressed so that the muscles
are relaxed and manageable for surgery.
Like the gaseous anesthetics, the barbi-
turates depress the cerebral cortex first,
then lower brain centers, next the spinal
cord centers and finally the medullary

centers controlling blood pressure and

respiration.

The fast-acting barbiturates produce
anesthesia more rapidly than ether: the
patient passes from the waking state to
anesthetic coma in a few moments.
Sodium thiopental is the most widely
used. It has important advantages over
a gaseous anesthetic such as ether. In-
jected intravenously, it works rapidly,
avoids the sense of suffocation, requires
no special equipment, is free from the
explosion hazard and from respiratory
complications. A barbiturate anesthetic
has, however, an outstanding disadvan-
tage: the dose necessary for good mus-
cular relaxation may seriously reduce
oxygen supply to the tissues by depress-
ing the brain center that drives respira-
tion. Consequently for a long operation
the barbiturate is often combined with
a gaseous anesthetic; for a short one the
dose is reduced and combined with a
specific muscle-relaxing drug that has
no brain-depressant action.

There are two other interesting uses
X of the barbiturates. One of them is
in the field of psychology. As Henry
Beecher observed in his article on anes-
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thesia in SCIENTIFIC AMERICAN, an anes-
thetic can provide “planned access to
levels of consciousness not ordinarily at-
tainable except perhaps in dreams, in
trances or in the reveries of true mys-
tics.” During World War II the barbitu-
rates, particularly thiopental, were used
for analysis and therapy for many thou-
sands of GIs, who by this means relived
and verbalized traumatic battle experi-
ences which had been buried beyond
voluntary recollection. The inhibition-
relieving action of these drugs has also
been employed by the police—in which
application the press has given them the
name of “truth serum,” although they
are neither a serum nor a guaranteed
truth-producer.

The other important use of the drugs
is for the control of epileptic convulsions.
Certain of the barbiturates—phenobar-
bital, mephobarbital and methabarbital
—can prevent or stop these seizures by
depressing brain activity. Barbiturates
can control not only the generalized con-
vulsions of genuine (idiopathic) epi-
lepsy—a disease afflicting almost a mil-
lion persons in the U. S.—but also sei-
zures induced by stimulating drugs or
by bacterial toxins such as tetanus. The
barbiturates and the convulsant drugs
act in opposite fashion, and, curiously,
each is used as an antidote for the other.
Acute barbiturate poisoning is often
treated with a stimulating drug such as
pentylenetetrazol (Metrazol) or picro-
toxin to bring the patient out of his
coma; if the dose of the stimulant turns
out to be too strong, producing convul-
sions, this in turn is treated with a dose
of a fast-acting barbiturate!

The toxic effects of barbiturates are
subtle and sometimes unpredictable. For
some patients even a comparatively
small dose may be dangerous. The body
gets rid of barbital and phenobarbital
chiefly by excretion in the urine; for a
person with damaged kidneys, therefore,
these drugs become toxic. Pentobarbital
and secobarbital, two of the most widely
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used barbiturates, are broken down in
the liver. Given to a patient with a poor-
ly functioning liver, they may produce a
far longer sleep than desired.

Next to carbon monoxide, the barbi-
turates are the most popular suicide
poison in the U. S. They account for one
fifth of all the cases of acute drug poison-
ing, and most of these are suicide at-
tempts. The barbiturates are not, as a
matter of fact, a very efficient suicide
agent: only about 8 per cent of those
poisonees who arrive at hospitals die.
But they are widely known and readily
available, and they produce from 1,000
to 1,500 deaths in the U. S. each year.

Some of these deaths, though self-in-
flicted, are accidental. A British physi-
cian first called attention some years ago
to a specific and probably common haz-
ard. The person takes a small dose to
go to sleep, and later, half asleep and
confused, he swallows another, lethal
dose. Some physicians now warn barbi-
turate-users not to keep their bottle of
tablets on a night table, where they may
stretch out a hand to take more while in
the comatose state.

There is a comfortable margin of safe-
ty between the ordinary sleeping dose
(a tenth of a gram for the average adult)
and a definitely toxic dose (more than
half a gram). The lethal dose is usually
a gram and a half or more. Acute barbi-
turate poisoning has to be treated
promptly. Unfortunately it is often not
recognized in time, because the victim is
thought to be merely in a deep sleep.
The first step in treatment is to strength-
en the victim’s breathing, in a respirator
if necessary. And a stimulant may have
to be administered to restore the activity
of the brain centers.

/_\re the barbiturates habit-forming?
4+ X This much-debated question has
been answered rather conclusively by re-
cent studies. They can indeed produce
addiction and chronic intoxication. The
two chief criteria of addiction to a drug
are a heightened tolerance to it and
physical dependence on it, so that re-
moval of the drug produces withdrawal
symptoms. A morphine addict, for exam-
ple, may be able to take many times the
dose that would be lethal for a normal
person, and he becomes acutely sick if
the drug is stopped. Several years ago
Havelock Fraser, Harris Isbell and their
associates at the U. S. Public Health
Service hospital for drug addicts in Lex-
ington, Ky., made a thorough study of
whether the barbiturates had these
properties. Their investigation included
experiments with human subjects who
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Mighty radar stations are the fixed
listening posts of America’s continental
air defense system. But they are not
enough. Troops on the move also need
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warning of approaching hostile aircraft.
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A new radar was needed. It had to be
light enough for easy transport, tough
enough to withstand campaign conditions,
and powerful enough to scan heights
beyond the reach of any device previously
available. The assignment of designing,
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building and producing it was given

to Avco’s Crosley Division. The MPS-16
height finder is the result. Working in
cooperation with the ARDC’s Rome (N.Y.)
Air Development Center, Crosley has
given the Air Force and Marine Corps
another great contribution for

national defense.

THIS IS AVCO

Avco today is a diversified organization
whose products include airceraft power
plants and structures, electronics for
defense and industry, and specialized
home and farm equipment. Avco’s
divisions and subsidiaries are:

Lycoming—aviation, marine and industrial
power plants...Crosley—electronics systems
and aireraft structures ... American
Kitchens—kitchen equipment and
architectural porcelain . . . New Idea and
Ezee Flow—specialized farm equipment...
Research and Advanced Development—
missile and allied research . . . Crosley
Broadeasting Corporation—the WLW
radio and TV group . . . Moffats Limited
(Canada)—commercial gas and heating
equipment,.

Scientists interested in unusual opportuni-
tes for advancement can grow with Avco.

Avco makes things better for America

VCeco
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Avco Manufacturing Corporation
420 Lexington Avenue, New York, N. Y.




in action

INSTRON ;.
in industry

This is the U.S. Army surface-to-air Nike-
Hercules Missile which incorporates a solid
propellant sustainer unit developed and produced
by Thiokol Chemical Corporation.

How Thiokol uses
the Instron Tester

Solid propellant rocket engines, de-
veloped and produced by Thiokol Chemi-
cal Corporation, are the power plants that
put the “go” into many of our guided
missiles.

The solid propellant that powers these
engines must be resilient enough to with-
stand extreme temperatures and very
rough handling. Thus, numerous tensile
tests are required to determine how each
propellant formulation will perform in a
rocket engine. In performing these critical
tests, Thiokol relies on the electronic ac-
curacy of the Instron Universal Testing
Machine.

Thiokol is another in the long list of
leading companies in many different fields
who count on Instrons to perform uni-
versal testing and measuring functions,
including tension, compression, hysteresis
and elastic modulus . . . on materials ranging
Sfrom acetate to zirconium.

For facts booklet, write:

INSTRON

ENGINEERING CORPORATION

446 Hancock Street, Quincy 71, Massachusetts

Tenstle testing solid propellants at elevated tem-
peratures. Lever mechanism shown here accelerates
rate of strain achieved by Instron’s electronically
controlled crosshead. Note that jaws grasp dumb-
bell-shaped sample at edges to reduce possibility of
propellant failure at other than its minimum cross
section.
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were given large doses of barbiturates
over a period of months and then ab-
ruptly taken off the drug.

They found that the barbiturates
acted as addicting drugs in every re-
spect—physical and psychic. The men
behaved like chronic alcoholics: they
neglected their appearance and hygiene,
became confused and quarrelsome,
showed unpredictable mood swings and
lost physical coordination and the men-
tal discipline necessary for simple games.
After abrupt withdrawal of the drug, the
subjects began within a few hours to
show signs of increasing apprehension
and developed weakness, tremors, nau-
| sea and vomiting. In the next five days
| most of the subjects had convulsions like
those of epilepsy and an acute psychosis
such as alcoholics suffer, with delirium
and violent hallucinations.

The Lexington investigators also made
similar tests on dogs. They too exhibited
withdrawal symptoms. In their “canine
delirium” the dogs would stare at a blank
wall and move their heads, eyes and ears
as if responding to imaginary animals,
people or objects; even while alone in a
cage a dog would growl as if being
attacked.

Stories in the press have greatly ex-
aggerated the extent of barbiturate ad-
diction in the U. S. “Thrill pills,” “goof
balls,” “wild geronimos,” “red devils”
(secobarbital), “yellow jackets” (sodi-
um pentobarbital ), “blue heaven” (amo-
barbital) —all these terms certainly have
a currency in a limited circle of addicts,
but the number of addicts is not nearly
| so large as some of the stories have al-
| leged. There are probably not more than

50,000 barbiturate addicts, compared
with a million chronic alcoholics. Never-
theless, in view of the easy access to the
barbiturates, the public does need to be
alerted to their addictive property.

The saving fact is that it takes ex-
traordinarily heavy use of these drugs to
produce addiction. Subjects who have
taken a fifth of a gram (twice the usual
sleeping dose) every night for a year
have shown no withdrawal symptoms
after stopping the drug. In contrast, mor-
phine, taken in the usual hospital doses
for as short a time as 30 days, produces
definite physical dependence. Moderate
use of the barbiturates, in the doses pre-
scribed by physicians, will not lead to
addiction. Those who become addicts
are probably, in the main, drug-users
who turn to the barbiturates because
they cannot get narcotics, alcoholics who
seek relief from alcohol withdrawal
and, in general, abnormal personalities
who are addiction risks for any intoxi-
cation that will give psychic relief.
Whether stricter Federal laws are need-
ed to control misuse of the barbiturates
has been a matter of considerable con-
troversy.

Biologists look forward to the day
when progress in medicine will make
all present drugs, including the bar-
biturates, obsolete. Better understand-
ing and treatment of the personal and
social causes of anxiety should reduce
our present reliance on chemical aids
to tranquility and sleep. Meanwhile
the barbiturates can teach us much
about the functions of the brain and
so help lead toward that more tranquil
day.

H O W4 H H H
U L) [ I |
N—C ~ (—C—H —C_ C—C—H

/N / N\JE

- C < HO—C C

N /\' ¥ N /N
N—-c’  C——C—H N—c’ C—C—H

(| US| I ' |

H H H H o H H

H H O W H

[ Ll I
/TN S NA

HO—C cH H+Na0H—>N oc Sh H 4+ H,0

N /N N /N
N—~C  C—C—H N—C  —C—

Py AR

H o H H H o H H

© 1957 SCIENTIFIC AMERICAN, INC

SODIUM BARBITAL (lower right) can be made from barbital (shown at top of diagram
in its two forms) by addition of sodium hydroxide (NaOH) and the elimination of water.
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STEAM BOILER '
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Simple, low-cost plants are the key to power from the atom at a competitive
price. Sooner than you think, nuclear reactors may be as simple as a steam
boiler. That’s why the future of cheap atomic power looks more promising.
Optimism is based on new test results with Monsanto functional fluids...

Blood for the veins of nuclear reactors

“Burning” fuel in the core of a
nuclear reactor—theoretically—is
as easy as firing coal in a furnace.
The hard, practical problem has
been to capture heat from the
reactor and transfer it at low cost
to a steam generator. Now, new
test results with Monsanto syn-
thetic fluids indicate that organic
chemicals can transfer heat more
economically than other materials.

Unique properties of these syn-
thetics from Monsanto’s store-
house of functional fluids break
the barrier to lower costs in re-
actor construction. Their low
vapor pressure at high tempera-
tures eliminates the need for high-
pressure equipment. Since they
do not corrode common construc-
tion materials, such as mild steel
and aluminum, costly metals are
not required in equipment. And

because these organic fluids do
not emit gamma radiation even
while under neutron bombard-
ment, thick secondary shielding
is unnecessary for safety.

Work by Atomics International at
the National Reactor Testing Sta-
tion in Idaho has already spurred
plans for a commercial power
reactor with Monsanto terphenyl
compounds as the “coolant-
moderator.”” Meanwhile, research-
ers are studying other Monsanto
organic fluids, such as isopropyl
biphenyl and biphenyl, which may
be more desirable in certain types
of reactors. Some engineers believe
a mixture of organic liquids may
prove to be the best coolant of all.
Whichever proves best, Monsanto
organic fluids promise to help ease
the cost pinch on atomic power.

WHEN YOU NEED A SYNTHETIC FLUID, COME TO MONSANTO—

Creator of Fluids for the Future
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YOUR FLUID
PROBLEMS INVITED

For virtually any kind of equip-
ment, including atomic reactors,
Monsanto can supply or de-
velop the special ffuid needed.
Monsanto has a stockpile of
commercial chemical fluids plus
a backlog of experience in de-
veloping the first fire-resistant
hydraulic fluid, special lubri-
cants, coolants and dielectrics.
If your engineering calls for a
fluid to absorb, dissipate or trans-
mit heat, electrical or mechan-
ical energy . . . ask Monsanto to
help. Just call or write:

MONSANTO CHEMICAL
COMPANY

Organic Chemicals Division
Department SA-3

St. Louis 24, Missouri

Monsanto
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Can you use the unique
combination of properties
offered by “MYLAR’*?

REMARKABLE TOUGHNESS. “Mylar”
is the strongest flexible plastic film ever
made . . . tough even in extra-thin gauges!

\of

a
HIGH DIELECTRIC STRENGTH. Aver-
age of 4,000 volts per mil . . .average power
factor of 0.003 at 60 cycles . .. dielectric
constant above 3.0 at 72°F., 1,000 cycles.

CHEMICAL RESISTANCE. “Mylar” film

is unaffected by oils, grease . . . most
acids and alkalies, moisture and solvents!

Here’s how Du Pont MYLAR" helps Western Electric
speed production of communication cable

PROBLEM: Western Electric’s new
long-life, high-dielectric communica-
tions cable posed a challenging prob-
lem for production engineers. The
problem was this—how to efficiently
extrude an outer jacket of polyethyl-
ene without fusing the inner pairs of
wires also coated with polyethylene.

SOLUTION: Afterextensive tests with

combinations of materials, a tape of
DuPont ‘“Mylar’’*polyester film and
rubber was selected to act as a heat
barrier.

RESULTS: Western Electric reports
that abrasion-resistant ‘“Mylar’’,
with its hard, durable surface, helps
the core binder tape run smoothly
on its equipment without snagging
or tearing. Because of its high tensile
strength and melting point, ‘“Mylar”
helps prevent corrugations of the

electrostatic aluminum shield from
breaking through the tape and short-
ing the cable.

HOW CAN “MYLAR"” HELP YOU?
Whether you make guided missiles
or tiny components, you may be able
to capitalize on the outstanding com-
bination of properties found in tough,
transparent ‘“Mylar’”’ film. For a
booklet containing technical data
plus information on successful appli-
cations, send in the coupon below.

*«MYLAR'" is Du Pont’s registered trademark for its brand of polyester film.

E. I. du Pont de Nemours & Co. (Inc.)

Film Dept., Room SA-1, Nemours Bldg., Wilmington 98, Del.
Please send the new booklet listing properties, applications and

types of “Mylar’’ polyester film available (MB-11.)

DU PONT Apbli

PP

R Name Title.
Company
Address

POLYESTER FILM City

REG.U.S. PAT. OFF.

BETTER THINGS FOR BETTER LIVING I
... THROUGH GHEMISTRY I
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Opportunities for = Semi-Conductor Engineers at

Would you like to play a major role in the
design, development, manufacture and appli-
cation of transistors?

IBM now has challenging assignments in the
product development and application of semi-
conductor devices for commercial data processing
equipment. There are unlimited opportunities for
professional achievement and advancement in our
Laboratories at Endicott and Poughkeepsie, New
York, and at our Manufacturing Facilities at
Poughkeepsie, New York.

Advanced degree in electrical, mechanical
or chemical engineering, physics, metallurgy
or chemistry, and

At least 2 years’ experience in the design,
development, manufacture or application of
semi-conductor devices and materials.

Additional career opportunities are available in
the following fields:

¢ Numerical analysis and programming

¢ Memory devices

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

Mr. R. A. Whitehorne, Dept. 659M
Mgr. of Technical Recruitment

International Business Machines Corp.
590 Madison Ave., New York 22, N. Y.

DATA PROCESSING

INTERNATIONAL ELECTRIC TYPEWRITERS
MILITARY PRODUCTS

BUSINESS MACHINES SPECIAL ENGINEERING PRODUCTS

CORPORATION SUPPLIES

TIME EQUIPMENT

Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie,
Yorktown, N. Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Colif.
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How Do Genes Act?

In which the effect of a human mutation that causes a disease

of the blood is traced to a change in one of the 300 amino acid

units that make up the structure of the protein hemoglobin

uring the last few years geneti-
D cists and biochemists have made
exciting progress toward learn-
ing how heredity works. They have
found more and more evidence that the
substance of the genes is deoxyribonu-
cleic acid (DNA). These studies have
led to an extremely interesting hypothe-
sis about how DNA controls the making
of living material—that is, proteins. In
this article I shall describe some experi-
ments, carried out in recent months at
the University of Cambridge, which not
only provide strong support for this hy-
pothesis but have actually pinpointed
the chemical effects of certain genes,
thus giving us our first detailed picture
of gene action.

The meaning of these experiments will
be clearer if we first review very briefly
the main outlines of the present view of
the chemistry of heredity, which has
been discussed in many articles in Sci-
ENTIFIC AMERICAN. The blueprints of
heredity reside in the threadlike chromo-
somes, of which there are about 24 pairs
in every human cell. Each chromosome
contains several hundred genes, strung
together in a row. The gene responsible
for any particular trait has a specific po-
sition, or “locus,” in the string. The pres-
ent concept is that the backbone of the
chromosome consists of long DNA mole-
cules and that the genes are segments of
these molecules. The DNA molecule is
made up of two chains twined around
each other in a helical structure and
cross-linked by pairs of bases—adenine
and thymine or guanine and cytosine. It
is like an enormously long winding stair-
case, with the stair treads corresponding
to these cross-links.

The DNA, according to the simple
and attractive hypothesis that has
excited so much recent attention, holds
the key to the manufacture of proteins
by the cell. Its structure controls the
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construction of the protein molecules for
which it is responsible. It carries a kind
of Morse code: that is to say, a given
DNA has its bases arranged in a par-
ticular order, and this order determines
the order in which amino acids fall into
place in the corresponding protein mole-
cule [see “Nucleic Acids,” by F. H. C.
Crick; SCIENTIFIC AMERICAN, Septem-
ber, 1957]. There are some 20 or more
different amino acids. A protein mole-
cule is made of hundreds or thousands
of amino acid units, and all the evidence
indicates that each protein owes its
uniqueness to the specific sequence of
its amino acids.

To sum up the theory: A segment of a

* DNA molecule (i.e., a gene) carries
the code for a protein or section of a pro-
tein molecule. Putting the hypothesis
this way suggests a possible test for a
gene’s action. Suppose we have an ab-
normal protein arising from mutation of
a gene. By chemical analysis of this devi-
ant form and the normal protein we
might discover how they differ. If we
can determine this, we may learn what
the site of the gene’s action is and how
large or how small a chemical change
it has produced.

Such a protein is, in fact, conveniently
available for study. It is the human
hemoglobin molecule, the oxygen-carry-
ing part of the red blood-cell. As readers
of this magazine well know, several mu-
tant forms of hemoglobin have been dis-
covered in recent years. The best-known
is the sickle cell form, responsible for
sickle cell anemia. The discovery of this
defect has been enormously fruitful to
biological science in several fields [see
“Sickle Cells and Evolution,” by Antho-
ny C. Allison; SCIENTIFIC AMERICAN,
August, 1956]. Various researches, par-
ticularly those of J. V. Neel at the Uni-
versity of Michigan, have proved that
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the defect is hereditary, that it is trace-
able to the action of a single mutant gene
and that the gene causes the synthesis
of a hemoglobin chemically different
from the normal form.

We undertook to track down this dif-
ference. To start with, the only definite
sign of the chemical difference was the
finding by Linus Pauling and his co-
workers at the California Institute of
Technology that the normal hemoglobin
molecule and sickle cell hemoglobin
have different electric charges, as shown
by the technique called electrophoresis.
Our problem was to find out precisely
what part of the molecule was altered—
this in a huge molecule consisting of
some 8,000 atoms! The situation was
not, however, quite as desperate as may
appear. The hemoglobin molecule is
made up of two identical halves, so we
can confine ourselves to one half of it
(only 4,000 atoms!). We are further
favored by the fact that we can consider
the atoms in groups rather than indi-
vidually, the groups being amino acids.
The half-molecule contains about 300
amino acid units, of 19 different kinds.

The problem thus resolved itself into
trying to learn just how the arrangement
of these 300 units in a sickle cell hemo-
globin molecule differed from that in a
normal molecule. It was a sufficiently
formidable task. To work out the com-
plete structure of the insulin molecule,
with 51 amino acids, took a group of
workers at Cambridge nearly 10 years!
We did not venture to analyze the entire
structure of hemoglobin. There were in-
dications that the change to the abnor-
mal molecule lay in some small section
of it, and I attacked the problem by
breaking the molecule down to small
fragments, in the hope of locating the
change in a single fragment. Whereas
the chances of finding a small change
are pretty remote in a molecule made of



300 amino acid units, they should be
much better in fragments consisting of,
say, only 10 amino acids.

To break down the hemoglobin mole-

cules we used trypsin, a digestive
enzyme. Trypsin breaks an amino acid
chain only at points where lysine or
arginine occurs. Since the half-molecule
of hemoglobin contains about 26 units
of these two amino acids, we could ex-
pect to get about the same number of
fragments. This proved to be the case:
the molecule broke down to 28 frag-
ments and a resistant “core” comprising
about a quarter of the molecule. We
removed the core in a centrifuge and
proceeded to analyze the fragments—
each a small group of amino acids,
known as a peptide.

For this I employed a combination of
electrophoresis and chromatography.
First a drop of the solution containing
the 28 peptides was deposited as a spot
near the edge of a large sheet of moist
filter paper. An electric current, passed
along the edge of the paper, separated
the fragments, for various peptides mi-
grate at different speeds according to
the electric charges they carry. There
was now a line of spots, each consisting
of several peptides. These were next
separated by chromatography. The sheet
was dried and hung so that the edge with
the line of spots touched a liquid; as the
liquid moved up the paper, the peptides
of each spot migrated upward, again at
different rates according to their consti-
tution, and eventually each peptide
came to rest as a distinct spot. The end
result was a network of 28 spots on the
paper, each representing a fragment of
the broken molecule of hemoglobin. I
call this map a “fingerprint” of the hemo-
globin.

The next step, of course, was to com-
pare the fingerprints of normal hemo-
globin and the errant sickle cell form.
They proved to be exactly alike in all
respects except one: in the sickle cell
fingerprint, one peptide (which I call the
No. 4 peptide) was displaced slightly
from the position it occupied in the nor-
mal fingerprint. The amount of displace-
ment showed a difference in electrical
charge similar to the difference between
the whole sickle cell hemoglobin mole-
cule and the normal one. We were there-
fore encouraged to believe that we were
on the right track: that the entire differ-
ence between the molecules lay in this
small fraction.

At this point I should interject that
we have carefully analyzed the rest of
the molecule—all the other fragments
and the core—and we have been unable

RED BLOOD CELLS of an individual suffering from sickle cell anemia are enlarged 600
diameters in the phase-contrast photomicrograph at the top. Normal red cells are shown in
the photomicrograph at the bottom. The distorted shape of the sickle cell is due to the fact
that, when its defective hemoglobin molecules lose oxygen, they clump together in rods.
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to find anv difference between the nor-
mal and abnormal molecules in these
other fractions. Whether these pieces are
identical in structure cannot yet be de-
cided, but they are the same in compo-
sition and it is reasonable to believe that
they are identical in every way.

So peptide No. 4 became the center of

our search for the chemical pecu-
liarity in sickle cell hemoglobin. We now
had to analyze the peptide, both in the
normal and in the sickle cell molecule,
to see what amino acids it was made of
in each case. This was a very tedious
business. We first had to purify the pep-
tide, which involved cutting out the No.
4 spot on the paper, washing it off and
running it again through the separation
process of paper electrophoresis or
chromatography. To get enough mate-
rial for analysis we had to fingerprint
dozens of batches of broken-down hemo-
globin and purify their No. 4 peptides.
Fortunately, with the very delicate
methods of chemical analysis available
nowadays a few thousandths of a gram
of purified material was sufficient.

What did the analysis finally show?
Both the normal and the sickle cell pep-
tides turned out to contain the same
types of amino acids: glutamic acid,
valine, histidine, leucine, threonine, pro-
line and lysine. But there was a differ-
ence in amount. The normal peptide had
two glutamic acid units and a single
valine, whereas the abnormal version
had a single glutamic acid and a double
dose of valine. In other words, in the
sickle cell peptide a valine unit replaces
a glutamic acid.

The next step was to find the order of
arrangement of the amino acids in the
peptide—a short chain of nine units. We
broke the peptide down (this time with
hydrochloric acid) into fragments con-
sisting of from two to five amino acids:
Step by step, sometimes peeling off
one amino acid at a time, we determined
the order of the amino acids in each
fragment, and then we were able to fit
the pieces together like a jigsaw puzzle
to learn the sequence in the whole pep-
tide. Thus we established that in the
sickle cell peptide a valine unit occupies
the place of the usual glutamic acid in
the seventh position of the nine-unit se-
quence [see diagrams at the right]. A
glutamic acid unit has an electrical
charge; a valine unit has none. This ex-
plains the difference in the electrical
charges on the two peptides.

Thus it appears that we have tracked
down the difference between the sickle
cell hemoglobin molecule and the nor-
mal one. According to all our evidence,
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gram. The corresponding section of hemoglobin S, which is found in individuals suffering
from sickle cell anemia. is second from the top. It differs from the normal molecule only in
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that a glutamic acid unit has been replaced by a valine unit. The same section of hemoglobin
C, another abnormal form of the molecule, is at the bottom. It differs from the normal mole-
cule only in that the same glutamic acid unit has been replaced by a lysine unit. The charac-
teristic electric charge of certain groups of atoms in the chain is indicated by the colored
plus and minus signs. The colored column here occupies the colored row on page 74.
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Copies EVERYTHING!

Consistently clear, jet black on snow
white prints . . . Picks up pen signatures,
all color mks, crayons, spirit-ink, rub-
ber stamps, finest pencil or mechanical
drawing detail. All are reproduced with
photo-exactness and uniform clarity.

[,
y
Copies ANYWHERE!

Compact carrying case, use in the field
or office. No special skill required, no
dark room—can be used under any nor-
mal surrounding lighting conditions.
Does the finest reproduction in fast
time . . . only 5 to 10 seconds for aver-
age exposure.

Copies ANYTHING!

Contoura easily copies all material from

bound books (even both sides of a
page), manuscripts, letters, newspapers
Acme visible files . . . has unique
cushion which follows varied contour
of pages or flat surfaces. Will print
sections of large pages or drawings.

A

Contoura- PORTABLE

Eliminates errors of longhand copying,
typing, proof reading. Contoura saves

money and time in all fields . . . profes-
sional, business, and industrial. Perma-
nent clear copies . . . Write for full
data folder—

F. G. LUDWIG,

1501 COULTER STREET
OLD SAYBROOK, CONNECTICUT

INC.
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" IF BLUEPRINTS
COULD ONLY FLY...

Kennametal * could abandon
its quest for new materials

A lot of the “New” equipment in the
field of aviation has been on the draw-
ingboard for months and even years.

Designers knew how to build it. But
they did not have the materials with the
necessary properties to do the job. And
so these new advances had to wait for
the research departments of companies
like Kennametal to develop and pro-
duce the needed materials.

The same applies to much “new”
equipment in other fields where severe
abrasion, corrosion, erosion or high
temperatures are service hazards, and
superior stiffness is required. Engineer-
ing imagination has had to wait for en-
gineering materials to catch up.

Kennametal’s long-continued re-
search in the field of hard carbides has
produced new materials with remark-
able combinations of characteristics,
that are serving in a wide variety of
applications.

Some—like Kentanium, which com-
bines lightness with unusual resistance
to high temperatures—are being used
for components and for instrumenta-
tion in power plants for supersonic
flight. Some—like K501 —combat de-
structive combinations of corrosion and
abrasion that speedily reduce ordinary
materials to an eroded ruin. And some
are serving up to 100 times as long as
the hardest steel in applications where
abrasive action is a problem.

If your brain-child needs a part that
is resistive to abrasion, corrosion or
high temperatures, or that withstands
heavy loads without distortion or de-
formation, please check on Kenna-
metal. Write KENNAMFETAL INC.,
Dept. SA, Latrobe, Pennsylvania.

*Trademark
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the sole chemical difference is that in the
abnormal molecule a valine is substi-
tuted for glutamic acid at one point. A
change of one amino acid in nearly 300
is certainly a very small change indeed,
and yet this slight alteration can be fatal
to the unfortunate possessor of the errant
hemoglobin. Equally remarkable is the
fact that the sickle cell gene operates so

E
E

i

delicately on the synthesis of a protein,
changing just one amino acid and leav-
ing the rest of the molecule’s structure
unaltered.

After I had worked through the sickle
£\ cell problem, my colleague John
Hunt tackled another abnormal hemo-
globin, known as hemoglobin C. This

]

1

“FINGERPRINTS” of fragmented hemoglobin were made by a combination of electro-
phoresis and chromatography. At top left is the fingerprint of normal hemoglobin; at top
right, of hemoglobin S. The hatched spots in the diagramsshow wheretheydiffer significantly.
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Your engineers
swift paced genii - or technical drones?

You see more and more electronic meas-
uring equipment in industry’s laborato-
ries for a very simple reason. Electronic
instruments make engineering measure-
ments faster and more accurately. They
give your engineers precision short cuts
through tedious measuring problems -
common and uncommon. They save
hours, even days, for the creative engi-
neering that so directly affects your
progress and competitive position.

Over 130 Hewlett-Packard field engineers
and 300 different -hp- instruments are
today helping company after company
eliminate obsolete, time-wasting meas-
urement methods. A letter from you will
assure an -hp- engineer in touch with
your technical people - immediately.

Versatile, low cost -hp- 521A Industrial Counter
measures frequency, speed, RPM and RPS -
counts events occurring at random within se-
lected time periods. With special transducers,
also measures weight, temperature, pressure,
acceleration, etc. Time-saving production and
research tool. $475. Make sure your next in-
strument requisition specifies -hp- equipment.

HEWLETT-PACKARD COMPANY
PALO ALTO, CALIFORNIA
Field application engineers throughout the world

@ world leader in electronic measuring instruments
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DNA PROTEIN
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HEMOGLOBIN A

HYPOTHETICAL SCHEME of how deoxyribonucleic acid (DNA)
is related to hemoglobin A (normal hemoglobin), hemoglobin S
and hemoglobin C is outlined. At the far left is a diagram of a short
segment of DNA. The two chains of the DNA are joined by pairs
of bases (squares). There are four bases: adenine (A), thymine
(T), cytosine (C) and guanine (G). To the right of this diagram

deviant, rarer than the sickle cell form,
was known to have parallel proper-
ties, and indeed there was genetic evi-
dence that it derived from a mutation
in the same part of the chromosome that
is responsible for the sickle cell defect.
Was it possible that the C gene altered
the very same site in the hemoglobin
molecule as the sickle cell gene? This
seemed almost too pat to be true, but
Hunt’s chemical investigation fulfilled
the expectation beyond all hope.

The fingerprint of hemoglobin C again
showed a change only in the No. 4 pep-
tide. But this time the abnormal peptide
spot was not merely displaced but broke
down into two separate spots. The chem-
ical analysis showed why. It developed
that in the hemoglobin C molecule the
very same glutamic acid unit that gives
way to valine in the sickle cell case is
again replaced, this time by another
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amino acid—namely, lysine. Now lysine,
as I have mentioned, offers a vulnerable
point for splitting by trypsin. Thus the
peptide I call No. 4 breaks into two at
this point. There is a further significant
fact. Whereas valine has no electrical
charge, lysine does have one: it is posi-
tive. Since glutamic acid carries a nega-
tive charge, the substitution by positively
charged lysine produces a greater electri-
cal change in the molecule than occurs
in the case of sickle cell hemoglobin.

he exciting point of these findings

is that they demonstrate that we
are apparently on the right track in
our ideas about the mechanism of
heredity. We can go on with more
confidence to explore the possibilities
raised by this work and the hypothesis
it supports.

One question certainly calling for
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is a parallel diagram ot the protein of hemoglobin A. The amino
acid units of the protein are presumably related to segments of the
DNA. In the mutated DNA which controls the synthesis of hemo-
globin S and hemoglobin C the pairing of bases may be altered
at one point (shown by colored squares). This might account for
the difference in one amino acid of the three forms of hemoglobin.

further study is why the change of a
single amino acid alters the behavior of
hemoglobin so drastically as to cause the
severe sickle cell disease. We should also
like to know more about changes brought
about by other mutations of the hemo-
globin gene or genes. Some elegant re-
cent researches by Seymour Benzer of
Purdue University have brought to light
that a gene can mutate at 100 or more
spots along its length. If we could cor-
relate mutations at these spots with
changes of the bases along the DNA
molecule, and those changes in turn
with a series of chemical alterations
along the length of a protein molecule,
we would be a long way toward under-
standing how heredity works. There is
no way to make a systematic study of
these matters with human genes, but it
might be possible through experiments
on microorganisms.



The how and

Dr. Charles P. Bean, B.A., University of
Buffalo (1947), Ph.D. in physics, Univer-
sity of Illinois (1952), joined the General
Electric Research Laboratory in 1951. As
a member of the Physical Metallurgy Sec-
tion, he has concerned himself primarily

with studying the physical aspects of
ferromagnetism.

why of magnets

Dr. Charles P. Bean of the General Electric Research Laboratory
contributes new understanding to an age-old problem of science

Magnetism, which amazed and confounded the early
Greek philosophers, has been shorn of much of its
mystery, but enough questions remain unanswered
to hold the attention of many leading physicists
throughout the world. One recognized authority on
magnetism is Dr. Charles P. Bean, who describes his
past work at the General Electric Research Labora-
tory as learning how things magnetize and his pres-
ent interest as learning why materials are magnetic.

Dr. Bean’s interests, past and present, have led him
to the investigation of magnetic effects near absolute
zero, theoretical studies of new magnets made from
submicroscopic iron particles, and new observations
of magnetic behavior in whiskers of “perfect” metal.

Through this and other work, he has helped estab-
lish important new understanding of the character
and motion of magnetic domains — regions in which
atoms, each one an elemental magnet, are all lined up
in the same direction.

At General Electric, such research is motivated by
a belief that providing scientists with the tools, the
incentives, and the freedom to seek out new knowl-
edge is the first step toward progress for everyone.

Progress [s Our Most Important Prodvct

GENERAL @D ELECTRIC
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a bulletin of practical new ideas

from Corning

The long and the short of it

...a primer on

optimum heating methods

Take a white-colored object and place it
near an infrared lamp with a Kelvin
rating of 2500°. Some 309, of the radiant
energy will be absorbed.

Next take an ordinary sheathed wire
unit at 1000°K. The same object will
absorb 709, of the measurable output.

Now take a new Pyrex® industrial
radiant heating panel. It looks like this.

s o SRR,

It operates at 600°K. and your white
object will now absorb 909, of the radiant
energy.

Behind these differences lies the ques-
tion of wave length emitted by each source.
Infrared lamps peak at 1.2 microns; a
sheathed unit like the one described hits 3.
But the Pyrex heater gives from 5 to
20 microns.

It’s the longer wave lengths that make
the difference. And more absorption
means more effective heating per unit of
energy expended.

These wave lengths offer you two
distinct advantages: (1) all colors will
absorb nearly the same amount of them
—this means even heating regardless of
color and (2) all colors will absorb these
waves much more readily than they will
the short wave lengths of lamps or sheath
wires. With white colors, the absorption
is greater with panels than lamps by a
factor of nearly 4 to 1.

PyrEx industrial radiant heaters have
as their heart a panel of tempered glass
that has a fused-in coating of thin con-
ducting film. The panel is mounted in an
aluminized steel frame. A self-contained
unit, each heater comes with built-in
aluminized steel reflector, mounting
hangers, junction box and leads.

. Reflector—aluminized steel
Electric current
Resistance element—conductive film
Heating element—tempered glass
Work—all materials except
reflectors

A
B.
C.
D.
E.

metallic

Because it’s tempered the glass panel is
rugged; it also is extremely corrosion
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resistant. Maintenance is a negligible
factor since occasional dusting with a dry
cloth is sufficient. If needed, heaters can
be cleaned when cold by rubbing gently
with a soft rag lightly dampened with
alcohol.

Pyrex radiant heating panels come
in 8 different models, the smallest 1184”
square, the largest 2394” square. (Note:
rectangles are included in this selection.)

Watts per square inch go from 5.4 to
9.5 and the element itself (when meas-
ured in ambient air at 70°F.) runs from
550°F. to 660°F.

Heaters can be mounted horizontally,
above or below work; vertical installa-
tions also possible and practical.

The heat you get from such units is
uniform (because it’s an area source) and
effective (because of its long wave).

PyrEx radiant heaters look like a real
“hot” answer for drying, baking, curing,
preheating—just about any application
where you want to put the heat on and get
the most for your investment in space and
kilowatts.

Bulletin PE-60 gives the salient data on
construction, installation, ventilation,
wiring and controls, and maintenance.
There’s also a full story on where to get
and how to use the Corning ‘“Process
Prover” —a “pilot” setup complete with
percentage timer, pyrometer, variable
table and such. PE-60 is free. Using the
coupon facilitates matters.

15 gets you 75

Somebody in one of our offices has figured
out that 75% of the products we now
make were not in production 15 years ago.
Which means? Glass (as engineered by
Corning) is appearing in ever-increas-
ingly useful forms.

Take a few minutes

to glance through o~

“This Is Glass” fora = E&
sprightly review of M- .
this growth. Or brief

your problem and
let us see if we can’t

come up with a glass
answer.

“This Is Glass” []

Please send me the following: Bulletin PE-60 “PYREX® Brand Industrial Radiant Heater” []

Rounding out the line
Possibility: Some day the writing tip of
your ball point pen may be made of glass.
Certainty: In sizes somewhat larger than
those useful for such a purpose, glass balls
are available now and in quantity.

Before final grinding and polishing
they look like this.

Since a number of other materials
have long been available in sphere form,
this news may not appear so startling.

Still a number of considerations that
may interest you are involved. First—
Continuous production of optical quality
glass was accomplished—no mean feat.
Then, Corning developed a new, high-
speed machine for forming small diame-
ter glass balls.

With this machine now in operation,
the following specifications pertain:

Basic data on glass balls
Diameter range. . . . . . 133” min.
.425” max.

Diameter tolerance . +.012”

Sphericity of ball within .008”

What can you do with bits of glass like
this? So far interest has been evidenced
for using them in finger tip spray dis-
pensers, for hand lotions and cosmetics,
valves for blood transfusion and oxygen
equipment, and hydrolytic controls.

Corrosion resistant, small, noncontam-
inating, nonmagnetic, capable of taking a
fine finish—glass balls await your evalua-
tion.

Inquiries marked for Railroad and
Industrial Sales will get fast action.

Name. Title

Company

Street__ — S
City Zone State
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EXPERIMENTS IN DISCRIMINATION

A pigeon can be tramed to peck when a light of a certain wavelength

1s flashed. Tt will also peck at lights of other wavelengths, but at

a rate which declines proportion to the difference 1n Wavelength

by Norman Guttman aud Harry I Kalish

‘ J T hen you trade in your car for a
/ new model, you do not need to
take a refresher course in driv-

ing. The new car may have a different
feel and call for somewhat different con-
trol motions, but as an experienced
driver you easily adjust your training to
the new situation and quickly come to
operate the car with your usual skill.
This is a simple case of “transfer of
learning.” But the nature of the transfer

process is far from simple. Generations
of psychologists have found it a thorny
subject, full of disappointments and sur-
prises. Often learning does not carry
over where we might expect it to. Train-
ing received in the classroom may be of
little avail in the factory or the office;
the camp soldier may prove helpless in
combat; the lessons learned on the play-
ing fields of Eton have been known to
fail in the Sudan. On the other hand,

learning sometimes extends to unex-
pected areas in unexpected ways. This
article will report some experiments that
have cast interesting new light on the
generalization of learning.

The particular transfer phenomenon
that we have been studying is called
“stimulus generalization.” The term
means that a learned response to a spe-
cific stimulus carries over to a whole
class of similar or related stimuli. A child

PIGEON trained by Guttman and Kalish is shown in this multiple-
exposure photograph. When a colored light appears in the trans-

© 1957 SCIENTIFIC AMERICAN, INC

parent disk (top), the pigeon pecks at the disk. Once a minute, on
the average, the food box (bottom) opens to reward a response.
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seeing a group of nuns approaching in
the street exclaimed: “Mommy, see the
penguins!” This is a graphic illustration
of stimulus generalization. (The class of
“penguins” also includes, of course, men
in formal dinner dress.)

"] he great physiologist Ivan P. Pavlov

was the first to recognize and study
stimulus generalization as a measurable
phenomenon. In the course of his famous
experiments on conditioned reflexes in
dogs, he discovered that a dog which
had been conditioned to salivate when
a vibrator was applied to a point on
its thigh would also salivate, though
less copiously, when the vibrator was
touched to other points on its skin. The
response declined in a regular gradient
from the conditioned point on the thigh:
the farther from this point the vibrator
was applied, the fewer drops of saliva
the dog emitted.

The late Clark L. Hull of Yale Uni-
versity, with his co-worker Milton J.
Bass, verified Pavlov’s finding and ex-
tended the experiments to human sub-
jects. They worked with the galvanic
skin reflex—a momentary decrease in
the skin’s electrical resistance in response
to stress (it is used in lie-detection
machines). Almost any intense stimulus
will produce this response. Using Yale
undergraduates as subjects, Hull and
Bass conditioned them so that a vibrator
applied to the shoulder or the calf of the
leg evoked the skin reflex, and then they
tested the effect of vibrations at other

points on the body. As in the experi-
ments on dogs, the response diminished
in intensity with distance from the origi-
nal point of stimulation.

Later Carl I. Hovland of Yale and a
number of other experimenters explored
various stimuli and showed that there
was a graded generalization of response
to sounds and to visual stimuli—the re-
sponse declining with changes in the
pitch of the sound or in the brightness
or size of the visual object.

Why the nervous system behaves in
this way is still a mystery. Pavlov sug-
gested the theory that when a stimulus
excites its receptive center in the brain,
the excitation spreads over the cere-
brum, so that other portions of the brain
respond to related stimuli in the same
way as the stimulated point. But this
idea fell to the ground when it was found
that conditioning could be established
successfully in animals whose cerebral
cortex had been removed, and even in
species of animals possessing no cere-
brum at all. Nowadays psychologists are
extremely cautious about speculating on
the physiology of learning. They prefer
the “black box” approach: put in a
stimulus or put in training and see what
comes out in behavior. They believe that
studies of this kind will provide clues
for finding out what happens inside the
black box (i.e., the nervous system).

Our group at Duke University decided
to pursue the investigation of stimu-
lus generalization with the spectrum of

SHUTTER \

light as the testing instrument. If you
condition an animal to respond to a cer-
tain wavelength of light, how far will its
generalization of the stimulus extend
from that wavelength? Generalization
should certainly work within a given
color: conditioned to respond to a deep
green, say, the animal can be expected
to respond also to a yellower green. But
will it jump the dividing line between

-one color and the next—say from green

to yellow? This seemed not very likely.
Here discrimination might be expected
to take the upper hand over generaliza-
tion: the difference would seem greater
than the kinship. If it is true, as many
psychologists believe, that discrimina-
tion is the enemy of generalization—the
less you can discriminate, the more you
generalize—then generalization should
stop more or less abruptly at the borders
of the colors.

For our subject we chose the pigeon.
This animal’s ability to distinguish colors
resembles man’s. It is easy to train, and
it clings to its trained behavior. Instead
of Pavlov’s conditioning method, we use
the sensitive and powerful training tech-
nique developed by B. F. Skinner of
Harvard University [see “How to Teach
Animals,” by B. F. Skinner, ScieExTIric
AMERICAN, December, 1951; and “Pleas-
ure Centers in the Brain,” by James Olds,
October, 1956].

We first train the pigeon to peck at
light of a certain wavelength, presented
in the form of an illuminated disk. The
food reward for pecking the disk is given

DIFFRACTION
GRATING

EXPERIMENTAL APPARATUS (similar to that in which the
bird appears on the preceding page) is shown in this schematic
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MONOCHROMATOR

drawing. The color of the light seen by the pigeon is changed by
tilting the diffraction grating with respect to the beam of light.



not for each response but on an irregular I
schedule, controlled by an automatic de-
vice which gives food for one response
in each minute on the average. The
main reason for this system is that we
do not want the bird to “expect” a re-
ward for every response, because that
would interfere with the later generali-
zation tests. Paradoxically, the irregular
reward method produces an extremely
eager response by the pigeon. After a
few hours of training the bird pecks
steadily at the rate of 4,000 to 6,000
times per hour! What is especially im-
portant for our purposes, the response
persists strongly when we stop giving the
reward. The pigeon continues to peck
for several hours, at a slowly declining
rate. During this period we can carry out
extensive generalization tests.

A test consists in presenting the
pigeon with monochromatic light at 10
or 12 wavelengths other than the one
to which it was trained to respond. The
test stimuli are distributed over a con-
siderable range of the color spectrum. If,
for instance, the bird was trained to a
green at the wavelength of 5,500 Ang-
strom units, it may be tested on wave-
lengths ranging from 4,800 Angstroms
(blue) to 6,200 Angstroms (orange).
These are presented in random order.
The whole series of wavelengths is re-
peated a dozen times, each time in a
different order. The bird’s response to
each disk is measured by its rate of

pecking. HALT--Who Goes There?

When we tabulated the performances

This lonely DEW Line outpost may someday mean the difference
between life and death for millions of Americans. Itisa

sentinel of freedom, probing the sky with unblinking eyes,
ready to give instant alert to our Air Defense Command.

One of history’s most notable defense undertakings, the DEW
Line stretches 3000 miles across the frozen north. Each
radar site is linked with others in the chain through Lenkurt
. single-sideband carrier equipment which “‘channelizes” many
NN .y types of information for radio transmission. Lenkurt carrier,
\3\\[—}.‘\ with such features as carrier frequency transfer and
I . advanced miniaturization techniques, provides a maximum of
system flexibility at @ minimum unit cost per channel.

|

e

VY, ) '(\ The company’s unique experience and facilities give it a
e decisive advantage in solving many types of communications
problems, including yours.
=

Lenkurt is a specialist in communications systems for public
and private use, for commercial and government installations.

LIGHT SOURCE : ELECTRIC
San Carlos, Calif. + Mexico, D.F. * Vancouver, B.C.

The shutter enables the experimenter to

Lenkurt products are distributed to public utilities b
black out the light while changing colors. P PRIOVIC S Y kil . A
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PER CENT OF TOTAL RESPONSES

GREEN

YELLOW ORANGE

WAVELENGTH DIFFERENCE THRESHOLD

L I - 1 J

5,300 5,500 5,700 5,900 6,100
WAVELENGTH (ANGSTROM UNITS)

4,700 4,900 5,100 6,300 6,500

RESPONSES OF PIGEONS to wavelengths other than the one to which they have been
trained to respond are related to the difference in wavelength and not to variations in the
sensitivity of the pigeon’s eye to various wavelengths. The curve at bottom shows this
variation in sensitivity. Above this curve are the colors related to the wavelengths below it.
Each of the four curves at top shows the responses of a pigeon trained to peck at the flash
of a light of the wavelength at the top of the curve (arrows). The pecking responses of the
pigeons to light of other wavelengths fall off regularly with the difference in wavelength.
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of our pigeons on these tests, the re-
sults were not what we expected. In
spite of the fact that the wavelengths
had been shown in random order, the
birds responded in a remarkably regular
pattern according to the distance of each
wavelength from the stimulus used in
training. The curve of response was
quite orderly: fast pecking at wave-
lengths close to the training stimulus,
diminishing rates of pecking at more
distant wavelengths [see upper chart at
the left]. It was as if the pigeons were
equipped with a frequency analyzer,
accurately identifying each wavelength.
In other words, they possess something
like absolute pitch in the visual spec-
trum.

Even more remarkable, the curve of
response crosses color boundaries with-
out faltering. There is no abrupt drop
in response as the curve passes from one
color to another. And this is true no
matter where in the spectrum the bird is
tested: if it is trained in the green, the
curve slopes down smoothly from green
through yellow to orange; if it is trained
to orange, it shows the same smoothly
declining gradient back through yellow
to green. Like a mechanical frequency
analyzer, the bird appears to recognize
wavelengths entirely without reference
to color. Its performance is especially
puzzling because experiments have
shown that the pigeon, like man, can
distinguish hues more sensitively in some
parts of the spectrum than in others. Yet
this varying capacity for discrimination
does not affect the animal’s stimulus gen-
eralization: throughout all regions of the
spectrum in which it has been tested, it
is uniformly guided only by wavelength.
These findings have led us to believe
that generalization and discrimination
may not be simple opposites, as com-
monly supposed.

Harley M. Hanson of our laboratory
has made an extensive investigation of
how training in discrimination affects
generalization. He trained pigeons to
peck at one wavelength and to refrain
from pecking at another. When this dis-
crimination had been established, he
tested their generalization of the positive
stimulus and found that the curve of
response was displaced away from the
negative stimulus. The pigeon actually
pecked at the highest rate at a wave-
length different from the one to which
it had been trained—that is, farther
away from the negative stimulus. The
size of this shift depended on the dis-
tance between the positive and nega-
tive stimuli. If the difference between
them was 400 Angstroms, the peak
shifted 50 Angstroms. If the two wave-



Send for “Solar Advanced Technology”

Learn how this forward-looking
company can put its products, services
and facilities to work for you

CURRENTLY SOLAR IS ENGAGED in impor-
tant advanced missile development
studies—of complete weapons sys-
tems for the military services, and
for non-military scientific research.
They represent only a few of the
exciting projects which typify Solar’s
advanced engineering for today —
and tomorrow.

For three decades the company
has been an acknowledged leader in
working with high-temperature
stainless alloys. Products range from
powerful gas turbines to industrial

expansion joints, from missile com-
ponents to thrust-producing after-
burners, from stainless steel aircraft
nacelles to “hot parts” for advanced
jet engines.

A new 16-page brochure giving
full details about Solar’s products,
services and facilities is available
upon request. Send for it today and
learn how Solar can help with your
important missile program. Write to
Dept. D-126, Solar Aircraft Com-
pany, San Diego 12, California.
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AMATEUR
TELESCOPE
MAKING

Edited by Albert G. Ingalls

This set of books is the authorita-
tive reference library of the en-
thralling hobby of amateur tele-
scope making. Through these
books thousands have discovered
a fascinating mechanical artcom-
bined with a great science.

Book One

It beginsat thebeginning, teaches
the basics of glass grinding and
how to complete the first tele-
scope. (497 pages, 300 illustra-
tions.) Postpaid: $5.00 domes-
tic, $5.35 foreign.

Book Two

This book leadson into advanced
methods of amateur optical work
and describes new projects for the
telescope maker. (650 pages, 361
illustrations.) Postpaid: $6.00
domestic, $6.35 foreign.

Book Three

Book Threeopensup further fields
of enterprise; e. g., binoculars,
camera lenses, spectrographs,
Schmidt optics, eyepiece design,
ray tracing (made easy). (644
pages, 320 illustrations.) Post-
paid: $7.00 domestic, $7.35
foreign.

Send postcard

for descriptive circular
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415 Madison Avenue, New York 17, N. Y.
( Residents of New York City please add 3% sales tar)

lengths between which the pigeon had
been taught to discriminate were only
50 Angstroms apart (a very difficult dis-
crimination which may take the pigeon
as long as 10 hours to learn), the peak
response shifted much farther away from
the negative stimulus—about 150 or 200
Angstroms. In short, the pigeon’s train-
ing in discrimination had not only extin-
guished a response but also enhanced its
response to a new range of stimuli.

W. K. Honig of our group explored
another question. What would happen
if a trained pigeon was presented with
a choice between two wavelengths
shown at once (on separate disks)?
Would it peck only one—the one closer
to the wavelength at which it had been
trained? Or would it peck both, giving
more of its attention to the closer than
to the farther one? Honig’s pigeons took
the latter course. They pecked both disks
but pecked faster on the closer wave-
length, in exactly the same ratio of pref-
erence as when the disks were presented
at separate times.

O ne of our most important findings has

to do with the intensification of the
pigeons’ responses with training. We
found that as a pigeon’s response to the
conditioned stimulus increased, its re-

sponse to the associated stimuli increased
in the same ratio. For example, if its rate
of pecking at the training wavelength
rose from 20 to 40 times per minute, its
rates for the other wavelengths also
doubled. This simple multiplicative rela-
tion, first suggested by Hull in the gen-
eral theory of behavior that he formu-
lated 15 years ago, indicates that we are
dealing with a fundamental property of
behavior. It may have an important bear-
ing on human conduct.

Neal E. Miller, the Yale psychologist,
has suggested that intensification of
drives such as hunger, fear or sexual ex-
citement may heighten generalization
and extend its range. Indeed, there is
reason to believe that stresses of many
kinds may have this effect in a multipli-
cative fashion. Under these circum-
stances a person would show exagger-
ated reactions to stimuli which ordinarily
would evoke little or no response. In ex-
treme cases the individual’s responses
would become so generalized that he
would react indiscriminately to virtually
all the stimuli in his environment, and go
over to the bizarre reactions of the psy-
chotic state. Thus stimulus generaliza-
tion may be a useful concept in the study
of psychopathology, as it is in investiga-
tions of normal learning processes.

500 +

400

300 +—

RESPONSES

5,200

L — - <
4,800 5,000

5,400

5600 5800

WAVELENGTH (ANGSTROM UNITS)

DISPLACED CURVES of generalization are shown for pigeons taught to discriminate
negative stimuli from a positive stimulus (a light of 5,500 Angstrom units). The curve of
pigeon A (a control) was not displaced. Pigeon B, whose negative stimulus was 5,550
Angstrom units, has a curve displaced far to the left; C (solid colored line), D and E
(broken color), with negative stimuli farther to the right, did not displace so far to the left.
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V4, Y2 and 1-second re-
corders speed research
and test projects by pre=-
serving accurate data.

Measure rapidly changing
variables with £/actrnoniK

fast speed recorders

Its high-speed recording makes the ElectroniK instrument ideal for
accurately measuring split-second changes in many types of
variables. Three models are available, with pens which traverse
the full 11-inch width of the chart in 14, 14 or 1 second.

ElectroniK fast speed recorders combine the accuracy and depend-
ability of standard ElectroniK instruments with special pens,
specially geared motors and high powered amplifiers . . . to give
precise, complete records.

You’ll find these recorders particularly valuable in rocket or guided
missile testing, spectography and other analyses, and jet engine
development. Use them to measure thrust, torque, strain, tem-
perature, pressure, fuel and air flows, and other rapidly changing
variables requiring continuous, accurate recording.

Get complete details from your nearby Honeywell field engineer.
He’s as near as your phone.

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

Honeywell
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WHALES, PLANKTON AND MAN

The whale feeds its enormous bulk by sifting out tons of tiny

crustaceans from the ocean every day. More studies of whales

and what they feed on may help solve the human food problem

mong the “whale statements” in the
A prefatory pages of Moby Dick we
find a quotation from Obed Macy’s
History of Nantucket which reads: “In
the vear 1690 some persons were on a
high hill observing the whales spouting
and sporting with each other, when one
observed; there—pointing to the sea—is
a green pasture where our children’s
grandchildren will go for bread.”

Many people who are actively con-
cerned with mankind’s food problem
think it is high time we made the Nan-
tucketer’s prophecy good. Of course to
bake literal loaves of bread from sea-
weed would take some doing. But the
whale feeds upon the plants of the sea
only indirectly (by eating small herbivor-
ous animals), and what is food for whales
could also be food for man. The whale
bears compelling testimony to the abun-
dance of the ocean pasture. The sea is
estimated to be as productive of organic
food, acre for acre, as the land. With 70
per cent of the globe covered by oceans,
in the aggregate the sea must produce
five to 10 times as much living matter as
the land. Yet we take only 1 per cent of
our food from this source. Considering
that half the world population lives on
the edge of starvation and that we must
feed 100,000 additional mouths every
day, the sea’s food potential cannot be
neglected much longer.

We could, to begin with, increase our
harvest from the sea by more intensive
fishing for the conventional game. But I
want to propose here a new kind of fish-
ing which could be far more productive.
My proposal admittedly is based on some
purely theoretical deductions. But even
if these deductions are only partly borne
out, we may be able to open up at once
a vast source of palatable high-protein
food.

The whale’s pasture is the upper, sun-
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by Willis E. Pequegnat

lit layer of the open ocean. The plant
life of this zone consists mainly of micro-
scopic floating organisms—the plants of
the plankton. Principal among these
plant organisms are the geometrically
exquisite single-celled diatoms, housed
in snowflakes of silica, and the whirling
dinoflagellates, whose perpetual motion
keeps them from sinking out of reach of
the sunlight. These simple algae conduct
the major portion of the photosynthesis
that goes on in the ocean. They are the
“grasses” of the sea. They synthesize
carbohydrates, fats and proteins from
carbon dioxide, sea water and certain nu-
trients. Under optimal conditions of
light, temperature and nutrient supply,
they may multiply to hundreds of thou-
sands of cells per liter of water, clouding
the water with a soupy “bloom”—yellow,
green, red or brown, depending upon
which species is dominant. At such times
their prodigious capacity for multiplica-
tion becomes self-limiting, as they use
up the supply of some critical nutrient
or reduce the penetration of sunlight.
More commonly the multiplication of the
plant plankton is limited by the preda-
tion of the plankton animals that live
upon it.

The smallest of these animals are
single-celled protozoa which under the
microscope look like tiny mollusks, en-
cased in mineral shells of exotic design.
The largest are wriggling crustaceans re-
sembling small shrimp. Between these
extremes of size is an endless variety of
creatures, including the larval stages of
many species of fish and of bottom-
dwelling mollusks. Not all of these ani-
mals feed directly on the plants of the
plankton; many of them prey on one
another, the larger consuming the small-
er. Finally the largest of the plankton
animals are devoured by fishes, birds,
seals and certain whales.
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At each step in this food chain we
must reckon with a considerable loss of
organic matter. Only a small fraction of
what an animal consumes goes to make
up its substance. The rest is dissipated
as energy in various forms, a large part
of it being expended as mechanical en-
ergy in the creature’s pursuit of its food.
In general, 80 to 90 per cent of the or-
ganic matter is lost at each step. In the
sea, as on the land, the hierarchy of
predators forms a sharply narrowing
pyramid. With 1,000 pounds of plant
life at the base it shrinks to 100 pounds
of animal plankton, then diminishes to
10 pounds of fish and is capped at its
peak by only one pound of, say, sea lion.

Such calculation at once suggests
that man might gain a great deal by
short-cutting the food chain, perhaps go-
ing so far as to harvest the plant plankton
directly. Except in a few regions, how-
ever, the plant plankton is too diffusely
dispersed in the water. As a practical
matter we need some animal to concen-
trate it for us. The ideal would be a
plankton animal of appreciable size with
a high rate of reproduction.

Now the whale makes exactly these

requirements of its food supply. To
achieve and maintain its huge bulk it
must find its food close to the base of
the pvramid. It is no accident that the
most abundant species of whales, the
baleen group, feed almost exclusively
on a plankton animal. The baleen
whales, among which is the blue or
sulfur-bottom whale, the largest animal
that has ever existed, are equipped with
a mouth strainer, in the form of ingeni-
ous horny plates with fringed edges.
When they scoop up their food in great
mouthfuls of sea water, the strainer lets
the plant plankton and small plankton
animals escape but holds in the largest



PLANKTON

PELAGIC

NEKTON

BENTHIC

BENTHOS

FOOD RELATIONSHIPS among typical Antarctic ocean organ-
isms are shown in this drawing. Plant plankton (circle) and the
animal plankton which they nourish inhabit the sunlit upper layer.
Swimming animals (nekton) include whales, porpoises and squid.

Whales feed on krill (top center), porpoises on krill and squid.
Benthic animals (crabs and starfish) inhabit the bottom (benthos) ;
they feed on animal remains from the upper layers. Organic mate-
rial is ultimately swept upward by currents to renew the cycle.
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of them—a bright red, shrimplike crusta-
cean named Euphausia superba and
known to whalers as krill or whale food.

Krill is an admirable answer to the
whale’s food needs. In the first place, the
animal is a herbivore, bringing the whale
to within one step of the plant plankton.
The crustacean has efficient equipment
for collecting the tiny plants that serve
as its food: its hind limbs sweep currents
of water toward a net of hairlike bristles
under the forepart of its body, where the
plants are entrapped and then swept into
the mouth. In the second place, the ani-
mal is large enough (up to two and a
half inches long) and abundant enough
to feed the whale’s gigantic appetite.

In the Antarctic waters, where many
baleen whales feed, krill grows in enor-
mous quantity. Since it takes a good
many krill to make a meal for a whale,
it is fortunate that they live close to the

surface and are easy to catch. Cousins
of this crustacean in other oceans are
found only at depths of several hundred
feet. But krill confine themselves to a
thin zone within about 30 feet of the
surface. They swarm in shoals and wind-
rows from a few square yards to half
an acre in size. Sometimes they are so
densely packed that they give a reddish
hue to the water. Aggregations of such
swarms may extend for hundreds of
square miles. The whales browse in their
midst, singly and in herds, consuming
vast numbers of them. Yet despite the
fact that krill is the principal or exclusive
food not only of whales but also of some
species of seals, penguins, many other
oceanic birds and hordes of fishes, the
creature maintains a huge population,
breeding larvae all summer long.

This plenteous animal surely deserves
man’s consideration as a possible food.

To see whether it could fill the bill, we
must answer several questions. Would
it supply our nutritional recquirements?
Would people want to eat it? Is it abun-
dant enough to give significant relief to
the world food shortage? I have looked
into each of these matters.

In connection with an entirely different

line of study I had occasion to do a
biochemical assay of krill. The animal
proved to be fairly rich in protein and
fats. It can be calculated that a pound
of krill will yield at least 460 calories—
about the same as other shellfish. The
eyes of krill are unusually rich in vitamin
A, a feature which might have by-prod-
uct interest if the animal were fished on
a large scale.

How palatable is krill> I happen to
know of at least one occasion when peo-
ple ate some krill (taking them from

SIMPLIFIED PYRAMID of Antarctic life begins with plant plank-
ton (bottom) and ends with man. Energy loss at each step is about
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~ 100

1,000

90 per cent; 1,000 pounds of plant plankton produce 100 pounds
of animal plankton, 10 pounds of whale and one pound of man.
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...t0 keep America on time!

Almost any clock requires Copper to run accu-
rately. For one thing, Brass (an alloy of Copper)
can be precision-machined so that gear trains will
move at a more accurate rate.

An electric clock needs Copper even more.

What other metal could provide Copper’s high
conductivity? What else could give you 6500 turns
of wire in a tiny coil? What else makes delicate
springs so durable? What other metal resists cor-

In a clock, parts made of Copper render service
that is timeless.

And you find Copper easier to work. It draws
readily to make a case or housing. It swages well
to seal oil in a motor. It machines accurately for a
high-load bearing. And the higher-cash-value of
your manufacturing scrap lessens your raw ma-
terials cost.

The Copper Industry will provide ample future

rosion like Copper . . . indefinitely? supplies to enable you to design with Copper!

COPPER - BRASS - BRONZE

in over 40 Standard Alloys!

For information on the above or any other application of Copper, write to the Copper & Brass Research Association, 420 Lexington Ave., New York 17, N. Y.

87

© 1957 SCIENTIFIC AMERICAN, INC



Preserve your copies |

SCIENTIFIC
AMERICAN

ofl

€ A handsome and durable library file or
binder in which to keep your copies of
SCIENTIFIC AMERICAN.

¢ Both styles bound in dark green library
fabric and stamped in gold leaf.

FILE (shown at right): Holds 12 issues.
Single copies easily accessible.

Price: $2.35 (U.S.A. only).
BINDER (shown at left): Holds 6 is-
sues. Copies open flat.

Price: $2.50 (U.S.A. only).

(New York City residents please add 3% Sales Tax)
Address your order, enclosing
check or money order, to:

————— e ——— A
I Department F (File) or A (Binder) |
I SCIENTIFIC AMERICAN |
| 415 Madison Avenue, New York 17, N. Y. |

New “Mechanical Educator’ to

IMPROVE MEMORY
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ing. This versatile new educational tool can also be
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LOBSTER KRILL (Euphausia superba) is the largest of several related species consumed
in enormous quantities by whales. Its forelimbs trap the plant plankton on which it feeds.

the freezer in my laboratory under the
mistaken impression that they were
shrimps). The consumers naturally were
most uncommunicative, but I have rea-
son to believe that the crustaceans were
eaten with relish, and no untoward after-
effects were experienced. Their removal
from the deep freezer can be taken also
as a tribute to the appetizing appearance
of these bright red animals.

As to their abundance in the sea, we
must take an indirect census. Let us con-
sult the whale, estimating its krill con-
sumption from its energy requirements.
I estimate, with advice from authorities
on fluid dynamics, that an average-sized
adult blue whale, weighing some 90
tons, develops about 10 horsepower
when it swims at the moderate pace of
four knots. (Whales have been observed
to reach 12 knots easily.) Assuming that
the muscles propelling the animal are
about 20 per cent efficient in converting
food into power, we can calculate that
a blue whale needs about 780,000 calo-
ries per day for propulsion. To this we
must add an energy allowance for main-
tenance of its body temperature and
processes such as digestion and respira-
tion. A rough estimate based on the
whale’s surface area puts this figure at
230,000 calories per day. The total so
far, then, comes to more than a million
calories per day. At about 460 calories
per pound of krill, this means an aver-
age daily consumption of about 2,200
pounds—more than a ton of food.

We are not yet finished, however.
During its growth period (i.e., the first
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five years of its life) a blue whale gains
at the average rate of 90 pounds per day.
So a growing whale needs another 600
to 800 pounds of krill per day, raising
the total to a ton and a half. Now we
have to double this figure to arrive at
the actual daily consumption, because
we have reason to believe the blue whale
feeds only half the year. For the winter
it leaves its feeding grounds in the Ant-
arctic and migrates north to more tem-
perate waters. Whale authorities believe
that the whale does not feed to any ap-
preciable extent outside the krill range
in the Antarctic Ocean but lives through
the half year on stored energy. The
grand total of a growing blue whale’s
food intake while it feeds is, then, about

three tons of krill per day!
Now we are in a position to estimate
+ 1 how much krill the whale popula-
tion as a whole may consume. To judge
the highest potential we have to go back
to 1910, before whalers began to cut
down the whale herds in the Antarctic.
The population at that time is estimated
to have been half a million. Half a mil-
lion whales consuming three tons of krill
per day for six months gives a total of
270 million tons of krill per year. Since
it is highly unlikely that whales harvest
more than 20 per cent of the krill in any
given area, the total annual production
of krill must have been at least 1,350 mil-
lion tons. On the 3.5 million square miles
of feeding grounds this averages to about
1,000 pounds per acre.

At that rate the krill crop in the ocean
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TEENAGER DESIGNS
A NEW COMPUTER!

Using his Geniac Electric Brain Construction
Kit young John S., 16 years old, of Pittsburgh,
Pennsylvania designed and built a machine that
composes music, a circuit that is now included
with every kit.

An exception? Not at all—

Ronald W. of Denver, Colorado used his Geniac
to design machines giving geometric area for-
mulas, position of the planets in the solar sys-
tem, control system in an atomic reactor, com-
parative weights on Mars and Earth and seems
to find new uses each week in addition to those
in the experimental manual.

Peter H. of River Edge, N.J. created an
averaging machine.
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the Electrical Brain Construction Kit, to explore
the fascinating new world of computing ma-
chinery. Schools, colleges, industrial training
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to advance their
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learn more about the application of com-
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machinery.
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laboratory or demonstration material on
computers.

[0 Student impatient for teachers to begin.

[} Scientific Amateur, who wants to learn about
computers but doesn’t know how to begin.

] Parent of a scientific-minded youngster, who
is looking for a present that will provide
hours of entertainment and instructive value.

in computing
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bought and enjoyed Geniac, the Electrical Brain
Construction Kit.

Every Geniac Kit contains 7 books and manuals
including a Beginner's Manual and Study Guide
to help the teenager whose knowledge of elec-
trical circuitry may be limited. From these you
can_go step by step into more advanced circuit
designs and finally through the theory needed
to design your own machines.

This is why we don't think the designs we re-
ceive are exceptional. We planned it that way.

So if you have a boy—from 11 years up, who
is an electrical bug, or if you yourself want to
understand more of the theory behind circuit
designs, order your complete kit now.
Geniacs are fun too. Exciting puzzle-solving cir-
cuits—the Uranium Shipment and the Space-
Pilots, code-making machines, game-playing
machines for Tic-Tac-Toe, Nim, intelligence-
testing devices will give you and your children
hours of amusement. Over forty machines can
be built from your Geniac Kit with more than
400 pieces and parts, seven books and manuals.
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Send check, cash or money order to:
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OLIVER GARFIELD COMPANY
126 Lexington Avenue, New York 16, N. Y.

90

bests the animal yield on land, for rich
pasture land gives about 700 pounds of
cattle and sheep per year. The compari-
son is apt, because these animals, like
krill, are herbivorous, converting plants
to meat. Krill is, by this token, a far more
efficient producer of food than carnivor-
ous fishes, which under cultivation in
ponds yield only 100 to 250 pounds per
acre per year.

The whale’s example shows that we
can reap vastly increased returns from
the biological economy of the oceans.
The 270 million tons of krill on which
the Antarctic whales fed in their heyday
would be more than enough to supply
the annual requirements of the entire
U. S. population.

There are growing indications that
krill may be a timely subject. Some 250

A N
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ships and 16,000 men—the largest whal-
ing fleet in history—are now operating in
the Antarctic Ocean. They depend main-
ly on the fin whale. If and when this
species follows the blue and humpback
whales into near-extinction, whalers may
find it worth while to turn their atten-
tion to krill. My own calculations, based
on operating costs of ships, processing
costs and a likely market price for krill,
indicate that even today krill-trawling
might be more profitable than whaling.

We ought to begin a scientific explora-
tion of this promising possibility in the
Antarctic Ocean. A pilot project in krill-
fishing would enable scientists, engineers
and businessmen to join hands in a proj-
ect which would not only advance
knowledge but might also develop a
valuable source of food.

8
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DISTRIBUTION OF KRILL around Antarctica in summer is shown by shading; heavier
shading denotes denser concentrations. The broken line surrounds the “Antarctic con-
vergence,” within which upwelling nutrients support a luxuriant growth of plant plankton.
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HIGH PURITY RARE EARTHS

Available in quantities at surprisingly low cost

A few months ago, in one of these re-
ports, we presented this table of high
purity rare earth and yttrium oxides.
We anticipated inquiries, of course, but
the flood of letters requesting detailed
information really startled us.

What interests us particularly, and
will you, is the fact that so many re-
search people are intrigued with the
practical possibilities of these unique
materials. The large amount of research
now being done on high purity rare
earth oxides in a wide variety of indus-
tries encourages us to suggest the
likelihood that they may offer you op-
portunities for potentially profitable in-
vestigation.

Already, in a little more than two
years since rare earths in purities up to
99.99% became available in commer-
cial quantities, they are being used as
basic production materials in many
chemical and industrial operations.

Production Up—Costs Down

We have expanded our production fa-
cilities to keep up with demand and
now have more than 100 ion exchange
columns in continuous operation.
Quantities are large enough to assure
you a dependable source of supply.
Prices are low enough to make their
use on a production basis economically
sound.

Most of the high purity rare earth
and yttrium oxides are available for
prompt deliveries in quantities of an
ounce to hundreds of pounds.

We can’t tell you how to use high
purity rare earths in your production
opemtions, nor can we promise that one
of them may be the missing element in
new process or product developments
on which you are working. We can,
however, supply you with data which
you will find interesting, revealing and
quite possibly of immediate impor-
tance to you.

areport by LINDSAY

TYPICAL MAXIMUM IMPURITIES IN LINDSAY PURIFIED RARE EARTH AND YTTRIUM OXIDES

ATOMIC % RARE EARTH MAXIMUM
NO. OXIDE CODE | PURITY IMPURITIES AS OXIDES
528 99.99 0.01 Pr, 0.001 Ce.
2 S SR EL S S 529 | 99.997 | 0.0025 Pr, 0.0005 others
215 99.8 0.2 (largely La + Pr + Nd).
el [0 R GO e 216 | 99.9 | 0.1 (largely La + Pr + Nd).
726 99 1 La + Nd + smaller amounts of
59 Prs0;;. PRASEODYMIUM OXIDE Ce and Sm.
729.9 | 99.9 0.1 Ce + Nd.
628 95 1-4 Pr, 1-4 Sm, 0.5-1 others.
60 Nd203. NEODYMIUM OXIDE 629 | 99 0.1-0.4 Pr + 0.1-0.4 Sm + 0.5 others.
629.9 | 99.9 0.1 (largely Pr + Sm).
822 99 0.2-0.7 Gd, 0.2-0.6 Eu, and
62 Sm,03. SAMARIUM OXIDE smaller amounts of others.
823 99.9 0.1 (largely Nd + Gd + Eu).
1012 98-99 1-2 Sm 4 smaller amounts of Nd 4
63 Euy03. EUROPIUM OXIDE Gd +-others.
1011 99.8 0.2 (largely Sm + Gd + Nd).
928.9 | 99 1Sm + Eu + trace Tb.
G418 | ICd2052RRCAROLINIUMEOXIDE 9299 | 99.9 | 0.15m + Eu + trace Th.
1803 99 1Gd + Dy + Y.
85 I Tbs07. TERBIUM OXIDE 1805 | 99.9 | 0.1Gd + Dy + Y.
1703 99 1 (largely Ho + Y + Tb + small
66 Dy,03;. DYSPROSIUM OXIDE amounts of others).
1705 99.9 0.1 Ho 4 Y 4 traces of others.
1603 99 1 (largely Er 4 Dy + small amounts
67 Ho203. HOLMIUM OXIDE of others).
1605 99.9 0.1 Er + Dy + traces of others.
1303 99 1 Ho + Dy + traces Yb and Y.
68 Er,0;. ERBIUM OXIDE 1305 99.9 0.1 Ho + Tm.
1405 99.9 0.1 Er + Yb + trace Lu.
69| INTm20 5T HULIUMEOXIDE 1403 | 99 1Er + Yb + trace Lu
1201 99 1 Er + Tm + trace Lu.
O | BTE-C SRR EREILMEOXIDE 1202 | 999 | 0.1Tm + trace Lu + Er.
1503 99 1 Yb 4+ Tm + traces of others.
71 | Lug05. LUTETIUM OXIDE 1505 | 99.9 | 0.1Yb + Tm + traces of others.
1112 99 1 Dy + Gd 4- traces Tb and others.
39 Y20;3.  YTTRIUM OXIDE 1115 99.9 0.1 Dy + Gd + traces Tb
1116 99.9+ Approx. 0.05 Dy + Gd.

For detailed information and prices, write for our bulletin
“Purified Rare Earth and Yttrium Oxides”

PLEASE ADDRESS INQUIRIES TO:

JINDSAY (HEMICAL (OMPANY
UWiattls SLangost Sraoducor of Hntium and Fiane Eanth Clomiats

264 ANN STREET e WEST CHICAGO, ILLINOIS
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MATHEMATICAL GAMES

A collection of tantalizing

fallacies of mathematics

by Martin Gardner

mathematical paradox can be de-
A fined as a mathematical truth so

startling that it is difficult to be-
lieve even after every step of its proof
has been verified. Mathematical fallacies
are equally astonishing assertions, but
unlike mathematical paradoxes their
proofs contain subtle errors. Every
branch of mathematics, from simple
arithmetic to modern topological set
theory, has its share of these counter-
teit arguments. The better ones are of
course those with the most incredible
conclusions and the best-camouflaged
errors. Euclid devoted an entire book to
geometrical fallacies, but his manuscript
did not survive.

The following seven fallacies have
been selected for their variety and in-
terest. They will not be explained, but
the reader may find it pleasant and in-
structive to seek out their errors.

Our first fallacy is an exceedingly ele-
mentary one. We shall introduce it
by way of an amusing paradox which
David Hilbert, the great German mathe-
matician, liked to employ to illustrate
one of the peculiar properties of aleph-
null, the smallest of the transfinite num-
bers. It seems that the manager of a ce-
lestial hotel with an infinite number of
rooms, all occupied, wishes to accommo-
date a new guest. He does so by moving
each occupant to a room with the next
highest number, thereby vacating Room
1. What can he do if an infinite number
of new guests arrive? The undismayed
manager simply shifts each occupant to
a room that has a number twice as lzu'ge
as that of his first room; the guest in
Room 1 goes to Room 2, the guest in 2
goes to 4, 3 to 6, 4 to 8, and so on. This
opens up all the odd-numbered rooms,
which will accommodate every one.
But is it really necessary that the num-
ber of occupied rooms be infinite before
additional guests can be accommodated?
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The following doggerel from a late 19th-
centurv British magazine tells how a
clever innkeeper with nine empty rooms
had no difficulty in providing separate
lodgings for each of 10 travelers.

Ten weary, footsore travelers,
Allin a woeful plight,

Sought shelter at a wayside inn
One dark and stormy night.

“Nine rooms, no more,” the landlord
said,
“Have I to offer you.
To each of eight a single bed,
But the ninth must serve for two.”

A din arose. The troubled host
Could only scratch his head,

For of those tired men no two
Would occupy one bed.

The puzzled host was soon at ease—
He was a clever man—

And so to please his guests devised
This most ingenious plan.

In room marked A two men were placed,
The third was lodged in B,

The fourth to C was then assigned,
The fifth retired to D.

In E the sixth he tucked away,
In F the seventh man,

The eighth and ninth in G and H,
And then to A he ran,

Wherein the host, as I have said,
Had laid two travelers by;

Then taking one—the tenth and last—
He lodged him safe in I.

Nine single rooms—a room for each—
Were made to serve for ten;

And this it is that puzzles me
And manv wiser men.

A slightly more sophisticated fallacy
£ X s the following algebraic proof that
any number a is equal to a smaller num-

ber b.

a=b+c
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Multiply both sides by a — b to ob-
tain:
az — ab = ab + ac — b? — be
Move ac to the left side:

a? — ab — ac = ab — b* — be

Factor:

a(a—b—¢)=b(a—b—c)
Divide each side by a — b — ¢ to get:
a=>b
\ [anipulation of the imaginary num-
- ber i (the square root of — 1) has

many pitfalls, as witnessed by the fol-
lowing tantalizing proof:

N1 -1
V-1 V1

I
L

[n plane geometry most fallacies hinge
on an improperly constructed dia-
gram. Consider for example this perplex-
ing demonstration that the front side of
a polvgon cut out of a piece of paper
has an area which differs from that of
the back side. The demonstration was
devised by L. Vosburgh Lyons, a New
York psychiatrist, to exploit a curious
principle recently discovered by Paul
Curry, also of New York.

First draw on a sheet of graph paper
the 60-square-unit triangle shown at the
top of the illustration on page 94. Cut
along the lines to make six pieces, then
color the back of each piece. If all six
pieces are turned over and a colored tri-
angle formed as shown in the middle of
the illustration, it will be found that the
triangle has developed a hole of two
square units. In other words, its area has
shrunk to 58 square units. If we turn
three pieces so that their white sides are
uppermost, leaving three colored pieces,
we can form the figure shown at the bot-
tom of the illustration. This has the in-
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Precision inertial navigation is the most ex-
citing and technically advanced way to keep
a moving air, land or sea vehicle on course.
It does not use radio, radar, the stars, heat
or magnetic reference. Highly accurate, its
military use in missiles and aircraft may be
the key to an effective deterrent weapon.

American Bosch Arma Corporation, through

top dog in inertial navigation?

its .amara Division, is a leader among com-
panies making contributions to inertial nav-
igation. As a result, amsra was selected to
design and produce the inertial guidance sys-
tem for America’s newest intercontinental
ballistic missile: Titan. .amsza . . . Garden
City, N. Y. A Division of American Bosch
Arma Corporation.

There are unlimited employment opportunities in inertial navigation at .amsz4a.

AMERICAN BOSCH ARMA CORPORATION
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Study at home
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TNIVERSITY
of CEIICAGO

FOR THE MATURE MIND whether
you're self-educated or hold a Ph.D., you can
share the resources of the University for a life
long investment in self-improvement. Refresh,

enlarge your frame of reference . . . add to
your intellectual skills and fund of knowledge
. improve your professional competence.

150 COURSES for adults . . . in Philosophy,

Mathematics and  Statistics, Psychology,

World Affairs, Personal Investments, Phar-

macology, Semantics, Astronomy, Great

Books, Poetry, Creative Woriting, French,

German, and other fields. Begin at any time
. study at your convenience, AT HOME
. earn academic credit.

ENJOY an absorbing conversation-by-mail
with your personal University tutor, in courses
like . . . SYMBOLIC LOGIC, SHORT-STORY
WRITING, DIFFERENTIAL EQUATIONS.

For full information, write for the
Home-Study ANNOUNCEMENTS—
no ohligation, of course.

The Home-Study Dept.
UNIVERSITY OF CHICAGO
Box SA18 e Chicago 37, Ill.

LINGUAPHONE

MAKES IT EASY TO
LISTEN and LEARN to

SPANISH
ITALIAN+GERMAN« RUSSIAN «JAPANESE

Aezice,)*FRENCH \

ICELANDIC «  MODERN GREEK
—any of 34 languages available AT HOME

With LINGUAPHONE—The World’s Standard Conversa-
tional Method—You Start to SPEAK another language
TOMORROW—or IT COSTS YOU NOTHING!
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between area of 59 square units. Some-
thing is obviously wrong here, but what?

Probubility theory swarms with plausi-
* ble but specious lines of reasoning.
Suppose you have just met your friend
Jones and each of you is wearing a neck-
tie that your wife gave you for Christ-
mas. You begin to argue over which of
you received the more expensive tie. You
and Jones finally agree to settle the mat-
ter by visiting the store where both ties
were bought and checking their value.
The man who wins (that is, has the most
expensive tie) must give his tie to the
loser as a consolation.

This is how you reason: “The chances
that T will win the argument or lose it
are equal. If T win, I will be poorer by
the value of this tie I am wearing. But if
Ilose, I am sure to gain a more expensive
tie. Therefore the contest is clearly to my

| advantage.”

Of course Jones can reason in exactly
the same way. How can a bet be favor-
able to both parties?

One of the most surprising paradoxes

of topology is the fact that a torus
(a doughnut-shaped surface) can be
turned inside out through a hole in its
side by stretching the surface without
tearing it. There is no question about
this. When the steps in the process were
depicted in SciENTIFIC AMERICAN for
January, 1950, a New Jersey engineer
actually shipped the magazine an inner
tube which he had reversed. But if this
can be done, then an even more remark-
able fact seems to emerge.

On the outside of a torus paint the ring
at right in the upper illustration on page
96. On the inside of the same torus paint
a second ring. These two closed curves
are clearly linked. The torus is now
turned inside out through the hole. As
the bottom illustration shows, this moves
the first ring to the inside and the second
ring to the outside. The rings are no
longer linked! This obviously violates a
fundamental topological law which
states that two linked curves cannot be
separated without breaking one curve

| and passing the other through the break.

Our final fallacy, which draws on ele-

mentary number theory, concerns
“Interesting” v. “uninteresting” numbers.
Numbers can of course be interesting in
a variety of ways. The number 30 was
interesting to George Moore when he
wrote his famous tribute to “the woman
of 30,” the age at which he believed a
married woman was most fascinating. To
a number theorist 30 is more likely to be
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exciting because it is the largest integer
such that all smaller integers with which
it has no common divisor are prime num-
bers. The number 15,873 is intriguing
because if you multiply it by any digit
and then by 7, the result will consist en-
tirely of the chosen digit. The number
142, 857 is even more fascinating. Multi-
ply it by any digit from 1 through 6 and

A fallacy of plane geometry
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Temco’s target drone “Teal’ takes to the air

to sharpen atm of Navy pilots

The XKDT-1, “Teal,” designed and developed by Temco
as a low-cost, expendable target system, recently made
its initial flight to become the nation’s first successful
rocket-powered target drone. Carried aloft and launched
by an F3H-2M Demon fighter at 20,000 feet, the “Teal”
held a straight course for almost eight minutes. .. the
first flight of such duration for a drone using solid-propel-
lant fuel. Also, the event was the first successful con-
trolled launching of such a device from swept-wing
aircraft.

Capable of operating near the speed of sound at altitudes
up to 50,000 feet, the “Teal” will serve as a target for

AIRCRAFT CORPORATION - Dallas, Texas

air-to-air missiles and other defensive devices carried by
Navy aircraft. It is a Temco development from initial
concept to flight readiness, and an outstanding example
of Temco’s engineering and production capabilities.

The experienced engineer who seeks the challenge of a

growing organization, plus the prestige of a soundly estab-
lished company, will find kis opportunity at Temco!

In Engineering, The Best Opportunities Are In Aviation

In Aviation, The Best Opportunities Are At Temco
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AN INVITATION
TO JOIN ORO

Pioneer In
Operations Research

Operations Research is a young
science, earning recognition rapidly
as a significant aid to decision-mak-
ing. It employs the services of
mathematicians, physicists, econo-
mists, engineers, political scientists,
psychologists, and others working
on teams to synthesize all phases of
a problem.

At ORO, a civilian and non-
governmental organization, you
will become one of a team assigned
to vital military problems in the
area of tactics, strategy, logistics,
weapons systems analysis and
communications.

No other Operations Research
organization has the broad expe-
rience of ORO. Founded in 1948 by
Dr. Ellis A. Johnson, pioneer of
U. S. Opsearch, ORO’s research
findings have influenced decision-
making on the highest military
levels.

ORO’s professional atmosphere
encourages those with initiative and
imagination to broaden their scien-
tific capabilities. For example, staff
members are taught to “‘program’
their own material for the Univac
computer so that they can use its
services at any time they so desire.

ORO starting salaries are com-
petitive with those of industry and
other private research organiza-
tions. Promotions are based solely
on merit. The “fringe” benefits
offered are ahead of those given
by many companies.

The cultural and historical fea-
tures which attract visitors to
Washington, D. C. are but a short
drive from the pleasant Chevy
Chase subutb in which ORO is
located. Attractive homes and
apartments are within walking dis-
tance and readily available in all
price ranges. Schools are excellent.

For further information write:

Professional A
L PP

OPERATIONS RESEARCH
OFFIGE [ore]

The Johns Hopkins University

7100 CONNECTICUT AVENUE
CHEVY CHASE, MARYLAND
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A fallacy of topology

| you get the same six digits in the same

cyclic order.

The question arises: Are there any un-
interesting numbers? We can prove that
there are none by the following simple
steps. If there are dull numbers, we can
then divide all numbers into two sets—
interesting and dull. In the set of dull
numbers there will be only one number
that is the smallest. Since it is the small-
est uninteresting number it becomes,
ipso facto, an interesting number. We

must therefore remove it from the dull
set and place it in the other. But now
there will be another smallest uninter-
esting number. Repeating this process
will make any dull number interesting.

T he solution to last month’s pentomino

problem is given in the illustration
below. Note that the shaded section can
be inverted to give a second solution.
These two solutions are believed to be
the only ones possible.

The solution to last month’s pentomino problem
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Ros Gilhert discusses RELIABILITY

Reliability deliberately incorporated into design, whether
the design be for a complete system or for a single com-
ponent, is the premium in the product that establishes
the reputation of the designer and his creation. The cus-
tomer usually assumes—and does rightfully expect — that
the ultimate in presently available reliability 1s incorpo-
rated into any product he acquires. Indeed, this expect-
ancy is so taken for granted that—as the indispensable
base note in an orchestral reproduction—it is noticed
only if missing.

The successful acceleration of electronics into new
areas of application will depend upon our ability to pro-
duce reliabﬁ)e equipment. An acute awareness of reliabil-
ity is therefore more significant than ever in electronic
design. An Air Force Colonel recently remarked to the
effect that: Present (postwar) electronics is five times as
reliable as prewar electronics. But with twenty-five times
as much o? it, the end result is one-fifth the reliability!

Visions of a bright future in electronics reveal com-
plexities transcending our wildest nightmares. To the
mmaginatively fertile mind the practicality of mass pro-
duction of computer elements suggests unprecedented
applications already within economic range. Prospects for
a successful achievement are literally nonexistent, how-
cver, unless the reliability of individual components can
be made to yield composite reliability in the great com-
plexity of the ultimate solution. Consider our electronic
monsters governing costly processes and the well-being
of all the people! Sloppy concessions to reliability would
be disastrous. Conversel};, absolute reliability would war-
rant complexity without limit—a most appealing pros-
pect for most of us.

Fate is frequently kind to the venturesome. And she
has been particularly kind to those who experimented
with, and perfected, transistors and magnetic devices to
replace hot electronics components. In the present state
of the art the solid state devices can be said to possess
“intrinsic” reliability in that they do not suffer from
scheduled deterioration as does a thermionic cathode
or ionic device. This is indeed encouraging and would
appear to spurapplication into hitherto neglected spheres
where the inevitable decay of a tube’s cathode formerly
limited usefulness. Let not this use be indiscriminate,
however, because secondary defects in solid state devices
pose other problems which frequently limit the ulti-
mate reliability to an unfavorable degree relative to hot
electronics.

One such important defect has been established —the
failure of solid state devices is related to intrinsic defects
in material rather than to variable life time constants.
This seemingly simple yet critical difference fosters the
provocative notion of weeding out the culprits through
extensive and exhaustive pretesting of components, of
sub-systems or whole assemblies and, finally, during
check-out in actual operation. Thus, it would seem as if
a large, complex system using solid state devices— by the

Roswell W, Gilbert, Director of Research and Development,
Daystrom, Inc., discusses the discipline of reliability.

very nature of the beasts—could be made to become
increasingly reliable with use almost without limit. An
equivalent system composed of elements naturally deteri-
orating with time will, on the other hand as heretofore,
always rapidly approach the critical operating reliability
threshold.

This notion of perfection in components replacing hot
electronics could well be used as the basis for a design
discipline applying to solid state systems.

Our disci f]ine would also dictate the use of, for
instance, a plug connector, for easy replacement of a
component, that is at least as reliable as the component
to be used for the ultimate replacement.

Consistently defective materials will be improved by
invoking the disciplines of chemistrv and metallurgy to
produce practically perfectly reliable elements. This proc-
ess is in fact in high gear today.

Our goal, assuming diligent application of a rigorous
discipline in design reliability, is to produce “twenty-five
times as much electronics as today, and to make it
twenty-five times as reliable.”

By applying the latest proven techniques, our well-qualified staff
at Daystrom Systems is prepared to take single responsibility of
assembling and installing a system to meet your needs. We are cur-
rently compiling a file of new applications and papers on various
parts of systems, both industrial and military. If you are interested
in receiving the file and periodic additions, please write to Dept. 15.

I D STROM SYSTEMS

Division of Daystrom, Inc., 5640 La Jolla Boulevard
La Jolla, California Telephone GLencourt 4-0421
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Conducted by C. L. Stong

rtificial satellites and their associ-
A ated hardware have opened new
horizons for the amateur scientist.
Scores of amateurs are already partici-
pating in the Moonwatch and Moon-
beam programs sponsored by the U. S.
National Committee of the Interna-
tional Geophysical Year. These formal
activities marshal the services of ad-
vanced amateurs to man elaborate sta-
tions which make observations of imme-
diate scientific value. But the amateur
does not need elaborate equipment to
keep track of a satellite’s path, or even
to predict with fair accuracy how long
a satellite will stay on orbit. Anyone can
do it. Those most interested will doubt-
less acquire at least a low-power tele-
scope or a pair of binoculars. Others will
be able to settle for a pair of pocket mir-
rors, a sheet of glass and some adhesive
tape. The amateur who prefers to make
observations with a minimum of equip-
ment can get into business with nothing
more than three wooden slats and a stop
watch.

These techniques require that the ob-
server be outdoors, often before sunrise.
For the comfort-loving amateur there is
another means of keeping track of satel-
lites, at least so long as they transmit
radio signals. Many ordinary radio re-
ceivers have built-in converters which
enable them to pick up the short waves
broadcast by satellites. Even those re-
ceivers without converters are easy to
adapt to short-wave reception. Con-
verter units, available from dealers in
“ham” radio supplies, are priced at about
$50. Those amateurs who prefer to build
their own converters will find complete
instructions in The Radio Amateur’s
Handbook. Parts for a two-tube convert-
er cost about $15.

Ralph H. Lovberg and Louis C. Burk-
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Mostly about how to study artificial

satellites without complex equipment

hardt, physicists at the Los Alamos Sci-
entific Laboratory, have suggested a way
in which the amateur can determine the
height of a satellite as it passes over-
head. Their method is based on the
Doppler shift, the apparent decrease of
pitch noted when a source of sound, such
as a train whistle, rushes past the ob-
server. Radio-equipped satellites are in
effect whistling objécts. Their radio
transmitters radiate signals at predeter-
mined frequencies. In the case of the
first two satellites the frequencies were
approximately 20 and 40 megacycles per
second. To measure the distance be-
tween the observer and a satellite, the
signal from the satellite is tuned in on
a radio receiver and mixed with a signal
generated by a local oscillator of some-
what higher or lower frequency. The dif-
ference frequency is then amplified, fed
into a loudspeaker and converted into
sound. For example, when a signal of 40
megacycles is mixed with a locally gen-
erated signal of 39.997 megacycles, the
amplified difference frequency of 3,000
cycles will produce a whistling sound
pitched about two octaves above middle
C. The period during which the pitch
changes may last more than five minutes.
The distance of the satellite is deter-
mined by measuring the pitch of the
sound at brief intervals during this pe-
riod, and noting the time at which each
tone is identified. The frequency of the
sound at each interval can be estimated
by comparing it with the notes of a piano
or, preferably, by following the whistle
down the scale with an accurately cali-
brated audio-frequency oscillator. When-
ever the signal and comparison tone
(piano or oscillator) coincide (are in
zero beat), the corresponding time
should be recorded as read from the sec-
ond hand of a watch or clock.

“In the case of our measurements of
the first satellite,” write Lovberg and
Burkhardt, “we used a conventional
Hallicrafter SX-28 receiver at 40 mega-
cycles. The local beat-oscillator was left
off and a surplus BC-221 frequency
meter was coupled loosely (by means of
a twist of insulated wire) to the antenna
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lead. The signal generator is set at ap-
proximately 3,000 cycles below the satel-
lite frequency when the ‘little traveler’
is first detected. This results in an audi-
ble tone in the receiver output. The tone
is now fed into a loudspeaker together
with the output of an audio oscillator. In
a typical run one sets the audio oscilla-
tor to a tone lower than that of the satel-
lite, say 2,500 cycles per second, and
waits for the satellite tone to drop to the
same value. The zero beat between the
two tones is first heard as a fluttering
sound which diminishes in frequency to
a slow swelling and fading of the 2,500-
cycle note. At the instant the tone be-
comes steady, one records the time as
well as the frequency (2,500 cycles in
this instance) and quickly shifts the au-
dio-frequency oscillator to, say, 2,400
cycles, and waits again for the matching
of the tones.

“The resulting table of frequencies
and times is then plotted as a curve like
the one shown on page 102. This indi-
cates the passage of the first satellite over
Los Alamos, N. M., on October 13. Next
we draw a line tangent to the curve at its
steepest point. The slope of the tangent
line represents the number of cycles per
second that the frequency changes per
second and varies in proportion to the
distance of the satellite. If we call this
slope m, then the distance of the closest
approach of the satellite is given by the
simple formula d = fv2/cm. Here f
equals the frequency of the satellite’s
transmitter (40 megacycles), v equals
the velocity of the satellite in miles per
second (about 4.9 miles), ¢ is the speed
of light in miles per second. The velocity
v will vary somewhat from the 4.9-miles-
per-second value, depending on such
factors as the eccentricity of the satel-
lite’s orbit. The amateur may obtain
fairly accurate velocity figures from
agencies such as the Smithsonian Astro-
physical Observatory. These figures are
sometimes reported in the daily press.”

It was by this method that Lovberg
and Burkhardt learned that the first
satellite was coming over Los Alamos at
a height of about 170 miles at night and



260 miles during the day. The figures
are in good agreement with those re-
leased by the Smithsonian Observatory.

An optical means of getting the same

result is suggested by Walter Chest-
nut, a physicist at Brookhaven National
Laboratory:

“If an object is in a stable, circular
orbit around the earth, one may say that
the gravitational force of the earth pulls
the object with a force which equals its
centrifugal force. The relation may be
expressed in mathematical terms in such
a way that the object’s altitude may be
determined by a simple measurement of
the number of degrees traversed by the
satellite in one second as the object
passes overhead. This angular velocity
may be measured by timing the transit
of the satellite as it passes stars, the po-
sitions of which are known. If the ama-
teur does not have a star chart, the angle
can be easily measured by a fixed astro-
labe, a triangle of wooden slats nailed
together and supported as shown in the
accompanyingillustration [at right]. The
astrolabe forms an angle of 10 degrees.
The nails serve as sights; they should be
painted white so that they will be clearly
visible in poor illumination. The con-
struction of the instrument should be as
light as possible, because it must be
swung into position quickly when a satel-
lite is spotted. The two outer nails should
be placed in line with the satellite’s path
and held steady. The number of seconds
are then counted from the time the ob-
ject appears to touch the first nail until
it reaches the second one. The corre-
sponding altitude in miles can then be
read from the accompanying table [see
next page].

“Readers may calculate their own ta-
ble for astrolabes of other angles by the
equation:

d, = 282t/a\/1 — .0705 t/a

In this equation d; equals the altitude
of the satellite in miles; ¢ is the time of
transit in seconds for an angle of a de-
grees. For an astrolabe of 15 degrees
and a transit time of 60 seconds the
altitude would be (282 X 60/15 X
(\/1 — 0705 X 60/15), or 1,128 X
8474 (956) miles. The same calculation
is carried out for each value of time de-
sired in the table.

“Both the table and the equation as-
sume that the satellite is observed within
15 degrees of the zenith. If the satellite
is more than 15 degrees from the zenith,
multiply the distance given in the table
by the cosine of the angle between the

orbit and the zenith. The equation and
table also assume that the orbit is a cir-
cle. Most orbits, however, will be el-
lipses. But if one knows the maximum
and minimum heights of the satellite, the
table (and equation) can be corrected
for ellipticity by the equation:

o~ s{ivt)
2(4,000 + d,)

In this equation d,; is the altitude ob-
tained from the table (or the first equa-
tion). C is the distance (in miles) to be
added to d; if C is positive, or to be sub-
tracted from d; if C is negative. The

average of the maximum and minimum
altitudes of the satellite is represented

10° astrolabe

Just enough light
to sce the nails

by d.. In the case of Sputnik I the maxi-
mum and minimum altitudes were re-
spectively 570 and 170 miles; d,, accord-
ingly equals 370 miles.

“By following these instructions care-
fully the amateur can determine the alti-
tude of a satellite with an accuracy of
about 20 miles for every 1,000 miles of
its height. The limits of error will doubt-
less be determined more by the accuracy
of the observer’s measurements than by
errors of the method.

“We have observed the rocket of
Sputnik I on two occasions. The first
time we merely wanted to find out if it
was really there. On the second look the
astrolabe was propped against a con-
venient tree. As the rocket traveled from

light
props to
steady

\| astrolabe

A simple astrolabe to measure the speed of an artificial satellite
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one sighting nail of the astrolabe to the
other, a transit time of 11.6 seconds was
recorded. Unfortunately the tree swayed
a little in the stiff morning breeze; this
doubtless introduced an error of a few
miles. The altitude for an 11.6-second
transit, as it is read from the table, is
314 miles.

W7 hat about methods of measuring
changes in the time it takes a satel-
lite to make a trip around the world?
As a satellite encounters atoms and mole-
cules of the rarefied air at altitudes
above 100 miles, it gradually loses speed.
Paradoxically it appears to gain speed,
because as it slows down it spirals closer
to the earth and takes less time to com-
plete its orbit. When the orbital time of
a satellite decreases to about 87 minutes,
the satellite will soon be consumed by
friction with the lower atmosphere. Thus
by timing the passage of a satellite dur-
ing a few transits, its lifetime can be pre-
dicted. If the measurements can be made
with good accuracy, two timings are suf-
ficient for an approximate prediction.

A convenient instrument for timing
the orbit of a satellite is the dipleido-
scope, a device invented about 1860 by
an English barrister named J. M. Bloxam.
It consists of a pair of mirrors tilted to-
ward each other at an angle of some-
what more than 90 degrees and covered
by a sheet of glass as depicted on this
page. The three elements may be sup-
ported by a pair of end plates, as shown,
or simply taped securely. Ideally the

mirrors should be front-surface silvered

and the cover glass should be silvered
so that it reflects 38 per cent of the light
striking it and passes the rest. But or-
dinary back-silvered mirrors (or even
plain glass with a back-coating of black
paint) will work, and the cover glass
need not be silvered at all.

When the dipleidoscope is held at an
angle which reflects light from the satel-
lite into the eye, two images will be
seen. One image is reflected by the
cover glass, the other by the mirrors. As
the satellite passes overhead, the two
images move toward one another, merge
and then pass out of the field of view in
opposite directions. The time is recorded
at the instant the images merge. The de-
vice should be set up in advance of the
transit on a firm but easily adjusted sup-
port such as the ball-and-socket tripod
head popular with photographers. The
axis of the dipleidoscope should be ad-
justed roughly at a right angle to the an-
ticipated path of the satellite. During
one transit the instrument is adjusted so
that the two images will merge. On the
same transit the time is recorded. The
instrument is then left undisturbed for a
second observation during the next
transit. In the case of Sputnik I observa-
tions made 24 hours apart would show
the approximate apparent gain in time
for 15 revolutions.

1\’/] ost satellite observers will also want

- a good low-power, wide-field tele-
scope. An inexpensive one of the type
used by Moonwatch teams is depicted
on page 102. It is designed for table-top

Things in this plane in space appcay to be in the
same divection whether seen as veflected inthe
cover glass or seon as reflected in the two mirrors

cement to
end plates

front-surfaced mirrors ovx plain
glass painted black on back

Dipleidoscope to measure the time required for a satellite to go around the earth
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with shellac
>

10 DEGREES TRANSIT ALTITUDE
TIME (SECONDS) (MILES)

2 56

3 84

4 n2
5 138
6 166
7 193

8 219

9 246
10 273
12 [ 325
14 375
16 426
18 477
20 526
25 650
30 770
35 890
40 1,000
50 1,225
60 1,450
70 1,660
80 1,860
90 2,060
100 2,250
120 2,620
140 2,980

Table of transit times and altitudes

use, the front-surfaced mirror being an
anti-crick-in-the-neck feature for those
who prefer to look down rather than up.
The achromatic objective lens and Erfle
eyepiece together retail for about $25.

Boger Hayward, who makes the draw-
ings which illustrate this depart-
ment, is a restless intellect. Between as-
signments for “The Amateur Scientist”
he is an architect, but he still finds time
for multifarious activities ranging from
the design of optical instruments to the
making of decorative mobiles. One of his
recent concerns has been to devise ex-
periments which demonstrate the re-
markable properties of the human eye.
“During the past few days,” he writes,

“I have been enjoying a brainstorm
which might amuse other amateurs. It
all started when I came across the de-
scription of an ingenious optical trick
involving a mirror polished on the flank
of a contact lens arranged so the ob-
server’s eye is presented with an image
of a dark vertical line which remains
fixed on the retina regardless of any eye
movement. The general result of the ex-
periment was that the image of the line
kept disappearing. The image would be



Science and Progress
at Avco—1957

Pictured above is our new Research and Devel-
opment Center now under construction in
Wilmington, Massachusetts. Scheduled for com-
pletion this year, the ultramodern laboratory
will house the scientific and technical staff of
the Avco Research and Advanced Development
Division.

Truly significant discoveries and technical progress are the goals of the Avco
Research and Advanced Development Division. Some of the Avco RAD record
of accomplishments are contained in professional papers in scientific and tech-
nical journals. Much of it is classified for reasons of military security. But the
following public announcements serve to outline some of the steps taken by
RAD—the “Breakthrough’ Division of Avco—in pursuing its goal for 1957:

February 11, 1957 Site Prepared for Aveco RAD Center

April 5,1957 .. ....... Avco to Make Hypersonic Shock Tubes for Industry, Univer-
sities, Other Research Groups

July 1, 1957 . ......... Avco to Develop New Radio Pack Set for Marine Corps

July2,1957.......... Prime $111 Million Contract Announced for Development by

Avco of Nose Cone for Intercontinental Ballistic Missile

August 28, 1957

through on 5000-Mile Air Force Ballistic Missile

November 23, 1957 .. ..
Construction

December 3, 1957 Avco to Build Air Force Combat Computer

Avco Shock Tube Research Has Produced Theoretical Break-

Tiny ‘“Building Blocks” Revolutionize Computer Design and

Aveo’s record during the past year is significant from scientific, technical and
business points of view. It has been made possible by sustained effort at RAD
to maintain an atmosphere conducive to creative thinking and production of

the highest order.

Research & Advanced Jevelgpment
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Avco’s new research division now offers unusual
and exciting career opportunities for excep-
tionally qualified and forward-looking scien-
tists and engineers.

Write to Dr. R. W. Johnston, Scientific and
Technical Relations, Avco Research and Ad-
vanced Development Division, 20 South Union
Street, Lawrence, Massachusetts.




M=13.4 cycles per second

Doppler shift
Sputnik -1
i Los Alamos, NM
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irregular intervals. The conclusion was
drawn that if any image is presented
continuously to the eye without any rela-
tive motion with respect to the retina,
the mind simply learns to ignore it. Al-

though not specifically mentioned in the

/
For
" prices
/& data
J " sheets, write
Dept. va-428

British Industries Corporation

Port Washington, New York

When you own the famous Exakta...you own the best!

The New Automatic
XN AKTA snn

35-MM SINGLE LENS
REFLEX CAMERA

pipe turned out to take an
achvomatic lens of about

T%" focal length and
2% diameter
14-gauge brass
spring ring holds
lens in placcﬂ

The Exakta |la is acclaimed lo be the most versa-
tile camera in the world. With the Exakta you can

photograph not only such subjects as children,
pets, wildlife, flowers, landscapes and industrial
scenes, bul also microbes under a microscope—
ur even the moon if you wish. You can use it in
aur work for making slides and to copy docu-
pages from books, stamps, etc. The Exakta

ives you the perfect assurance of posi-
ccuracy, because the same lens that is used

for viewing also takes the picture! The picture
you see on the ground glass is precisely the pic-
ture your Exakta |la records on film! The Exakta
lla is a remarkable instrument that liberates you

mirror

from every picture-taking limitation. You can ‘
take all types of pictures with this very same f’ﬂ'f
viewing system . from microscope to telescope N

and everything which Is 4n between, including .
close-ups! Your dealer will be glad to demonstrate N\
the new Automalic Exakta Ila Camera to you \

Write toduy  Depi.
i for FREE 1llua-
trated and deserin-
tive hrorhure on
New Automatir
Exakia Tia camers.

EXAKTA € AMEN S COMPLNY
705-5 Bronx River Road, Bronxville, New York
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0635:00
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500 600

0640.00
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Curve for the determination of the height of a satellite

article, this sort of thing brings to mind
the fact that visual acuity is greater for
moving objects than for fixed ones.

“It has also been observed that the
human eye is always in motion. An ir-
regular vibratory motion of from 5 to
25 seconds of arc in amplitude and from
10 to 100 cycles per second in frequency
seems to be ever present, and appears to

long.id 2%, od 2%,

thrcaded to take Frfle

eyepiece of 14 focal
longth

A low-power, wide-field telescope to observe satellites



Avtomatic
high-speed
frequency analysis
of taped data...
permanently
charted

From tape-recorded data—to permanent chart
. a complete Fourier analysis in minimum

time with maximum accuracy . .. with a Davies

Laboratories Automatic Wave Analyzer.

Do you have magnetic tape recorded data from vibration,
noise, shock or flutter analysis of vehicles, aircraft, missiles or
ships?. .. or seismic recordings, powerline disturbances, or other
phenomena characterized by fluctuating data? Feed this tape
recorded information to a Davies Automatic Wave Analyzer,
flip the switch, and a complete Fourier series is automatically
plotted and printed in permanent record form.

Davies Automatic Wave Analyzers can accurately plot these
data as either amplitude-versus-frequency or power-versus-
frequency. Davies Analyzers are also equipped with a ““quick-
look” facility. Series 9020 provides a quick analysis across its
frequency range of 3 to 2,000 cps in only 15 minutes. Series
9050 will span 3 to 10,000 cps in just 15 minutes. Linear
or square law output, as desired, is recorded by a Brown
ElectroniK Potentiometer.

Multi-channel inputs permit analysis of as many as six
channels simultaneously. By adding the Davies Input Switch-
ing Panel, a serial analysis of up to 14 channels can be
made.

The Davies Automatic Wave Analyzer can process data in as
little as 39, of the time required by digital methods, thus per-
mitting the analysis of large samples, resulting in statistically
reliable information.

Complete technical information and application data for the
Davies Automatic Wave Analyzer can be had by requesting a
copy of new Bulletin 9100—write to Minneapolis-Honeywell
Regulator Co., Davies Laboratories Division, 10721 Hanna
Street, Beltsville, Maryland.

Honeywell

DAVIES LABORATORIES DIVISION

HONEYWELL
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Angle
Measuring

Interferometers

An Interferometer which mea-
sures accurately the divisions
of a circle to a precision of
one-tenth second of arc with-
out cumulative or periodic
errors has been satisfactorily
produced by Ferson in collab-
oration with Eichner. Pictures
and a description of the func-
tioning of the instrument are
available upon request.

Henson

OFTICAL COMPAMT IME

40 POWER postpaid $57.50

HIGH POWER SPOTTING SCOPE—American Made
Big 3” diameter Achromatic Coated Objective will give
bright crystal clear images. Micrometer Spiral Tocusing
Draw 'Tube. Lightweight aluminum construction throughout,
black crackle finish, length open 22”, closed 15%"”. Upright
image. Guaranteed to give superb performance.

MOUNTED AIR SPACED OBJECTIVES

We offer the finest hand-corrected air
spaced American made astronomical objectives.
Mounted in Black Anodized Aluminum Cells.

DIA. F.L. PRICE PRICE
L 17% 48" Coated $32.00 Not Coated $28.00
4" 62" Coated $69.00 Not Coated $60.00

We can supply ALUMINUM TUBING for the above lenses.

MI]UHYEU 11”0 E‘IEPIECES

LI LT TN o
16 mm I L
16 mm I0.1
18 mm I
22 mm F
Orthoscopic

et bl 0a
le (Wide Angle) I2 50
Iriplet .50
Symmetrical
Kellner ..

32
35 mm . S_\'mmetric"ﬂ ..... 8.00
55 mm F.L. IKellner R . .. 6.00
COATING 75c extra

éé ” (mr selection of diame-
ters and focal lengths is
the largest in the United

States available for immediate delivery. Perfect magnesium
fluoride coated and cemented achromatic telescope objectives.
Aluminum tubing and cells available for lenses listed helow.
Send for complete list of other diameters and focal lengths.

EACH F.L. EACH
$12.50 5" $21.00
$ 9.75 $22.50
$12.50 $30.00
$12.50 $67.00

4
214,” 50" : L
ASTRONOMICAL TELESCOPE MIRRORS

Polished to 4 Wave and Aluminized
Di F.L.

$12.50

Postpaid
$ 9.7
Pyrex 4 $13.50
P’yrex 607 $25.00
| Free Catalogue ““MILLIONS’ of Lenses, etc. I

We pay the POSTAGE—C.0.D.’s you pay postage—Satisfaction
guaranteed or money refunded if returned within 10 days.

JAEGERS

691A Merriek Road
LYNBRODK, N.Y.
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Test pattern to investigate the blind spot of the retina

be necessary to maintain consciousness
of the background scenery. It is also well
known that the retina is crisscrossed by
a many-lavered network of nerves and
blood vessels which cast shadows on the
light-sensitive cells. Yet we are not con-
scious of this complex obstruction be-
tween the lens and retina. According to
physiologists the network which over-
lies the light-sensitive cells is about a
thousandth of an inch thick.

“This is where I come in. It seemed
to me that if one could present the eye
with a view of a uniform field of light,
one without any detail, and arrange mat-
ters so that this view is perceived bv
light which would come alternately

cardboard _—
‘ cye ving /

through the two sides of the pupil of the
eye, then shadows cast by the blood
vessels, nerves and so on could be made
to fall alternately on different light re-
ceivers, and the flickering shadows
would be perceived because of their
movement. One would in effect see a vi-
brating silhouette of the obstructing net-
work in his own eye.

“That the mind is capable of ignoring
fixed blind spots is well established. A
relatively large one, some seven degrees
high, is situated about 15 degrees to-
ward the nose from the center of atten-
tion. This feature marks the area where
the nerves and blood vessels enter the
eyeball. When both eyes are open, the

pocket magnifieys

Apparatus to investigate the nerves and blood vessels of the retina
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Leadership

in Fngineering

The EBR-II pyrometallurgical fuel processing plant showing:

(1) Remotely operated, shielded reprocessing cell (2) Central
control room (3) Annular control area (4) Sub-assembly cell
(5) Fuel coffin handling area (6) Labs and supporting facilities.

A unique pyrometallurgical reprocessing system which keeps

the fissionable material in the metallic state will be integrated
into Argonne’s Experimental Breeder Reactor II Plant in Idaho.
This system will be operated and maintained entirely by remote
handling equipment. Here the highly radioactive spent fuel

will be cleansed of the bulk of the fission products, reenriched,
and fabricated into new fuel elements for return to the reactor.
In the past, reprocessing of nuclear fuels has been separated
from the reactor plant design and involved many chemical
conversions. The design and development of this new fuel cycle is
a joint effort of the Chemical Engineering, Metallurgy, Reactor

Engineering, and Remote Control Engineering Divisions.

Inquiries are

7/' 0 ”% g wnvited from highly
qualified scientists

and engineers

NATIONAL LABORATORY
for permanent

Operated by the University of Chicago under

contract with the United States Atomic Energy Commission positions reqm'm'ng
Professional Personnel Office 1magination and
P. O. Box 299, Lemont, lllinois imitiative
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47 of the companies that advertised
in the pages of Scientific American in
1956 and 1957 have worked with
Optical Coating Laboratory, Inc.
during that period...dramatic evi-
dence of the rapidly expanding area
of applications for vacuum deposited
thin film coatings in research and
industry.

OCLI—established in 1944 —offers an
unparalleled background of experi-
ence in the development and applica-
tion of vacuum deposited thin film
coatings for specialized purposes.

0 Opr1icAL COATING
- s~ OCL ST
\unomonv. INC.

SANTA ROSA, CALIFORNIA

Infrared Filters « Dichroic Mirrors

Multi-layer Anti-reflection Coatings

Electrically Conducting Thin Films
95% Reflectance Front Surface Mirrors

Infrared Anti-reflection Coatings

ARE YOU
KEEPING PACE ?

A

IN YOUR TECHNICAL BACKGROUND ?

111 I

1 0 0 O
*Lﬁ {—HJ—HL‘—L-E MANAGEMENT *

T1 asTropuysics A
) 1 [T SUPERSONI
T Nvctear Loy rvencops d

1+ ENERGY L_._i_._._._,.._ll__ 11
Ll e LT 150 I

IF NOT, ISS BRINGS YOU THESE AND MANY
OTHER UP-TO-DATE COURSES AT PRE-
COLLEGE, COLLEGE, AND POST GRADUATE
LEVEL . . . THROUGH ISS HOME STUDY
METHODS.

Contract Instruction also arranged for Industry or other
groups. Write us for details. List courses of interest
and size of group.

SEND TODAY FOR FREE INFORMATION
CLIP AND MAIL TO
INSTITUTE OF SCIENTIFIC STUDIES
248 Arlington Avenue, Elmhurst 5 Illinois
NAME
ADDRESS
| CITY - ZONE - 5TATE

in diametey formed at

these details
are {5 full
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image of diaphragm about Viz’
eye point
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background
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Details of apparatus to investigate the nerves and blood vessels of the retina

brain always fills in this blind spot with
a continuum identical to the one sur-
rounding it. Even when one eye is closed
: the brain does the best it can to fill in the
missing portion of the scene. Hence
the ‘blind spot’ is really blind only for
those images which lie wholly within it.
The effect can be observed with the aid
of the accompanying drawing [top of
| page 104]. Close the right eye (or mask
it with your hand) and with the left eye
look directly at the white dot from a dis-
tance of about 15 inches. The page
should be held so the dot is centered in
front of the left eye, the cross being
about 2 5/8 inches to the left. Both the
dot and the cross will be seen, but atten-
tion should be centered on the dot. Now
move the page gradually closer. At a dis-
tance of about 10 inches the cross will
abruptly disappear. The image of the
cross has entered the area of the blind
spot. Continue moving the page closer.
The cross will reappear at a distance of
about six or seven inches. If the page is
now held at a distance of about eight
inches and moved from side to side, the
same effect will be observed. By noting
the distances at which the test pattern

I disappears, and taking the focal length

of the eye lens into account, it is possible
to compute the shape and area of your
own blind spot.

© 1957 SCIENTIFIC AMERICAN, INC

“The setup required for perceiving the
network of blood vessels and nerves in
your own eye involves somewhat more
elaborate apparatus, but even so it is
simple enough to suit most amateurs. A
rotating disk with slots, or merely a disk
painted black and white and masked by
an aperture [see page 104 and above],
is focused on the pupil of the eye. In
effect the image created by the dark
part of the disk alternately covers the
two sides of the pupil, while the white
portion alternately admits light to each
side. Any lens system will serve to focus
the image of the source on the pupil,
such as a conventional eyepiece or even
a pair of pocket magnifiers held together
with rubber bands. An eye ring is handy
for locating the eye point in space. This
can be made from a narrow strip of card-
board as shown in the drawing. The
painted disk should be turned at about
10 or 15 revolutions per second. I ac-
complished this with a hand-cranked
pulley only because I did not happen to
have a slow-speed motor at hand.

“The image of the network leaves
something to be desired in the matter
of contrast. Even with the flickering
light the obstructions are not too easy to
see. The silhouette appears as little more
than a texture. A number of details dis-
appear and reappear at irregular intervals



Pneumatic controls

Ratio pressure regulators
16 types

Differential pressure
regulators
414 types

CABIN AIR COMPRESSORS *

AiResearch is the largest
designer and manufacturer of
pneumatic controls for the air-
craft and associated industries.
During the past 10 years more
than 300,000 units have been

produced and are in service.

THE

Designers and manufacturers of aircraft and missile systems and components : rerriceraTion sysTems -
* CABIN PRESSURE CONTROLS -«

TURBINE MOTORS *

GAS TURBINE ENGINES

Pneumatic switches
10 types

Temperatures of the fluids
(including gas and liquids)
range from —400°F to
+2000°F at pressures to
+6000 psig. The units operate
at any ambient pressure at
ambient temperatures from

AIRCRAFT

e

Flow regulalors
28 types

Pneumatic engine
computer-controllers
6 types

—300°F to over +1000°F.
Line diameters range from Y%
inch to 15 inches.

This equipment is developed
and tested in the finest pneu-
matic facilities in the world.
Your inquiries are invited.

* Outstanding opportunities for qualified engineers

CORPORATION
AiResearch Manufacturing Divisions

Los Angeles 45, California... Phoenix, Arizona
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HEAT TRANSFER EQUIPMENT * ELECTRO-MECHANICAL EQUIPMENT

PNEUMATIC VALVES AND CONTROLS « TEMPERATURE CONTROLS
ELECTRONIC COMPUTERS AND CONTROLS



UNUSUAL OPTICAL BARGAINS

SATELLITE
TELESCOPE

Especially made for members of
MOONWATCH. Gives you the great-
est possible field with the ability to
observe faint objects with only slight
magnification. Wide (51 mm) diam-
eter, low reflection, coated objective
lens. A 6 element extremely wide
field, coated Erfle eyepiece, which in
combination with the ob]ectlve gives

5.5 power with a big 12° field and
over 7 mm exit pupil. '1h1s scope also makes a perfect wide
field finder—a wonderful comet seeker; see complete aster-
isms.

Stock No. 70,074-S.................... $49.50 Postpaid

Fine, American-Made Instrument at Over 50% Saving

STEREO MICROSCOPE
For Industrial or Hobby Use

Up to 3” Working Distance—Erect Image—Wide 3 Dimensional Field
Now, ready after years in development—this instrument answers the long standing need
for a sturdy, efficient STEREO MICROSCOPE at low cost. Used in production—in re-
search—in the lab, shop, factory, or at home; for inspections, examinations, counting,
checking, assembling, dissecting—speeding up and improving quality control. 2 sets of
objectives on rotating turret. Standard pair of wide field 10X Kellner Eyepieces give you
23 power and 40 power. Additional eyepieces available for greater or lesser magnification.
Helical rack and pinion focusing. Precision, American-made! WE WILL SHIP ON
10-DAY FREE TRIAL . . . complete satisfaction or your money back.

Order Stock No. 85,056-S.... .. ... $99.50 f.o.b. Barrington, N. J.

.
See the Satellites
Get ready for a terrific sky show as
Satellite Scope at unheard of low cost. Also view comets

NEW, LOW PRICE "SATELLITER"
more Satellites are vaulted into space.
use as a Rich-field Scope for viewing star clusters. 5

See thrilling sights with our amazing
power—wide 12° field. Use of high quality war surplus

optics makes possible this bargain.

............. $9.95 Postpaid

Stock No. 70,150-S.

Take Telephoto
Shots Thru

7 x 50
MONOCULAR

This is fine quality, American made instrument—war
surplus! Actually % of U.S. Govt. 7 x 50 Binocular. Used
for general observation both day and night and to take
fascinating telephoto shots with your camera. Brand new.
$95 value. Due to Japanese competition we close these out
at a bargain price. Directions and mounting hints included.
Stock No. 50,003-S..........ccuveeunenene $15.00 Pstpd.

4 REFRACTOR TELESCOPE

240-POWER

Complete with Finder, Equa-
torial Mounting, Tripod, Eye-
piece Extension, Star Dlagonal
and ' Three Eyepieces giving you
20X and 240X. Special
Barlow lens also gives up to
500X. Big 4” objective is an
air-spaced achromat, each ele-
ment coated on both sides for
low reflection. Rack-and-pinion
focusing. A $400 value.

B $247.00 f.o.b.

Barrington, N. J.

Stock No. 85,038-S ..

(Shipping wt. 55 1bs.)

NEW! STATIC ELECTRICITY
GENERATOR

See a thrilling spark display as you
set off a miniature bolt of lightning.
Absolutelysafeand harmless. Sturdi-
1y made—stands 14” high. Turn the
handle and two 9” plastic discs ro-
tate in opposite directions. Metal
collector brushes pick up the static
e]ectrlcll) store it in the Leyden
jar type condenser until discharged
by the jumping spark. Countless
tricks and experiments. 24 page
instruction booklet included.

................... $10.95 Postpaid

BUILD A SOLAR
ENERGY FURNACE

Good Geophysical Year Project

A fascinating new field. You can
build your own Solar Furnace for
experimentation—many practical
uses. It’'s easy—inexpensive-—use
your scrap wood. We furnish in-
struction sheet. This sun powered
furnace will generate terrific heat 2000° to 3000°.
Fuses enamel to metal—produces many unusual
fusing effects. Sets paper aflame in seconds. Use
our Fresnel Lens—143,” diameter . . . f.1. 14”.

Stock No. 70,130-S package of 1......$ 6.00 Postpaid
Stock No. 70,131-S package of 2 11.00 Postpaid
Stock No. 70,132-S package of 20.00 Postpaid

ORDER BY STOCK NUMBER .SEND CHECK OR MONEY ORDER .

(Shipping wt. approx. Il Ibs.) Send check or M.O.
4 “ ASTRONOMICAL TELESCOPE
4  MT. PALOMAR TYPE ONLY
UP TO 270 POWER $7450

A REAL REFLECTOR TELESCOPE COMPLETE
Complete with Equatorial Mount, Tripod

With this scope you can see the craters on the moon, rings of Saturn,
double stars, or a newspaper headline at a mile! Mirror guaranteed to
give theoretical limit of resolution. 6X Finder. Rack and pin focusing,
removable mirror mount, real equatorial mounting—only one adjustment
follows stars! Aluminum tube—takes standard eyepieces. You get 40X
Kellner, %" F. L. eyepiece, one Barlow lens to give you up to 270 Power.
F/11 mirror corrected to better than 4" wavelength.

Stock #85,006-S... $74.50 f.o.b. Barrington, N. J.

See the Stars, Moon, Planets Close Up!

3’7 ASTRONOMICAL REFLECTING TELESCOPE
60 & 120 Power—An Unusual Buy!

Famous Mt. Palomar Type

You’ll see the Rings of Saturn, the fascinating planet Mars,
huge craters on the Moon, Star Clusters, Moons of Jupiter in
etail, Galaxies! Equatorial mount wit lock on both axes.
Aluminized and overcoated 3” diameter high-speed f/10 mirror.
comes equipped with a 60X eyepiece and a mounted
Barlow Lens, giving you 60 & 120 power. An Optical Finder
Telescope, always so essential, is also included. Sturdy, hard-
wood, pol'table tripo:
Free W|th scope Valuable STAR CHART
and 272 pa “‘Astronomy ok.'"

Stock No. 85,050-S ....$29.50 f.o.b.
(Shipping wt. 10 Ibs.) Barrington, N. J.

Photographers! This is an actual photograpn
f the moon taken through our Astronomical
Telescope by a 17-year-old student.

MAKE YOUR OWN POWERFUL
ASTRONOMICAL TELESCOPE

GRIND YOUR OWN ASTRONOMICAL MIRROR
Complete Kits Including Blank, Tool and Abrasives

All over America amateurs are grinding their
own mirrors and making expensive Telescopes

cheaply. You can do the same using our Kits. rice

Stock No.

Dia. Mirror Thickness P
These contain mirror blank, tool, abrasives, 70,003-S 474" EA $

7.50 postpaid
diagonal mirror and eyepiece lenses. You 70,004-8 L 1 11.95 postpaid
build instruments ranging in value from $245 70,005-S 8" 1% 19.50 postpaid
to thousands of dollars. 70,006-S 18 134 30.75 postpaid

70,007-S 12" s 54.75 postpaid

INFRARED SNIPERSCOPE TELESCOPE & PARTS

See in the dark—without being observed. War surplus Sniperscope M-2.
Gov’t cost about $1200. Used for industrial plant security; research lab
experiments ; infrared photography ; spectroscopy, etc. Instrument complete,
ready to use. Includes Power Pack, infrared light source. Will operate
from 6V auto battery. Battery or transformer available.

Stock No. 85,053-S $150.00 f.0.b.

Barrington, N. J.

Shpg. wt. approx. 12 Ibs.

Save still more money! Build your own Sniperscope! We

will furnish instructions—parts, including: Power Packs,

1P25A image tubes, light units, filters, etc. For details—re-
WRITE

ror. FREE CATALOG-S

Huge selection of lenses, prisms, war surplus
optical instruments, parts and accessories. Tele-
scopes, microscopes, satellite scopes, binoculars.
Hand spectroscopes, reticles, |

New! 2 in 1 Combination! Pocket-Size

50 POWER MICROSCOPE
and 10 POWER TELESCOPE

T

Useful Telescope and Mi- . Lo T
ONLY croscope combined in one mirrors, Ronchi rulings, doz- o m{l
s 50 amazing, precision instru- ! E -
4- ment. Imported! No larger ens of other hard-to-get op- Bt
;. thana fountain pen. Tele- L .

#pd.  scope is 10 Po Micro- tical items. America's No. |
geope magnifies 50 Times. Sharp | =
focus at any range. Handy for sports. 1 source of supply for [«

looking at small Objects, just plain

snooping.

Order Slack #30,059- S
end Check or

Sh\u!lu on ﬂuuxntrru

Photographers, Hobbyists,
Telescope Makers, etc.
Ask for catalog S

54 50 ppd.

SATISFACTION GUARANTEED!

EDMUND SCIENTIFIC €CO..EARRINGTON, NEW JERSEY

108

© 1957 SCIENTIFIC AMERICAN, INC



and are about as distinct as the small
objects which appear and disappear,
seemingly out of nowhere, when the
gaze is fixed on the sky or a smooth sur-
face without observable detail. Some of
these, incidentally, are blood corpuscles.

“One of the jokers is that the picture
presented to the consciousness seems to
float about in space. If you try to bring
any single detail into sharp view the
whole pattern drifts because the details
move with the eyeball. The fovea, the
small area of the retina which provides
the most acute vision, appears to be al-
most devoid of detail. I can see it by
masking the rotating disk so that the
flicker moves up and down (by fixing
the circular diaphragm at the top of the
disk instead of at the side). I see a patch
about half a degree in diameter in the
middle of the field of each eye. It does
not appear during horizontal flickering.
The patch is elliptical in shape and not
as wide as it is high, perhaps two thirds
as high as wide. It is covered by about
10 very fine wavy lines and seems to

left eye

agree well with the published dimen-
sions of the fovea. My center of visual
attention is always at the left of the el-
liptical shape, regardless of which eye I
use. One would naively suppose that the
eyes would exhibit symmetry instead of
this same handedness.

“Each person who makes this experi-
ment will see his own retinal pattern.

No other person can see it nor can it |

be photographed. If the observer wants
to show his pattern to someone else he
must draw it. This would seem to pose
a problem somewhat like that of record-
ing the features of the planet Mars, in
which the few persons who can draw
are the only ones capable of showing
others what they think they see. If
enough people make sketches of their
own retinas, however, perhaps some con-
clusions can be drawn about the nature
of the nervous network of the retina. At
most the experiment might yield infor-
mation about the structure of the retina.
At least it will give the experimenter a
view of something no one else can see.”

right eye

light alternates through top and bottom of pupil

left eye

diameter of field equals 31°

/ right eye
light alternates through sides of pupil

one inch equals 16°

Drawings of shadows cast on the retina by blood vessels and nerves
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How To Get Things Done
Better And Faster

BOARDMASTER VISUAL CONTROL

Y% Gives Graphic Picture—Saves Time, Saves
Money, Prevents Errors

5 Simple to operate—Type or Write on Cards,
Snap in Grooves

5z Ideal for Production,
Scheduling, Sales, Etc.

5 Made of Metal. Compact and Attractive.
Over 250,000 in Use

Full price $495° with cards
FR EE 24-PAGE BOOKLET NO. C-200

Without Obligation
Write for Your Copy Today

GRAPHIC SYSTEMS

Traffic, Inventory,

| 55 West 42nd Street ® New York 36, N. Y.

At the crossroads of opportunity for men with
vision in Electronic Engineering. .

GOODYEAR
AIRCRAFT

CORPORATION
ELECTRONIC LABORATORY

Arizona Division
Litchfield Park, Arizona

A Subsidiary of the
GOODYEAR TIRE & RUBBER CO.

WE HAVE OPENINGS IN OUR
MODERN LABORATORIES FOR
ADVANCED ENGINEERS
IN ELECTRONIC RESEARCH

Long range research and
development projects.
University of Arizona graduate studies available
under company financed evening courses.
LEISURE LIVING AT ITS BEST
“IN THE VALLEY OF THE SUN”
Modern Inexpensive Housing
Send resume to: A. E. Manning

Engineering and Scientific Personnel

GOODFYEAR AIRCRAFT

LITCHFIELD PARK
PHOENIX, ARIZONA

Similar opportunities available in our
kron, Ohio, Laboratory

109



The Library of Science

INVITES YOU TO ACCEPT AS A MEMBERSHIP GIFT
ONE OF THESE DISTINGUISHED SETS...

This invitation is extended to bring to your attention the role of The Library of Science
in the work and thinking of nearly 40,000 of your scientific colleagues.

As a member, you will join in receiving, at substantial savings, the books of enduring
value in scientific thought and research: volumes presenting the new discoveries of
the individual disciplines; books illuminating the personalities who shape the

world of science; works that broaden the paths of communication between
all fields of scientific inquiry.

To start your membership, choose — entirely as a gift with your first Selection
— one of the three sets shown alongside. Thereafter, you need take as few
as 5 more Selections out of a total of at least 40 that will be
offered at reduced Member’s Prices during the next 24 months.
After every fourth Selection taken, you 4lso THE WORLD OF
MATHEMATICS
Edited by James R. Newman
The vast 2500-year panorama
of the development of mathe-
matical thought—2535 pages,
500 illustrations — presenting
133 complete books, articles
and demonstrations, with
89 interpretative essays
by theﬂEditor.
PUBLISHED AT '$20.00

receive a free Bonus Book of your choice.

TWO MAJOR WORKS
ON THE HISTORY
OF SCIENCE

By George Sarton

The leading science
historian of our time
documents the growth

of science in antiquity
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by James R. Newman

CausaLiTy AND CHANCE IN MODERN
Prysics, by David Bohm. D. Van
Nostrand Company, Inc. ($5).

published in The Physical Review

two articles proposing a causal re-
interpretation of quantum physics. Louis
de Broglie had made the first effort in
this direction some 25 years earlier, but
criticism of his paper led him to abandon
his theory. Bohm has now revived and
enlarged it. He has suggested ways to
overcome its major difficulties and has
invented ingenious arguments and sup-
plementary features. These results have
encouraged de Broglie to take up again
his original concept. Moreover, one of
his younger colleagues, Jean-Pierre Vi-
gier, has collaborated in research with
Bohm, and together they have achieved
a fresh interpretation of the statistical
significance of Erwin Schrodinger’s fa-
mous psi function in wave mechanics.
In short, a small but gifted and deter-
mined group of investigators is devoting
its efforts to a re-examination of the rul-
ing doctrine of contemporary physics.
Re-examination is perhaps too polite a
term. The members of this group (which
includes physicists other than these men-
tioned) are profoundly dissatisfied with
the prevailing belief; they have a doc-
trine of their own which they hope will
help to disenthrall the majority. In de
Broglie’s words, they aim to “rescue
quantum physics from the cul de sac
where it is at the moment.” The struggle
is not without drama.

The rebels’ case is brilliantly argued
in Bohm’s book. He begins with a philo-
sophical prologue on cause and chance
which I shall pass over. Though I sus-
pect it is dear to his heart, it is the least
convincing section of his brief. Not so
the historical account which comes next.
Following Bohm’s lucid recital—the pen-
etrating judgments, the original analysis
of the growth of ideas and their inter-
action—one sees how his interpretation

In 1952 the physicist David Bohm

BOOKS

The argument of a physicist who does

not accept the uncertainty principle

of the history of physics has shaped his
theories. It is as a historian, more than
as a philosopher, that he succeeds in ex-
plaining himself.

To understand the problem of causal-
ity and chance in modern physics one
must review the status of these notions
in classical physics. A few landmarks
must suffice. We may regard Newton’s
laws of motion as the supreme model of
mechanistic determinism. These laws
imply that, given the initial positions
and velocities of the bodies in a system
at a given instant of time, and the forces
acting upon them, the future behavior
of the system is determined and can be
predicted for all time. In brute experi-
ence, of course, the implication is a fairy
tale. There are no isolated systems. Our
information about positions, velocities
and forces is never complete. But in
planetary astronomy the laws work very
well, and in Newton’s day there was no
reason to suspect that they would not
work perfectly both up above and here
below.

Pierre Simon de Laplace converted
this principle of mechanics into a uni-
versal principle. Everything in the
world, he said, obeys Newton’s laws.
They applied, one might assume, to
one’s disposition and to the housemaid’s
knee as well as to a cannon ball and the
water in a river. The universe consists of
nothing but bodies moving through
space. Democritus and Leucippus, the
Greek atomists, had had the same idea,
but lacked the advantage of Newton’s
insight; his laws, Laplace believed, made
it possible to conceive of the world as a
machine which is frictionless, can never
break down or wear out and, having
once been started, runs on forever in
predestinate ways.

In this form the mechanistic philoso-
phy was both a boon and a deterrent to
further scientific progress. It narrowed
and hardened thought (much as the in-
determinacy principle does today); it
promoted, on the other hand, a more
quantitative, unified and dynamic point
of view than had ever before flourished
in science.

But the path of the mechanists was
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not smooth for long. Three major ad-
vances in physics shook confidence in
Laplace’s dream. The first was electro-
magnetic field theory. As men began to
understand electricity and magnetism,
and strove to formulate the basic laws
of these phenomena, it became apparent
that the Newtonian scheme needed to
be supplemented. Newton’s bodies oc-
cupied a definite region of space. (In
some mysterious fashion, to be sure, their
influence vaulted over space and acted
at a distance, but the less said of this the
better.) Electricity and magnetism, how-
ever, were incorporeal and could not,
like butterflies, be fixed with pins. A new
appurtenance had therefore to be added
to the classical picture, namely electric
and magnetic fields. These were defined
as continuously distributed throughout
space as a whole; at each point in space
at each instant of time the components
of the field were assumed to have defi-
nite values. Electric and magnetic fields
are not independent: a moving charge is
a current and produces a magnetic field;
a magnet in motion produces an electric
field. Moreover, fields act upon bodies.
Fields and bodies therefore codetermine
each other. To describe the traffic of the
universe a combined set of laws was
necessary: Newton’s equations of mo-
tion and James Clerk Maxwell’s equa-
tions which determine the interrelations
of field quantities, fields and the motions
of the charged bodies in the system.
Mechanism was no longer simple.
Additional abstractions made it terri-
tyingly intricate. For a time imagination
clung to the ether as the vehicle for elec-
tromagnetism; the Michelson-Morley ex-
periment extinguished this solace. Since
the field appeared to exist quite happily
in empty space, carrying energy, mo-
mentum and angular momentum, it
could simulate some of the properties of
moving bodies. Einstein went further; he
suggested that special kinds of fields
(satistying nonlinear equations) might
exist, “having modes of action in which
there would be pulselike concentrations
of fields, which would stick together
stably, and would act almost like small
moving bodies.” It is possible, he



thought, that the fundamental particles
of physics consist of nothing but such
agglutinations.

Mechanism is a fighting faith; it did
not succumb to field theory. There had
been a miscalculation; certain factors
had been overlooked. But this was not
fatal. If the whole of nature could not
be reduced to the motions of a tew kinds
of bodies, it could be reduced to the
motions of a few kinds of bodies plus a
few kinds of fields. (Or, if one followed
Einstein, to a few kinds of fields alone.)
Laplace’s superman would merely have
to include the infinity of variables of the
field in his other calculations. He would
then have no difficulty predicting future
states. Mechanism is also a supple faith.

The molecular theory of heat and the
kinetic theory of gases posed a second
challenge by introducing a “qualitatively
new aspect of the laws of nature.” They
forced recognition of the fact that what
appear to be smooth, predictable events
on the macroscopic level are in truth
statistical averages of a vast aggregate
of irregular, unpredictable events on the
microscopic level. The mean pressure,
for example, of a gas on the walls of a
container depends almost entirelv on the
general properties (e.g., mean density
and mean kinetic energy) of the gas
molecules as a group, and is insensitive
to the motions and arrangements of the
individual molecules. In the small there
is an enormous number of irregularities
and fluctuations, but on the average
these offset one another and cancel out,
the result being practically determinate
mean values.

It is worth taking a moment to weigh
the significance of this development. If
we picture the universe as a large New-
ton-Laplace machine, we imagine any
given sequence of motions as causally
and mechanically linked. The corollary
of this notion is that there is a continuity
of the causal chain such that anv effect
is directly traceable to the events which
produce it, however numerous, remote
or complex. New factors, however, are
introduced by the kinetic theory, which
enrich the conceptual structure. For in-
stance, Bohm says, we are justified “in
speaking of a macroscopic level possess-
ing a set of relatively autonomous (uali-
ties and satisfying a set of relatively au-
tonomous relations which effectively
constitute a set of macroscopic causal
laws”—the laws of thermodynamics and
macroscopic physics in general. As an
illustration, consider the properties of a
liquid. It flows; it wets things which it
touches; it tends to maintain a certain
volume. Its motions satisfy a set of basic
hydrodynamic equations whose varia-
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bles and constants express only large-
scale properties such as pressure, tem-
perature, density, velocity and the like.
Now if we are interested in describing
or predicting the behavior of a mass of
water, we do not treat it as a crowd of
molecules, but as an independent macro-
scopic entity, following laws appropriate
to the macroscopic level. Does this mean
that the properties and behavior of the
water are independent of those of its
molecular constituents? Not at all. But it
does mean that the large-scale entity is
not only insensitive to individual molec-
ular gvrations, but has properties pecu-
liar to itself which the molecules, under
certain arrangements, create but do not
themselves possess. Bohm offers this ex-
ample: When a liquid has a certain den-
sity, its intermolecular forces are in bal-
ance. It the density is increased or
lowered, repulsive or attractive inter-
molecular forces manifest themselves
which, in either case, tend to bring the
density back to its original value. With
the forces in balance the liquid exhibits
a stability of behavior; this stability is
characteristic of macroscopic entities
and is not an attribute of molecules.
Another point bearing on the mecha-
nistic philosophy is the clarification of
the relationship between qualitative and
quantitative changes. Take the transfor-
mation from gas to liquid to solid. In a
gas the molecules are in perpetual, cha-
otic motion. As the temperature is low-
ered, clusters of molecules begin to form,
but they break up almost immediately
because their mean kinetic energy is

“high. But as one approaches a certain

critical temperature the clusters build
up, on the average, faster than they dis-
integrate. Small droplets appear and the
liquid phase gains the upper hand. Now
the substance no longer fills the entire
space available to it but occupies a cer-
tain characteristic and definite volume.
A further drop in temperature is accom-
panied by an increase in density and
viscosity. The atoms start to arrange
themselves in regular and periodic lat-
tices; crystals take shape. At first these
too have a short life because of the dis-
ruptive effects of random thermal mo-
tion, but again, around a certain critical
temperature, the intermolecular forces
achieve the most stable possible config-
uration, namely the crystal lattice, and
the liquid becomes a crystalline solid. In
this state the substance tends to maintain
a fixed shape, to polarize light, to exhibit
its own special X-ray diffraction pattern.

It is clear, then, as Bohm states, that
a series of quantitative changes—in the
mean kinetic energy of molecular mo-
tion—has produced a series of qualita-
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tive changes in the properties of mattex.
Moreover, these new properties are sub-
ject to “new kinds of causal factors . . .
which ‘take control’ of a certain domain
of phenomena, with the result that there
appear new laws and even new kinds of
laws, which apply in the domain in ques-
tion.”

The third major advance to prompt a
re-evaluation of classical mechanism was
the introduction of probability and sta-
tistics in connection with the analysis of
Brownian motion and the formulation
of the laws of thermodynamics. The ex-
tension of insights embodied in the ki-
netic theory of gases, and the develop-
ment of the mathematics of probability,
greatly enlarged the understanding of
the relationship between small-scale and
large-scale phenomena. By a brilliant
stratagem a pyramid of knowledge was
erected on a platform of ignorance. Men
accepted the chance character of events
on the microscopic level; but chance, as
they discovered, has its rhythms and
symmetries. Once it was learned how to
express them in symbols and to incorpo-
rate them into a calculus, it became pos-
sible to design reasonably determinate
laws for the mean behavior of large ag-
gregates.

“It seems probable to me,” Newton
wrote in his Opticks, “that God in the
beginning formed matter in solid, massy,
hard, impenetrable, movable particles,
so very hard as never to wear or break
in pieces, no ordinary power being able
to divide what God Himself made One,
in the first creation.” So long as this be-
lief persisted, the mechanistic philoso-
phy was enormously persuasive; indeed,
it had no reason to fear a competitor.
Even after confidence in it had been
eroded by advances in physics, ingenious
arguments were found to support the
mechanistic creed. Admitting that the
particles of matter are neither solid,
massy, hard nor impenetrable, that
atoms are not the basic building blocks,
and that every time a new particle is
discovered it turns out to be a change-
ling, it is still reasonable to suppose that
a fundamental law rules the universe.
From this law it will be possible to de-
duce the properties of molecules, atoms,
mesons and everyday matter.

Yet suspicion grew that mechanism
was coming to the end of the line. The
classical causal laws leaked like a sieve.
Every attempt to describe matter and
energy at a given level was disturbed by
apparently random events at the level
below. There was no known case of a
causal law which was completely free
from dependence on “contingencies in-
troduced from outside the context of the
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law in question.” Moreover, even if such
a law could be imagined, the problem
would arise “of reciprocal relationships
between levels and between qualitative
and quantitative laws.”

At the beginning of the 20th century
a new theory was advanced to escape
this dilemma. “Indeterminate mecha-
nism,” as Bohm calls it, represented a
momentous concession. For the first time
the notion was entertained of an ele-
ment of “absolute arbitrariness and law-
lessness” entering into physical events.
It was possible still to picture the uni-
verse as a great machine, but it was a
machine more like an “idealized roulette
wheel” than a perfect watch. It was the
very nature of the wheel to be unpredict-
able in individual results, yet on the
average to yield (uite regular distribu-
tions. In studying natural phenomena
one might expect at every level to en-
counter irregularities and chance fluctu-
ations. The further one probed the more
one might learn of causes and motions,
but at bottom was an irreducible arbitrar-
iness. This did not of course extend to
statistical aggregates: thus was science
rescued from logical bankruptcy. To seek
a fundamental, purely quantitative law
which described the working of the uni-
verse remained a reasonable objective,
but, when found, the law would be prob-
abilistic and not deterministic.

It is interesting to observe how one
dogma was advanced to replace another.
Deterministic mechanism held that
chance was merely the name of igno-
rance; that all was ruled by iron laws and
iron linkages; that once these were fully
known, statistics would no more be
needed to explain the universe than to
help a man ascertain how much money
he had in his pocket. Indeterministic
mechanism (as developed by the late
Richard von Mises, and supported by
the proponents of the usual interpreta-
tion of the quantum theory) held that
all determinate laws are nothing more
than “approximate and purely passive
reflections of the probabilistic relation-
ships associated with the laws of
chance”; and that individual processes
and events in the atomic domain are
“completely lawless.” The second dogma
is even more unconvincing than the first.
Mechanism of the first kind has no ex-
perimental basis; as a philosophic as-
sumption, however, it is not at odds with
the scientific spirit. Mechanism of the
second kind also has no experimental
basis, but as a philosophy it lies some-
where between a credo quia absurdum
and a firm belief in industrious angels.

The quantum theory, says Bohm, was
the first example in physics of “an es-

|14

sentially statistical theory.” It did not
assume that very small things obey the
laws of classical mechanics, to which
statistical considerations are applied for
practical reasons. Instead it restricted
itself entirely to statistical predictions,
“without even raising the question as to
what might be the laws of the individual
systems that entered into the statistical
aggregates treated in the theory.”

Now physics took the final step in
breaking with the past. Werner Heisen-
berg’s uncertainty principle can be in-
terpreted as a flat denial of causality in
the atomic domain. It does not merely
state that the causal links at this level
are beyond man’s power of detection; it
clearly implies that the links do not ex-
ist. This was Heisenberg’s own inference
from his principle, an inference to which
the majority of physicists subscribed.
George Gamow’s able discussion of this
topic elsewhere in this issue makes it
unnecessary for me to go into further
detail, except to mention three points.
The first is that Heisenberg’s hand was
strengthened by a theorem of the late
John von Neumann, published in 1932.
This theorem appeared to furnish a
mathematical proof that it is impossible
to conceive of a distribution of motions
of “hidden” variables which would ac-
count for the behavior of an individual
system at the atomic level; which is to
say that, even if information about a sys-
tem could be got without disturbing it
by measurement, precise predictions
about its future could not be made. The
second point is that the usual interpre-
tation of the quantum theory forsook the
concept of continuity of motion, as well
as causality. (This, by the way, offered a
roundabout solution of Zeno’s paradox-
es.) The third point is that Niels Bohr in-
troduced his principle of complementari-
ty to preserve the logic of physics from
ruin. The indeterminacy principle had
ostensibly ruled out precisely definable
conceptual models; Bohr proposed as a
substitute the use of complementary
pairs of imprecisely defined concepts
such as waves and particles.

That indeterminacy is at the heart of
things is a view for which a number of
distinguished physicists, including Al-
bert Einstein and Max Planck, felt no
sympathy. De Broglie and Bohm share
this skepticism, and are in fact convinced
that there are serious flaws in the reason-
ing underlying the prevailing conclu-
sions. Ernst Cassirer, as I pointed out
last March in a review of his excellent
book Determinism and Indeterminism in
Modern Physics, rejected the idea that
indeterminacy dooms causality. Bohm
goes a good deal farther.
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It may be, he says, that while the
quantum theory, and with it the inde-
terminacy principle, are valid as high-
degree approximations in a certain do-
main, “they both cease to have relevance
in new domains below that in which the
current theory is applicable.” According-
ly one must try to construct a new model
incorporating a “subquantum-mechani-
cal level.” If with the help of such a
model all the phenomena can be ex-
plained which quantum mechanics ex-
plains, and in addition phenomena can
be explained which quantum mechanics
is unable to explain, a momentous break-
through will have been achieved. It is
to this hypothetical structure that Bohm
has turned his mind.

Let us note a few of his main points.
Assume a lower basement of the physical
world, not yet discovered; assume, fur-
ther, that hitherto “hidden variables” are
at work in this basement. We may then
conjecture that the statistical character
of the quantum theory arises from ran-
dom fluctuations of new kinds of entities
existing at the lower level. Indetermin-
acy will in that case be a necessary at-
tribute of phenomena at the quantum-
mechanical level, simply because the
motions of the entities which can be de-
fined at that level alone are determined
by factors (hidden variables) that can-
not be so defined.

Does the indeterminacy principle as
such rule out the possibility of a sub-
quantum-mechanical level as merely an
“empty metaphysical speculation”? No,
says Bohm, for the principle has “nothing
whatever to say about the precision that
might be obtained in measurements that
utilize physical processes taking place at
a lower level.” Is there any reason to
believe in the existence of such process-
es? Bohm suggests they may be found
in the domain of very high energies and
of very short distances. This is the very
domain in which quantum mechanics
has exhibited serious shortcomings as a
tool of investigation, thus leading to a
“crisis” in microscopic physics. What of
von Neumann’s theorem, which can be
interpreted to mean that a lower level is
theoretically impossible? Here the refu-
tation is directed to what Bohm regards
as a defective assumption: namely, that
in specifying the state of a system one
cannot dispense with the aid of “observ-
ables” which satisfy certain rules of the
quantum theory. On this assumption von
Neumann tried to prove that no possi-
ble set of hidden variables would help
describe the system more precisely than
the current formulation of the quantum
theory. But the assumption, according to
Bohm, begs the question; for if a sub-



quantum-mechanical level exists, it is
not unreasonable to suppose that the en-
tire scheme of “indispensable” observ-
ables is inappropriate to this level and
must be replaced by “something very
different.” And with the observables go
the infirmities peculiar to the quantum
theory.

Imagine the following model. Con-
nected with each “fundamental” parti-
cle of physics is “a body existing in a
small region of space.” The body can be
conceived as a mathematical point. In-
separably associated with the body is a
wave, assumed to be an oscillation in a
new kind of field. The field is repre-
sented by Schrodinger’s psi function,
which now suddenly comes to life and
instead of being a mere symbol for the

calculation of probabilities represents
something as real as the electromagnetic |
and gravitational fields. Between the psi
field and the body there is interaction:
the field exerts “a new kind” of quantum-
mechanical force on the body, which is
noticeable at the atomic level but not
above it, and the body exerts a smaller
but definite influence on the field. The
nature of the field force is undefined,
except that its tendency is to pull the
body into regions where the value of the
field is largest. There is, however, a re-
sistance to this tendency, consisting of
random motions of the body (analogous
to Brownian motions). A possible source
of these motions is random fluctuations
in the field itself. (Electromagnetic
fields, for example, undergo similar ir-
regular oscillations.) One may suppose
that the fluctuations are associated with
properties of the field at a subquantum-
mechanical level, or arise from interac-
tion with entities existing at this lower
level. On this hypothesis there are two
forces at work: the fluctuations which
cause the body to wander at random
over “the whole space accessible to it,”
and the quantum-force which pulls the
body to where the field is most intense. |
The result is a “mean distribution in a
statistical ensemble of bodies,” corre-
sponding to Max Born’s probability dis-
tribution. But notice that instead of ac-
cepting the distribution, as Born does,
as an absolute and inexplicable property
of matter, one can interpret it as the
effect of subquantum-mechanical level
random motions.

Bohm claims that the model yields re-
sults consistent with all the essential
results of quantum theory. Take the
business of wave-particle duality. A
famous example from quantum theory
shows that when electrons pass through
a pair of slits and fall upon a screen, an
interference pattern is formed as well as
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English, and a distinguished Board of Consulting Editors.

Over 11,000 terms defined in relation to usage, in the interpretations intended
by the users, and at the most suitable level of technicality. Includes terms from
fields related to the behavioral sciences. Integrated through cross references
and through multiple definitions for terms found in more than one field. Sug-
gests improvements for inappropriate terms, usages, neologisms and bar-
barisms. Seeks to promote better communication, by clarity and precision, in
both reading and writing.

608 pages. 6 by 834 in. 30 figures. $8.00.

THE PHYSIOLOGY OF THE NERVOUS SYSTEM

1957.

1957.

563 pages.

By E. Geoffrey Walsh, University of Edinburgh.

A comprehensive account of the functions of the nervous system. Of special
interest to clinicians and students of physiology, psychology, neurology,
and medicine.

6 by 9 in. 261 figures. 6 plates. $9.50.

ELECTROMAGNETISM AND RELATIVITY

By R. G. Cullwick, University of St. Andrews.

A discussion of advanced electromagnetic theory, with particular reference to
moving media and electromagnetic induction.

323 pages. 5, by 834 in. 42 figures. $12.50.

Longmans, Green and Co., Inc.
55 Fifth Avenue

New York 3
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a series of discrete dots. Moreover, the
closing of one of the slits appears mys-
teriously to influence even the particles
that pass through the other. The cause
of this anomaly is a forbidden subject in
the usual interpretation. But the new
model yields an explanation. The inter-
ference pattern is produced by the
waves associated with the electron. The
small body connected with the electron
undergoes random motion and follows
an irregular path. But passage of a large
number of these bodies through the slit
system produces a statistical pattern of
dots at the screen, whose density is pro-
portional to the field intensity. The
“quantum-force,” in other words, ac-
counts for the concentration; the random
motions (of lower-level origin) account
for the irregularity of the array of parti-
cle images. And the enigmatic closing
effect is assumed to mean that closing
one slit influences the quantum-force
acting on the particle as it moves be-
tween the slit system and the screen.

Bohm considers certain criticisms of
this model, related to problems of elec-
tron spin, the theory of relativity and
the basic implausibility of the postulated
interaction of wave and particle. He
gives an account of the modifications
that have been introduced to meet the
criticisms. In particular he describes the
dovetailing of the model with quantum
field-theory, and the support which the
latter offers to the central hypothesis. In
all he says Bohm is appropriately tenta-
tive. His weapon against dogmatism is
openmindedness. But, as he points out,
it is not enough to expose the weaknesses
of current theories; a fresh theory is
needed to disturb complacent slumber.
If he should succeed in arousing his col-
leagues he can expect a formidable as-
sault on his views. There is no doubt he
can take care of himself.

A final word on his philosophical opin-
ions. Bohm’s basic notion is that nature
is “qualitatively infinite.” This means
that the qualities that man has encoun-
tered in experience thus far in no sense
limit or even foreshadow what he can
expect to encounter as he continues to
probe, to vary his methods, to flex his
imagination. One detects in Bohm’s
views the strands of many older philos-
ophies—from those of the pre-Socratics
to that of Henri Bergson. The more cre-
ative physicists have in recent years cul-
tivated philosophy. They are usually dis-
inclined to admit to this weakness. But
there is no escape, even if it be only to
embrace anti-philosophic philosophies.
For the physicist has come to realize that
if he throws philosophy into the fire, his
own subject goes along with it. In this
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century the professional philosophers
have let the physicists get away with
murder. It is a safe bet that no other
group of scientists could have passed off
and gained acceptance for such an ex-
traordinary principle as complementari—
ty, nor succeeded in elevating indeter-
minacy to a universal law. Bohm’s
challenging book perhaps marks the be-
ginning of a retreat from high-flown ob-
scurantism and a return to common sense
in science. I use common sense as Wil-
liam Kingdon Clifford used it: science
without priestly pretensions or dogmas.

Short Reviews

i Ricuarp GreGory, by W. H. G.
Armytage. St. Martin’s Press ($5).
The subject of Professor Armytage’s
skillful and devoted biography is the
lovable, honorable and immensely ener-
getic man who was connected with the
great British scientific magazine Nature
for 45 years (20 of them as its editor)
and who devoted a very long life (he
died in 1952, aged 89) to broadening
the social connections of science, bring-
ing scientists into public affairs and in
all ways deploying “the forces of science
in the cause of human advancement.”
Gregory was born in poverty, the son of
a labor organizer. His early years were a
struggle to support himself and to gain
an education. At the Normal School of
Science in South Kensington, to which
he won a scholarship, he met H. G.
Wells, with whom he formed a close
friendship that lasted for 60 years and
profoundly affected the thought of both
men. (Gregory was the only person with
whom Wells never quarreled, and Army-
tage describes him as Wells’s shock-
absorber.) Gregory became assistant to
the editor of Nature, which offered him
a unique and increasing opportunity to
spread his views. He wrote textbooks
(one of them with Wells), initiated the
editorials in Nature, lectured extensive-
ly, worked for the sound popularization
of science, contributed measurably to the
growth in importance of the British Sci-
ence Guild and the British Association
for the Advancement of Science, and was
directly responsible for the establish-
ment in the latter organization of a new
division for the Social and International
Relations of Science. As a young man he
had strong Socialist sympathies (though
he declined an invitation to join the
Fabian Society); throughout his life he
remained an impassioned reformer. He
was never gingerly, for example, about
turning to the left for support of his
cherished program of bringing scientists
to the fore in politics. The British physi-
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cist and novelist C. P. Snow has written
that Gregory was trusted by scientists
and governments, and for years “was
treated as the official conscience of sci-
ence.” One might ask how it came about
that a man who was not a scientist, who
was “not a specially exciting journalist,”
and who did not even hold a degree
could gain this position. (Gregory re-
ceived more honors, Snow remarks, than
any creative scientist of the time except
Ernest Rutherford.) The reason was in
part that Gregory was the beneficiary of
the brilliant successes of 20th-century
science and of the recognition of its im-
portance in modern life. But the main
reason was Gregory’s personal character:
decency, modesty, generosity, sympathy
and an unswerving devotion to enlight-
ened ends. Men at every level in science
and politics, men who rarely agreed
with each other on any issue, respected
him ‘and could at least agree to follow
his lead.

RECORDS OF THE AMERICAN-AUSTRA-
LIAN SciextiFic EXpEDITION TO
ARNHEM LanD. VoL. I: ArT, MYTH AND
SymsoLrism, by Charles P. Mountford.
Cambridge University Press ($18.50).
Arnhem Land, in the northern section of
Australia, is an almost unknown country
despite the fact that this part of the con-
tinent and the adjacent Gulf of Carpen-
taria were the first parts of Australia to
be discovered—as early as 1606 by the
Dutch explorer Willem Janszoon in the
yacht Duyfken. Seventeen years later
Jan Carstensz with his two ships Pera
and Arnhem sailed along the shores of
the region, and it is from the name of
the latter vessel that the land takes its
name. In 1948 a joint American-Austra-
lian expedition, staffed by members of
the National Geographic Society and the
Smithsonian Institution and by Austra-
lian scientists, established four research
camps in different parts of Arnhem Land
to study the natural history and ethnol-
ogy of an island, a river and swamp en-
vironment, a seacoast location and a
plateau area. Each place has its distinc-
tive flora and fauna, each its special
aboriginal culture determined by topog-
raphy and resources available to support
life. Eight months were spent in the
field. Many thousands of plants, fish,
birds and animals were gathered, as well
as large numbers of aboriginal imple-
ments and weapons. Photographs and
drawings were made of many cave paint-
ings; a collection was assembled of bark
paintings and string figures; motion pic-
tures were made of aboriginal life and
natural history. The present volume, the
first of four, is a splendid record, profuse-



ly illustrated, of the aboriginal art of
Arnhem Land—a basic art of abstract ge-
ometric designs overlaid by a “more ad-
vanced naturalistic art in which identi-
fiable paintings of animals, birds, fish,
reptiles and human beings predomi-
nate.” One of the most curious forms of
Arnhem expression is the so-called X-ray
art in which the internal as well as the |
external details of the subject are shown. |
But there are other more complicated
forms, displayed in this book, of paint-
ings on bark, of figures carved in wood,
molded in wax, drawn in wet sand and |
cut out of bark. Mountford describes the
songs and myths associated with the
paintings, aboriginal ceremonies, the re-
lationship between social organization
and design (for example, clan affiliations
and totemic ancestors determined the
designs in bark paintings and other art
objects) and the astronomical myths of
Amhem Land. Three volumes still to |
come on anthropology and nutrition, |
botany and plant ecology, and natural
history, will complete the record of this
extraordinarily fruitful expedition.

N INTrRODUCTION TO PROBABILITY
X THEORY AND ITS APPLICATIONS,
Vor. I, by William Feller. John Wiley & |
Sons, Inc. ($10.75). The second edition ‘

of this admirable book has much new
material, including two new chapters.
One of these contains results on the fluc-
tuations in coin tossing which, as the
author remarks, “are so amazing and so |
at variance with common intuition” that
even his “sophisticated colleagues”
doubted that coins actually misbehave as
theory predicts. Two examples will bear
this out. Suppose Peter and Paul en-
gage in a prolonged series of coin toss-
ings; it is generally expected, assuming
a perfect coin, that the lead will seesaw
between them and that each player will
be ahead about half the time. This ex-
pectation is entirely wrong. Feller dem-
onstrates that in 20,000 tossings it is
about 88 times more probable that one
player (Peter, say) leads in all 20,000
trials than that each player leads in
10,000 trials. “In general, the lead
changes at such infrequent intervals
that intuition is defied. No matter how
long the series of tossings, the most
probable number of changes of lead is
zero.” A related paradox illustrating the
“arc sine law” states that if a coin is
tossed once per second for a total of
365 days, the approximate probability is
.05 (i.e., one out of 20 cases)—"a sig-
nificance level dear to statisticians”—that
the more fortunate player will be in the
lead for more than 364 days and 10

hours. These hair-raising results offer no

PHYSICISTS

ENGINEERS
MATHEMATICIANS

are invited to join the Lincoln Laboratory
scientists and engineers whose ideas have
contributed to-new concepts in the field of
electronic air defense.

A brochure describing the following
Laboratory programs will be forwarded
upon request.

HEAVY RADARS

MEMORY DEVICES

TRANSISTORIZED DIGITAL COMPUTERS
SCATTER COMMUNICATIONS

SOLID STATE

AEW (air-borne early warning)

SAGE (semi-automatic ground environment)
SYSTEMS ANALYSIS

In certain of these programs, positions of signifi-

cant professional scope and responsibility are open
to men and women with superior qualifications.

Research and Development

MIT
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BOX 18
LEXINGTON 73, MASSACHUSETTS
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Input-output unit

The Importance of
DIGITAL TECHNIQUES

Digital techniques constitute one of the important developments which
have made possible the recent advances in computers and related equip-
ment for computation, data processing, and industrial and military
electronic control.

Digital computers for scientific computation range from small spe-
cialized units costing a few thousand dollars, to large general-purpose
computers costing over a million dollars. One of these large computers
is a part of the Ramo-Wooldridge Computing Center, and a second
such unit is being installed early this year.

Electronic data processing for business and industry is rapidly grow-
ing based on earlier developments in electronic computers. Data
processors have much in common with computers, including the utili-
zation of digital techniques. A closely related field is that of industrial
process control. To meet the needs in this field, Ramo-Wooldridge has
recently put on the market the RW-300 Digital Control Computer.

The use of digital techniques in military control systems is an accom-
plished fact. Modern interceptor aircraft, for example, use digital fire
control systems. A number of Ramo-Wooldridge scientists and engi-
neers have pioneered in this field, and the photograph above shows the
RW-30 Airborne Digital Computer.

The RW-30 is an example of what can be accomplished through the
application of digital techniques in conjunction with modern semi-
conductor components. It performs complete mathematical operations,
including multiplications, at the rate of 4000 per second (as fast as
large scientific computers). Yet it occupies only 4.19 cubic feet, weighs
203 pounds and uses 400 watts power. It is packaged in four separate
units to facilitate installation in aircraft. The magnetic drum memory
has a capacity of 2607 21-bit words.

The versatility inherent in digital techniques makes it possible for
the RW-30 to handle such varied military aircraft problems as naviga-
tion, armament control and bombing, and combinations of these prob-
lems, without changes in the RW-30 itself.

The RW-30 also serves to illustrate the balanced integration of
systems analysis and product engineering which is a principal objective
at Ramo-Wooldridge. Similar programs are in progress on other air-
borne and electronic control systems, communication and navigation
systems, and electronic instrumentation and test equipment. Engineers
and scientists are invited to explore openings in these fields at Ramo-
Wooldridge.

The Ramo-Wooldridge Corporation

S730 ARBOR VITAE STREET ¢ LOS ANGELES 45, CALIFORNIA
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Clock generator and

I consolation whatever to small- or big-

time gamblers. They show that when
things are going badly for you at poker,
roulette, craps or whatnot, you can ex-
pect them to stay that way or get worse.

CONCEPTS oF Forcg, by Max Jammer.

Harvard University Press ($5.50).
The German humorist Wilhelm Busch,
creator of that famous pair of small
monsters Max and Moritz (whose de-
scendants are the Katzenjammer Kids),
once wrote a poem about the dynamics
of a box on the ear. The poem describes
how the clouter’s hand, rich in poten-
tial energy, starts its swing and lands
with “blitz” force on the ear; how the
ear becomes red and hot; how the blow
is sensed as pain and touches the “deep-
est core of the soul.” This process, says
Busch, is known to the scientist as a
transformation of force. Busch’s poem
illustrates some of the difficulties which
the historian of science must expect to
encounter in examining the evolution of
the concept of force; for this concept,
one of the oldest and most important in
scientific and philosophic thought, is
very hard to define, is almost impossible
to sever from its original connection with
human will power, spiritual influence
and muscular effort, is heavy with ami-
mistic and psychological encrustations,
and “early became invested with a mul-
titude of [other] extrascientific connota-
tions that greatly influenced the inter-
pretation of the concept until very recent
times.” Max Jammer, who wrote an ex-
cellent book on the concept of space,
now follows with a companion study of
theidea of force. He traces the history of
the concept from its first appearance in
mythological cosmology to its status in
20th-century physics. The task demands

| wide learning and criticalacumen; more,

it requires an ability to orient oneself in
earlier climates of thought and to inter-
pret the many nuances of meaning of
the writers on mechanics who kept
changing the definition of force in build-
ing their conceptual schemes. Jammer
examines Kepler’s search for a mathe-
matical formulation of force, Galileo’s
investigation of the kinematic aspects of
motion, Newton’s profound insight into
the problem, and the curious theological
reinterpretation of his ideas by his suc-
cessors. A clear analysis is presented of
the influence of Newton’s third law on
the development of physics, and illu-
minating accounts are given of the dy-
namic theory of Gottfried Wilhelm von
Leibniz, Ruggiero Boscovich’s brilliant
notion of point centers of force, and the
ideas of, among others, Immanuel Kant,
Ernst Mach, Heinrich Hertz, Gustav



Kirchhoft and Henri Poincaré. The book
concludes with a discussion of modern
trends toward eliminating the concept of
force from physics. As Jammer points
out, there is inadequate understanding
of the importance and extent of this
change in attitude, representing the cul-
mination of one of the great struggles of
intellectual history.

HYTHMIC AND SYNTHETIC PROCESSES
IN GrowrTh, edited by Dorothea
Rudnick. Princeton University Press
($7.50). Papers from the 15th Sympo-
sium for the Study of Development and
Growth, dealing with three main topics:
tissue-culture methods, cyclic activity,
and biochemical evolution. Several of
the contributions are unusually stimulat-
ing, among them a discussion by Theo-
dore T. Puck of his pioneering experi-
ments on single animal cells treated as
microorganisms, a paper by Colin S. |
Pittendrigh and Victor G. Bruce propos-
ing an ingenious oscillator model for bio-
logical clocks, an essay by Hans Gaffron
on photosynthesis and the origin of life,
B. L. Strehler’s “Some Energy Transduc-
tion Problems in Photosynthesis.”

IvING REPTILES OF THE WoRLD, by

— Karl P. Schmidt and Robert F.
Inger. Doubleday and Company ($10).
A lavishly illustrated, ably written book
about snakes, lizards and turtles, de-
scribing their appearance, habits, geo-
graphical distribution and the like. The
266 photographs, of which 145 are in
color, are uncommonly good. It should |
be mentioned that the senior author, the
noted herpetologist Karl P. Schmidt,
died last September from the effects of
a snakebite which he suffered while
handling a specimen of Dispholidus
typus, the “notorious” boomslang. About
this reptile the book says: “Ordinarily a
mild-tempered snake [which] takes con-
siderable abuse before puffing out its
neck in a threatening posture, [the
boomslang] should be treated with re-
spect, for several human fatalities have
been attributed to [its] bite.”

YUNs oN THE EarLy FRroxTIERS, by

¥ Carl P. Russell. University of Cali-
fornia Press ($8.50). A history from
Colonial times through the years of the
Western fur trade of the guns which sol-
diers, explorers, trappers, pioneers and
Indians used against their wildlife prey
and against one another. The author is
a naturalist, a museum official of the
National Park Service, a former super-
intendent of Yosemite National Park, a
historian and an authority on guns. His
book is the fruit of years of loving re-
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fast switch ON THE NUMBERS

Taking coded information, translating it into decimal form (A)

and displaying it on the wall (B) seems to be a matter of concern

to a fair number of people these days. Part ““B”—making the

right number come up — offers an opportunity to demonstrate

the virtues of a Sigma Series 72 polar relay. As explained below,
halting of display devices can be accomplished in a variety of
ways. But because of the 72’s combination of high speed,

precision and sensitivity, the problem of consistently keeping
up with a high speed number drive on very little signal power

is solved all at once.

R{10K h

The breadboard diagram to thesleft of
the dashed line has been drawn by our
artist, who feels that schematic symbols
can never do justice to a Sigma Type
72A0Z-1000-TS High Speed Polar Relay.
Of course this may be an expensive way
to run a cycledec, but if you are in a hurry
you don’t want to have to dish up nine
separate pulses from the info department
(right of the dashed line). Besides, what
if it missed counting one of them? To be
sure, the relay could be eliminated and
the cycledec run directly through its own

internal switch contacts. But then AC

R

supply voltage would have to be put on all
switch points except the designated one.
This would make it rough for any little
solid state peanut you tried to put in
that box marked R< 10K.

As it is, the 72 will remove the supply
from the cycledec .0005 seconds after it
lands on the right number, and restore the
supply .0008 seconds after you move the
ground to another switch point and “push”
the reset button. Incidentally, completion
of selection puts power on the other con-
tact of the 72, which can then run lights,

bells or some other success signal.

Some of the virtues of a Type 72A0Z-1000-TS TCP * SPDT polar relay are:
Contacts rated 500,000,000 operations 60 ma. 120VDC

Coils, two, 1000 ohms each

Either - side stable, operate 0.56 ma. either way either coil

*Armature tungsten, fixed contacts copper - palladium
You can get one such 72 relay with removable dust cover for $30.00, or for less money in quantity.
Samples are available on order, or a bulletin simply on request.

SIGMA INSTRUMENTS, INC.

40 Pearl Street, So. Braintree 85, Mass.
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search on every aspect of the firearms of
the period covered: their mechanics,
the evolution of the different types, their
17th-century forerunners, their commer-
cial and political aspects. Specialized
though it is, this is a diverting survey
whose many facets will interest readers
other than antiquarians and curators.

Notes

Abpvances IN Geopuysics: Vor. III,

| edited by H. E. Landsberg. Academic
Press Inc. ($8.80). This book contains
| papers on Arctic ice-island research, the
| polarization of light from the skv, sub-
continental structure, heat flow through
the deep-sea floor, the interior of the
earth, hydrology and the use of artificial

D I S P E R S I O N satellites in geophysical investigations.

TuE ProspEcTs oF NUCLEAR POWER
axp TeEcHNoLOGY, by Gerald Wendt.
D. Van Nostrand Company, Inc. ($6).
A survey for a general audience of the

for faster, dependable spectro-analysis | .cchaics of atomic power and of its
industrial and economic aspects.

w"h BOUSCh & l'omb NucLeEar ENGINEERING, edited by

Charles F. Bonilla. McGraw-Hill Book

CERTI FlED _PRE(IS' 0 N GRAT' N Gs Company, Inc. ($12.50). A cooperative

volume on the basic engineering princi-

ples involved in the design of nuclear-
reactor cores and power plants.

]}

Distinct separation between light rays
| Ax Essay oN THE FOUNDATIONS OF

of wavelengths less than one billionth of an inch apart! Our KNOWLEDGE, by Antoine Augustin
Cournot. The Liberal Arts Press ($9).
—this is standard performance The first English translation, by Merritt

H. Moore of the University of Tennessee,
| of a massive work by the noted 19th-
century mathematician, economist and

with B&L plane diffraction gratings.

Over 100 different reflectance and transmission gratings | philosopher.

are available, from 30X 32mm to 153 X 203mm; I JuBiLEE oOF RELATIVITY THEORY,
edited by André Mercier and Michel

from 40 to 2160 grooves per mm; Kervaire. Birkhduser Verlag (36 Swiss
| francs). This volume contains the pro-

widest range of blaze angles. Written certification ceedings of a conference held in Berne,

Switzerland, in July, 1955, celebrating
the 50th anniversary of Einstein’s fa-
mous memoir on the special theory of
relativity. Among the contributors are
Max von Laue, Hermann Bondi, H. P.
Robertson, Pascual Jordan, Leopold In-
feld, Eugene P. Wigner, Max Born,
Wolfgang Pauli and C. Maller.

of detailed specifications and precision.

FREE DATA BOOQIK [ e s o v swes o s s o oo s

. |
’ B BAUSCH & LOMB OPTICAL CO. l
. 78125 St. Paul St., Rochester 2, N. Y. .

: :
|

Please send me Catalog D-261 which
explains theory and mechanics of
use of gratings in light dispersion.

A DICTIONARY OF SCIENTIFIC TERMS,
by I. F. Henderson and W. D. Hender-
son. D. Van Nostrand Company, Inc.
($12.50). Sixth edition, revised and en-
larged by J. H. Kenneth, of a dictionary
of terms in biology, botany, zoology,
anatomy, cytology, genetics, embryolo-

L------------J gy, physiology.

BAUSCH & LOMB

.,
N p L] 3 eeensean B
/i Company
Address ...

Name ...
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VAN NOSTRAND’S

CIENTIFIC

in a new greatly enlarged

Over 2,000,000 wo':'ds =
in a new 85" x 11" format:

VAN NOSTRAND'S
_ SCIENTIFIC
ENCYCLOPEDIA

The Only Recognized One-Volume Authority, for
layman and professional, on the World of Modern
Science extant today is now up-to-the-minute, thor-
oughly rewritten by leading scientists on every subject
to reflect the vast new discoveries and changes of the
past decade. Its 14,000 clear and accurate articles, and
well over 1,000 illustrations (including twelve whole
pages in full color) cover more than 1,800 oversize
pages of fascinating, and informative reading.

[
i
i
| D. VAN NOSTRAND
COMPANY INC.

Ten years ago the Second Edition of Van Nostrand’s

Major subject areas: Scientific Encyclopedia was published. Since then, a

AERONAUTICS revolution in science has made that edition impor-

ASTRONOMY and NAVIGATION tantly obsolete. Now, the Third Edition, greatly

BOTANY enlarged, brought carefully up to date, is about to

CHEMICAL ENGINEERING come from the presses. This Third Edition will serve

CHEMISTRY a unique purpose in your library, in your labora-

CIVIL ENGINEERING tory. As no other book could, it will give you the

ELECTRICAL ENGINEERING scientific data you seek, especially valuable in fields
ELECTRONICS

other than your own. The contributions of every re-

GEOLOGY nowned scientist, from earliest pioneers to men of
GII\JII;];)’IE‘:I]I)ExIIsSSII([j‘;:S our time, are reflected in the more than 100,000 defi-
MECHANICAL ENGINEERING nitions ‘the Third Edition contains. In it, too, among
MEDICINE the 14,000 succinct articles on the principles and
METALLURGY applications of the great physical sciences, of engi-
METEOROLOGY neering and medicine, are all the tremendous prac-
MINERALOGY tical advances of our times, in atomic energy. in the
NUCLEAR SCIENCE and ENGINEERING penetration of outer space, in the fields of biochem-
PHOTOGRAPHY istry where the frontiers against disease and age are

PHYSICS being steadily pushed back.

RADIO and TELEVISION

STATISTICS No other one-volume authority brings to the scien-
ZOOLOGY tist and professional man or woman today, in such

organized, easily used form, the means of quickly
and exactly obtaining essential information on the
virtually innumerable facts of modern scientific
knowledge and achievement.
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pre-publication offer on

ENCYCLOPEDIA

revised and reset Third Edition

DEPENDABLE-UP TO DATE

Y ears of work by thirty-six leading scientists and educators, both here and abroad, went into this new,
enlarged Third Edition of the Scientific Encyclopedia. There are thousands of new entries and interesting
new articles, many over a page long, fully explaining such topics as guided missiles, chelating compounds,
magnetic amplifiers, color television, quantum mechanics, transistors, isotopes, high pressure process,
antibiotics, ferroelectrics, computers, etc.

Many great changes in articles on molecule, atom, nuclear structure, compound, chemical composition
and radioactivity will reflect to you the increasing significance of experimental and theoretical develop-
ments—all contained within the Scientific Encyclopedia.

EASY TO USE

Thumb-indexed for your convenience, this great work is carefully cross-referenced so that every subject
may be fully explored. Among the more than 1,400 vivid photographs and helpful diagrams are twelve
whole pages in full color. Each one is designed to assist you towards a fuller understanding of the written
word. Every time you require a quick fact or broader knowledge in scientific areas other than your own,
just turn to this unique one-volume library of modern science.

SPECIAL PRE-PUBLICATION OFFER — for limited time only

In order to build the size of the first printing of this giant volume, and hold the final price down to $30.00,

we are accepting advance reservations from professional people at the special pre-publication price of $26.85.
This offer is good only until March 17, 1958.

TAKE ADV ANTAGE of the
substantial saving you can enjoy
by ordering now, just fill in and
mail the reservation coupon today!
Your copy, for 10 days free exam-
ination, will be shipped as soon as

D. VAN NOSTRAND COMPANY, INC. Dept. H 18

120 Alexander Street, Princeton, New Jersey

i
[
i
1
1
[
i
[ Please send me a copy of the new Van Nostrand’s Scientific Encyclopedia in
books come off the press at this i one.vohfme for 10 days free examination. A-fter looking through it at my leisure,
special pre-publication saving, | 1 wﬂlhlelt}\er fsend you l?6.85 .[;lulsl small] dehveryl.cost. as ﬁr‘st pz}yment af{d $-‘?;100
even if the final price turns out to \ monthly for four months until the tota [?re—pub ication price of $26.85 is paid—

: or return it within 10 days and owe nothing.
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i
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i

'

be much higher than anticipated.

(This offer expires March 17. 1958. so0 act now!)

NAME

ADDRESS_

CITY ZONE STATE

Save! Remit with order and we pay delivery cost.

Same return guarantee, of course!
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The general configuration of the coal molecule, if such a thing really exists, is believed to be of the type shown above. The
black balls represent carbon atoms; the light blue, oxygen; the orange, hydrogen; the dark blue, nitrogen; the yellow, sulfur.

Meet the molecular mother
of 200,000 useful products

ROM THIS COMPLEX of carbon,
Foxygen, hydrogen, nitrogen, and
sulfur—which we call coal—come
many of the basic chemicals used to
make the new giant molecules. Plas-
tics, synthetic rubber, synthetic
fibers, resins, and a host of other im-
portant products—more than 200,000
in all—start with coal.

Over 200,000 products made from
coal! Yet only a fraction of the 1900
chemicals obtainable from coal are
now being used commercially! That

is why United States Steel and other
producers of coal chemicals are in-
tensively studying coal, its structure,
and its future potential as a source of
basic chemicals.

Why, you may ask, are we so in-
terested in chemicals when our prin-
cipal business is steel? The reason is
that in producing coke for our steel-
making operations, we also produce
chemicals. Thus we are always inter-
ested in anything that will help to
advance the technology of these re-

lated products, improve their qual-
ity, and in general reduce the over-
all cost of manufacture and provide
better products and better service
for our customers.

That is why we are so interested in
giant molecules—especially the giant
coal molecule. United States Steel,
525 William Penn Place, Pittsburgh
30, Pennsylvania.

UNITED STATES S
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THE THEORY OF RELATIVITY

by Dr. Edward Teller

Professor of Physics, University of California at Berkeley

In this remarkable recording Dr. Edward Teller, famous

theoretical physicist and consultant to General Dynamics Corporation,
discusses with wit and wisdom man’s explorations in space and time
which may lead us soon to the infinite plenty of the planets and the stars.

A limited quantity of this 33%
r.p.m. recording is available

at three dollars per copy.

Send remittance to

Director of Advertising,
General Dynamics Corporation,
445 Park Avenue,

New York 22, N. Y.

GENERAL DYNAMICS CORPORATION ¢ 445 PARK AVENUE. NEW YORK 22. N. Y.
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