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SEEING A CLOUD is probably the near-
est we come to ‘seeing’ air, because air
is a mixture of invisible gases.

Life-giving oxygen comprises about
21 per cent of the air. We all know
how it helps sick people get well, but
few of us realize that steel and other
major industries could not operate
without the same oxygen in tremen-
dous quantities. About 78 per cent of
the air is nitrogen. Food processors
use it as an atmosphere to protect
freshness and flavor of food.

LINDE Oxygen

BAKELITE, VINYLITE, and KRENE Plastics

PYROFAX Gas

For rewarding entertainment, see “oMNIBUS”. . . NBC-TV.

Without air, life stops

... for you and for industry

The remaining one per cent of the
air is composed of the little-known yet
vital “rare” gases — argon, helium,
krypton, neon, and xenon. These gases
are essential in making incandescent
light bulbs, in electric welding proc-
esses, and in refining new metals such
as titanium.

For fifty years, the people of Union
Carbidehavebeen separating the gases
of the air and finding new ways in
which they can help make a better life
for all of us.

UCC’s Trade-marked Products include ———
CRAG Agricultural Chemicals
SYNTHETIC ORGANIC CHEMICALS PREST-O-LITE Acetylene

EVEREADY Flashlights and Batteries
PRESTONE Anti-Freeze
NATIONAL Carbons
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HAYNES STELLITE Alloys
UNI0N Calcium Carbide

FREE: Learn how many of the
products you use every day are
improved by research in alloys,
carbons, chemicals, gases, plas-
tics, and nuclear energy. Write
for “Products and Processes”
booklet M.

Union Carbide Corporation,
30 East 42nd Street, New York
17, N.Y. In Canada, Union Car-
bide Canada Limited, Toronto.

UNION

CARBIDE

ELECTROMET Alloys and Metals
Dynel Textile Fibers
UNION CARBIDE Silicones



What 1s
Atomized
Aluminum?

Interesting characteristics
lead to wide industrial demand

ALcoA® Atomized Aluminum is a finely divided, granular
powder produced by blowing molten aluminum through fine
atomizing nozzles into a dust collector. Particles are more or
less spherical, or tear shaped, with a relatively low surface area.

Widely used in explosives during and since World War II,
atomized aluminum has found important (and increasing)
use in peacetime industry. Potential uses have not been fully
exploited. New markets are opening every day.

Atomized aluminum is a highly effective reducing agent. As
such, it is used successfully as a substitute for zinc.

Atomized aluminum has high fuel value. It increases the
explosive force of TNT by 100%. With an oxidizing agent
such as barium nitrate, it burns hot—up to 4500°. Moreover,
by varying the degree of oxidation, burning can be controlled
—from an explosion down to a flare.

Conversely, atomized aluminum disperses heat in other
industrial applications, for example in grinding wheels.

Some of the more interesting current uses:

PLASTIC SHAPES (such as metal-forming dies)—Mixed with
synthetic resins (like the epoxies) to produce stamping or
forming dies. Advantages: better heat transfer, which increases
dimensional stability, lessens shrinkage; better appearance and
increased resistance to shock.

EXOTHERMIC REACTIONS—Reacts with various metallic
oxides to produce intense heat. Typical uses: in hot tops to
permit smaller diameter risers in castings; specialized welding
applications.

PYROTECHNICS—Burning rate of atomized aluminum is
changed by varying the strength of the oxidizing agent.
Example: candle power and burning time of signal flares can
be controlled.

EXPLOSIVES—Used commercially (mining) and by the military,
atomized aluminum has high fuel value, serves as a booster to
explosive compositions. Intense heat expands explosive gases,
greatly increasing force. Atomized aluminum is economical
because it can be substituted for a percentage of the explosive.
It’s cheaper, for example, than nitroglycerine.

CHEMICAL USES—Atomized aluminum is a strong reducing
agent and readily replaces metals from other compounds and
solutions. Used in the recovery of gold and silver from
cyanide solutions and in the production of alum to reduce
ferric iron to the ferrous state.

CERAMICS—Gives added strength to ceramic forms. Enables
refractory saggers to withstand higher temperatures (extends
service life).

COLD SOLDERS—Mixes with resins to form a plastic com-
pound. Advantages: Tough metallic surface, machineable,
adheres well, good appearance, can be painted.

HOT SOLDERS—Used in filling solders requiring less heat
than regular tin alloy solders.

POWDER METALLURGY—A whole new field has been opened
here. Extrusions, forgings and sheet demonstrating exceptional
strength and stability at high temperatures have been produced.

CATALYSTS—Provides raw material in production of alumi-
num alkyls, extremely active catalysts. (One end product:
polyethylene.)

Atomized aluminum contributes to many everyday products
—high purity aluminum chloride for the cosmetics industry,
drain cleaning compounds, iron-free paper makers’ alum.
It’s even used in metal spray guns in place of wire.

WRITE FOR SAMPLES. It’s likely that versatile ALcoa Atom-
ized Aluminum Powder can be used profitably in your products
or processes. We will be happy to send complete data on
various grades available and supply your technical staff with
experimental samples.

Write today to ALUMINUM COMPANY OF AMERICA, PIGMENTS
Division, 1714-L Alcoa Building, Pittsburgh 19, Pennsylvania.

NEW!
“"ALCOA THEATRE" ALCOA 8.
@5{5 Exciting Adventure ALUMINUM |
(@~ ALTERNATE MONDAY EVENINGS Ay wen sty o asite
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Pele Marenholty discusses PREFLIGHT MISSILE CHECKOUT

Prior to launching a missile, a full-scale dress rehearsal
is conducted in order to enact every predictable contin-
gency which might occur during flight. Considering the
multitude of intricate and remotely controlled actua-
tions which must be checked within a very short time
interval, and the speed with which the corresponding
decisions must be made, it is easy to recognize the need
for the faster-than-human, more-reliable-than-human
capabilities of the equipment monitoring this dress re-
hearsal. The possibility of human errors can not be toler-
ated, not only out of concern for the safety of personnel,
but1 fin order to avoid damaging the expensive missile
itself.

The preflight missile checkout system incorporates all
operations necessary for the final preparation of the mis-
sile for flight. To meet the requirements of unfailing
high-speed repeatability, the use of electronics is manda-
tory. The electronic checkout equipment must:

1. Position missile controls for flight and precess iner-
tial guidance elements for a predetermined flight
plan. This involves making decisions which may be
changed again during the final seconds prior to the
moment of launching. Errors in judgment or of
actuation must be eliminated.

2. Actuate all controls on the missile and sense correct
functioning.

3. Provide an immediately available record of all tests
for evaluation and making of final decisions relating
to the missile’s readiness for firing.

The mechanics of performing the above checkout func-
tions falls into the realm of logical decisions. More
specifically, the decisions are made more reliable and
accurate by resorting to electronic decision elements.
One technique is to store into a memory device all the
necessary commands, off-limit conditions, and sequenc-
ing instructions required for the checkout.

The type of memory device required for a particular
missile depends upon the speed with which checkout
operations must take place. For instance, present-day
missile checkout time scale requirements may be satisfied
with punched paper tape programs. Faster access time,
if required, may be achieved by emploving magnetic
tape or magnetic cores.

In a typical system the selection of controls to be
actuated and electrical points to be instrumented is ac-
complished by positioning stepping switches in response
to signals generated by the program memory device. The
signal from the instrumented point is converted to a
digital signal and compared in an automatic comparator
with predetermined limits likewise stored in the memory
device. This comparator operates as a time-digital com-
parison and comparisons therefore can be made at high
speed and with digital accuracy.

A prime requirement for an automatic checkout svs-
tem 1s absolute reliability. The time and the money at
stake are enormous and reliability of the ground station
system should, if possible, exceed that of the missile

Pete Marenholtz, engineer, specializing in transistor digital
circuitry, discusses automatic preflight missile checkout.

itself by at least an order of magnitude. In the case of
equipment carried on board the missile it is often neces-
sary to compromise between reliability and weight. But
ground station equipment is invariably designed for reli-
ability regardless of weight.

Redundancy is used (over and above conservative de-
sign and quality components) in achieving this extreme
degree of reliability. Each internal operation of the sys-
tem is performed twice and the results are compared
before initiation of a main missile system function.
A malfunction anywhere in the checkout which could not
otherwise be avoided, is therefore immediately detected
and measures are taken to protect the overall missile
system. In the binary portions of the system paritv checks
are emploved for added reliabilitv insurance.

In developing such svstems as the preflight missile
checkout system, the progressive nature of military
research has advanced automation techniques to their
present high level and has paved the wav for their
counterpart in industrial applications.

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. 14.

I D’STROM SYSTEMS

Division of Daystrom, Inc., 5640 La Jolla Boulevard
La Jolla, California Telephone GLencourt 4-0421
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A NATIONAL SCIENCE POLICY, by Chester I. Barnard
The National Science Foundation shows that science is neglected in the U. S.
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Test Range! Easiest to Use!

THE COVER

The painting on the cover shows 16
cups of the kind used in an experi-
ment on subjective probability (see
article on page 128). The subject is
shown a bowl of blue and yellow
beads and told that it contains the
same number of each. The experi-
menter then draws beads from the
bowl and places four in each cup.
The subject is asked to guess how
many of the cups contain each of
the possible combinations of beads.

New! INDUSTRIAL

METHODS MANUALS

Sin separate procedures, com-
pletely detailed, for quick, easy, o 0 0 a
dependable analysis of alumi. Unlike ordinary colorimeters which are

num. $5 each; set of six, $20. limited to the wavelengths of a few selected
Information on methods for anal-

THE ILLUSTRATIONS

Cover painting
by John Langley Howard

ysis of other materials, on re- filters, the Bausch & Lomb Spectronic 20
quest, without charge. gives you accurate readings at any wave- P Sour
length in the 340mu-950my range. And it’s jge m.nce ]
N W ' easy as tuning your radio! 45-49 Irving Geis
e @ ® Easiest Ever! Dial instantly sets Certified- '30 Ar;lton k. Blruun d
E-X-T-E-N-D-E-D Precision grating to desired wavelength; 3% John Lang ey Howar
no color filters to fuss with. 2 Anton F. Bruun
RANGE 53-55 John Langley Howard
) ) ® Dependable Accuracy! Narrow band —n = Columbic A
Special adaptation, increasing ly 20my!) high . 56-57 olumbia University
instrument range to 340mu in PaSlS (on y my,:) assures highest spec 58 Ralph S. Solecki
::r:u u-:e,“;:f?rm':;; ad::.:-:::a:r. teal pucity. . . 60-62 John Langley Howard
Vitamin assays, for example, are @ Fastest Readings! Instant-acting meter 63-64 Ralph S. Solecki
:9.:":'“U‘:'_::s'f:;:;?lf_\; :"fn;ﬂ:au:: gives exact percent transmission, or op- 68 General Mills
Spectronic 20 Colorimeters. tical density. 79 M. C. Niu
® Low Price, Double Value! 80-86 Eric Mose
L] !
m Colorimeter plus spectro- 92-93 William Vandivert
BAUSCH & LOMB OPTICAL CO. g photomz;er, 375mp.-920m,u 94 James Egleson
(extended range to 340my 96 Sara Love
18123 ST. PAUL ST., ROCHESTER 2, N. Y. a at slight extra cost), for less 98 James Egleson
) E than the price of most col- 100 William Vandivert
D Send me B&L Spectronic 20 Catalog D-266 orimeters alone! 102 Sara Love
D Send me ............... aluminum analysis methods; g 105 Nat;onal Audubon Soci-
ety
payment enclosed, $.........ccocooerrmninns ($5 each; g 106-108 René Martin
set of 6, $20)

MA"_ CQUPON TODAY 111 Sara/Love'
| would like an obligation-free demonstration of g 112-113 René Martin (top) ; Pren-

the B&L Spectronic 20 Colorimeter at my con- FOR VA LUAB LE DATA! tice Bloedel (bottom)
venience. g 114 Sara Love
E 117-120 Irving Geis

121-122  Jon Brenneis
123-126 Irving Geis

Title ..o 129 ohn Cohen
BAUSCH & LOMB 130-138 %erome Snyder

Name.....

Gompany. 140-146 James Egleson
Address 149 H. C. Early
[l 150-156 Roger Hayward
CHYerme s ZODG State...... America’s only complete opticai source ... from glass to finished product. 158 H. C. Early
& el T 160 Roger Hayward

4
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ESC corporation, first in custom-built delay lines,

announces the opening of its new . . .

,- ———————————————————————— -— amd amv 7
, . . . .
/ electronic components division  f
L ___________ | J
®

pulse transformers

medium and low-power transformers
filters of all types

pulse-forming networks

mintature plug-in encapsulated circuit assemblies

exceptional employment opportunities

Jfor engineers experienced in pulse techniques

@

&
[s[ CORPORATION * 534 BERGEN BOULEVARD * PALISADES PARK, NEW JERSEY
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HEAT « WEAR ¢« CORROSION

HAYNES Alloys so

A b 4
SeAe 4
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HASTELLOY Alloy B has a service life 30
to 40 times that of ordinary materials
while handling highly reactive hydrogen
chloride gas at a chemical plant.

In petroleum, chemical, or food process-
ing industries—wherever you find highly
corrosive conditions—HAYNES Alloys are
long-wearing and most economical.



cost problems

Wlerever you have a tough cost prob-
lem due to maintenance or replacement
expense caused by excessive wear, heat,
or corrosion, or where there is a complex
design or production problem —investi-
gate the use of HAYNES Alloys.

In practically every industry, you will
find HAYNES Alloys helping to increase
production and reduce maintenance—
doing an efficient job at low cost. For
information on HAYNES Alloys, contact
our nearest sales office or write HAYNES
STELLITE COMPANY, Division of Union
Carbide Corporation, General Offices
and Works, Kokomo, Indiana. Sales
Offices in Chicago, Cleveland, Detroit,
Houston, Los Angeles, New York, and
San Francisco.

“Haynes,” “Haynes Stellite,”” ‘“Hastelloy”’ and “Union Carbide”
are registered trade-marks of Union Carbide Corporation.

Where ordinary bearings and rollers can’t
take the abuse and punishment of abrasive
rock and acid sludge, such as in mining oper-
ations, they are hard-faced with HAYNES
STELLITE Alloy No. 6 and last for years in-
stead of weeks! HAYNES Alloys reduce main-
tenance and replacement costs by giving
long service.

HAYNES STELLITE 98M2 alloy tools remove metal fast in ma-
chining jet engine diaphragm rings. These tools take a l5-in.
cut and remove 55 cubic in. of metal in 15 minutes. About six
rings now are machined per grind where other tools failed to
finish even one. And tool service life has jumped over 600 per
cent. Fast, precision machining with long tool life makes a big
difference in production costs.

ALLOYS

HAYNES STELLITE COMPANY
Division of Union Carbide Corporation

UNION

CARBIDE
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‘ PONPIE engines Of Thus wx:ote' Feonardo

da Vinci in 1481 of his
crossbow on wheels,

certainly a fore-
wonderful efficacy T
in a letter to his friend,
Lodovico Sforza, seeking

not now 1n use.” eshosmont 10+

military engineer.
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Courtesy Harcourt Brace & Company.

Original: Codice Atlantico, Ambrosiana, Milan

missile development at HAM".TON STANDARD

has created some of the industry’s most intriguing openings for:

« Senior Physicists « Electronics Engineers + Mathematicians
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New
Titanium
alloys

developed by Mallory-Sharon
for the missile age

Two remarkable titanium alloys developed
by Mallory-Sharon’s Research Laboratory
further extend the usefulness of the

metal in hot environments. This development
promises more and more applications in
rockets and missiles for titanium—strongest
metal per pound of weight in its

temperature range.

Commercial introduction of these new
alloys culminates research and development
over a two year period. In the intensive
evaluation of both laboratory and production
ingots, thousands of individual tests were
made and analyzed. The results:

The first new alloy (MST 821) is a weldable
sheet and bar material which offers
strengths equivalent to similar titanium
alloys—at temperatures two hundred
degrees higher. This exceptional advantage
is maintained in the range of 400 to
1000 degrees F.

The second new alloy (MST 2.5A1-16V)
offers remarkable ease of fabrication
for a high strength material. Sheet metal parts
can be readily formed while the alloy
is relatively soft, then can be heat-treated
to high strengths. Heat treatment more than
triples the strength level of this alloy.

As titanium’s future in our air defense
grows, it is likewise proving its economic

el
e N
MALLORY s g g SHARON advantages in new industrial applications. Let

Mallory-Sharon, technical leader in titanium,
MALLORY-SHARON TITANIUM CORPORATION - NILES,OHIO help you design ahead with this new metal.

k beduce_rs of titanium and titanium alloy sheefl, strip, plate, rod, bar, billets
o

—
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86 Allen-Bradley Variable Resistors in |
Eastman Kodak’s Roll Paper Color Printer

In the cycling
control and tim-
ing circuits of
this Eastman Kodak
printer, there are ac-
tually 86 Allen-Bradley Type J variable re-
sistors! Nine of them constitute the major
controls. All the resistors are adjusted and
set at Kodak.

The Allen-Bradley Type J variable resistor
is hot molded with the solid resistor element
being integral with the base. The reliability
of the resistor makes an important contribu-
tion to the efficient operation of the printer.
This is typical of the industrial use of Allen-
Bradley electronic components.

Allen-Bradley controls are available in the
several basic types shown below.

Control box on the Eastman Kodak Roll Paper Color Printer. The machine makes color prints

from Kodacolor negatives.
~ 4N
B \’
b
= 4

TYPE T—rated Y2 watt at 70°C
ambient. Plastic cover serves as
actuator, making unit extremely
flat. Total resistance from 100
ohms to 5 megohms.

TYPE F—rated Y4 watt at 70°C
ambient. Diameter 2”. Standard
tapers. Slotted shaft. Designed for
printed circuits.

TYPE J—rated 2 watts at
70°C ambient. Total resistance
valves from 50 ohms to 5
megohms. Available in single,
dual, and triple units with vari-

‘N//'
s

and with built-in line switch,

TYPE H—rated 5 watts at 40°C
ambient. Total resistance values
from 50 ohms to 2.5 megohms.
Good for over 100,000 cycles
with no appreciable resistance
change. Max. voltage 750 v, d-c.

TYPE G—rated Y2 watt at 70°C ambient.
Diameter ¥2”. Plain or lock-type bushings;
plain or slotted shaft. Available with line
switch (right).

|
|
|
|
|
|
|
ous types of adjusting shafts, :
|
|
|
|
|
|
]
|

W e e e e e e e e e e e
s, ALLEN-BRADLEY
134 W. Greenfield Ave., Milwaukee 4, Wis. —

In Canada:

Allen-Bradley Canada Ltd., Galt, Ont. RADIO, ELECTRONIC, AND TELEVISION COMPONENTS

© 1957 SCIENTIFIC AMERICAN, INC



FOR YOUR INFORMATION

> facts on food colors
> new aerosol mold release
> chromium chemical data books

Facts on food colors

What about those headlines on
food colors? And the stories that
some certified food colors are
toxic? Is there anything to the
Food and Drug Administration’s
recent delisting of three previous-
ly acceptable colors?

Here are a few facts behind the
headlines.

The practice of coloring food is
centuries old. Though the early
colors were of natural origin, they
have been replaced in the coloring
of many foods by superior syn-
thetic colors — the certified “coal-
tar” colors. The Food and Drug
Administration has been certify-
ing a number of these colors for
use in food since the early 1900’s.

You’re probably aware of some
of the foods commonly colored to-
day: ice cream, soft drinks, baked
goods, candies, processed cheese,
gelatin desserts, orange skins,
margarine, butter.

Why then have some food
colors been “delisted” and why
are others being considered for
delisting?

The controversy centers on the
meaning of a single word in the
Federal Food, Drug and Cosmetic
Act: “harmless.”

The Food and Drug Adminis-
tration’s definition: incapable of
producing harm in any quantity
or under any circumstances.

The food color industry’s: in-
capable of producing harm under
normal conditions of use.

It is the industry’s view that
FDA animal tests of certified
colors have made use of quantities
of color unrelated to — and far in
excess of — quantities normally
ingested by humans. A newspaper
interview quoted the Commission-
er of Food and Drugs as saying
that he “conceded that three coal-
tar dyes recently banned were
harmless as used, but explained
that their use was [a] technical
violation of the law as now
worded.”

The absolute FDA standard
seems to find support in the popu-
lar tendency to regard synthetics
as inherently inferior to natural
products. Yet, many fresh vege-
tables we eat every day contain
small but tolerable quantities of
naturally occurring poisons which,
if judged as food colors are now
being judged, would lead to the
elimination of a large part of our
vegetable diet.

What the food color industry
asks is an amendment to the
present law which would clearly
grant power to the FDA to set
quantitative limits on the use of
colors in food. Such limits would
safeguard public health, permit
maintenance of our food color
supply, and encourage research in
the field.

Two articles— one supporting
the industry’s position, the other
detailing manufacture and quality
control of food colors — have
been prepared by Allied’s National
Aniline Division, the leading food
color producer. You can get them
by checking the coupon at right.

[ o

Aerosol mold release

Remember the line that went, we
could have some ham and eggs if
we had some ham . .. and some
eggs. Stretch your imagination a
good deal, and it has some rele-
vance in the business of molding.

Low-molecular weight polyethy-
lene is a superior mold release.

There’s hardly a more conven-
ient way to dispense liquids than
with an aerosol spray.

© 1957 SCIENTIFIC AMERICAN, INC

llied

hemical

DIVISIONS

Barrett

General Chemical
National Aniline
Nitrogen
Semet-Solvay
Solvay Process
International

Ham and eggs: PoLv-LEasE 77,
a low-molecular weight polyethy-
lene in a mixed solvent system,
supplied in aerosol form. The
spray’s push, by the way, is from
Allied’s GENETRON propellants.

Here’s how it works. When hot
or cold mold cavities or other ob-
jects are sprayed, a smooth, rela-
tively hard film forms quickly on
the surface. This film provides
efficient release with a minimum
number of spray applications, re-
sulting in faster cycle time, reduc-
tion of rejects and consequent
lowering of production costs.

PoLy-Leask 77 will be of interest
to molders of rubber, plastics (ep-
oxies, polyesters, phenolics, alkyd,
urea, melamine), powdered metal.

Chromium chemicals

The authoritative collection of
chromium chemical technical bul-
letins has been published, appro-
priately enough, by the leading
producer of chromium chemicals.

The books describe Allied’s
MutuaL chromium chemicals and
their applications in leather tan-
ning, corrosion control, and ano-
dizing of aluminum.

We’d be pleased to send either
a brochure describing 49 bulletins
available, or the bulletins in your
field of interest.

PoLy-LEase 77, GENETRON and MuTUAL are Allied
Chemical trademarks

1
|
|
I
|
|
I
|
|

E
|

Z

Information Service L :
ALLIED CHEMICAL

61 Broadway, New York 6, N. Y.
Please send me further information:
[J Facts on food colors

[0 New aerosol mold release

[0 Chromium chemical data books
Name

Company.
Address

Position.

Remarks

o ——— —— —— — ———— — —
e —— —— ——— — — — — ——



Callery’s expanding commercial

facilities assure a dependable source of

Boron compounds for
growing new markets

Callery’s emergence from bench and pilot operations to full-scale com-
mercial production is surging ahead on schedule. And in this climate
of expansion—-capacity’s going up—costs are coming down.

We’re referring in particular to our big commercial plant now under
construction in Lawrence, Kansas. This new fully integrated $4 million
plant will be producing commercial quantities of boron compounds in
the spring of 1958. It’s being built to better service the burgeoning
markets which industry is creating for these exciting compounds.

We’re ready now to serve you. We can talk delivery and price on
any of the product groups listed below. One or more of them may
help you solve that tough processing problem. Write or phone us for
technical data.

Phone: FOrest 4-1130 TWX: Perrysville, Pa. 117

BOROHYDRIDES « ALKYL BORATES ¢« BORON HYDRIDES * AMINE BORANES
ALKALI METAL HYDRIDES * BOROXINES * HICAL® HIGH ENERGY FUEL

LLERY

CHEMICAL COMPANY

PITTSBURGH 37, PENNSYLVANIA

© 1957 SCIENTIFIC AMERICAN, INC
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|
Sirs:
| Like many meteorologists, Joanne
Starr Malkus [“The Origin of Hurri-
| canes,” SCIENTIFIC AMERICAN, August]
'| appears to have her head somewhat in
the clouds. More and more evidence
1 points to the fact that the secret of hur-
| ricane origin lies in the ocean water be-
neath the forming storm. It now appears
that “hot spots” on the ocean surface
“cook” the tropical atmosphere like a
pancake on a griddle until a vast area
of squalls is developed. How do these
| hot spots form? Most probably they are
loops of tropical current that have be-
come separated from the parent streams.
These cut-off loops (perhaps 100 miles
in diameter) radiate heat into the at-
mosphere as they dissipate and spread
out on the ocean’s surface. Once the
tropical air is “boiling” in this manner,
all that is needed is the passage of a
pressure-lowering wave in the atmos-
phere to generate the spiraling winds of
a hurricane.

Josepn E. O’HARE

U. S. Navy Hydrographic Office
Suitland, Md.

Sirs:

Mr. O’Hare’s suggestion of a relation
between hurricane formation and the
existence of warmer regions in the ocean
surface layers is an interesting one, and
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Now a circle 5 inches in diameter can

be read to 1 second of arc...directly...with

Gurley's new (U] [ ﬁ Slelck

Helping to master the minuscule

Now that the industrial microma-
nipulator and the binocular micro-
scope have been drafted from the
laboratory —to help master the
minuscule in industry—the ever-
growing emphasis is on ultra-
precision.

Each day there are increased in-
dustrial demands for tolerances so
close that a reading microscope is
needed to observe and check them.
The success of many critical opera-
tions depends upon extreme tool-
ing accuracy. But, as allowed toler-
ances grow vanishingly small, the
cost of attaining specified precision
tends to skyrocket. So too, as any
modern precisionist can tell you,
do the problems and frustrations!

Tooling accuracy, of course, is
founded on the flat plane, a true
perpendicular to it, and a linear
measurement standard. Now, an
ingenious mew instrument brings
optics to the aid of industrial pre-
cision at a point in tooling opera-
tions where costly error can be
forestalled—in initial positioning.

Extraordinary precision ...with optics

A new device—called uNiSEc—from
W. & L. E. Gurley, makes extraor-
dinary precision in angle reading
conveniently available. It thus

helps cut the costs that soar when
initial inaccuracy reproduces its
errors in ensuing work.

Uni1sec consists of an Optical
Coincidence Reading System and a
Precision Glass Circle. The device
actually reads the 5-inch circle to
one second of arc—directly. It uses
the principle of reading both sides
of a circle at once to remove eccen-
tric error.

Precision through image coincidence

The latest of a long Gurley family
line of ultraprecision equipment,
uNisec will read the angular posi-
tion of a rotatable shaft at rest with
a degree of precision obtainable
otherwise only with an optical
reading theodolite. It can be at-
tached to any stationary shaft
where highly precise positioning is
desired. Turning the sighting de-
vice from base point to an object
indicates the amount of angle be-
tween. On a clinometer, for ex-
ample, it measures deviations from
the horizontal.

Readings from the optically flat
crown glass circle with its 2160
graduations are viewed through a
microscope eyepiece which swivels
360 degrees to allow reading from
any stance. The images of gradua-

© 1957 SCIENTIFIC AMERICAN, INC

tions taken from opposite sides of
the glass circle are made to coincide
in the reading microscope. Move-
ment of a deviating prism system
makes this possible. Measuring the
position of the deviating prism
makes possible the highly accurate
angular reading.

Special eyepieces and units for
screened projection at high magni-
fication may be obtained. Special
Coincidence Reading Systems, us-
ing larger circles and housings, add
versatility to this device. UNISEC is
one of a host of products studied,
developed and manufactured by
Gurley for science and industry. It
has been widely welcomed at a
time when the amount of permis-
sible variance from a standard has
already become vanishingly small.

Gurley's 113 years of experience
During 113 years of experience in
optics the Gurley group have de-
veloped and made precision instru-
ments ranging from surveying in-
struments to modern hydrological,
meteorological and other engineer-
ing equipment; analog-digital con-
verters; components produced by
high precision photographic meth-
ods; as well as lenses, prisms,
reticles and divided circles of the
highest accuracy. (Also, though
commonly thought of as surveyors’
tools, Gurley transits and levels
perform optical tooling in aircraft
jig construction and solve many
other difficult industrial aligning
problems.)

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

W.& L.E. GURLEY

DEPT.UNI-SA, INDUSTRIAL DIVISION

TROY, NEW YORK
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putting purity to work
in modern metallurgy

The spiral never seems to stop. You no sooner introduce a new alloy, and
your company sets new demands: higher temperatures. . . greater strength
... lighter weight . .. better corrosion resistance . . . ad infinitum.

The key to this never-ending quest for super alloys often lies in metal
purity. Vacuum melting techniques, when put on the production line, quickly
made numerous laboratory alloys commercially feasible. But even more
important, as metallic elements become commercially available in ever purer
form, each ushers in a host of new alloys.

One such metal is manganese. Its purest commercial form—99.9% pure—
is Electromanganese®, Foote’s electrolytic manganese. Alloyed with iron,
nickel, copper, aluminum, magnesium, zinc and titanium, Electromanganese
is providing modern metallurgists with highly desirable properties in strength,
conductivity, expansion, weight, and vibration damping. Many use Electro-
manganese as a substitute for rarer, more expensive metals. Others use it in
metal production as a melt deoxidizer or desulfurizer.

Electromanganese may well be the key to your search for better metals.
Several grades are available, including a “Hydrogen-Removed” grade and a
nitrided grade called Nitrelmang®. To find out more about the potential of
Electromanganese you ought to have our Bulletin 201. Write Technical
Literature Department, Foote Mineral Co., 454 Eighteen West Chelten
Bldg., Philadelphia 44, Pa.

PLANTS AND RESEARCH LABORATORIES:
Berwyn, Pa. ¢ Cold River, N.H. ¢ Exion, Pa. * Kings Mountatn, N.C.
Knoxville, Tenn. o Sunbright, Va.

LITHIUM METAL, CHEMICALS, MINERALS @ STRONTIUM CHEMICALS ® ELECTROLYTIC MANGANESE METAL e WELDING GRADE FERRO
ALLOYS e STEEL ADDITIVES e COMMERCIAL MINERALS AND ORES e ZIRCONIUM, TITANIUM, HAFNIUM (IODIDE PROCESS)

14

© 1957 SCIENTIFIC AMERICAN, INC

' one which has received considerable at-

tention from meteorologists. Although
there is not yet sufficient evidence to
abandon the connection which Mr.
O’Hare suggests, it is certain that it is
by no means so simple as he proposes.
Second, no positive evidence of the type
he cites is in existence, even concerning
the presence of oceanic hot spots of the
scale he mentions, except in the Gulf
Stream area, in which only a few, if any,
hurricanes form. The studies made to

| date of ocean temperature anomalies

and activity of a hurricane-formation
area have had rather disappointing re-
sults. Smaller-scale hot spots may be im-
portant in breeding ordinary trade
cumulus-cloud groups, but these form
over the ocean daily, and hurricanes are
so rare that many steps must intervene
before their growth into the runaway
cumulo-nimbi of a hurricane. Finally,
the fundamental point remains: that the
energy source for hurricanes lies in latent
heat of water vapor. The sensible heat
transport in most of the hurricane-breed-
ing area is both small and downward,
so that any simple “cooking” mechanism
has been rather surely eliminated as a
possibility. In the season of deep moist
layer, the tropical atmospheric “gun”
seems to be nearly always loaded with
moisture and instability, and the right
combination of triggers producing con-
vergence appears to be required to set
it off. The evidence to date suggests that
these are upper-level disturbances.

JoaNNE S. MaLKuUs

Woods Hole Oceanographic Institution
Woods Hole, Mass.

Sirs:

Allow me to put in a good word for
Hypericum perforatum which, in your
article “Weed Control by Insect” [Sc1-
ENTIFIC AMERICAN, July], is called a pest.

In northern Europe this plant is called
pericon. It is a wildflower confined to
dikes, hedges and ditches along pictur-
esque country roads. The people cer-
tainly do not allow it to cover hundreds
of thousands of acres. Far from being a
pest, it is considered rather benign. The
buds of the yellow flowers are picked
just before they blossom, dried in at-
tics for a few weeks and steeped in
aquavit or gin to produce a beautiful
deep-red cordial of delicate bouquet.

CanL F. CLAUSEN

Evanston, IlL



Your business is in the Age of Electronics

Your engineers

productive giants—or shackled Lilliputs?

You employ the finest development engineers
to help your Company progress. But do

you equip them with modern technical
tools? Or must they waste priceless

time tediously deriving engineering data in
old-fashioned ways.

Electronic instruments free engineers’ time
by speeding and simplifying the ordinary
—and extra-ordinary—measurements today’'s
engineering requires. Hours, even days,

are saved for creativity.

Hewlett-Packard makes 300 different
electronic measuring instruments answering

world leader in electronic

measuring instruments

a vast range of needs. One -hp- instrument
saves time for many men, yet most

-hp- instruments cost far less than just the
recruiting of one new engineer.

A letter from you will bring a Hewlett-
Packard field engineer to help your technical
people simplify and make more productive
your Company's engineering effort.

@ Hewlett-Packard vacuum tube voltmeters, standard
throughout industry, provide new simplicity and
extreme accuracy for electrical measurements. -hp-
400H (shown) measures 1/10 millivolts to 300 volts
at frequencies 10 to 4,000,000 cycles per

second. -hp- voltmeters, $200 to $325.

HEWLETT-PACKARD COMPANY

PALO ALTO, CALIFORNIA
Field application engineers throughout the world
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Shaping the future with Du Pont's

Engineered Fibers... nylon, *DACRON"*,

“ORLON"** “TEFLON"f

and “SUPER CORDURA"{1

TOMORROW'S ALL-WEATHER SCHOOL PLAYGROUND
. . «» Using the engineered properties of a Du Pont fiber

Covering large areas at low cost has
plagued architects since ancient times.
Inflatable structures are an ingenious
answer to this long-felt want. They are
made possible by tough, thin, light-
weight coated nylon fabrics. The pro-
jected all-weather playground shown
here is “roofed” by a transparent-topped
pneumatic dome made with coated ny-
lon fabric. It is kept inflated by pres-
sures little higher than atmospheric, yet
can withstand the buffeting of high
winds.

Present uses of pneumatic structures
include warehouses, hangars, fair build-
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ings, radomes. Nylon is used because
it is strong and weather-resistant, does
not stiffen in severe cold, does not
stretch too much, yet yields when nec-
essary. If desired, it can be stored for
long periods of time without deterio-
rating. Cost is about half that of con-
ventional temporary buildings.

Nylon fibers offer many outstanding
design characteristics. Weight for
weight, they are stronger than steel
wire. They have the best shock-absorp-
tion factor of any fiber, and their tough-
ness provides high resistance to wear
and abrasion. Nylon fabrics are trans-
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parent to high-frequency waves and are,
therefore, used to make radomess They
have excellent abrasion resistance and
resist rot, mildew, insects and many
common chemicals.

As you can see, Du Pont nylon fibers
offer a unique combination of proper-
ties. Engineers seeking design charac-
teristics outside this range can often
find them in a different Du Pont indus-
trial fiber or combination of fibers. For
example:

DO YOU KNOW that Du Pont “Dacron™
polyester fiber provides exceptionally high
wet strength and high stretch resistance . . .



that it withstands oxidizing agents and
bleaches? ( Low-stretch cordage of “Dacron”
is twice the strength of manila rope.)

DO YOU KNow that Du Pont “Orlon”**
acrylic fiber has outstanding resistance to
weathering and ultraviolet light. .. pro-
duces staple which equals wool in bulking
power, high thermal insulation and wrin-
kle resistance? (Acid-resistant clothing of
“Orlon” protects workers in industry.)

DO YOU KNOW that Du Pont “Teflon”t
tetrafluoroethylene fiber is virtually unaf-
fected by the most violent corrosives known
to man, can act as a dry lubricant, can be
used at temperatures of 500°F. and

REG. U.S. PAT. OFF

BETTER THINGS FOR BETTER LIVING . , . THROUGH CHEMISTRY

higher? (Filter fabrics of “Teflon” defy
heat and corrosive chemicals.)

Chances are that somewhere in your
field of interest there is a place where
Du Pont fibers can make a substantial
contribution to your products. The ex-
perience, production facilities, and test-
ing and research activities at Du Pont
all combine to offer you an authorita-
tive source of industrial textile informa-
tion and development cooperation. If
you're searching for the answer to a ma-
terials problem, check with Du Pont.

WRITE FOR YOUR COPY:
“DU PONT FIBERS IN INDUSTRY"”

The 80 pages of this fact book are ed-
ited especially for the engineer and de-
signer. The properties of Du Pont fibers
are described in detail. Technical and
performance data are presented for
most basic industrial fiber applications
—including fabrics, felts,laminates, etc.
For your copy, write to: E. I. du Pont
de Nemours & Co. (Inc.), Textile Fibers
Department, 5518 Nemours Building,
Wilmington 98, Delaware.

**Dacron’’ is Du Pont’s registered trademark for its polyester fiber.
**“Orlon” is Du Pont’s registered trademark for its acrylic fiber.

T“Teflon”’ is Du Pont’s registered trademark for its tetrafluoroethylene
fiber and its fluorocarbon resins.

t1“Super Cordura’ is Du Pont’s registered trademark for its high
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tenacity rayon yarn.
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Man-made moon to go 18,000 miles an hour .

THADE MARK

...and LINDE’s HELIARC Welding holds it together

Milions of people will be thrilled by Project
Vanguard, when man-made satellites are
launched to circle the earth at speeds reach-
ing 18,000 miles per hour. Yet, few persons
realize the enormous amount of research and
careful planning needed to make such an en-
deavor successful.

For instance, assembly of the internal
framework of the satellite—shaped from ex-
tremely lightweight magnesium tubing—re-
quired special techniques. And the cover ring
of the pressure chamber had to be joined to
the ultra-thin shell with a perfectly smooth,
airtight seam.

These, and other parts of the Earth Satel-
lites, were accurately assembled with Heviarc
Inert Gas Shielded Arc Welding. Developed

L

by Linpe. it employs a tungsten electrode
with argon gas—99.99% pure—as a shield
against contaminants.

Heviare Welding has long been used by
industry for production jobs involving hard-
to-weld metals. It is one of several efficient,
economical welding methods stemming from
Linne's research, development, and service in
electric and oxy-acetylene welding and eut-
ting fields. For more information, write Dept.
Rl for a copy of the booklet, “Modern Meth-
ods of Joining Metals.”

Linpe Cosmpany, Division of Union Carbide
Corporation, 30 East 42nd Street, New York
17, N. Y. Offices in other principal cities. In
Canada: Linde Company, Division of Union
Carbide Canada Limited.

For the best in electric welding—look to LINDE!

The terms “Linde,” “Heliare” and “Union Carbide™
are registered trade-marks of Union Carbide Corporation.

Internal framework, cover
rings, and other parts of the
Earth Satellites were assembled
with LINDE's HELIARC Welding.

A\

UNION
CARBIDE
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something of
your future
was on

our minds
yesterday

Who can gauge the portent of
things like jet and rocket flighe,
gas turbines and guided missiles?
Electronic computers and auto-
mation, television and radar? Fis-
sion products and atomic power?

Already some of them are giant
industries. They affect your per-
sonal life, your business plan-
ning, your entire world outlook.
Yet each would still be an im-

robable dream except for the
electrical alloys, special steels,
and other corrosion and heat-
resistant and special-property
metals (such as titanium and
zitconium) that will do today
whatcould not be done yesterday.

It is Allegheny Ludlum’s con-
tinuing job to pioneer, research
and perfect such metals—and
more important, make them avail-
able in the commercial shapes,
forms and sizes that you need.
@ Call on us for any engineering
assistance. Allegheny Ludlum
Steel Corporation, Oliver Bldg.,
Pittsburgh 22, Pa.

ALLEGHENY
LUDLUM

PIONEERING on the
Horizons of Steel

wsw esse Stainless and high-temperature, electrical and tool steels; magnetic materials and sintered carbides
19
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Take a look at the record .

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

FOR RESEARCH REACTORS

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.

e Power and Research Reactors e« Reactor Control Systems ¢ Radio-active Material Handling Equipment ¢ 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

__(nf

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 Madison Ave. * New York 16, N. Y.

© 1957 SCIENTIFIC AMERICAN, INC

POWER LEVEL

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

*In operation
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Conservative dynamics

Some time ago we introduced a new accelerometer to
our line.

This particular miniaturized unit had a linearity
rating of 10% and was advertised and sold under
this specification.

Recently, in a report published by the Bureau of Stand-
ards, the ‘accelerometer received a tested linearity
rating of 2% . . . a considerable improvement over
our own claim.

We thrive on producing the highest quality products
without exaggerated claims, because we feel that any
customer is entitled to have complete confidence when
buying a precision instrument. ..

Our customers always do.

ulton Industries, Inc. K&

METUCHEN, N. J. GULTON INDUSTRIES, INC.

PLANTS: NEW JERSEY, CALIFORNIA, NEW MEXICO, NEW YORK, ONTARIO

ENGINEERED MAGNETICS DIVISION. NUCLEAR INSTRUMENTATION DIVISION. THERMISTOR
DIVISION. VIBRO-CERAMICS DIVISION. CG ELECTRONICS CORPORATION. GLENCO COR-
PORATION. GREIBACH INSTRUMENTS CORPORATION. TITANIA ELECTRIC CORPORATION
OF CANADA, LTD.
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20 AND 100
YEARS AGO

NOVEMBER, 1907: “‘The deter-
mination of the atomic weight of radium
which I published in 1902 was carried
out with 9 centigrammes of radium
chloride. Fresh processes having since
then furnished some decigrammes of
practically pure chloride, I have sub-
jected them to purification, which en-
abled me to obtain 4 decigrammes of
perfectly pure radium chloride, and to
determine the atomic weight of radium
under far better conditions than before.
The weighings were performed with a
Curie aperiodic balance which is accu-
rate to one tenth of a milligram, and
takes only ten seconds to reach its posi-
tion of equilibrium. I conclude from
these experiments that the atomic
weight of radium is 226.2 (Ag = 107.8,
Cl = 35.4) with a probable error of less
than half a unit’—Mme. Curie”

“A report that Count Zeppelin’s air-
ship has been sold to the German Gov-
ernment is denied by the Count himself.
He states, however, that the balloon
shed has been sold to the Government,
to be used as a harbor for military air-
ships. It is reported that the German
Government has commissioned Count
Zeppelin to build an airship capable of
carrying 18 passengers and having mo-
tors of 285 horse-power. The Germans
have advanced to the stage where they
now have special field guns for shooting
directly upward at balloons or airships.
The German Emperor’s optimistic view
of aeronautical matters augurs well for
the success of the Wright brothers in dis-
posing of their aeroplane to the German
Government. Our own Government
should take steps immediately to fore-
stall any foreign nation’s getting this in-
vention.”

“In presenting the SCIENTIFIC AMERI-
can Flying Machine Trophy to the Aero
Club of America, the publishers have
recognized that the conquest of the air
may not come through dirigible gas bags
but through the perfection of aeroplanes,
machines that are heavier than air. The
cup is offered for competition among



A GREAT AMPLIFIER TUBE
IS PERFECTED
FOR TELEPHONY

A new transcontinental microwave system capable of carrying
four times as much information as any previous microwave system is
under development at Bell Laboratories. A master key to this devel-
opment is a new traveling-wave tube of large frequency bandwidth.

The traveling-wave amplifying principle was discovered in Eng-
land by Dr. Rudolf Kompfner, who is now at Bell Laboratories; the
fundamental theory was largely developed by Labs scientist Dr. John
Pierce. Subsequently the tube has been utilized in various ways both
here and abroad. At the Laboratories it has been perfected to meet the
exacting performance standards of long distance telephony. And now for
the first time a traveling-wave tube will go into large-scale production
for use in our nation’s telephone systems.

The new amplifier’s tremendous bandwidth greatly simplifies the
practical problem of operating and maintaining microwave communi-
cations. For example, in the proposed transcontinental system, as many
as 16 different one-way radio channels will be used to transmit a
capacity load of more than 11,000 conversations or 12 television pro-
grams and 2500 conversations. Formerly it would have been necessary
to tune several amplifier tubes to match each channel. In contrast, a
single traveling-wave tube can supply all the amplification needed for a
channel. Tubes can be interchanged with only very minor adjustments.

The new amplifier is another example of how Bell Laboratories
research creates new devices and new systems for telephony.

Left: A traveling-wave tube. Right: Tube
being placed in position between the per-
manent magnets which focus the electron
beam. The tube supplies uniform and dis-
tortionless amplification of FM signals
over a 500 Mc band. It will be used to
deliver an output of five watts.

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT
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Varian fills
a growing
research need...

with a completely matched
four-inch electromagnet system...

This outstanding matched magnet system features Varian's new
V-4004 Four-inch Laboratory Electromagnet . . . a versatile instru-
ment designed to meet a variety of general purpose applications,
particularly where the exceptional field homogeneity and stability
of Varian's larger magnets is not required. The V-4004 magnet
with its matching power supply and optional current regulator is
ideal for studies of susceptibility, Zeeman or Hall Effects . . . for
testing magnetic materials . . . for lecture demonstrations . . . for
many other applications requiring a magnetic field. Priced within
the limits of a modest laboratory equipment budget, it can be
purchased complete with matched power supply, current regulator
and accessories . . . or in any combination your needs warrant.

These Components Comprise the Complete V-4004 Magnet System:

V-4004 Four-inch Magnet V-4084 Tapered Pole Caps

V-2300A Power Supply (unregulated) V-4084-1 Cylindrical Pole Caps

V-2301A Current Regulator (for V-4055 Rolling Cabinet (houses
V-2300A Power Supply) complete magnet system)

For Complete Information . .. on the new, completely matched
V-4004 Magnet System, write to the Instrument Division for data
sheets and specifications.

@ | VARIAN associotes
J 4

INSTRUMENT DIVISION

PALO ALTO 7, CALIFORNIA
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the heavier-than-air machines and, year
by vear, as aeroplanes are developed,
the conditions governing the contest will
be readjusted. The cup stands 32 inches
high and is a magnificent trophy of
wrought silver mounted on a pedestal
of onyx. It is of American manufacture,
and is valued at $2,500.”

“In a paper read before the Academy
of Sciences on Prof. Bordas’s discoveries,
based on the observation of the late
Prof. Curie that glass acted upon by
radium acquires a magnificent azure
tint, it was stated that Prof. Bordas
placed a small quantity of corundum in
contact with radium for a period of a
month. At the end of the time, he found
that uncolored corundum acquired the
yellow of the topaz, blue corundum be-
came an emerald-green color, while vio-
let corundum took a sapphire blue. Co-
rundum is an oxide of aluminum, and
when colored is known as sapphire, Ori-
ental ruby, Oriental topaz and Oriental
amethyst, according to the tint. Upon
repeating the experiment with various
shades of the mineral, one that became
ruby-colored was appraised by a jeweler
at from $100 to $160 a carat.”

“The U. S. Government spends $1,-
500,000 a year on its weather bureau,
which is more money than all the gov-
ernments of Europe combined spend for
similar service. It has a staff of many
hundred skilled experts and trained ob-
servers, who in all parts of the country
are constantly on the watch to see what
the heavens will bring forth. Recently
it has been estimated that on an average
the people of the U. S. save $30,000,000
every year because of their weather serv-
ice. As the people contribute $1,500,-
000 every year to its support, this means
that they get annually a dividend of
2,000 per cent on the investment.”

NOVEMBER, 1857: “Captain Paul-
ding, who was sent out by our Govern-
ment to examine into the feasibility of
a canal across the Isthmus of Darien,
has recently made a report (to the Navy
Department) which appears to be high-
ly favorable to the enterprise. On the
whole route most, if not all, of the hills
through which the canal would pass
would be required for embankments
over the plains and swamps. The length
from shore to shore is 45% miles. The



Almost 4000 square miles of desert comprise the
rocket and missile test range at the Air Force Missile
Development Center at Holloman AFB, near Alamo-
gordo, New Mexico. In another sense, the test range
is limitless, extending upwards to the reaches of space.
It is one of AFMDC’s missions to extend our knowl-
edge of these extreme altitudes, to prepare man for
life above the atmosphere—this in addition to exten-
sive development and test work with missiles and
similar weapons.

AFMDC is one of the centers of the Air Research
and Development Command. In addition to its basic
mission, it works with other ARDC centers, govern-
ment agencies and industrial contractors in electronics,
weapons, and upper atmosphere research.

Undergoing tests at AFMDC are surface-to-air and
air-to-air supersonic missiles for intercepting hostile air-
craft; air-to-surface missiles; surface-to-surface guided
missiles, and many similar weapons.

This is one of a series of ads on the technical

Beverly Hills, Cal. .

activities of the Department of Defense.

FORD INSTRUMENT CO.

DIVISION OF SPERRY RAND CORPORATION
31-10 Thomson Avenue, long Island City 1, New York
Dayton, Ohio

. U. S. Air Force Photo
“Moby Dick”” high altitude research balloon being launched from a special protective trailer at AFMDC. This balloon carries instruments

up many miles. Small sized balloon alongside provides launch crew with information on surface wind velocity and direction.

SCIENTISTS ARE OPENING DOOR TO OUTER SPACE
AT AIR FORCE MISSILE DEVELOPMENT CENTER

Instruments and biological specimens are carried
skyward in experimental rockets and balloons at
AFMDC for studies of radio wave propagation at high
frequencies; investigation of electrical characteristics
of the ionosphere and composition and acoustical prop-
erties of upper atmospheres; studies of the intensity
of radiation from the sun, from nocturnal space, and
from the earth; studies of high altitude winds, and
studies of the biological effects of cosmic radiation
and reduced gravity. This high altitude research is
useful in the development of missiles, aircraft, and
associated equipment.

Gleaning this useful information is a long and diffi-
cult business which draws upon the skills of thousands
of civilian and military engineers and their many
counterparts in private industry. The efforts of this
small army of technicians will not only determine
America’s ability to meet potential aggressors, but
bring ever closer the coming Age of Space.

ENGINEERS of unusual abilities can find a future at FORD INSTRUMENT CO. Write for information,

© 1957 SCIENTIFIC AMERICAN, INC

Technicians in Ford Instrument’s gyro
laboratory perform tests on subassem-
bly from missile guidance system.
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accuracy...

—
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Only a manometer certifies its own
measurement and provides its
own verification.

Every routine manometer reading is
certified . . . because it has been made by an
instrument which is itself a primary
standard, a universally accepted

standard of reference.

There are no mysteries, no complications
to this inherent accuracy validation . . .

it is self-evident . . . a visible column of
liquid balancing a differential pressure.

The same differential pressure will

always support the same liquid column.
That’s not a matter of opinion;

it’s a law of physics.

For process plant or test laboratory,

here is one instrument that need never be
removed from service for

recalibration or recertification of accuracy.

The manometer gives you a “witness test”
every time you look at it.

NEW

... complete and informative guide to
manometer theory and practice as well
as manometer models for plant, field and
laboratory use. Just ask for Bulletin G-14.

The Meriam Instrument Company
10920 Madison Avenue
Cleveland 2, Ohio

In Canada: Peacock Brothers, Ltd.

_’.‘_

MERIAM MANOMETERS
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prism of water is to be 150 feet wide
at the bottom, 270 feet wide at the
surface, and 31 feet deep; the locks to
be 400 feet in clear length of chamber,
and 90 feet in clear width. The summit
level will be 150 feet above mean tide
of the Atlantic and Pacific oceans. The
summit cut will be about four miles long.
The deepest cutting on this level will
be 136 feet, and the average depth of
the cut will be 49 feet.”

“Under favorable circumstances the
wind is sometimes a better locomotor
than steam. A late passage of the ship
Lord Raglan from England to India,
with troops, is a good illustration. This
vessel, propelled only by canvas, made
the passage to Bombay in 12 days less
time than the royal mail steamer. The
season was the most favorable for pros-
perous breezes. In the fall of the year it
is said that the winds are contrary, and
that the steamers can go in half the time
occupied by the fleetest sailing vessels.”

“The amount expended by American
travelers in Europe is estimated at
$10,000,000 annually. This is no small
amount to be emptied into the pockets
of European hotel keepers and railway
companies.”

“John Lane, Senr., the inventor of the
steel plow, died at his residence in Lock-
port, Ill., on the 5th of October, after a
brief illness. Mr. Lane emigrated to Illi-
nois in 1833, and in that year invented
the steel plow, which is now in general
use throughout the West.”

“The Atlantic Monthly is the title of
a new magazine just commenced by the
eminent publishing house of Phillips,
Sampson & Co., of Boston, Mass. The
first number contains ably written arti-
cles superior, in fact, to the ordinary run
of contributions to magazine literature.
In reference to the merits of articles
every reader must judge for himself.”

“On the morning of October 3rd an
attempt was made to launch the Great
Eastern into the river Thames, London.
It was the first and only trial, and the
effort to move her beyond a few feet
totally failed, and the gigantic vessel,
which ere this should have been a ‘mon-
ster of the deep,” remains as firm, if not
firmer, than ever upon the river’s bank.
For another month at least, if not for a
longer period, the launch has been post-
poned, and the 2d of December has been
fixed as the earliest period on which the
next effort can be made.”



COMPUTER

The only desk-side electronic computer /
with direct programming and automatic S

positioning of decimal point

These exclusive features are just two of the many time- and money-
saving advantages of the new IBM 610 Auto-Point Computer—
a compact, low-cost, general-purpose electronic computer with
many logical and arithmetic facilities to make engineering time
more completely creative.

For example, the IBM 610 features single-instruction square root, A few applications
simultaneous division and multiplication, highly flexible tape units, of the 610
and requires only a minimum of instruction to learn to operate the Auto-Point Computer
machine. The 610 has been designed with reliability as a prime Analysis of
consideration—built-in self-checking provides assurance of accur- Mass Spectrometric Data

ate results. .
Formulae Evaluations

Quickly, conveniently, and economically—the new 610 Auto-
Point Computer helps you solve a wide variety of engineering and
scientific problems. And this mobile desk-side computer does not
require air conditioning—another cost-saving advantage. For com-

plete details, simply call your local IBM representative. TIME
EQUIPMENT
TIME EQUIPMENT - DATA PROCESSING - ELECTRIC TYPEWRITERS + MILITARY PRODUCTS

© 1957 SCIENTIFIC AMERICAN, INC

Calculation
of Aeroelasticity

Data Reduction
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Five thousand light years away, in one of the spiral
arms of our galaxy, clouds of cosmic dust are con-
densing to form new stars. Through optics of the great
Baker-Schmidt ADH telescope, designed and built by
Perkin-Elmer, astronomers have been able to obtain
the first photographic proof of the process by which
these stars are being born.

Perkin-Elmer has been assisting at another birth,
too—the birth of a new age of instrumentation.

Through a unique combination of optical, mechanical
and electronic skills, Perkin-Elmer is pioneering in the
development and manufacture of new infrared spec-
trometers for chemical analysis, instruments for proc-
ess control, automatic zoom lenses for industrial
television, special optical and infrared systems for a
growing list of industrial and military applications.
For information on Perkin-Elmer’s products and
facilities, write us at:

Perkin-Elmer ¢y

NORWALK,

CONNECTICUT
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LOADS GET A LIFT
with THIS BALL BEARING

Whether in helicopters or jet engines, New Departure ball
bearings of split inner ring type provide very high load
capacity. That’s because the separable rings permit high
race shoulders and a greater number of balls of large size.

These split inner ring ball bearings not only carry heavy
thrust loads in either direction in addition to radial loads
(with thrust predominant), but they have important
application advantages.

Since both the inner rings and separator-ball assembly are

New Departure split inner ring bearings are
made in a range of sizes with and without . . .
inner ring puufr grooves indicated in the removable from the outer ring as individual parts, the

exploded view above. bearings are easily inspected or cleaned. In addition,
installation is greatly facilitated.

Send for Folder TB listing sizes.
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NEVWVV EPARTURE
DIVISION OF GENERAL/MOTORS, BRISTOL, CONN.

NOTHING ROLLS LIKE A BALL

FORWARD FROM FIFTY

A
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Life

on the

Chemical
Newsfront

FIFTY PUREBRED HEIFERS are offered in a current Cyan-
amid program to help improve the nation’s dairy herds.
Any dairy farmer can participate and if he is one of the
winners he will receive a calf of his own breed choice.
The program, which ends January 31, 1958, is part of a
promotion for AureomycCIN® chlortetracycline mastitis
treatment —an important factor in maintaining dairy
herd health. This is one of many chemicals and drugs
offered for farm and home use by Cyanamid’s recently
formed Farm and Home Division.

W

FREEZE-THAW STABILITY IS
ADDED to vinyl latices prepared
with PAM polyacrylamide as
the protective colloid. A water-
soluble polymer, PAM protects
latex particle size and dispersion
through multiple freeze-thaw
cycles, keeps viscosity stable
through a range of application
conditions and provides excel-
lent salt tolerance where re-
quired. The improved storage
characteristics of dispersions sta-
bilized with PAM will mean
wider application possibilities
for paints, adhesives and other
vinyl latex products. (New Prod-
uct Development Department, Dept. A)
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RED PIGMENTS NOW STAY RED in vinyl floor tile in spite of ex-
posure to acids, alkalis and harsh cleaning methods. The pigment
is Clarion Red 20-7150, a vivid red “on the yellow side” that was
particularly designed to withstand the attack of household chemi-
cals. As a result, Clarion Red 20-7150 is finding application in a
wide range of plastic products where bright permanent reds are
(Pigments Division)

called for.

SOUR NAPHTHAS NOW YIELD HIGH-TEST GASOLINE as
hydrogen processing, with the aid of Cyanamid’s new Arno®
HDS-2 cobalt-molybdena catalysts, salvages high-sulfur stocks
that can’t be reformed directly. The sulfur, which poisons the
platinum catalyst used in reforming, is effectively converted
to hydrogen sulfide gas, which is easily removed, and the stock
becomes ideal reformer feed in the production of high-octane
fractions. Practical operating experience was combined with
laboratory development in designing these HDS hydrogen de-
sulfurization catalysts and they are now being produced at a
new Cyanamid catalyst plant. (Industrial Chemicals Div., Dept. A)

RELIEF FROM THE "“WIRE JUNGLE" is provided by the new
Snapit Inter-Link system made by Cable Electric Products Inc.
Molded of BEETLE® urea molding compound, these interlocking
units provide low-cost, easily installed electrical outlets that have
Underwriters Laboratories’ approval and meet building codes.
The strength and excellent insulating properties of BEETLE assure

sate, dependable service. (Plastics and Resins Division)

“Trademark

< CYANAMID >

AMERICAN CYANAMID COMPANY

30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y.

Helping America Make Better Use of Its Resources

For further information on these and other chemicals, call, write or wire American Cyanamid Company.
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plug it in anywhere!

COpY anythirigu A
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LETTERS, INVOICES
RECEIPTS, CHARTS, BLUE PRINTS
BIDS, PHOTOGRAPHS

REPORTS, QUOTATIONS, ETC.

THE NEW ALL-ELECTRIC

-~

DIAL-A-MATIC . | OroJ LA

Instant photocopies of anything written,
printed, typed, drawn or photographed—
right in your own office

So fast. .. so convenient. .. so easy! Exclu-
sive ""Magic Touch’ dial control assures per-
fect black-on-white copies of anything every
time. Clear sharp copies from any original up
to 15” wide, any length or color on opaque or
transparent paper—printed on one or both
sides. Made of stainless steel, it is handsome,
compact, and light weight. Offers hundreds
of time and money saving uses for every busi-
ness at a price well within the budget of even
the smallest firm.

Charles E. Jones & Assoc.

[ e

American Photocopy Equipment Co.

Styled by JUST TURN THE DIAL

It automatically makes all
adjustments to copy anything.

Have you read this... — T\

For your free book
just fill in coupon
and mail today.

American Photocopy
Equipment Co., 1993 W. Peterson Ave., Chicago 26, Illinois

1993 W. Peterson Ave., Chicago 26, Ill.

Rush me, without obligation, your new free book on the improved all-
electric Apeco Dial-A-Matic Auto Stat. I understand this book explains
office photocopying applications in detail and shows how my business
can greatly benefit by the use of this modern copy-maker.

Company Type of Bus.

Address

City Zone State
Individual Title = -

In Canada: Apeco of Canada, Ltd. 134 Park Lawn Rd., Toronto, Ont.
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Who rules the roost in inertial navigation?

A “built-in destination” is sealed into every
missile that’s guided by inertial navigation. Once
aloft, the missile unerringly speeds to a single,
selected spot with no help or hindrance from
any outside influence.

Tomorrow . .. vehicles at sea, in the air, and
out in space will be guided by inertial navigation
systems—systems that will lean heavily on con-

tributions of the American Bosch Arma Cor-
poration through its 4ams#za Division. For
ArmrAa is an acknowledged leader in inertial
navigation, as shown by the selection of 4amsza
to design and produce the guidance system for
Titan: the newest intercontinental ballistic mis-
sile. ammra...Garden City, N. Y. A Division
of American Bosch Arma Corporation.

There are unlimited employment opportunities in inertial navigation at amsza.

AMERICAN BOSCH ARMA CORPORATION
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SPECIFY
INDE Sapphire

TRADE-MARK

LINDE Sapphireis...

Hard —Moh 9

Transparent, single crystal, pure
aluminum oxide

Nonporous—0% porosity

Easily scaled to metals and ceramics

Priced competitively with
sintered materials

LINDE Sapphire has . ..
Strength at clevated temperatures
High melting point—2040° C.
Excellent IR transmission

at high temperatures

(above 500° C.)

LINDE Sapphire is
available as ...
Windows

Domes

Rods and tubes

Special shapes—to order

For more information about
LINDE Sapphire . . . Write “Crys-
tals Dept.-R11.” LINDE COMPANY,
Division of Union Carbide Cor-
poration, 30 East 42nd Street,
New York 17, N. Y. In Canada:
Linde Company, Division of
Union Carbide Canada Limited.

ENGINEERS AND SCIENTISTS interested in working in Synthetic
Crystal Sales & Development, contact Mr. A. K. Seemann, Linde Com-
pany, 30 E. 42nd St., New York 17, N. Y.

inde
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CARBIDE

The terms “‘Linde’

UNION

are registered trade-
marks of Union

© 1957 SCIENTIFIC AMERICAN, INC

and ““Union Carbide’*

Carbide Corporation.

THE AUTHORS

CHESTER 1. BARNARD (“A Na-
tional Science Policy”) is a former presi-
dent of the Rockefeller Foundation
(1948-1952) and chairman of the Na-
tional Science Foundation (1952-1954).
Born in Malden, Mass., in 1886, he left
Harvard College while still an under-
graduate in order to become first a statis-
tician and then an engineer with the
American Telephone and Telegraph
Company. From 1927 to 1948 he was
president of the New Jersey Bell Tele-
phone Company. During World War
IT Barnard was president of U.S.0., Inc.,
and director of the National War Fund,
for which services he was honored with
the Meritorious Civilian Service Award
of the U. S. Navy and the President’s
Medal for Merit. He is the author of
The Functions of the Executive and
Organization and Management.

ANTON F. BRUUN (“Animals of the
Abyss”) was leader of the round-the-

| world expedition of the Danish oceano-

graphic vessel Galathea, during which
he and his colleagues gathered much of
the information on which his article
is based. The cruise of the Galathea
might never have come about had not
Bruun, as a five-year-old child on a
farm in Denmark, contracted poliomye-
litis. Judging that he would never be
strong enough for agricultural work, the
Bruuns sold their farm and bought an-
other near a preparatory school, at
which they hoped their son would learn
to live by his wits. Bruun avidly col-
lected butterflies, beetles, fossils, min-
erals, cactus plants and tropical birds
and fishes. By his second year at the
University of Copenhagen, he had given
up his childhood ambition of becoming a
schoolteacher and begun a career of
zoological research. In May, 1923, he
embarked on the first of several cruises
on the Danish fisheries research vessel
Dana. The Dana cruised around the
world in 1928-1930; it was on this trip
that Bruun and S. Greve, a young naval
lieutenant, first conceived of an expedi-
tion of their own. After 20 years of hop-
ing and planning, their ambition was
finally realized in October, 1950, when
the Galathea set sail with Bruun as sci-
entific leader and Greve as skipper.
Bruun, who is married and has one child,
is lecturer in oceanology at the Univer-
sity of Copenhagen and curator of mol-
lusks at the University’s Zoological Mu-

| seum. Much interested in the prospects



GRAPHITAR oIL SEALS riar

IMPORTANT PART IN DEPENDABLE PERFORMANCE OF

New powerruL CURTISS-WRIGHT rureo

COMPOUND ENGINES

°
-y

Increased demand for faster non-stop service has placed
great demands on the engines that power modern airliners.
Helping to meet this need is the powerful EA Series
Turbo Compound engines built by the Wright
Aeronautical Division of the Curtiss-Wright Corporation,
Wood-Ridge, New Jersey. In each of these 18-cylinder
giant engines, 3 GRAPHITAR oil seals play an important
part in maintaining the dependability, efficiency and power.
Three power-recovery units are employed on the Turbo
Compound to utilize normally wasted exhaust gases and
provide still additional thrust. The GRAPHITAR

seals are used on the turbine shaft in each of these units
and must withstand continuous high speeds and high
temperatures. These seals prevent hot gases from reaching
the shaft bearings and carbonizing the lubricant. Low
coefficient of friction, and the excellent wear and sealing
properties of GRAPHITAR make it ideally suited for

this demanding installation.

Compacted under extreme pressure, and fused at heats to
4500° F., GRAPHITAR can be formed into relatively
complex shapes, ground to tolerances as close as .0005".
Since it is entirely self-lubricating, GRAPHITAR can be
used where only steam or water are present.
GRAPHITAR is lightweight, durable, chemically

inert and virtually unaffected by extremes of vibration,
pressure, or temperature.

Get the fact-filled GRAPHITAR
engineering Bulletin No. 20.
Werite today for your copy. If
you have design questions on
problems, our engineering
staff will be happy to assist
you in any way possible.

R-248-1

THE IINITED STATES GRAPHITE COMPANY

DIVISION THE WICKES CORPORATION, SAGINAW 6, MICHIGAN
GRAPHITAR® carson-crAPHITE © GRAMIX® sinvereo mera paRTS © MEXICAN® crapuive prooucts o USG® sRusHes
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The Convair B-58 Hustler, first U. S. Air Force
supersonic bomber, will be protected by Sylvania’s
electronic countermeasure equipment.

The invisible shield

Now, AN INVISIBLE electro-mag-
netic shield will protect our U. S.
Air Force’s first supersonic bomber
against electronically guided
weapons.

The heart of this silent protector
is a lightweight electronic counter-
measure system, developed and
produced by Sylvania’s Electronic
Systems Division. This system
stands ready to baffle enemy radar
seeking to guide missiles against the
new aircraft.

In designing and developing the
B-58’s passive defense system,
Sylvania made important advances
in special components, including new
cooling, packaging and miniaturiza-
tion techniques.

Staffed with top-ranking scientists

SyLvania ELecTrICc PrODUCTS INC.

Electronic Systems Division
100 First Avenue, Waltham, Mass.

LIGHTING . RADIO .
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ELECTRONICS

and engineers, backed by extensive
research facilities and modern auto-
mated mass production capabilities
—the Sylvania Electronic Systems
Division is a major contributor to
our national arsenal for defense. In-
tensive specialization in the Weapons
System concept has resulted in ut-
most organizational efficiency, as
well as the highest order of manage-
ment competence.

Whether your project requires
management or technical experience
for complex integrated systems, sub-
systems, equipments or special com-
ponents, from initial concept through
mass production—Sylvania engi-
neers will be glad to discuss methods
of solving your specific problems.

. TELEVISION *« ATOMIC ENERGY
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for international cooperation in marine
studies, he serves on the oceanographic
committees of UNEsco and the Interna-
tional Council of Scientific Unions.

RALPH S. SOLECKI (“Shanidar

Cave”) is a graduate student at Colum-

bia University who has organized and
directed three archaeological expedi-
tions to Iraq. He is also associate cura-
tor of archaeology in the Smithsonian
Institution, with which he has been con-
nected since 1948. Solecki has done re-

| search for the Smithsonian in West Vir-

ginia, the Great Basin area and the
arctic slope of Alaska. His article en-
titled “How Man Came to North Ameri-
ca” appeared in SCIENTIFIC AMERICAN
for January, 1951.

GEORGE W. GRAY (“ ‘The Organ-
izer’”) has contributed nearly a score
| of articles to SCIENTIFIC AMERICAN, the
most recent being “The Lamont Geolog-
ical Observatory” in the issue of Decem-
ber, 1956. A member of the staff of the
Rockefeller Foundation for many years,
he has recently retired.

B. T. MATTHIAS (“Superconductiv-
ity”) is a member of the technical staff
of Bell Telephone Laboratories at Mur-
ray Hill, N.J. He was born in Germany,
studied physics at the University of
| Rome and spent the years of World War

II in Switzerland, where in 1943 he
earned a Ph.D. from the Federal Insti-
tute of Technology in Zurich. Until 1947
he worked as a scientific collaborator of
the Federal Institute. He then came to
the U. S. to join the staff of the Division
of Industrial Cooperation of the Massa-
chusetts Institute of Technology. Now a
naturalized citizen of the U. S., Matthias
has been with the Bell Laboratories
since 1948, except for a two-year period
during which he taught physics at the
University of Chicago.

WILLIAM A. WIMSATT (“Bats”) is

a Cornell-educated histologist who has
been professor of zoology at Cornell
| University since 1950. He is currently
acting chairman of Cornell’s zoology de-
| partment. Wimsatt is also a research
collaborator in the biology department
of Brookhaven National Laboratory.
“My preoccupation with ‘wild” mam-
mals,” he writes, “rather than with the
usual laboratory and domesticated spe-
cies has amused some of my colleagues,

‘ but my reasons are, I think, sound. Like
v all biologists, I am interested in funda-

mental problems, but I am especially
| interested in differences between ani-



Air-turbine alternator drive designed and
built by the Pneumatics Division to produce
60 kva. of power at 400 cycles == 0.25%.

Harnessing Air Power

TO POWER A GENERATOR, DRIVE A PUMP, TURN A SHAFT

Air-turbine drives and micro-sensitive controls
developed by the Pneumatics Division can do
all these jobs, using air from a jet-engine
compressor or ram air.

Location of air-turbine drives is flexible . ..
air can be ducted from source to any convenient
turbine location.

The same control system that holds 400-cycle
current generation to = 0.25% accuracy in
parallel or isolated operation can be adapted
for precise governing of any power generated
with Thompson air-driven turbines.

Reliability of these drive units has been
proved through thousands of service-hours on

heavy-duty aircraft generator systems. Pneu-,

matics Division research is your assurance of
continuing advancement in design, quality and
reliability of air-turbine devices.

Thompson air-turbine drives are adaptable
to any power need. We will work with your
engineers to develop and manufacture air-
turbine drives and controls specifically for
your requirements.

PNEUMAITES DIVTSION

A Thompson Products, /Inc,

CLEVELAND 17, OHIO
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SN ATOMIC ENERGY

...today and tomorrow

VITRO has an integrated range of activities in atomic energy, from
the chemist’s test tube and the miner’s pick through the design and
construction of complete nuclear facilities.

Some of the Vitro divisions and their roles in the nuclear industry:

VITRO LABORATORIES—chemical and physical research, and the devel-

opment of processes, instruments and equipment systems.

VITRO ENGINEERING COMPANY—engineering, design, construction and

plant operation, with emphasis on processing facilities and equip-

ment for chemical processing.

VITRO MINERALS CORPORATION—exploration and mining of uranium

properties; largest producer in Wyoming.

VITRO URANIUM COMPANY—processing of ores to produce uranium

salts for the AEC; management of uranium mining operations.

VITRO RARE METALS COMPANY—processing of uranium-bearing ores and

residues; refining and recovery of rare metals, metallic salts and

fine chemicals.

HEAVY MINERALS COMPANY—mining of source materials for thorium,

titanium, zirconium and rare earths; processing thorium and its

compounds, rare earth chemicals and related products.

In addition, Vitro has other operations in numerous promising
areas of industrial technology.

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

&~ Research, develop s p y \Q Thorium, rare earths, and heavy minerals
* Nuclear and process engineering, design © Recovery of rare metals and fine chemicals
a Refinery engineering, design, construction % Aircraft components and ord yst

4R Uranium mining, milling, and processing @ Ceramic colors, pigments, and chemicals
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mals, particularly the specializations by
which they have become adapted to
different ways of life.” Wimsatt took to
studying bats because thev were little
known but easy to catch. He feels that
bat-hunting has provided him with
many valued human contacts as well as
exposing him to beautiful cave scenery.
The father of five children, he is cur-
rently building a log-cabin cottage near
Ithaca, N. Y. The rest of his spare time
is taken up by big game hunting with
bow and arrow: in nine years he has

bagged five deer.

JOHN D. ROBERTS (“Organic
Chemical Reactions”) is professor of
organic chemistry at the California
Institute of Technology. Born in Los
Angeles, he attended the University of
California at Los Angeles and received
his Ph.D. there in 1945. He then did re-
search at Harvard University as a Na-
tional Research Council postdoctoral
fellow, and became an instructor (ulti-
mately associate professor of chemistry)
at the Massachusetts Institute of Tech-
nology. A Guggenheim Fellowship took
Roberts to Cal Tech in 1952, and he was
appointed professor in the following
vear. Roberts has received a number of
honors in chemistry, most recently the
Harrison Howe award.

JOHN COHEN (“Subjective Prob-
ability”) is a mathematically-minded
professor of psychology in the University
of Manchester. He received his training
at University College London, where
from 1933 to 1940 he did research un-
der Cyril Burt on the application of fac-
tor analysis to human intelligence,
physique and temperament. A resource-
ful experimentalist, Cohen has interests
in psychology which are anything but
narrowly technical. He collaborated with
R. M. W. Travers and R. B. Cattell on
works called Human Affairs and Edu-
cating for Democracy. World War II
and its aftermath provided Cohen with
many opportunities to apply statistical
methods to social questions. For uxesco
he studied the tensions arising at inter-
national congresses, and for the British
Government he reported on the useful-
ness of psychologists and psychiatrists

| in the services and the proper allocation

of nurses. Later, studying the distribu-
tion of personnel in various professions,
he discovered that Britain’s seventh

| largest industry is gambling, employing

more than 300,000 persons with 10 mil-
lion customers. Cohen since then has
delved deeply into man’s gaming in-
stinct, and with C. E. M. Hansel he
wrote a book entitled Risk and Gambling.



HOW MANY HEART-BEATS
on tap for this New

mer?

What will the life span be for this young fcllow —swill s alpy or hard,

long or short? How many times, actually, will this new hear

Answers to questions like that aren't just guesses any more . . . they ¢;
far in advance, with an amazing degree of accuracy.

Those marvelous electronic mechanisms called coniputers have opened a
of information about our world, our life, and ourselves in general.
And new chapters keep registering on the computer consoles.

e computed,

w volume

The terrific speed with which complex.scalgertations whip through the computers
continues to challenge the comprehension. And the basic prificrpte-eiile computers—
of working with electrical charges that are exactly proportional to the MEIrEssnvolved

—continues to require a power supply that is uniform, unvarying, and depe
This demand is increased by the move to miniaturize the conj
to a less cumbersome size by using smaller components all the way

to produce the same, or better, results.

Computer designers had a problem . . . until they called in Sorensen. S

the authority on controlled power for research and industry, the w

maker of precision electronic voltage regulators, When—Serenserm—engineers
collaborated with the computer design people, né i
were found. Sorensen “resonant regulators”, in special circuitry for com
are now providing surge-free power for leading makes of comp

If you have problems of devising a “smooth” power source, AC or DC, for
apparatus or major installations, consult Sorensen, the power specialisis

SORENSEN & COMPANY, INC. Richards Avenue, South Norwalk, Connecticut S
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Nearly a decade of experience in making this ver-
satile remotely controlled manipulator has made
our Mechanical Division a veteran in the new and
growing atomic field. The stop-motion picture illus-
trates the General Mills Mechanical Arm’s deftness
while making a repair within a “hot”’ lab. (It’s also
many times stronger than its human operator.)
Our Nuclear Equipment Department produces a line

General Mills is a deft, old hand in the new atomic industry

of standard handling equipment —has the know-how
to design and build special equipment for unusual
situations. e Mechanical Division, Minneapolis.

FOR MORE FACTS about nuclear handling—or about
Mechanical Division military systems research, devel-
opment and production capabilities—write Mr. C. H.
Bell, President, General Mills, 1218 General Mills
Building, Minneapolis 1, Minnesota.

-
o
-
-
-
-
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-
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MUFFIN  PANCAKE
MiX d FLOUR
| wb

79-second opportunity report from other General Mills industrial divisions

low-cost Toasted Soy Proteins
give foods new sales appeal

Food processors use our TOASTED SOY PRO-
TEINS to fortify cereal products and other
foods naturally low in protein—thereby
tap the profitable and ever-increasing
market for protein rich foods. As industry's
most economical source of high grade pro-
tein, TOASTED SOY PROTEINS open wide
many avenues for imaginative processors
to create new products or improve present
ones. Blending easily, they are compatible
with most food mgred1ents Available as
granular flour or grits.

Soybean Division, Minneapolis.

even babies are happier—
thanks to our Fatty Nitrogens

Diaper fabrics treated at home, or during
manufacturing, with conditioners formu-
lated from our Fatty Nitrogen derivatives
acquire a silky softness that’s kind to
little bottoms. The diapers become fluffier,
more absorbent, easier to care for. Recently
expanded production facilities enable us
to meet increasing requirements for these
unique chemical compounds from many
industries, including mining, petroleum,
automotive, paint.

Chemical Division, Kankakee, lllinois.

take the “shake before using”
from your label with Guartec

As little as 19 Guartec or Galactasol, pow-
dered stabilizers, added as a solution to
mastics, emulsions, pastes or creams, keeps
them from separating while standing. Such
products are more uniform—have longer
shelf life, improved freeze-thaw properties.
They can be used directly from their con-
tainers without shakingorstirring. Results:
better quality, better looking products that
are easier to use—and to sell.

Special Commodities Division, Minneapolis.

FOR MORE FACTS about opportunities from
our industrial divisions, write Mr.

Bell, President General Mllls 1218 General
Mills Building, aneapohs 1, Minn.

the future is our frontier

iInpusTriaL eroup | Mills

Chemical Division » Mechanical Division + Soybean Division * Special Commodities Division
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Photograph and Map courtesy Philadelphia Gas Works

Two ways to

Here are two photographs made on DuPont paper and
film.

The top picture is printed on DuPont Varigam®
variable contrast photographic paper. It is an aerial
view of a section of Philadelphia, taken at the request
of one of the nation’s leading gas companies. Over
three hundred such views combine to make an ex-
tremely accurate portrait of a major city.

Below is the same area reproduced on DuPont
“Cronaflex” engineering reproduction film. Its tough
Cronar® polyester film base will not kink, tear or be-
come brittle with age. The solid and broken lines on
the map indicate high and low pressure gas mains.
Numerals show the sizes of the mains.

look at a city

Both photographs have this in common. This is
photography with a purpose. Photography that is not
an end in itself, but a means to an end. This is Func-
tional Photography. It is this field that the DuPont
Photo Products Department very specially serves.

Among our products are paper and films used in
oscillographic testing . . . specialized films used in print-
ing by letterpress, lithography and gravure . .. motion
picture films used for photographic analysis.

If you use Functional Photography in your busi-
ness — and you should — you should get to know our
products and the many ways in which they can serve
you. E. I. du Pont de Nemours & Co. (Inc.), Photo
Products Department, Wilmington 98, Delaware.

REG. U. 5. PAT. OFF.

BETTER THINGS FOR BETTER LIVING
... THROUGH CHEMISTRY

Films, Papers and Chemicals for

FUNCTIONAL PHOTOGRAPHY
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RESOTRON™ 1000

Million—v:"olt X-ray

MISCO speeds 1009, inspection of
jet blades with radial radiography

Using a G-E Resotron 1000 and a specially designed
jig, Misco Precision Casting Co., Whitehall, Mich., now
inspects seven times as many jet engine turbine blades
per exposure as they did with their lower-voltage (250
kvp) equipment. This is just one example of how super-

Progress s Ovr Most Imporfant Product

GENERAL@ELECTRIC

NS
S ANAANRNN D NN
“\\\\\ N
BRARA NN

\\\\\\\\ \\\\\x\\ \
SRR \&_m-

a proved G.E. X-Ray
product to make your
products better

inspection:

voltage radiography on a mass-production basis can slash
the cost of quality control.

To fill your nondestructive testing needs, General
Electric offers a complete line of x-ray apparatus—from

routine

140,000 to 2,000,000 volts. .. for manual, semi-automatic
or automatic operation, fixed or mobile. Contact your
G-E x-ray representative, or write X-Ray Department,
General Electric Co., Milwaukee 1, Wis., for Pub. TT-114.

w
\3‘\&—-——\
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Thomas Henry Huxley...on pure and applied science

“I often wish that this phrase, ‘applied science,’
had never been invented. For it suggests that there
is a sort of scientific knowledge of direct practical
use, which can be studied apart from another
sort of scientific Imow]edge, which is of no practi-
cal utility, and which is termed ‘pure science.’

But there is no more complete fallacy than this.

What people call applied science is nothing
but the application of pure science to particu]ar
classes of problems. It consists of deductions from
those general principles, established by reasoning
and observation, which constitute pure science. No
one can safely make these deductions until he has

a firm grasp of the principles.” —Science and Culture

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A nonprofit organization engagcd in research on problems related to national security and the pu]’)lic interest
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A National Science Policy

A report to the public from the National Science Foundation shows
basic research needs greater public support. It now gets less than

10 per cent of $5,400 million spent for research and development

here was a time in the not-distant

I past when science was regarded
as primarily a branch of learning,

an enterprise of university professors.
Like the arts and letters, it depended for
support on the tuition fees of students
and the gifts of benefactors. But the
great harvest of practical results from
science in the past two decades has
radically altered the environment of
science in this country. Government and
industry are appropriating astronomical
sums of money to research and develop-

500
| A |

by Chester I Barnard

ment each year. Public officials and
businessmen have come to see that the
investment of manpower and resources
in the advance of scientific knowledge
will ultimately pay in practical applica-
tion. Science is now established in the
public mind as a wellspring of national
security and prosperity.

In this new climate how does science
fare? Is its public support as wise as it
is apparently generous? Do our policy-
makers distinguish between research
that advances knowledge and the re-

MILLIONS OF DOLLARS

1,000 1,500
| |

search projects that yield immediate and
spectacular technological results? Can
science successfully assert its own aims
and objectives against the pressing de-
mands of the national defense and the
general welfare?

An occasion for reflection on such
questions is provided by the publication
of a report to the public on the state of
science by the National Science Founda-
tion. The report, called “Basic Research:
A National Resource,” is issued in accord
with the Foundation’s statutory direc-

2,000 2,500
| |

ceres R SRR . e R

T
|
rResources [

HEATH [

AGricutTure i |

otrer |

FEDERAL EXPENDITURES for research and development go
nearly 90 per cent to military purposes. “Resources” include $75
million for civilian applications of atomic energy. Included in

© 1957 SCIENTIFIC AMERICAN, INC

“other” is $10 million budget of the National Science Foundation.
The figures in this chart and those on the following pages are for
1953-54, the years covered by National Science Foundation report.
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MILLIONS OF DOLLARS

900

500 —

AIRCRAFT

ELECTRICAL

INSTRUMENT | —

COMMUNICATIONS

macHINERy |

CHEMICAL [

PETROLEUM

PRIMARY METAL

METAL FABRICATION

OTHER

INDUSTRIAL EXPENDITURES include $1,520 million on account of the Federal Govern-
ment (black bars) and $2,350 million on industry’s own account (colored bars). The air-
craft, missile and atomic energy programs account for most of the Government’s expenditures.
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tive “to develop and encourage the
pursuit of a national policy for the pro-
motion of basic research and education
in the sciences.” The Foundation itself,
expending its increasing appropriations
each year since 1950, has been making
policy in important wavs. Now, with
the present report, it invites the elec-
torate to consider the condition of the
country’s scientific establishment and to
join in the task of framing the terms of
its support. This article will summarize
the report and present one voter’s views
on how well it meets the serious issues
with which it is concerned.

The picture presented is the product

of a comprehensive survey, involv-
ing 15,000 questionnaires, 10,000 of
them filled out by industrial concerns.
Covering the year 1953-54, it is the
most complete investigation of its kind
ever conducted in this country. Since
the sole measure of activity is dollars
spent, however, the picture is some-
what one-dimensional. Such figures
ought to be combined with those for
man-hours and capital equipment, and
the report expresses the hope that future
surveys will do this.

In the fiscal year 1953-54 our nation’s
total expenditure for research and de-
velopment was $5,400 million, about
1.5 per cent of the gross national prod-
uct. Of this sum more than half was
supplied by the Federal Government
and nearly half was devoted to national
defense. Industry invested only a little
less money than the Government, and
for itself and for the Government it con-
ducted more than two thirds of the re-
search and development activity of the
nation. The universities and their pro-
fessors held a minority interest in this
immense enterprise, conducting less
than $500 million worth of work.

In view of the junior position of the
universities, it is apparent that basic
scientific work must constitute only a
small part of the total research and de-
velopment effort. Indeed, most of the
$500 million that even they expended
came from government and industry for
contract research. The universities had
only $70 million of their own funds for
scientific work.

The report goes to considerable
lengths to estimate how much of the
nation’s research effort is “basic” and
how much “applied.” It encounters a
difficulty at the outset, however, in at-
tempting to lay down an objective basis
for telling one from the other.

The first attempt to settle this philo-
sophical question is made on historical



PERFORMANCE

-t
f N
GOVERNMENT | INDUSTRY UNIVERSITIES | INSTITUTES TOTAL PER CENT
o =k .
GOVERNMENT 970 1,520 280 50 2,810 52
INDUSTRY 2,350 20 2,370 44
L
O
Z v
<C = UNIVERSITIES 130 130 3
Z
E |
INSTITUTES 30 20 50
|
TOTAL 970 3.870 460 70 5,370
"
PER CENT | 18 72 % 100

INPUT-OUTPUT TABLE shows source of research and develop-
ment funds (in millions of dollars) across the rows, and users of

lines. But the discussion of “The Rise
of Basic Research” seems to me in-
adequate and misleading. The un-
spoken premise of the authors is that
until recently Americans were interested
only in technologv and practical mat-
ters. It is said that “the frontiersman
had no time for refinement or subtleties”
and “the pioneer nation did not have
the reserves of labor, wealth and time
for a long-range view.” Accordingly,
the nation’s “technical developments
had their origin in basic science pro-
vided by Europeans.” This strikes me as
an unsound substitution of legend for
history. The Puritans with their elab-
orate theological doctrines were men of
great “refinement and subtleties,” and
they endeavored to take a long-range
view which included science as one of
the means of obtaining an adequate pic-
ture of the world. Increase Mather and
Cotton Mather, two of the leading theo-
logians of the early 18th century, were
very interested and well informed in
contemporary science. Certainly by the
time of the American Revolution the
country was well supplied with far-
sighted men—Thomas Jefferson, John
Adams, James Madison and Alexander
Hamilton, to name a few.

The report makes much of the fact

that “of 90-odd scientific journals
founded before 1815 only one was
American.” To say this and not mention
Benjamin Franklin’s founding of the
American Philosophical Society in 1748,
the founding of the American Academy
of Arts and Sciences in 1780, or the later
founding of the American Association
for the Advancement of Science in 1848,
distorts the picture. In the 18th century
the population of the Colonies was less
than three million, scattered over 1,500
miles of Atlantic seaboard. It is the
small size of the Colonial population,
rather than the imputed proclivities of
its members, that explains the modesty
of their early ventures in science. No
one today regards the small population
of Scandinavia as being of lesser (uality
merely because other countries with
larger populations do more and publish
more in science. For our country’s
size and wealth, in the 18th and 19th
centuries, it contributed its share to
science—considering the work of Benja-
min Franklin, Joseph Henry and Josiah
Willard Gibbs, to mention only the men
of first magnitude. More study of the
history of science will eventually correct
our sentimental view of our past.

The report’s contention that our tech-
nological advances had their founda-
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funds down the columns. “Government” means the Federal Gov-
ernment; “universities” include their associated research institutes.

tions in Europe is equally misleading.
The fact is that many of the most impor-
tant developments of early industrial
technology, in Europe as well as Ameri-
ca, had little or no connection with
science. There is no particular scien-
tific content in Henry Maudslay’s in-
vention of the lathe, nor in James Watt’s
steam engine, which was made possible
by that lathe. It was Eli Whitney’s in-
genuity, not his incidental culture in
science, that led to the concept of inter-
changeable parts. A notable exception
in the early days was Samuel Morse’s
telegraph, but he got most of the scien-
tific knowledge he needed from another
American, Joseph Henry. The work of
these carly inventors was very different
from that of the scientists and engineers
who are engaged today in the exploita-
tion of scientific knowledge for practical
ends. Perhaps this whole section of the
report is mislabeled. Our history in basic
research goes back to our beginnings.
The new element in the picture is the
rise of applied research.

The distinction between basic and
applied research is not sharpened by the
examples of allegedly basic research
discussed in the next section of the re-
port. One of these, the machine trans-
lation of language, seems in itself to
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involve nothing more basic than the
adaptation of a computer to the task,
though it is doubtless true that the
project has inspired some basic research
in the nature of language itself. In an-
other example we have Karl Jansky’s
discovery of radio signals from outer
space. Jansky, according to the report,
was not engaged in basic research; he
merely made a basic discovery. Here
the confusion arises from labeling re-
search according to the motives for
which it is carried on; there is an ele-
ment of snobbery involved which ought
not be encouraged. After all, Louis
Pasteur made his great contributions to
the foundations of bacteriology in trying
to find solutions for the practical prob-
lems of the French silk and wine indus-
tries. The whole discussion demon-
strates that the dichotomy between basic
and applied research can be overem-
phasized. The authors of the report
are anxious to have it recognized that
basic research carried on for no practical
purpose involves results of great useful-
ness. No one will disagree, but the sug-
gestion that basic research must have no
practical motive or immediate applica-
tion creates a dilemma which is going
to plague the National Science Founda-
tion more and more. The full story
would require display of the interde-
pendence between basic and applied re-
search and would not minimize the fact
that the traffic in inspiration, ideas and
technique moves in both directions.

Whether a given research project de-
serves to be classified as basic or ap-
plied must ultimately be a matter of
personal opinion. The opinion will in-
evitably reflect the bias of the person
giving it. This is well illustrated by the
report, which relates that university
administrators estimated they received
about $85 million for basic research
from the Federal Government, while
the public officials who disbursed these
same sums calculated they provided
barely half that amount to the univer-
sities for the same purpose. The report
explains the human quality of this dis-
crepancy: “Basic research enjoys high
status in universities, while Federal
agencies generally have to justify their
programs in applied terms.”

Since the report’s estimate of the
nation’s expenditures for basic research
is the sum of a whole series of such
personal judgments, it must be used
with caution. The figure arrived at is
$435 million—about 8 per cent of the
total research and development expend-
iture. Discounted for the “high status”
that basic research enjoys and for the
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consequent tendency to inflate the esti-
mate of what is spent on it, the actual
figure, if “basic” research can really be
defined, comes closer to $350 million.

Whether this is enough or too little it

would be difficult to say. The re-
port would be more helpful on this
point if it gave us figures for earlier
years and showed us at least whether the
situation is better or worse today for
basic research. It must be admitted that
we have no figures as reliable as those
produced by the survey for 1953-54.
However, we can turn to the authorita-
tive report “Science, the Endless Fron-
tier,” prepared under the direction of
Vannevar Bush in 1945, There we find
some significant round numbers. Before
World War II, according to that report,
basic research got $40 million. This was
a much smaller figure than today’s $435
million. But it was 15 per cent of the
total national research and development
expenditure, which ran about $260 mil-
lion in those days. The percentage going
to basic research was thus twice as great
as it is today. Furthermore, according to
the Bush report, basic research got 70
per cent of the $30 million expended
on research and development in the
nation’s universities.

The figures in the present report sug-
gest that basic research gets no more
than 35 per cent of the total funds ex-
pended by our universities today.

In the report, it is true, university offi-

cials claim that of $240 million spent
by their institutions on research and de-
velopment $160 million, or two thirds,
went to basic research. These figures,
however, cover only the expenditures of
the universities “proper.” The universi-
ties spent another $220 million via the
many affiliated research institutes which
they have set up to handle contract re-
search for the Federal Government,
most of it military, much of it secret.
These ad hoc institutes presumably in-
sulate the universities from the taint of
commerce. But since they offer the tal-
ents of the same professors and graduate
students for hire, the insulation would
appear to be largely symbolic.

That basic research now engages less
than half the energies of our university
science faculties should be the cause of
grave concern. In the words of the
present report: “The true functions of
American institutions of higher educa-
tion have tended to become clouded
since World War II. Endowment and
tuition income have lagged far behind
rising financial needs. . . . The situation

© 1957 SCIENTIFIC AMERICAN, INC

has come at a time when the Govern-
ment itself, particularly the Department
of Defense, needs scientists and facilities
for large-scale projects in applied re-
search and development. . . . [The uni-
versities] have come to depend increas-
ingly on Federal support. This trend
could have extremely unfortunate re-
sults, if allowed to develop.”

It may be that the trend has already
been allowed to develop too far.

In its discussion of corrective meas-
ures, the report urges increased outlays
for basic research from state govern-
ments, industries, private foundations
and private donors, so as to limit the
amounts that must be sought from the
Federal Government. To encourage pri-
vate financing the report suggests that
some modification of income tax laws
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would be appropriate. These proposals
seem to turn on the fear of govern-
mental interference, and they seem
(uite unrealistic to me. I have no doubt
that industry can and will spend more
funds in support of basic research, but
it seems rather obvious that there are
limitations on what corporations can do.
Some degree of relevance to its business
is required if a corporation is to spend
its funds. It also seems a bit naive to
assume that Government is not provid-
ing the funds if it is providing special
tax benefits for private donors. As a
practical matter this depends on the
magnitude of the relief sought and of
the funds required. If they become very
large, the issue must be faced.

The fact is that the funds supplied
by the Government are already very

large, representing more than half of
the $500 million expended on all re-
search in the universities. Most of this
money goes to applied research and gen-
erates the major portion of the economic
and political pressures that tend to di-
vert university resources away from
their proper objectives. Some of this
pressure could be removed by spending
that monev in other institutions where
applied research is appropriately carried
on. The report is gingerly in dealing
with this possibility, because some uni-
versities “may feel that a drastically
reduced level of applied research and
development funds may seriously affect
their income.” Since there is apparently
no escape from this dependence upon
Federal funds, it would seem the wise
course to redress the balance by a

steadv increase in the budget of the
National Science Foundation.

However and wherever the increased
funds for basic research are to be ob-
tained, some criterion of economy will
be required. We have reached the stage
where the maintenance of an expanding
pool of tested scientific knowledge is not
only good economics but the only pos-
sible economics. We must push on rap-
idlv if we are to use natural resources
effectively for the needs of the increas-
ing world population and if we are to
maintain the competitive position of
this nation. But we cannot, either from
the standpoint of dollars or personnel,
try to compress into one or two genera-
tions the broad range of work which in
the end must be carried on over a num-
ber of generations to come.

ENGINEERING

=

-

PHYSICS CHEMISTRY

UNIVERSITY RESEARCH AND DEVELOPMENT expenditures
are charted by source and distribution in accord with key at left.
More than half of the grand total of $460 million expended by the

MATHEMATICS OTHER
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BIOLOGICAL

universities and their affiliated institutes goes to applied research,
as shown at left in chart. One third of $240 million expended by the
universities “proper,” charted above, goes to applied research.
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Animals of the Abyss

When the Danish oceanographic vessel “Galathea” sailed

around the world, its investigators sampled the life of the

greatest depths with a cable seven and a half miles long

he oceanic abyss of our planet is

I an immense region. Below 4,000
meters (two and a half miles) of
water lies an area as great as all the
continents put together. The deepest

deeps—under 6,000 meters—amount to
an area half as large as the U. S. This

“GALATHEA” is photographed at anchor off Kondul in the Nico-
bar Islands of the Indian Ocean. Originally the New Zealand vessel

50

by Anton F. Bruun

vast world is in many ways as strange
and remote as another planet. It is a
world of total darkness and eternal cold,
never more than a few degrees above
freezing. The pressure is enormous—up
to 1,000 atmospheres and more. As
Charles  Wyville Thomson remarked

when he first sounded the great ocean
depths in the famous Challenger expedi-
tion, it is almost as hard to imagine life
existing in these conditions as in fire or
in a vacuum. But we know today that
there are forms of life—strange forms, to
be sure—which thrive in the very deepest

g
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H.M.S. Leith, she was purchased after World War II by the Dan-
ish Navy. Her length is 266 feet; her displacement, 1,600 tons.



trenches of the ocean bottom. From
these “hadal” regions (to borrow a word
from the Greek Hades) scientific expe-
ditions of the last few years have
dredged up a considerable array of liv-
ing creatures.

It is less than a century since scien-
tists began to explore the deep ocean
bottoms. In the 1870s several British
and U. S. ships set forth with long
ropes to fish at depths of thousands of
feet along the sea floors. The round-
the-world expedition of the British
Challenger brought to light an amaz-
ing variety and abundance of life in
the deep oceans [see “The Voyage of
the ‘Challenger,’” by Herbert S. Bai-
ley, Jr.; ScIENTIFIC AMERICAN, May,
1953]. Since World War II, elaborately
equipped ships have plumbed depths
never reached before, and we have now
sampled the deepest trenches in the
oceans. In 1948 the Swedish Albatross
expedition fished down to 7,900 meters
in the Puerto Rican Trench; in 1949
the U.S.S.R. ship Vitiaz reached 8,100
meters in the Kurile-Kamchatka Trench.
And on August 21, 1951, the Danish
Galathea, on its round-the-world deep-
sea expedition, brought animals to the
surface from the bottom of the Philip-
pine Trench. This is the deepest haul
so far: it came from the great depth of
10,190 meters (about 33,600 feet, or
more than six miles below the sea sur-
face).

t is not a completely accidental coinci-
dence that the deepest abyss in the
oceans and the highest mountain on the
earth—Mount Everest—were conquered
at the same time. Both achievements re-
quired highly developed techniques and
equipment which were brought forth by
the war. To appreciate what exploring
the great ocean deeps involves, you must
keep in mind that if Mount Everest were
dropped into the Philippine Trench its
peak would be a mile and a half below
sea level. From the water’s surface atop
this fantastically deep chasm the ship
drops a long, thin line to grope blindly
for organisms in the ooze at the bottom
of the trench. It is comparable to flying
in an airplane six miles up and trying to
snag animals on the ground with a grap-
pling hook hung from a miles-long drag
line. Naturally, fishing at this distance,
we cannot be sure that what our line
happens to drag up is a really fair sam-
ple of what lies on the bottom. An air-
plane explorer who pulled up a mouse
on his line might conclude that the
earth’s surface was largely inhabited by
tiny rodents. But fortunately the en-

THREE FISH are among the many brought up from great depths by the Galathea. At the
top is Typhlonus, a blind fish with a mouth that can be protruded like a shovel; it was caught
at 5,090 meters in the Celebes Sea. In the middle is Galatheathauma axeli, a fish with a
large luminous organ in its mouth; it was caught at 3,590 meters in the Pacific off Central
America. At the bottom is Bassogigas, the fish caught at the greatest depth: 7,130 meters.
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MOLLUSK DISCOVERED BY THE “GALATHEA” was Neopilina galatheae. It is a rela-
tive of the ancient mollusk Pilina, which has been extinct for 350 million years. At the top
the mollusk, which has only one shell, is shown from above; at the bottom, from below.
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vironment in the deep ocean is so uni-
form that we can be fairly confident our
samples are representative.

I should say a few words about the
equipment that makes this fishing possi-
ble. First of all, echo-sounding apparatus
allows us to locate a deep-sea trench and
explore its topography. Without such a
survey we would have little chance of
fishing successfully along its bottom, for
the trenches are narrow furrows with
steep, rugged sides. If vou imagine try-
ing to drag a net through Yosemite Val-
ley from an airplane six miles above
without tearing the net on its rocky sides,
you will understand the difficulty. With
the echo-sounder we locate the bottom
of the trench and check the depth con-
thually during the towing. For dragging
the bottom the Galathea used either a
dredge or a trawl net. We had the benefit
of powerful winches and high-quality
steel wire for the line, in contrast to the
hemp ropes and primitive winches used
by the pioneers. Our line was a single
steel wire about seven and a half miles
long, tapering from a thickness of nearly
two thirds of an inch at the upper end
to a little over a quarter of an inch at
the bottom end. The wire could bear a
load up to four and a half tons, and the
weight and drag of our gear was only
one and a half tons. Very complicated
calculations are required to find out how
much wire must be paid out to reach
the bottom, what the drag of the gear
and the friction between the long wire
and the water will be at a given towing
speed, and so on. Here we had the in-
valuable help of B. Kullenberg, who had
taken part in the round-the-world ex-
pedition of the Swedish Albatross in
1947 and 1948.

Before I describe the animals we found,

let us consider a few facts about
their deep-sea environment. In the sea
the pressure increases by about one at-
mosphere (roughly 14.7 pounds per
square inch) for every 10 meters of
depth. Thus at 4,000 meters the pressure
is about 400 atmospheres; at 10,000
meters, 1,000 atmospheres. It is almost
impossible for us to conceive what liv-
ing under such pressures must entail.
The human body gets into serious diffi-
culties at pressures of only three or four
atmospheres (corresponding to a depth
of 100 to 140 feet in the water). The
deep-dwelling sea animals—worms, mol-
lusks, crustaceans and so forth—have no
air bladders, but the great pressure im-
poses other serious physiological prob-
lems. We know very little about what
these problems really are; all we know is



that a number of animals have somehow
managed to evolve mechanisms which
enable them to live comfortably under
the enormous pressure of 1,000 atmos-
pheres or more.

Next, these animals have to live in
complete and eternal darkness. Sunlight
does not penetrate more than a few hun-
dred meters below the ocean surface.
In the dark regions lower down there
are some luminous fishes and other
animals, but even this chemical light
largely disappears below 1,500 meters.

At great depths it is not only uniformly
dark but also uniformly cold—at the
Equator as well as near the poles. The
salinity of the water also is uniform. Its
content of oxygen seems to be quite suf-
ficient to support life for breathing ani-
mals. As for food, the deep-sea animals
must depend on organic matter falling
from the surface levels of the ocean, be-
cause the lack of light excludes any man-
ufacture of organic substances by photo-
synthetic plants. Contrary to a common
impression, there is no rain of animal
carcasses from above: these are de-
voured long before they reach the bot-
tom, except for an occasional dead
whale or giant shark. What does come
down is excrement, the cast skins of
crustaceans, the horny beaks of squids,
water-logged driftwood, fragments of
plants and the like. All this organic mat-
ter serves as food for bacteria, which in
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turn become nutritious eating for bottom
animals.

So the darkness is uniform; the tem-
perature is more or less uniform; simi-
larly the salinity, the food (though it
varies in quantity) and the habitat
(mainly a soft, clayey ooze). Moreover,
at the level around 2,000 meters the
animals have unhindered mobility from
ocean to ocean, because of the lack of
physically different zones or topographi-
cal barriers. It is not surprising, there-
fore, to find the animals more or less
alike in a general way. Whereas the sur-
face animals of the sea may vary all the
way from coral organisms to arctic seals,
the deeper bottom dwellers are mostly
small burrowing forms: bristle worms,
bivalves, various other crustaceans, sea
cucumbers, brittle stars and so on. Many
of these middle-level animals are not
very different from their surface cousins,
except that they are blind and rather
colorless—like the pale, blind inhabitants
of caves, another dark habitat.

From the depths between 2,000 and

6,000 meters the Galathea fished up
thousands of specimens of animals,
many of which had previously been con-
sidered rare. Except for the fact that
they were more abundant than had been
thought, most of these species had little
novelty. But occasionally we caught a
new species that had never been brought
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AREA OF THE OCEANS less than 2,000 meters deep (bathyal) is
11.8 per cent of their total area; area between 2,000 and 6,000 meters

up before. The most peculiar fish we
netted was a luminous angler fish, taken
at a depth of 3,590 meters in the Pacific
off Central America. Like certain other
deep-sea anglers, this fish had a lumi-
nous organ to attract its prey, but its or-
gan was inside the mouth [see middle
drawing on page 51!

Far more interesting was another
species of animal caught for the first
time by the Galathea expedition. It was
a small, limpet-like mollusk which
turned out to be a living relative of an
ancient mollusk, Pilina, that has been
extinct for some 350 million years. The
discovery was no less surprising than if
we had brought up a living trilobite—
the ancient and extinct arthropod that is
believed to have been one of the earliest
animal inhabitants of the earth. Our
mollusk (named Neopilina galatheae) is
so different from the present-day mol-
lusks that it must be placed in a special
class of its own. As a living fossil it may
be as important a clue to the evolution
of mollusks as the egg-laying duck-billed
platypus is for studying the origin of
mammals.

Below about 6,000 meters, what we
usually think of as fishes (fishes with
backbones) practically disappear. Very
few such fishes have been found at
greater depths—only six by the Galathea
and two by the Vitiaz. The deeper bot-
tom-dwellers therefore are secure from
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BATHYAL

ABYSSAL

deep (abyssal), 81 per cent; area deeper than 6,000 meters (hadal),
1.2 per cent. The abyss is thus the world’s largest ecological unit.
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predaceous fish. Indeed, the great pres-
sure shelters them from invaders of any
sort. Since only animals adapted to the
extreme pressure can live there, they
enjoy a protected niche undisturbed by
competition from newcomers.

In the very deep trenches the isola-
tion of the inhabitants is practically per-
fect. Once an animal has become
adapted to the trench-bottom pressure
(from 700 to more than 1,000 atmos-
pheres), it cannot rise to a higher level
and therefore cannot migrate out of the
trench. It lives, in effect, on an island
as remote as a mountain peak from con-
tact with the rest of the world. And just
as unique species of plants and animals
evolve on islands and on mountain
peaks, we should expect each trench to
have its own peculiar population. That
is exactly what we find.

After the Galathea had surveyed the
Philippine Trench and defined the bot-
tom, it lowered its 12,000-meter line and
made a pass along the trench at a speed
of two knots. When the trawl was finally
palled up, the explorers were delighted
to see clay on the framework and stones
in the net, sure evidence that the trawl
had reached the bottom. The first animal
noticed in this haul was a sea anemone—
a whitish growth on a stone. At first
glance it looked like a typical sea anem-
one, but on closer analysis it proved
to be so unusual in some properties that
it represents an entirely new family. Al-
together we found eight species of ani-
mals in the Philippine Trench: sea anem-
ones, sea cucumbers, bivalve mollusks,
amphipod  crustaceans and  bristle
worms. And from the 8,200-meter Ker-
madec Trench (off the Kermadec Is-
lands of New Zealand) we fished up 18
different species. In all cases the species
were different from their relatives at
higher levels of the ocean, and they also
differed from trench to trench.

\VThat I have described so far would
'V not greatly have surprised the pio-
neers on the Challenger. Superficially the
animal inhabitants of the deep trenches
do not look very different from the types
living somewhat higher up. Nor do the
bacteria that we found on the floor of
the Philippine Trench. But their make-
up certainly must be unusual. The bac-
teria are truly pressure-loving organisms,
unable to exist at all at pressures of less
than 1,000 atmospheres. Somehow they
are constructed in a particular way to
live at these pressures. Their structure
must be very different from that of or-
ganisms at sea level. Claude E. ZoBell
and Richard Y. Morita of the Scripps
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Institution of Oceanography, who took
part in our expedition, have been culti-
vating these bacteria in high-pressure
chambers, and we can expect very im-
portant results from their studies.

I should mention two other important
facts that have been learned from the

explorations of the deep sea. The Gala-
thea expedition investigated the produc-
tion of organic food in the oceans. For
this a new measure devised by E. Stee-
mann Nielsen of Copenhagen was used.
It estimates productivity by the amount
of carbon dioxide assimilated by sea

120

60

120

60

DEPTH OF THE OCEANS is roughly indicated by this map of the world. The waters less
than 2,000 meters deep (bathyal) are indicated by the lightest colored area. The waters be-
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plants. Using radioactive carbon 14 as a
tracer, Steemann Nielsen measured the
plant assimilation of carbon dioxide in
samples of water drawn from several
depths all along the route of the expedi-
tion. He found that organic production
varies greatly from region to region but

that no area is completely barren: there
are no “deserts” in the sea. Steemann
Nielsen estimated from his measure-
ments that all the seas together produce
about 40 billion tons of organic matter
per year—about the same amount as the
total annual production by plants on

land. This finding is an important step
toward answering the question about
how much food we mav eventually get
from the sea [see “Food from the Sea,”
by Gordon A. Riley; SCIENTIFIC AMERI-
can, October, 1949].

The other interesting finding is that
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tween 2,000 and 6,000 meters deep (abyssal) are indicated by the
darker colored area. The waters deeper than 6,000 meters (hadal)
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are indicated by the darkest colored area. The deepest haul made
by the Galathea was at depth of 10,190 meters near the Philippines.
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with the coming of the ice ages on the
earth, the temperature in the deep seas
dropped sharply. The average tempera-
ture of the water at great depths seems
to have fallen from about 10 degrees
centigrade to two degrees. In other
words, life in the deep sea must have

ABYSSAL ANIMALS were photographed, not from the Galathea,
but by investigators of the Lamont Geological Observatory of Co-
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been subjected to what amounted to a
cold-shock treatment. Undoubtedly this
had catastrophic effects, destroying all
deep-sea life except the species that
could resist the cold or escape to warmer
levels of the ocean.

Those of us who are interested in
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studying the undersea world have some
concern just now about the possibility
that man may soon start dumping radio-
active wastes from atomic energy plants
in the deep sea. Such deposits on the
ocean bottom might change its living
population as drastically as the cold of

lumbia University. At upper left is a sea cucumber, photographed
at a depth of 2,000 meters. At upper right is another sea cucumber




the ice ages. We should very much like
to get a good look at the animals before
that happens.

\Ve have literally only scratched the
surface of the world of fabulous life
and pressure at the bottom of the deep

and a buried starfish, photographed at a depth of 3,901 meters. At
lower left are two brittle stars, photographed at 2,100 meters. At

sea trenches. To go further in that costly
exploration we shall need international
cooperation. The oceans are interna-
tional, and so is oceanology. The nations
of the world should collaborate in this
science, through an agency set up on
the same plan, say, as the new European
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Organization for Nuclear Research in
Switzerland. People everywhere will
benefit from studies of the sea, for we
shall learn much about the oceans’ food
resources, about our long-term climate
and about the remarkable ability of or-
ganisms to live under fantastic pressure.

lower right is a fish swimming above the bottom, photographed at
1,600 meters. All the photographs were made in the North Atlantic.
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MOUTH OF SHANIDAR CAVE is an opening in the flank of Ba- deep; its mouth is 26 feet high and 82 feet wide. From November to
radost Mountain, some 250 miles from Baghdad. The cave is 130 feet April it is inhabited by Kurdish goatherds (see photograph below) .

FLOOR OF SHANIDAR CAVE is covered with simple shelters for  tograph Kurdish workmen have just begun the excavation of the
its Kurdish inhabitants and corrals for their animals. In this pho-  earthen floor of the cave. Bedrock was reached at a depth of 45 feet.

58

© 1957 SCIENTIFIC AMERICAN, INC




SHANIDAR CAVE

This rocky shelter in Iraq has been inhabited by man for 100,000

years. Digging down through the earth of its floor, archaeologists

have even uncovered the remains of the predecessors of Homo sapiens

n a mountainside in the Zagros Moun-
I tains of northern Iraq is a human

dwelling place known as “The Big
Cave of Shanidar.” It is a high-vaulted
natural cave about the size of four tennis
courts—capacious enough to house a
considerable band of people. The cave
has a warm southern exposure and is
well protected from winter winds. Near-
by are springs and a stream to supply
water. Remnants of wild game and the
tew stands of still-undisturbed virgin
forest on the hillsides testify that the
place has long had a fertile and livable
climate. Today the Cave of Shanidar is
inhabited by a clan of Kurdish goat-
herds and their animals. It is not hard
to imagine that men have lived in this
commodious, sun-warmed shelter for
generation after generation. Out of sci-
entific curiosity we have dug into the
floor of the cave, and found to our
delight that this conjecture is a feeble
understatement. The inhabitation of the
Shanidar Cave apparently goes back at
least 100,000 years! Remains unearthed
from deep beneath its trampled floor
give evidence that Neanderthal man
once lived here, and that the cave has
been a home of man more or less con-
tinuously for something like 3,000 gen-
erations.

Needless to say, the Shanidar Cave
has become one of our most important
and fruitful sites for tracing the early
history of mankind. Rarely do archaeol-
ogists have a chance to see so clear a
succession of man’s development over so
long a period as we have in the layers
that make the pages of the story of
Shanidar. The story is not lessened in in-
terest by the fact that Shanidar Cave is
close to the birthplace of the first great
civilizations in Mesopotamia [see “The
Sumerians,” by Samuel Noah Kramer;
SciexTiFic AMERICAN, October].

by Ralph S. Solecki

Mesopotamia itself is a poor place to
look for the Stone Age cultures that pre-
ceded its ancient civilizations. A hunt-
ing and foraging people would have
found little food in its marshes and
deserts; moreover, it would be difficult
to discover or to date any of their camp
sites in this sea-flooded and river-washed
plain. Archaeologists have long realized
that the best chance of finding Stone
Age human remains lay in the foothills
and mountains north of the Tigris and
Euphrates. In 1928 a small party led by
Dorothy Garrod of the University of
Cambridge found such remains in two
caves near a town called Suleimaniyah
in the Zagros foothills [see map on next
page]. There were no other serious ex-
cavations until Robert Braidwood of the
University of Chicago began his explora-
tions of Stone Age sites in the same
vicinity in 1950 [see “From Cave to
Village,” by Robert J. Braidwood; Sc1-
ENTIFIC AMERICAN, October, 1952].
Braidwood discovered evidences of the
beginnings of human agriculture and
village settlements. But the dream of
archaeologists looking into man’s distant
past is to find a site where the stages of
his development are piled layer upon
layer so that we can get a consecutive,
slow-motion picture, so to speak.

In 1951, while working in Iraq with a
University of Michigan expedition, I
heard about Shanidar Cave and decided
to stay on, after the expedition went
home, to do some exploratory digging in
the cave. These first soundings were so
promising that I returned in 1953, and
again in 1956, for two more full seasons
of excavation. The investigations have
been conducted on behalf of the Iraq
Directorate-General of Antiquities and
the Smithsonian Institution, with sup-
port from several other organizations.
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The Zagros Mountains resemble the
highlands of Scotland; their foothills
look like the hills of the U. S. Southwest.
Shanidar Cave is in a mountain called
Baradost, overlooking Shanidar Valley.
From the cave mouth one can see the
Greater Zab River, a tributary of the
Tigris. The cave, now some 2,500 feet
above sea level, was dissolved out of the
mountain’s limestone rock, originally
laid down by an ancient sea. It has a
flat earthen floor, about 11,700 square
feet in area, and a high ceiling (45 feet
at the highest point) blackened with
a centuries-old deposit of soot. The
Kurdish goatherds and their families,
who live in the cave all winter from
November to April, have built individual
brush huts inside it, each with a small
fireplace, and corrals for goats, chickens,
cows and horses [see drawing on page
61]. The Kurds are a proud, self-
sufficient, but backward people. They
make fire with flint and steel and grind
wheat by hand with circular stones. The
women cut hay in the mountain mead-
ows with short iron sickles and toil bare-
footed up a mountain trail with goat-
skins to fetch water from the springs.
Compared with modern Baghdad, only
250 miles away, the present dwellers in
Shanidar Cave could just as well be liv-
ing in the days of the Assyrian herdsmen
2,500 years ago.

It was from this level of culture, then,
that we began our digging journey into
man’s early history. We marked off a
small area in the center of the cave and
started our slow, careful excavation
down through the floor. In three seasons
of work we have cut through the full
depth of the cave’s earthen accumula-
tions, down to bedrock at 45 feet, and
have sifted about a tenth of the total
bulk of its deposits. The excavations
have yielded a rich record of human
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CAVE IS LOCATED on this map of the region north of the Persian Gulf. Suleimaniyah
is the site of earlier cave excavations by Dorothy Garrod of the University of Cambridge.
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occupation—ancient hearths, tools, ani-
mal bones, even Neanderthal skele-
tons—going back some 100,000 years.

We found four main layers, distin-

guishable by soil color and the
types of artifacts they contained. Each
corresponded to a recognizable stage of
man’s development. I shall first review
briefly the general contents of these
layers, which are identified, according
to an archaeological convention, by the
letters A to D from the top down [see
drawing on page 62].

Layer A, averaging about five feet
thick, is a black, greasy soil, compacted
by many generations of feet. It dates
from the present back to some time in
the Neolithic (New Stone) Age, per-
haps 7,000 years ago. This layer covers
the revolutionary period in man’s way
of life when he emerged from mere
hunting to food gathering, agriculture
and animal herding. Throughout Layer
A we found ash beds of communal fires,
bones of domesticated animals and do-
mestic tools such as stone mortars
(which the Kurds still use for cracking
nutsj. The circular millstones with
which they still grind wheat showed up
only in the upper part of Layer A; ap-
parently these are a comparatively re-
cent development. About a foot below
the surface we found some primitive
clay tobacco bowls—mute evidence that
the tobacco habit came to this part of
Asia about 300 years ago. A little far-
ther down was a bit of burnished pot-
tery similar to the kind known as “Uruk”
ware, named for the city of Erech in
ancient Mesopotamia. This pottery dates
from the time of the invention of cunei-
form writing in Sumer.

Layer B, just below A, is a fairly
thin, brown-stained deposit which, ac-
cording to carbon-14 measurements,
dates back to the Middle Stone Age,
about 12,000 years ago. It contains the
primitive artifacts of a people who
knew neither agriculture nor animal do-
mestication nor pottery making. There
is no sign that they even collected edible
nuts. Apparently snails made up a con-
siderable part of their diet, for there
are heaps of snail shells strewn about.
Animal bones are relatively scarce in
this layer: there are no domestic animals
and few wild ones. Possibly it was a
period of game scarcity in Shanidar
Valley.

Nonetheless the prehistoric people of
Layer B seem to have thrived and even
to have had some leisure. They made
exquisitely chipped projectile points,
and bone awls which must have been



used for sewing or lacing. What is more,
there are engraved pieces of slate, and
also fragments of well-rubbed coloring
stones which suggest that these people
may have made paintings or decorations.

Below Layer B we come to a gap of
some 17.000 vears during which the
cave apparently was not occupied. The
next laver, C, dates from about 29,000
to more than 34,000 vears ago, accord-
ing to radiocarbon measurements of
charcoal in its firebeds. Near the top
of the laver are many boulders, which
probably fell from the ceiling during an

earthquake and may well have discour-
aged residence in the cave. The soil
layer itself, a vellowish deposit about
eight feet thick with the remains of
many fires, bespeaks a long occupation
by the late Paleolithic (Old Stone Age)
people who had lived in the cave in this
period.

Now these people are an anomaly in
the Iraq region. Their flint tools—so-
called “blade tools”—were like the im-
plements of a late Paleolithic culture in
Europe known as the Aurignacian
(which used to be identified with Cro-

Magnon man). But no such culture has
been found anvwhere in Iraq except at
Shanidar, although other sites in the
area have yielded earlier and later
cultures. To the distinctive culture of
Layer C we therefore gave the name
“Baradostian,” after the name of the
mountain on which Shanidar Cave is
located.

The people of Layer C, like their
counterparts in Europe and elsewhere,
must have been good woodsworkers, for
their deposits contain many flint wood-
working tools, including scrapers and
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EXCAVATION IS LOCATED by the gray area on this map of
the cave. The broken line in the gray area, and its extension to-
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ward the mouth of the cave, is the outline of a test trench dug in
1951. The floor of the cave is littered with rocks from the ceiling.
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gravers. Of course none of their wood
products has survived in the soil of the
cave, but we know from the reports of
ancient explorers that Stone Age peoples
were capable of a wonderful wood tech-
nology.

In Laver D of the cave, a 29-foot-
thick series of deposits extending from
about 16 feet below the surface to bed-
rock at 45 feet, we arrived at a distinct
break in the human line. The peoples
above were presumably all Homo
sapiens: here, some 45,000 years ago
and earlier, we discover the extinct
Homo neanderthalensis. Not only do we
recognize his crude tools, but by in-
credibly good luck the Shanidar Cave
yields up no fewer than three skeletons
of Neanderthal man, including the first
Neanderthal infant!

First, a brief word about his artifacts,
of which, naturally, there are not
many. The flint implements of Nean-
derthal man are called Mousterian, after
a site in France where typical ones were
found. Like those unearthed elsewhere,
the Neanderthal tools in Shanidar Cave
are simple flakes of flint with one worked
face, struck to form a cutting edge or
a point. Apparently Neanderthal man
was smart enough to make the most of
his material, because every flint core we
found had been hacked down to the
last flake that could be extracted from it.
We have no clue to what clothing he
wore, but he must have wrapped him-
self in some sort of covering, for this
was a cold period in the history of
Shanidar Cave—the height of the last
Ice Age. In Layer D there is a dark,
eight-foot stratum with an especially
heavy concentration of fire remains,
probably representing a period when
the cave was continually occupied be-
cause of the cold outside. Apparently
the occupants kept a constant fire go-
ing, for warmth and to repel wild ani-
mals. The period was not only cold but
also very wet: there is a layer of stalag-
mitic lime—drippings from the ceiling—
which marks the only era of appreciable
dampness in the history of this cave.
Although the cave afforded protection
from the miserable climate, it was not
without its hazards to the Neanderthal
occupants. From time to time there were
terrific rockfalls from the ceiling, prob-
ably caused by earthquakes. We found
firebeds and an animal buried under
such falls, and the skeletons of both of
the Neanderthal adults lay crushed un-
der boulders which may have crashed
down and killed them.
Neanderthal man has been found in

a number of places in Europe, but he
is a rarity in Asia. Shanidar Cave is only
the fifth site in Asia where his bones
have turned up. (The nearest to Shani-
dar is Mount Carmel in Palestine.) This
alone gives the skeletons in our cave ex-
traordinary interest, for we may learn
something about man’s evolution by
comparing these skeletons with Nean-
derthals elsewhere. And added to this
is the fact that one of the Shanidar
finds is a year-old baby, the only infant
Neanderthal yet unearthed.

The three skeletons lay at three dif-
ferent levels, separated by thousands of
years [drawing on opposite page]. The
most recent, and best preserved because
its bones were least crushed by rocks
and the overburden, is that of an adult
estimated to have lived in the cave
about 45,000 years ago. A rockfall shat-
tered some of its bones badly, but the
skeleton is fairly complete, and much
of the skull is intact. The second adult
skeleton was found about 23 feet below
the surface and is believed to be about
60,000 to 65,000 years old. It was con-
siderably more damaged than the first:
a rockfall crushed not only its bones but
also its skull. The child lay at a still
lower level, perhaps 70,000 years old.
Its skeleton was found doubled up, with
the legs tucked under the chin and the
arms folded close to the body. Most of
the fragile skeleton, including the head,
was crushed under the earth over-
burden, and only its teeth and the hand
and foot bones are in good condition.

Every frequenter of museums is fa-
miliar with the classic picture of Nean-
derthal man of Europe: the low, sloping
forehead, the bulging brow ridges, the
massive, prognathous jaw, the receding
chin, the worn teeth. Our best-preserved
specimen, the Shanidar 45,000-year-old,
is generally faithful to this picture. He
was what anthropologists call a “con-
servative” type—almost fully Neander-
thaloid, with few suggestions of progress
toward the features of Homo sapiens.
But he does show one feature which is
more human than Neanderthaloid: his
brow bulge is not one continuous ridge
running across the forehead but has a
depression in the middle between the
eyes, and it flares at the sides. This
skeleton is about five feet three inches
long—the typical height of Neanderthal
man. Two of the front teeth are miss-
ing, and he evidently lost them while he
was alive, because there is some replace-
ment of tissue in the jawbone where
they were rooted. The teeth of both of
our Neanderthal adults show heavy
wear: they were worn quite flat.
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It will take time to analyze the skele-
tons, to relate them to the Neanderthals
of Europe and of other sites in Asia, to
discover whether the three Neanderthals
of different eras at Shanidar differ from
one another, to reconstruct their posture
and other attributes and to read any
clues they may offer to the evolution of
early man in the Middle East. It is pos-
sible that the still unexcavated part of
Shanidar Cave will yield more skeletons;
indeed, we have found two human
skeletons from the Neolithic Period and
one from the time of Mohammed.

\ [eun\vhile the priceless hoard of re-
~'% mains in Shanidar Cave is being
studied by archaeologists, physical
anthropologists, zoologists, geologists,
climatologists and other specialists. With
the combined insights of all these in-
vestigators we can hope to translate the
scraps of evidence into a comprehensive
account of the peoples who lived in the
cave and of how they wrested a living
from nature in various times and cond:-
tions. The Kurdish families who still live
at Shanidar are, of course, a vivid and
illuminating part of the picture. Stone
Age archaeology would be a vague and
frustrated science were it not for the
assistance that anthropologists and their
living subjects are able to give in en-
riching the meaning of artifacts. As a
prehistorian once put it, in anthropology
“one catches one’s archaeology alive.”
We see an excellent illustration of what
this may mean when we look at the re-
markable products made by “primitive”
tribes with seemingly crude and limited
tools. An archaeologist unearthing a
prehistoric wood-scraper made of stone
or a shell has no idea of what its users
manufactured with it, for the wood ob-
jects have long since decayed. But when
we discover what living aborigines have
done with similar tools, we begin to
realize that prehistoric man may well
have been far more resourceful, and
capable of more exquisite workman-
ship, than his tools suggest.

W]'e still know comparatively little

about the history of the Big Cave
of Shanidar. But standing before the
deep cut that we have sliced into its
floor, we can see the general outlines of
that history. We see Neanderthal man
crouching over a fire nearly 100,000
years ago, and looking out from the cave
mouth at a valley landscape not too dif-
ferent from the one today. He goes
forth to hunt tortoises, wild goats and
wild pigs (which still roam the valley
but are now untouched by the Kurds be-
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cause of a religious taboo). Apparently
he does not try to catch the swift deer
or tackle the dangerous bear, wolf or
leopard (at least their bones are prac-
tically absent in the deposits of Shani-
dar Cave). The splintered bones of his
game show that he cracked open the
bones to suck out every bit of marrow.
For tens of thousands of years Nean-
derthal man hangs on at the cave,
surviving the Ice Age, rockfalls and un-
remitting rains. Although he is a back-
ward type, he lingers on in this mountain
fastness for thousands of years after
physically more “progressive” Neander-
thals have died out in Palestine, only

NEANDERTHAL SKELETONS were exposed by an extension of
earlier soundings in the spring of this year. The first adult Nean-
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600 miles away. Century after century
his life continues with a monotonous
sameness; even his flint tools do not
change. Eventually he is succeeded by
Homo sapiens. Now the curve of culture
begins to rise gradually: the new men
improve their hunting weapons, fashion
tools for woodworking and sit around a
communal fire. Thousands of years later
the inhabitants of the cave have ad-
vanced to finelv chipped tools, sewing
and painting. But the curve of progress
still clings low on the horizon. Then,
some 7,000 years ago (only yesterday
in the long history of the cave), the
curve suddenly begins to shoot up with
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a burst of power. The people of Shani-
dar Cave learn to domesticate animals,
till the soil, grind wheat, make pottery,
spin thread. They remain, however, an
isolated, pastoral people, in spite of the
successive Sumerian, Babylonian, Assy-
rian and Persian civilizations that rise
and fall in nearby Mesopotamia.

So the story of Shanidar Cave ends
just a little beyond the Stone Age. Soon,
it seems, its story will come to a final
end, because the Iraq Government plans
to build a dam on the Greater Zab which
will flood Shanidar Valley and cut off
access to the cave. Fortunately it was
discovered in time to tell us its history.

derthal to be discovered is at lower right. The arrow on the rear
wall points to the location of the second adult Neanderthal.




Kodak reports on:

how to stick fast, rapidly . . . a high level of aberration correction at popular
prices . . . the expensive pencil

It polymerizes

1. At high noon we put one drop of
something on the end of a clean 2”
steel rod.

2. We butt it against another such
clean rod, pressing firmly with the
fingers.

3. By 12:15; our single drop has
formed a bond of considerable
tensile strength.

4. And by 12:30 it is even stronger.
(Tests show it to be over 5,000 psi.)

The liquid in the dropper is a
chemical invention we call East-
man 910 Adhesive. Its major ingre-
dient is a thin, watery liquid which

polymerizes as follows:

CH~=(II— QO H,—> —CH,— C
COOCHa

With very few exceptions, poly-

ethylene and silicone grease among
them, it sticks all materials together
—1like and unlike, organic and in-
organic, metallic and non-metallic.
Temperatures above 100 C or con-
tinuous high humidity above 80 C

eventually spoil the bond.

For a one-ounce sample of Eastman
910 Adhesive send $5 to Eastman
Chemical Products, Inc., Kingsport,
Tennessee(Subsidiary of Eastman Kodak
Company). Part of the reason for the
price is the high attrition rate of the pro-
duction equipment. The manufacture of
this product can suddenly turn into the
most awful mess you ever saw in your
whole life. Nevertheless, the cost should
decline some when the production
volume rises.

The boon of lanthanum

Our former research vice president,
Dr. C. E. Kenneth Mees, one of a
few men who shortly before World
War I conceived the novel idea that
science had a place in industry, has
suggested to us from his retirement
in Honolulu that the public ought
to be told more about rare element
glass. He is right.

Before photography itself was in-
vented, a way was found to over-
come the fact that a lens is stronger
for blue light than for red. Combine
a positive lens with a weaker nega-
tive lens and make the latter out of
a glass which has more dispersion,
i.e. rate of change of index with
wavelength. The net result will still
be positive power, but the negative
element will lengthen the focus
more for the wavelengths where the
positive element is cutting it too
short. This is called color correc-
tion and works fine.

Besides chromatism, nature and
the laws of mathematics impose
other impediments on man’s striv-
ings for perfect optical imagery.
Each surface in a system contributes
its own load of these aberrations,
both plus and minus. The art of
lens design consists of playing them
off against each other. The more
surfaces, the better the attainable
correction. Another truism in the
business has it that the deeper the
curve, the bigger its load of aberra-
tions.

Very well. Along about 1934, as
a result of some rather deep studies
in glass chemistry, we found that
by replacing certain traditional
glass ingredients with such oddities
as lanthanum oxide, one could
make a glass of very high index but

with a dispersion low enough for
use in positive elements. The higher
the index, the shallower the curves
can be and therefore the lighter the
load of aberrations to be balanced
out. Before long, Kodak lenses de-
manding the best possible per-
formance were being put out with
elements of such glass, regardless
of the cost of lanthanum and of 10-
pound batch production in pure
platinum crucibles.

As the years rolled by, a new
philosophy on using our rare ele-
ment glass took shape among our
lens designers. It goes like this:
Shallow curves not only introduce
less aberration, but geometry per-
mits more of them on a single
block for grinding and polishing.
This economy can pay for a pretty
high glass cost. At the same time,
the customer gets a level of aberra-
tion correction superior to what the
same number of components could

have bought him before lanthanum.
Doctor Mees and we hope that when
next you shop for a personal camera,
you give particular consideration to the
Kodak Pony 135, the Kodak Pony 1V,
the Kodak Signet 30, 40, and 50 Cam-
eras, and the fixed f]1.9 lens of the
Kodak Medallion 8 Movie Camera.
They’ve got it. Lanthanum, that is.

Emancipation in the
drafting room

One way to judge how near tangi-
bility a big proposal stands is to
count the draftsmen committed to
it. Should you be forced by circum-
stances to use drafting manpower
for effectiveness rather than effect,
you ought to be informed of some
wrinkles developed in the past
couple of years whereby the intelli-
gent use of photographic materials
replaces the simple wearing down
of fabric in the seat of draftsmen’s
pants. The two basic tenets of this
movement are: 1) “If it’s been
drawn once, why draw it again?”
2) Camera and film are cheaper
than the drawing pencil when you
need a representation of existing
equipment on which engineering
changes are to be indicated.

Just so they can’t say you didn’t try,
send to Eastman Kodak Company,
Graphic Reproduction Division, Roch-
ester 4, N. Y., for literature on short
cuts in the drafting room, or on the
“photo drawings” method, or both. If
it’s not the sweeping generalities
but some vital specifics that
interest you, we’re prepared
to answer questions.
Price quoted is

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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UP IN THE AIR! Aresource-
ful painting contractor in
France found a new way
to reach sky-high ceilings.
He built a platform on a
24-foot balloon, inflated it
and up he went. Designers
needn’t be “up in the air”
when it comes to tough
jobs of removing harmful
air-borne particles . . .
there is an Air-Maze filter
engineered to fit every A
filtering need.

NE=22

2R\
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CLEAN BILL OF HEALTH FOR OIL! Harmful
abrasive particles are removed from engine
lubricants and fuels by Air-Maze liquid filters.
“Extended area” construction provides many
times more effective filter area than other types.
Filter is all-metal. Like new after cleaning.

LOCOMOTIVES LOVE ‘EM! Diesel locomotives
run better, last longer when they’re equipped
with Air-Maze air filters—panel types for cab
ventilation and oil-bath type for engine intakes.

FOR ANY DEVICE THAT USES AIR OR LIQUIDS.
For engines, compressors, air conditioners,
ventilators—or any device using air or liquids
— there is an Air-Maze filter engineered to
match each need. Filter-trained representatives
in all principal cities will be glad to help you
solve your dirt-removal problems. For con-
densed product catalog, write Air-Maze Corpo-
ration, Dept. C-6, Cleveland 28, Ohio.

\ZE

The Filter Engineers

AIR FILTERS o SPARK ARRESTERS o LIQUID FILTERS
SILENCERS o OIL SEPARATORS o GREASE FILTERS
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Sputnik

he earth’s first man-made satellite,
I called sputnik (Russian for “fel-
low traveler”), became space-
borne around midnight (Moscow time)
on October 4. The U.S.S.R. gave no ad-
vance notice of the launching, and in the
first days of sputnik’s flight little specific
information about the satellite was re-
leased to the rest of the world. In the
U. S., where for several days the only
means of tracking the satellite was its
radio signals, it took observers a week to
find its orbit. As this issue of SciexTIFIC
AMERICAN went to press, the available
facts were:

Launching. Moscow radio announced
the launching shortly after midnight on
October 5 (late afternoon of October 4
in the U. S.). The site of the launching
was not announced: the first guesses
were that it was near the Caspian Sea.

Rocket. The satellite was shot straight
up in a three-stage rocket. The Soviet
announcement said the rocket’s total
power equaled that of the world’s larg-
est hydroelectric station; rocket experts
in other countries estimated the take-off
weight to be somewhere between 150,-
000 and 300,000 pounds. After the satel-
lite was fired into its orbit by the third-
stage rocket, it was trailed by the rocket
shell and the dropped nose cone, also
traveling in round-the-earth orbits.

Satellite. The “bird” itself was a
sphere with a diameter of 58 centi-
meters (about 23 inches) and a weight
of 83.6 kilograms (about 184 pounds).
Enclosed in an aluminum-alloy shell
filled with nitrogen, it carried two radio
transmitters sending signals alternately,
one at 20.005 megacycles and one at
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GIENGE AND

40.002 megacycles. Batteries for the
one-watt transmitters made up most of
the satellite’s load. Whether the bird
carried other instruments was not at first
clear: Soviet scientists said the satellite
was recording temperature, and U. S.
scientists were certain that it was trans-
mitting coded signals recording observa-
tions.

Orbit. The satellite was fired into an
orbit at an angle of 65 degrees to the
Equator; this deprived it of the accele-
rating effect of the earth’s rotation and
made it harder to track than if it had
circled the earth near the Equator, but
the orbit had the advantage of sending
the satellite far enough north and south
to cover most of the inhabited world.
The satellite circled the earth in 96.02
minutes. Its speed was about 18,000
miles per hour, and its elliptical orbit
had a maximum altitude of about 600
miles above the earth; estimates of the
minimum distance from the earth (peri-
gee) ranged at first from about 150 to
more than 400 miles. The orbit appar-
ently wobbled (precessed) slightly, be-
cause of the earth’s equatorial bulge and
possibly variations in air resistance.

Tracking. Soviet observers presuma-
bly were able to sight the satellite from
the beginning because it passed over
the Soviet Union a number of times at
dawn and twilight—the only times it
could be seen. In the U. S. the bird at
first could only be followed by “mini-
track” radio receiving stations, hastily
adjusted from their prepared high fre-
quencies to the lower 20- and 40-mega-
cycle frequencies of the satellite. The
somewhat fuzzy radio fixes of positions,
plus a few visual sightings in Australia
and Alaska and finally in the U. S., en-
abled U. S. scientists to calculate the
orbit precisely. “Moonwatch,” whose
headquarters are at the Smithsonian As-
trophysical Observatory in Cambridge,
Mass., called its large organization of
observers into action as soon as the
launching was announced.

Results. Although the first satellite is
in a sense only an initial trial shot, it is
expected to yield valuable information
about the density of the outer atmos-
phere, about the ionosphere, about the
shape of the earth and possibly about
the temperature and meteors at the bor-
ders of space.

Next. US.S.R. scientists said they
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hoped to launch larger sputniks soon.
The U. S. planned to fire a small bird in
December and a fully instrumented one
by March or April. By the end of the
International Geophysical Year a whole
flock of satellites may be flying around
the earth.

In Less than 100 Years

he first to suggest sending up a man-

made satellite, it appears, was Ed-
ward Everett Hale, author of The Man
Without a Country. In 1871 he pub-
lished in the Atlantic Monthly a piece
of science fiction called “The Brick
Moon.” It described a large brick vehi-
cle which was prematurely catapulted
into space with some unwilling passen-
gers; the brick moon took a permanent

orbit around the earth and became a |

marker for ocean navigators.

Hermann Oberth, the German father
of modern rocketry, was the first to give
serious study to the possibility of a satel-
lite. In 1923 he proposed a manned sta-
tion to serve as an observatory in space.

The satellite idea was brought into
the realm of practical consideration and
support by the development of tele-
metering techniques in World War II.
It then became possible to think of send-
ing up small satellites which could col-
lect information without human observ-
ers and radio it to the ground. A number

of experts outlined concrete projects. In |

1949 Willy Ley, a former member of

Oberth’s group, proposed shooting up a |

200-pound satellite by means of a 220,
000-pound rocket. In 1953 S. Fred Sing-
er, the University of Maryland physicist,
suggested an instrumented satellite
which he named “Mouse.” In 1954 the
U. S. Office of Naval Research actually
set up a satellite project, called “Orbit-
er,” which was to use a military rocket
as the first stage. In 1955 the Govern-
ment divorced satellite rocket research
from the military missiles program and
created “Vanguard” as a separate scien-
tific project for the 1.G.Y.

Meanwhile the U.S.S.R. had quietly
been pursuing rocketry for many years.
As early as 1925 the Soviet Government
published a voluminous report by the
“Rocket Subsection of the Committee
for the Exploration of the Stratosphere.”
Apparently its rocket research remained
a unified project, for its launching of the

TURN

TWIST

SLIP

SOLVE

a puzzle's a problem only if you
haven't worked it before.

At Plenco we've successfully
solved many production R Ny
puzzles . .. through the correct y ‘
application of quality molding
phenolics. Chances are we

P /| :
PLENCO PHENOLIES |

J——

already have the answer to your

particular problem. Why not
take us up on that?

PLASTICS ENGINEERING COMPANY

Sheboygan, Serving the plastics industry in the manufacture of high grade
Wisconsin phenolic molding compounds, industrial resins and coating resins.
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first satellite was achieved with military
rockets. Contrary to a common impres-
sion, German rocketeers cannot have
plaved a large part in this achievement,
for the U.S.S.R. obtained no top-notch
V-2 engineers after the war, according
to Ley.

Sputnik’s ancestry actually goes back
to the invention of rockets by the Chi-
nese in the 12th century. The physical
principle was not understood until near
the end of the 19th century, when a
Russian, Konstantin E. Tsiolkovsky, de-
veloped the theory of the reaction effect.
The chronological sequence of advances
in rocketry in the 20th century is marked
bv these highlights: In the 1920s
Oberth’s group in Germany fired a num-
ber of rockets and Robert H. Goddard in
the U. S. launched the first liquid-fueled
rocket. Near the end of World War II
the Germans unleashed the V-2, which
reached a height of 50 miles and trav-
eled 118 miles overland. In 1949 the

in action
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A Chrysler Corporation technician watches as the
Instron stretches a piece of foam rubber seat
cushioning material to its lLimit to determine
ultimate elongation and tensile strength.

How Chrysler Corporation
Uses the Instron Tester

At Chrysler Corporation’s Organic
Materials Laboratory, Highland Park,
Michigan, the versatile Instron is used to
measure physical characteristics of rubber
and plastic materials with electronically

controlled accuracy.

Chrysler Corporation is one of many
leading companies whose laboratories rely
on Instron to perform universal testing
and measuring functions including ten-
sion, compression, hysteresis and elastic
modulus . . . on materials ranging from
acetate to zirconium.

The reason behind this wide acceptance:
Instron does more . . . more accurately.
All the facts on this most modern of
electronic testing equipment are waiting
for you. Write today.

ENGINEERING CORPORATION
446 Hancock Street, Quincy 71, Massachusetts

ILLUSTRATED: TABLE MODEL.
The Instron comes in various models and sizes,
to suit the widest applications— for tests under
all sorts of environmental conditions. (Load ranges
Jfrom 2 grams to 70,000 lbs.)
T = ‘;T_‘,"I,_x"\'.." 2 e EEr T =1 't*
; } i

68

© 1957 SCIENTIFIC AMERICAN, INC

U. S. Armv fired a two-stage rocket,
combining the V-2 and the Wac Corpo-
ral, to a height of 250 miles. In 1956 a
three-stage rocket composed of the
Army Redstone and two smaller stages
went to 680 miles; with a directed boost-
er at the end, this rocket could have
been fired into a satellitic orbit. This vear
a test three-stage rocket fired by the
Lockheed Aircraft Corporation rose to a
height of 1,000 miles—thanks to an error
in firing. The late stages of the rocket
were supposed to fire the missile down-
ward, to test the heating effect of its
high-speed re-entry into the atmosphere;
instead, they fired upward.

The Sun from 80,000 Feet

Out of the sky and into a Wisconsin

field last month dropped hundreds
of the best photographs of the sun ever
made. They were in a camera which
had photographed the sun’s surface

SURFACE OF THE SUN is shown in unprecedented detail by this photograph made at
80,000 feet with a 12-inch telescope suspended from a Project Stratoscope balloon. The
brighter spots in the photograph are eddies of hotter gas; darker spots, eddies of cooler gas.



SILICONE NEWS

“Make it Better” with Silicones

& Longer lasting cosmetics made with
water repellent silicones

o Silicones improve appliance finishes

& Better packaging with silicone

coated papers

SOMETHING OLD, SOMETHING NEW, something familiar but different, too...
this is the range of products being improved with Dow Corning Silicones. Why
make it better with silicones? Lower production costs for one reason. But
as these current examples indicate, silicones also help create more customer
satisfaction, more sales.

LONGER LASTING LOTIONS —
Yesterday: no matter how often Mrs.
Consumer applied hand lotions, her
skin was still vulnerable to house-
hold detergents and cleaners.

Today: the cosmetic industry is mar-
keting longer lasting and more pro-
tective beauty preparations made with
Dow Corning Silicones. Already an
accepted ingredient in sun-tan oils,
hand creams and baby lotions, the
silicones turn back water like an in-
visible glove . . . help keep the sooth-
ing ingredients on the skin longer.

Latest survey found most name cos-
metic houses evaluating silicones for
products ranging from hair sprays to
foot ointments. And they’re telling
their customers about silicones, too.

More and more, at cosmetic counters
everywhere, you hear Mrs. Consumer
say, “I’ll take the one with silicones.”

NEW APPLIANCE “SALESMAN”—
The familiar refrigerator display cases
in our supermarkets have long had a
coating equally familiar . . . porce-
lain. Now, there’s something new

under the fluorescents . . . chip resist-
ant silicone enamels.

A major producer of these display
cases, Scherer-Gillett of Marshall,
Mich., reports that their silicone
finished cabinets stay new looking
longer . .. do a better job. The sili-
cone enamel—Nubelon S, made by
Glidden — has excellent color reten-
tion; withstands more abuse from
shopping cart impacts, food stains,
and abrasive cleaning compounds.
Available in several attractive colors,
the silicone enamels enable Scherer-
Gillett to produce cabinets that weigh
less, cost less to ship, and are easier
to handle and install.

Next major area of application for
enamels made with silicone resins?
Right now they’re rapidly gaining
favor in the home appliance market.

PACKAGING STICKY PRODUCTS?
Then consider the new silicone coated
papers and paperboards now avail-
able. Virtually nothing will stick to
these new packaging materials, thanks
to the anti-adhesive silicone coating
developed by Dow Corning. Applied
at the mill, the silicone coating makes
it possible for users of paper bags,
boxes and wrappers to get even the
stickiest products out of containers
without waste. Producers of rubber,
asphalt, adhesives, sticky foods . . .
all can now offer their customers
greater convenience and ease of han-
dling at little or no extra cost. In the

photo you can see how adhesive tape
flicks off a silicone coated interleav-
ing paper while clinging to an un-
treated paper.

FOR MORE INFORMATION on any of these silicone products

or applications, write Dept. 9823

Dow Corning CORPORATION

MIDLAND. MICHIGAN

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

CANADA: DOW CORNING SILICONES LTD , TORONTO GREAT BRITAIN: MIDLAND SILICONES LTD , LONDON FRANCE: ST GOBAIN, PARIS
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VALVE C€O., INC.
PRONER AIRPORT
EAST AURORA, N. Y.

while suspended from an unmanned bal-
loon at a height of 80,000 feet, above
most of the earth’s turbulent atmosphere.

A first glance at the developed films
showed details of the sun that had never
been seen before. Chief among these
were eddving gas storms ranging from
200 to 600 miles in diameter [see photo-
graph on page 68]. Only the largest
solar storms can be photographed from
the ground, and they are so poorly re-
solved that their detailed structure can-

| not be made out. The new photographs

from the stratosphere show that small
eddies on the sun’s face grow into large
ones. According to Martin Schwarz-
schild, the Princeton University astron-
omer who is directing the Dballoon
project, a cursory examination of the
pictures indicates that the small eddies
originate deep in the sun’s atmosphere.
They are bright and hot, with a tem-
perature of about 12,000 degrees Fahr-
enheit. As they rise, they cool and
expand. Then they may cool further
and sink back into the sun’s atmosphere.
The balloon photography, planned for
many months [see “Science and the
Citizen,” September], went off as well
as its planners could have hoped. A 12-
inch telescope was kept trained on the
sun by automatic equipment while the
camera snapped 8,000 pictures. Only
one in 20 of these is sharply focused, be-
cause the camera was designed to shift
its focal adjustment continually to com-
pensate for the effects of unforseeable
temperature changes on the optical
system. When all the film was exposed,
the telescope and camera were auto-
matically detached from the balloon and
parachuted safely to the ground.

| Up in the Air

rI’here were still other reports last
month of discoveries in the upper

air made by research projects of the

International Geophysical Year.

Rocket shots showed that winds in the
high Arctic air blow as fast as 335 miles
per hour. A rocket flight during a mag-
netic storm disclosed bands of intense
electric current at a height of 56 miles.
Geophysicists had predicted such cur-
rents, with strengths up to 10 million
amperes, to explain certain features of
the aurora.

At a meeting of the International
Union of Geodesy and Geophysics in
Toronto physicists reported that an
atomic-bomb test temporarily reduces

| the electrification of our atmosphere.

Apparently the ionization of the air by
radioactive debris conducts electricity
from the electric lavers to the ground,
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and this short-circuiting cuts the po-
tential difference between the air and
the ground from the normal 100 volts
per meter to 15 volts. The voltage re-
turns to normal in a few days, however.

A more lasting effect of bomb tests
has been discovered in New Zealand.
T. A. Rafter and G. J. Fergusson re-
ported in Science that the carbon-14
content of the New Zealand atmosphere
has increased 4.8 per cent since 1953.
They conjecture that the increase in
radioactive carbon is even greater in
the Northern Hemisphere, where most
of the nuclear explosions have taken
place. If so, a measurement of the dif-
ference should give valuable information
about one of the most important un-
knowns of meteorology—the rate of mix-
ing of the air of the Northern and
Southern Hemispheres.

Chemical Society Meets

A record-breaking number of 15,047
chemists attended the annual meet-
ing of the American Chemical Society in
New York last month. More than 1,500
papers were delivered before its 22 sec-
tions.

The division of medicinal chemistry
heard workers from Eli Lilly and Com-
pany report on a theory of the action
of tranquilizing drugs and on a number
of new compounds they have synthe-
sized. The theory, as explained by Jack
Mills, is that tranquilizers interfere with
the action of adrenaline in certain cen-
ters of the brain. It had been noticed
that agents which block adrenaline ac-
tion in other parts of the body produce
tranquilizing effects in animals if given
in very large doses. Mills and his group
suspected that if these agents could be
modified to penetrate the brain more
effectively they would be powerful
tranquilizers. Working on this hypoth-
esis, the Lilly chemists have synthesized
four chemicals which are more effective
than reserpine or chlorpromazine in
tranquilizing experimental animals.

A new theory about the action of en-
zymes was suggested. One of the big
problems is to discover what part of the
large enzyme molecule is responsible
for its activity. Daniel E. Koshland, Jr.,
and his co-workers at the Brookhaven
National Laboratory located the active
sites on several enzymes by means of
radioactive tracers. He concluded that
the enzyme molecule is flexible and
shapes itself to the substance on which
it works; in other words they are not
fitted like a rigid lock and key. If the
enzyme’s active group falls into the right
position on the substrate, the enzyme
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Klystrons, inside the metal cylinders
atop each delly, are automatically
processed on this Stokes continuous
high-vacuum system, at Sperry Elec-
tronic Tube Division,

Klystron production avtomated
with Stokes high-vacuum system

HESE Sperry Klystrons have got to be rugged and
Tstable...they’re the heart of transmitters for
precision, all-weather navigation systems. Produc-
ing Klystrons requires extremely high vacuum and
elevated temperatures to completely de-gas and dry
the tubes internally. These conditions must be at-
tained on a high-production, automatic basis.

Stokes, pioneer in high-vacuum processing equip-
ment for the electronic industry, designed and built
a continuous evacuating and conditioning system
that performs these functions and eliminates the
need for duplicate accessory equipment for each of
the separate units formerly used. The system consists
of an endless loop of evacuating stations, each housed
in an individual dolly. As the dollies index around

Vacuum Equipment Division

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

the loop, the tubes are successively degassed, evacu-
ated, aged, conditioned and sealed.

Each Klystron is enclosed in a stainless steel bell in
which a reducing atmosphere is maintained to prevent
oxidation of the copper tube body during the heating
cycle. All operations are automatically sequenced
and controlled, with interlocking circuits and limit
switches giving added protection. Any dolly can be
removed and replaced without shutting down
the system.

This Klystron production system is an example of
how another major manufacturer is benefiting from
Stokes’ long experience in high vacuum engineering
and automatic production techniques. For a con-
sultation on your specific needs, call your nearest
Stokes office.
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laboratories at F T L.
offer unlimited opportunities

to top engineers and scientists

2. Missile Guidance

3. Electronic Countermeasures

1. Radio Navigation
4. Electronic Systems
6. Physical-Chemical

8. Wire Communication

5. Radio Communication
7. Electron Tubes

In suburban New Jersey —only a few minutes away from
New York City—at least one of these 8 research and devel-
opment “centers” comprising Federal Telecommunication
Laboratories offers a solid future to you!

Whether your field is computers, data processing, radio
communication, air navigation, missile guidance, electronic
countermeasures, antennas, transistors, traveling wave
tubes or telephone switching, you can be sure your assign-
ment will be interesting, challenging and rewarding.

Opportunities at FTL are unlimited. Our program is
long-range . .. commercial and military. We have the finest
facilities . . . our future is expanding on both coasts. Ability
reaches the spotlight quickly under our “small-company”

project system.

If you prefer CALIFORNIA

Opportunities for relaxed living and
career-building also at FTL's West
Coast Laboratories: San Fernando,
Cal., 15151 Bledsoe St.—openings in
Digital Computers, Inertial Naviga-
tion Systems and Infra Red Systems.
Palo Alto, Cal., 937 Commercial Street
—openings in Carrier Systems.
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Choose FTL-1T&T—where you build 2 careers in 1.

FTL’s East Coast Laboratory, Nutley, N. J.—

only 28 minutes by bus from New York City

r————_————————ﬂ

fm———————

S-t
MAIL THIS COUPON TODAY
Federal Telecommunication Laboratories
500 Washington Avenue, Nutley, N. J.
Please send literature describing opportunities
and benefits at FTL, in Nutley, New Jersey.

Name

Address

City Zone State

————————-—————J

Federal Plecommunication Laborafories

A Division of INTERNATIONAL TELEPHONE
AND TELEGRAPH CORPORATION
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is active; if not. it does not perform its
function, even though the two molecules
may “fit.”

Louis D. Moore. Jr.. of the Tennessee
Eastman Company. reported evidence
that polyethylene molecules grow to mo-
lecular weights ot 40 million or more—
Afar Jarger than the previously recognized
size of synthetic giant molecules.

Among the new products reported at
the meeting were strain-free svnthetic
sapphires. transparent to infrared and
ultraviolet, which may be usetul for
lenses and prisms; a powertul and versa-
tile new insecticide with very low tox-
icity for human beings; an all-purpose
lubricating grease made of lithium.

New Glue

) olvethvlene has been given a wider

range of uses by a new adhesive
that bonds it to rubber and brass. The
glue, developed at the Bell Telephone
Laboratories, will make polyethvlene-
covered telephone cables cheaper and
easier to manutacture. It will also serve
to protect any metal surface exposed to
corrosion: the surface can be brass-

| plated and” then covered with poly-

ethvlene.

The adhesive, discovered bv Henrvy
Peters, is made of polybutadiene. It is
applied as a liquid or a solid sheet be-
tween the surfaces to be joined. These
are then pressed together and heated.

Vaccines

\\”inston H. Price of the Johns Hop-
kins University last month an-
nounced a vaccine which prevents some
colds, but he believes it has “received
much more publicity than it warrants.”
The vaccine is a preparation of killed
JH (for Johns Hopkins) virus, which
proved responsible for about 30 per
cent of the colds studied in Price’s Balti-
more laboratory over a two-year period.
In experimental trials the preparation
decreased susceptibility to the infection
eightfold. But it is effective onlv against
this one organism, and no one knows
how common the JH virus is.

Isolating the virus was much more
difficult than making the vaccine. It was
isolated by special culture techniques.
Since discovering the virus, Price and
his colleagues have spent most of their
time studving its habits and distribution.
Now they are beginning to look for other
cold viruses.

While U. S. citizens pestered their
physicians and scrambled in black mar-
kets for a shot of the Asian flu vaccine,
a panel of experts from the University ot



want to find out how torrents of radiation

will affect your product and process?

Maybe you could do it right in your own plant—
any time you like—with a Picker HOTPOT, one
of Picker's “packaged” radiation fluxes. The
HOTPOT compacts millions of roentgens of high
energy radiation in a shielded cabinet no bigger
than a desk . . . and so safe you can keep it in
your office. Ask us about this and other Picker
irradiators.

need radiographic or fluoroscopic

inspection of your components, assemblies,
welds, castings, forgings or what have you?

We probably have just the machine to do the job
for you. The Picker spread of equipment em-
braces units spanning a radiographic range from
10 KV x-rays (for paper-thin materials) to 3 MEV
equivalent Cobalt 60 which can penetrate solid
lead inches thick.

looking for fine isotope instrumentation
backed by a national service hookup?

Look into Picker-built scalers, ratemeters, well counters, probes.
These (all other Picker equipment, too) are sold and serviced by
a far-flung network of service engineers with local warehouses
and service depots at strategic points. There's probably a Picker

District office near you (see your local ‘phone book).

got any other radiation problem nagging you?

Why not tell us about it?

We’ll be glad to help you if we can (chances are good)

boils down to this...

PICKER X-RAY CORPORATION
25 South Broadway, White Plains, N. Y.

iIf it has to do with RADIATION

it has to do with Iﬂ:ker)
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This relay may look like just another
Sigma 11F, but this is not the case. It’s
the new 11F with AC adjustment. As such,
it is the only AC relay available in the
low price field that can boast such small
size and all-around satisfactory perform-
ance within its ratings. This is why it sits
so smugly at the top of the page, without
even a headline.

It should be pointed out here and now
that this relay is strictly an on-off deal . ..
if you're looking for something fancier,
Sigma probably has it (at a higher price).
But, where you don’t need the frills—in
such items as water heater controls, tape
recorders, and small battery-powered

emergency lights used in restaurants,
gambling casinos and federal penitentia-
ries— the 11F-ACS has no peer.

For the less technical-minded (who can’t
figure out the specs from the comprehen-
sive application data above), the AC 11°s
have an operating level of 0.3 volt-ampere
and will switch one ampere resistive loads
at 28 VDC or 120 VAC. They are suita-
ble for applications requiring UL Approval.
Size, 1%:2" square x 1" high, max. Price
ranges from about $2.00 to $3.00 list in
sample quantities (which are available),
to about half that in quantities the de-
signers dream about.

Packaging of the Series 11F relays is also an exclusive in the relay field. The relays
fit snugly into specially designed molded foam layers which hold 25 or 50 relays
apiece and stack neatly (i.e. the bottom of the top layer is the top of the bottom),
eliminating the need for individual wrappers, fillers, boxes, bags, etc., and which might
simplify inspection and assembly handling. The executives illustrated are really con-
templating possible end-uses for these white foam layers. Suggestions so far include:
raw material for making Christmas decorations, lawn ornaments, backyard toboggan
runs, and a replacement for marshmallow fluff in peanut butter sandwiches. Any other

constructive suggestions will be welcomed.

Inquiries about the 11F AC relay are also invited.

SIGMA

SIGMA INSTRUMENTS, INC., 40 Pearl Street, South Braintree 83, Massachusetts
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California and Stanford University sug-
gested last month that the “hysteria”
was needless. The vaccine is only 50
per cent effective, they said, and it can
cause rather severe reactions. Assuming
that Asian flu threatens to attack 20 per
cent of the population, mass vaccina-
tion would help only one person in 10
of those vaccinated, and some of the
vaccinees might suffer more from the
shot than they would from the flu itself.
“If we were to give the vaccine to one
million persons across the board right
now,” said one panel member, “we
would have more deaths and illnesses
from the vaccine than from the flu.”

Electrochemistry of Behavior

New insights into the physics and

chemistry of mental activity were
reported last month to the American
Psychological Association at its meeting
in New York. E. Roy John and his col-
leagues at the University of California
at Los Angeles have traced the effects
of a psychological conditioning experi-
ment on the physical processes of the
brain.

Working with cats trained to avoid
certain stimuli, the U.C.L.A. team first
observed the changes in learned be-
havior that could be produced by dosing
the animals with a wide variety of chem-
icals. The substances tested ranged
from complex materials such as sero-
tonin and reserpine to potassium and
calcium. They were injected either into
the bloodstream or directly into the cats’
brains through little tubes implanted in
their skulls.

Depending on the chemical and the
place where it was administered, a num-
ber of specific and sharply differentiated
effects could be produced. Cats condi-
tioned to jump when they either heard
a certain tone or saw a certain light
signal were made to ignore the visual
signal while still responding to the audi-
tory one. They could be induced to
“forget” the significance of a 600-cycle
tone to which they had previously re-
sponded, while continuing to jump at a
1,200-cycle note. In certain cases the
chemical blocked the avoidance reaction
but not an emotional response: the cats
would cringe or otherwise show fear but
would not jump at the signal.

The psychologists then decided to
look for specific electrical changes in the
cats’ brains during the conditioning
process. They implanted pairs of tiny
electrodes in various parts of the ani-
mals’ brains and exposed them to a
“tracer” stimulus in the form of a light
that flashed at the rate of 10 times a



Brazed all-metal honeycomb sandwich saves
vital pounds in high-speed missiles

HEAT AND STRESS RESISTANT materials
are of vital importance in the
exciting area of missile technology.
Stainless steels and high alloys are
the best bet to date for hot-speed
applications —but the specific gravi-
ties of these materials present a
problem. Solar advanced technology
has helped solve this problem with
all-metal honeycomb sandwiches.
Solite®—a steel and high alloy
sandwich structure developed by
Solar—is a brazed material of foil-
thin ribbons bonded between metal
skins. It is lightweight, has remark-
able heat resistance at speeds

approaching Mach 3 and can with-
stand pressures that would crumple
unstructured metals.

Large new electric furnaces—the
only ones of their type—were
designed by Solar to braze the
sandwich structures. In addition to
stainless steel, various high alloys
are used for the honeycomb cores,
and research in the use of other
metals is in progress. For more than
a decade Solar has placed special
emphasis on guided missile technol-
ogy—developing new metalworking
techniques for the missile age.
Solar’s versatile missile team is
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available now! For more informa-
tion write to Missile Engineering,
Dept. D-100, Solar Aircraft Com-
pany, San Diego 12, California.
Designers, developers and manu-
facturers of gas turbine engines,
expansion joints and aircraft engine,
airframe and missile components.

SOLARX?

SAN DIEGO

AIRCRAFT COMPANY DES MOINES

ENGINEERS WANTED Unlimited oppor-
tunities, challenging projects, good living
with Solar! Write for new brochure.
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Ruud Water Heaters are widely used in homes to serve autamatic dishwashers and clothes washers, in schools and restaurants to meet
sanitary code requirements for extra-hot wash and rinse water in dishwashers, and in industry for controlled-temperature applications.

Hotter water for cleaner dishes from Cupro Nickel tanks

Automatic welder joining edges of a formed Cupro Nickel
cylinder to produce shell of a Ruud water-heater tank.

THE PROBLEM: To do a superior job
of cleaning clothes or washing dishes,
water should be really hot. For such
service, it must be heated and stored
well above the usual 140-150 degrees F
—and this is tough on ordinary water
heater tanks.

The problem faced by Ruud Manu-
facturing Co., which specializes in high-
temperature gas water heaters, was to
find a metal readily available at reason-
able cost which is highly resistant to

attack by many types of corrosive water
—at temperatures of 160-180 degrees F.
It also had to work out well on the pro-
duction line.

THE SOLUTION: Ruud talked things
over with Anaconda metallurgical spe-
cialists. Borrowing from experience in
meeting corrosion problems in industrial
condensers and heat exchangers, the
Anaconda men suggested that Ruud use
Cupro Nickel-755. This Anaconda cop-
per alloy, containing 10% nickel, com-
bines exceptional workability and weld-
ability with the strength and resistance
to corrosion needed for high-tempera-
ture water heater use. Ruud tried it, and

is now forming its tanks of Cupro
Nickel-755.

THE FUTURE: As the tasks imposed on
metals by our ever-changing technology
become more numerous and complex,
Anaconda and its manufacturing com-
panies — The American Brass Company
and Anaconda Wire & Cable Company—
constantly seek better ways of doing
things with nonferrous metals and prod-
ucts. Whether your problem concerns
corrosion, heat exchange, conducting
electricity, or better ways of fabricating
with metal, see the Man from Anaconda.
The Anaconda Company, 25 Broadway,
New York 4, N. Y. 57263

ANACONDA

THE AMERICAN BRASS COMPANY—-ANACONDA WIRE & CABLE COMPANY
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second. At first there was a 10-cycle
electrical response in many parts of the
brain. This died out as the animal be-
came accustomed to the stimulus. But
when the light was coupled with shocks
to produce an avoidance reaction, the
electrical response of the brain was re-
newed with greater intensity. Then, as
the conditioning became effective, the
simple 10-cycle activity dropped off in
some sections of the brain and persisted
in others. In still other sections there
was a new electrical response at some
multiple of the outside frequency—5, 20
or 30 cycles. When the conditioning was
complete, the 10-cycle signal elicited a
distinctive and varied pattern of elec-
trical activity over the brain. Now, if the
response was blocked by a drug, the
distinctive pattern disappeared and the
naive response to the stimulating signal
showed up again.

In a continuing series of experiments
John hopes to “get a very definite idea
of what goes on” in the brain during the
learning process.

Mass Media v. Segregationists

he resistance of white Southerners

to desegregation seems to weaken in
proportion to their exposure to news-
papers, magazines and radio and tele-
vision programs. So concluded Melvin
M. Tumin, associate professor of so-
ciology at Princeton University, in a re-
cent issue of The Public Opinion Quar-
terly.

Tumin and his graduate students con-
ducted a study among white male resi-
dents in Guilford County, N.C. They
found that those who read newspapers
and magazines and listened to programs
more often were not less prejudiced
about Negroes but were considerably
milder in the steps they said they would
take to maintain segregation. Asked
what they would do in specific cases

(e.g., a Negro sitting down in the same |

restaurant), most of the more sophisti-
cated Southerners were not inclined to
take aggressive action. To prevent
school desegregation the choices of ac-
tion they thought they would take were
in the following order: (1) attempt to
amend the Constitution, (2) withhold
state funds from desegregated districts,
(3) close the public schools, (4) use
force if necessary.

Tumin believes that this order of pref-
erence shows that informed Southern-
ers are less set against desegregation
than is commonly supposed, and that
their stereotype as to the Negro’s in-
feriority is likely to disappear after de-
segregation.

Physics and Rockets

by Michael Komich

A Senior Project Physicist in RMI’s Physics
Department, Mr. Komich is Head of the Ex-
perimental Projects Section. He directs various
studies concerning ignition and combustion,
detonation wave analysis and catal ysis. A grad-
uate of New York University, he holds a BSEE
and MS in Physics. He joined RMI in 1953.
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Fifteen years ago rocketry was a laboratory curiosity. Today the
defense of the nation has been placed in its hands. This un-
precedented growth could not have been possible without the
contributions of physics and the physicist. Conversely, rocket
science has enriched and enlarged the physical sciences. Numer-
ous theories and methods have been reappraised. Many ex-
perimental techniques, long considered definitive, have been
found inadequate and have been improved.

The interdependence of physics and rocketry can best be
shown by examination of a liquid propellant rocket engine.
Suitable fuels are atomized, and flow into a reactor; they are
combusted and allowed to flow out of a nozzle. The rocket
moves! In analyzing such a system, the direct application of the
laws of classical physics would produce errors. If the gases
were treated as ideal gases and the classical laws of incompressible
fluid flow and thermodynamics were applied, the results would
not fully describe the system. Consequently, new methods of
analysis were required. The development of these methods sig-
nificantly advanced the theory of the properties of real gases
and the flow of compressible fluids.

Attempts to apply classical combustion theory directly to the
complex rocket process failed. Tremendousefforts are being made
on rocket combustion problems, with some progress. However,
the process is still not understood completely.

The next step in our analysis is to allow the gases to flow out
of a nozzle. Again, attempts at a rigorous description of the
system are faced with many difficulties. No matter if we treat
the fluid flow as compressible or as incompressible, our knowl-
edge of both cases is meager. Thus, the study of fluid dynamics
of jets has become imperative.

Investigations of the physics of jets have resulted in significant
advances. Mathematical processes have been refined and
standardized. Optical techniques have been developed for the
qualitative study of jets. The thermodynamic properties of air
required additional study, and detailed tables are now available,
greatly simplifying many calculations. Finally, shock wave theory
has been studied theoretically and empirically with great success.

Rocket science has made its greatest contributions in the
field of measurement. New temperature measuring techniques
have evolved, notably thermocouples with extremely fast re-
sponse. Pressure measurement has been revolutionized by dy-
namic, as opposed to static, techniques.

Finally, to determine the details of the rocket’s operation,
special techniques for sampling gases at any point required
development. These methods have yielded valuable information
when used in conjunction with advanced analytical techniques,
such as mass spectrometry.

This brief discussion has still not touched many problems of
great importance. The important fact is that the techniques of
classical physics and modern rocket science, when joined, can
lead us to new solutions . . . and to continued progress.

Reprints of this article are available from
RM7’s Information Services Department.

RM’ REACTION MOTORS, INC.

DENVILLE, NEW JERSEY
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B &W Progress Report:

G B EDRREEHERLRCEER DY ECBO

B&W Fuel Elements, designed for Brazil and enriched
t0 20% U235, shown during critical experiment,

Validating Core Design of Research Reactors
Using 20% Enriched Uranium Elements

To confirm calculations of critical mass require-
ments for export research reactors using 20%-
enriched uranium alloy, B&W conducted validating
critical experiments with Hi-U (high-weight
uranium-aluminum alloys) fuel elements. These are
the elements now being supplied by B&W for South
America’s first swimming pool reactor at the Uni-
versity of Sao Paulo in Brazil. The critical experi-
ment conducted at Pennsylvania State University
under conditions duplicating those expected in
Brazil is typical of the thoroughness and sound
engineering traditional at B&W.

The Sao Paulo reactor, which was designed and
built by B&W, will serve as a source of neutrons and
gamma radiations and play an important role in
Brazil’s contribution to the fields of medical, bio-
logical and industrial nuclear research. Great flexi-
bility in thearrangementoffuel elements and methods

78

of irradiation make the B&W swimming pool re-
actor an adaptable, versatile research tool. This
type of research reactor has the lowest cost to flux
ratio of all available designs.

In addition to research reactors and fuel elements,
B&W designs, manufactures and services complete
nuclear power and experimental reactors and a large
variety of reactor system components. Write today
for further information. The Babcock & Wilcox
Company, Atomic Energy Division, 161 East 42nd
Street, New York 17, N. Y. AE-45

. BABCOCK
y & WILCOX

ATOMIC
| ~_ ENERGY

o
. DivISION
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"THE ORGANIZER”

How are the unspecialized cells of the dividing egg organized

into the specialized cells of a plant or animal? For 70 years

biologists have been searching for the answer by experiments

It’s a very odd thing—

As odd as can be—

That whatever Miss T. eats
Turns into Miss T.

—Walter de la Mare, Peacock Pie

In the realm of physics and chem-
istry an investigator must deal with
crowds; he can rarely if ever single out
one atom or one molecule for study. But
a biologist can focus on a single cell, on

Individuality is the hallmark of life.

NERVE CELLS with their typical long fibers were unorganized
ectoderm eight days before this photomicrograph was made by

by George W. Gray

the nucleus of the cell, on the individual
strands of material that make up the
nucleus, even, indirectly, on the activity
of a single gene. And so he learns that
not only is Miss T. unfailingly able to
convert steak and potatoes into the
unique pattern of the tall, angular, blond
woman that is Miss T., but every one
of the billions of cells that make up her
body carries the individual design that
marks it as exclusively her own. The
cells are not a crowd but members of

© 1957 SCIENTIFIC AMERICAN, INC

M. C. Niu of the Rockefeller Institute.
duced by fluid taken from a culture of embryonic “organizer” cells.

an organized community, each serving
a special function according to a pre-
established plan.

How this organization is brought
about is the central problem of biology.
If man is ever to understand what life
is, he must solve the mystery of how a
living thing takes inanimate material
and builds it into a germ cell, and how
this one cell, after fertilization by merg-
er with another cell, divides into two,
and then each into two more, and so on

T T Y
» .J‘?i‘-r.—r.{.‘ :

54

The change was in-
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DIVISION OF THE EGG of the salamander is depicted in this
series of somewhat schematic drawings. The first drawing shows the

through a succession of 40 to 50 cell
generations until a human being is born.
Everything that is now expressed in the
25 million million cells of the newborn
baby was precisely blueprinted in the
original germ cell. Not only the archi-
tect’s plan, but the machinery for build-
ing according to the plan was carried
in that seed of life not much bigger than
the point of a pin.

But how? By the operation of what
laws is a single cell able to multiply into
such different structures as skin cells,
bone cells, muscle cells, blood cells,
brain cells and all the rest—and at the
same time marshal this wide diversity
into a closely coordinated and smoothly
working whole?

Epigenesis v. Preformation

Embryology dates back to the shad-
owy dawn of Greek medicine. Two
thousand years before there was any
knowledge of the biological cell, physi-

GRAY "CRESCENT

FORMATION OF THE GASTRULA of the frog, which differs
somewhat from that of the salamander, is depicted in cross section.
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cians observed the differences between
organs and began to speculate on how
the organs were formed. The question
was raised by one of the Hippocratic
writers, and quite early in history two
concepts arose.

Aristotle argued that the mother con-
tributes the substance and the father the
structure of their offspring. He pictured
the male’s semen as the moving element
which organized the substance provided
by the female, just as an artist “imparts
shape and form to his material.” From
observations of animals, but mainly of
the developing chick in the egg, Aris-
totle deduced that the first organ to
emerge was the heart. He said:

“Either [the organs] are formed simul-
taneously—heart, lung, liver, eye, and
the rest of them—or successively, as we
read in the poems ascribed to Orpheus,
where he says that the process by which
an animal is formed resembles the plait-
ing of a net. As for the simultaneous
formation of the parts, our senses plainly

© 1957 SCIENTIFIC AMERICAN, INC

fertilized egg, with its characteristic “gray crescent.” The second
drawing shows the first cleavage of the egg, which is perpendicular

tell us that this does not occur; some of
the parts are clearly to be seen in the
embryo while others are not.”

Epicurus held another view. Believ-
ing that matter is everything (“there
are only atoms and the void”), he con-
tended that both parents contribute
material and that a child must be com-
pletely formed from conception, though
in miniature. The Roman rhetorician
Seneca later epitomized the idea in
these words:

“In the seed are enclosed all the parts
of the body of the man that shall be
formed. The infant in his mother’s womb
hath the roots of the beard and hair that
he shall wear some day. In the little
mass, likewise, are all the lineaments
of the body and all that which posterity
shall discover in him.”

Here are two strikingly contrasting
ideas. In Aristotle’s view there was a
gradual emergence of form from un-
differentiated material—a process which
has come to be called epigenesis (from

The first drawing shows the blastula, a hollow ball partly filled with
yolk cells. The second drawing shows the cells beginning to fold



to the gray crescent. The third drawing shows the egg divided into
four cells; the fourth, into eight cells; the fifth, into 165 the sixth,

the Greek, meaning “ensue upon”). The
other view, called preformation, asserted
the presence of a full-structured organ-
ization from the beginning, so that the
development of the embryo was simply
an enlargement of what already existed
in small scale.

It is interesting that in Renaissance
Europe it was the scholastics who ac-
cepted Aristotle’s theory, while medical
men and other biologists turned increas-
ingly to the embryology of the Epi-
cureans. By the 17th century the sway
of the preformationists was almost un-
challenged, and the concept was pushed
to the most absurd extremes. If the
embryonic germ is a complete body,
it was argued, then the germ must
contain all the organs and parts, includ-
ing the seed of the next generation, and
that seed in turn the seed of the next,
and on and on, like a series of Chinese
puzzle boxes. Mother Eve, it was said,
carried in her body the forms of all the
people to be born.

inward to form the gastrula. The third and fourth drawings show
the formation of the blastopore and the three layers of the gastrula:

Meanwhile the power of the glass lens
had been discovered. The pioneering
Dutch microscopist Anton van Leeu-
wenhoek focused his “optik glass” on
a drop of human semen and saw the
spermatozoa, which he named “animal-
cules.” Others took up the new instru-
ment, and among them was an ardent
preformationist who thought he saw in
each animalcule the form of a tiny hu-
man being, complete with head, body,
hands and feet! This observation led
to a great schism among preformation-
ists. For it suggested that Adam, rather
than Eve, contained all mankind. Many
forsook Eve to espouse the new dogma,
and they were called animalculists; those
who remained loyal to Mother Eve were
ovists.

Observations and Experiments

The first breath of fresh air came from
Germany. At the University of Halle,
Kaspar Friedrich Wolff watched the de-

ECTODERM
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into 32. The region just below the gray crescent later gives rise
to the blastopore (see drawings at the bottom of these two pages) .

velopment of the tip of a growing plant
through his microscope and made care-
ful drawings of what he saw. Shoot after
shoot showed only homogeneous tissue.
There was no sign in this tissue of the
leaves, flowers and other organs which
later emerged from the shoots. Wolff
noticed, moreover, that when the spe-
cialized parts did begin to form, each
appeared first as an almost imperceptible
prominence or swelling in the undiffer-
entiated tissue.

Wolff next trained his microscope on
the developing chick in the egg to see
what he could learn of animal tissue.
He found that the intestine gradually
formed from tissue which at the begin-
ning showed no rudiment of the organ
that was to come. And so with other
organs. Neither in a plant nor in an ani-
mal could he see any trace of preforma-
tion, and he concluded that in both the
developmental process was epigenesis.

Wolff’s 18th-century observations in-
augurated a rational approach to embry-

MESODERM

the ectoderm, the mesoderm and the entoderm. The medullary plate,
from which springs the nervous system, grows out of the ectoderm.
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CLASSIC EXPERIMENT performed by Hans Spemann involved
tying the salamander egg into two halves across the gray crescent.

ology, and other advances paved the
way: improvement of the microscope,
the firm establishment of the cellular
theory, the invention of the microtome,
the discovery of evolution, of the gene,
of proteins and of nucleic acids. Up to
the latter part of the 19th century, how-
ever, the epigeneticists and the prefor-
mationists continued their war of words
without direct experimental test, and
embryology remained almost entirely
a descriptive science. “Take 20 or more
eggs,” an experimenter of the fourth cen-
tury B.C. had instructed, “and let them
be incubated by two or more hens. Then,
each day from the second to that of
hatching remove an egg, break it and
examine it.” This preoccupation with
what we may call the natural history of
the embryo, paying little attention to
causal relationships, continued to domi-

SECOND EXPERIMENT by Spemann was to tie the egg parallel
to the gray crescent. The half of the egg with the gray crescent de-
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nate embryological research until almost
the turn of the century.

In the 1880s the speculations of a
German zoologist, August Weismann,
precipitated a significant investigation.
He developed a germ-plasm theory
which pictured the nucleus of the fer-
tilized egg as a mosaic in which “pri-
mordia” (starting points of the organs
and tissues) “stand side by side, sep-
arate from each other like the stones
of a mosaic, and develop independently,
although in perfect harmony with one
another, into the finished organism.” If
this were the case, then an embryo at the
two-cell stage would have one half of
the individual in each cell. Wilhelm
Roux, an anatomist at the University of
Breslau, decided to test Weismann’s
hypothesis. He figured that if he re-
moved one of the two cells at this stage,

TN
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The nucleus of the egg (marking at right in drawing at left) was
confined to one half. At first only the half containing the nucleus

the incubation of the remaining cell
would provide the needed test. And so
in 1888 Roux performed a historic ex-
periment. Taking the two-cell embryo
of a frog, he killed one of the cells with
a hot needle and let the other develop in
its natural water medium. The result
was a half-tadpole. This seemed to dem-
onstrate that each cell carried half of the
machinery for constructing the frog, and
the experiment was hailed as proof of
the mosaic theory of preformation.

But there were doubting Thomases.
They pointed out that the killed cell had
remained attached to the living one and
might conceivably have influenced its
development. Various attempts were
then made to separate embryonic cells,
and in 1891 this was accomplished by
Hans Driesch, working in a laboratory
in Naples. Driesch shook two-cell em-

veloped into a normal embryo (upper right), but the other
half produced only an unorganized “belly-piece” (lotwer right).



divided (drawing second from left). Later the other half began to divide. Eventually both
halves gave rise to normal embryos, one younger than the other (drawings at right).

bryos of sea urchins in a vial of sea
water and succeeded in disjoining the
two cells without injury. Under incuba-
tion each cell developed into a whole
sea-urchin larva. In later experiments
he separated a four-cell embryo into its
-components, then an eight-cell, and
finally one that had reached the 16-cell
stage—and from each he obtained on
incubation a complete animal.

This spectacular emergence of the
whole from a fragment was so contrary
to the popular dogma of the day that it
aroused embryologists. There was a
rush to the laboratories, and investi-
.gators who had been content merely to
watch life unfold now became ardent
experimenters. By the turn of the cen-
tury a whole new school of laboratory
workers were engaged on problems
which the conflicting results of Roux and
Driesch had posed. Among them were
Hans Spemann, a 31-year-old zoologist
at the University of Wiirzburg, and Ross
G. Harrison, a 30-year-old associate pro-
fessor of anatomy at the Johns Hopkins
University. These two became the lead-
ers, builders and teachers of the modern
science of developmental biology.

Spemann and Harrison

Both men were superb experimenters.
They knew how to ask the right ques-
tions of nature. Employing techniques
which in some cases had been pioneered
by others without definitive results, they
had the imagination to strip the prob-
lem to its simplest terms, bend the
experimental procedures to the new ap-
proach and thereby frame a question
in such a way that the subject could
respond. Spemann used to say that he
regarded the embryo as “a conversa-
tional partner who must be permitted

to answer in his own language”; Har-
rison had the same attitude. As one reads
the papers of these two masters of re-
search, Harrison appears to be more
matter-of-fact, more objective, a greater
realist, while Spemann seems more phil-
osophically minded, more concerned
with symbols, a searcher for wholeness.
They never collaborated in investigation
but were warm personal friends, fre-
quently consulting each other on specu-
lations and experimental results. Har-
rison often spent part of his summer
vacation visiting Freiburg, where Spe-
mann was professor from 1919 to his
retirement in 1935.

Harrison is most widely known, per-
haps, for his invention of the tissue-cul-
ture technique. It was devised to tackle
a problem in embryology, namely, the
origin of the peripheral nerves that con-
nect the brain with the end-organs of
touch, taste, smell and the rest. The
connection is through the spinal column,
of course, but how are the lines laid
down during development? Some in-
vestigators believed that the nerves grew
out from the neural tube, the primitive
spinal cord of the embryo. Others argued
that the fibers originated in the organs
and grew toward the cord.

Harrison conceived the idea of trying
to culture a minute fleck of tissue from
an embryonic neural tube in the nutrient
fluid to which it was accustomed, and
watching to see whether nerves could
grow out of it. He devised the “hanging
drop” technique, putting the bit of tissue
in a drop of fluid which was then sus-
pended from a glass cover slip laid over
a hollowed-out well in the center of a
glass slide [see drawing on page 86].
The tissue was a particle of neural tube
cut out of a frog embryo, and the fluid
was a drop of the animal’s lymph.
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Harrison watched the bit of tissue
almost continuously under a micro-
scope, and soon results began to show.
After a few hours delicate protuberances
began to bud out from the tissue. They
grew into filaments which extended into
the clotted texture of the lymph. Then,
in the same way, Harrison cultured bits
of non-nervous tissue—a piece of em-
bryonic muscle, a particle of intestinal
wall, other fragments of early organs.
All of them grew, but none sent out any
nerve fibers. Thus he demonstrated that
nerve development is a growth outward
from the neural tube, not inward from
the organs.

The hanging drop became one of the
most powerful tools of experimental
biology. In 1917 the Nobel prize com-
mittee of the Swedish Karolinska In-
stitute chose Harrison for the Nobel
award in physiology and medicine, but
for some reason the Institute decided not
to give the prize that year, and Harrison
never received this honor. But he has
had many others, and only last year the
Academy of the Lincei in Italy, the
world’s oldest learned society, sought
him out, at the age of 86, to give him its
Antonio Feltrinelli prize of $8,000.

Spemann, too, was the recipient of
numerous decorations. In 1935, six
years before his death, the committee
selected him for the Nobel prize and this
time the Karolinska Institute decided to
give it. The citation said that the award
was for “his discovery of the organizer
effect in embryonic development.”

The Organization of a Newt

Spemann’s discovery was made in ex-
periments with newts, a variety of sala-
mander. These small, lizard-like am-
phibians originate from eggs whose hab-
itat is water, so it is a simple matter to
keep the temperature and other condi-
tions favorable for incubation and nur-
ture. Comparative studies have shown
that the development of the salamander
egg parallels closely that of other back-
boned creatures, including man.

A peculiarity of the salamander’s egg
is that about half of its surface is dark-
colored, the other half light or colorless.
Immediately after fertilization a small,
crescent-shaped segment of the bound-
ary region between the light and dark
areas takes a grayish hue. This so-called
“gray crescent” is the first visible mani-
festation of profound changes occurring
within the egg. It appears just before the
self-duplication of the fertilized cell.

Spemann, like many other biologists
of his day, was fascinated by the prob-
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TISSUE WAS TRANSPLANTED by Spemann from a region above the blastopore of a
salamander egg (where it would normally grow into belly skin) to a region below the blas-
topore of another egg (where it would normally grow into nerve tissue), and vice versa
(drawings at top) . Later the cells which would have become skin tissue became nerve tissue
(lower left) , and the cells which would have become nerve tissue became skin (lower right).

TISSUE WAS REMOVED from the lip of the blastopore of a colorless salamander gastrula
and implanted in the ectoderm of a pigmented gastrula. The blastopore tissue of the color-
less gastrula induced the pigmented gastrula to make a second medullary plate. At left is the
medullary plate of a pigmented embryo; at right, the induced medullary plate on the
other side of the embryo. The light area in the induced plate is the implanted tissue.
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lem of testing Weismann’s mosaic theory
of preformation. Suppose, instead of
separating the two-cell embryo into its
halves as Driesch had done, the egg
were simply constricted across its middle
just before it cleaved? Spemann pro-
cured a strand of baby hair, made a slip
noose, looped it over the cleaving egg
and drew the strand tight, leaving only
a slender bridge of protoplasm between
the two halves. The nucleus of the cell
was sequestered in one half [see draw-
ing at top of page 82]. It began to split
and draw apart in two spindles, dupli-
cating itself in the process known as
mitosis. The cell on its side of the con-
stricting noose thus divided into two
cells, then into four. Meanwhile the cell
on the other side of the noose remained
just a single cell. Soon, however, it too
began to divide, after mitosis had oc-
curred on the other side in a cell close
enough to the pinched waist to send
nuclear material through the narrow
bridge. The net result was two embryos,
the one on the side with the original
nucleus developing first, but the other
finally catching up. Eventually two com-
plete salamander larvae developed.
Spemann repeated this experiment many
times, once getting 32 cells on one side
before nuclear material slipped through
and started development on the other.

Suppose the cleaving egg were
pinched in a direction at right angles to
the first—that is, parallel to the gray
crescent instead of across it [see draw-
ing at the bottom of page 82]. Would
this make a difference? Spemann made
the experiment and found the result in-
deed quite different. The half without
the nucleus eventually divided and sub-
divided, but its final product this time
was only an unorganized mass which
Spemann  called  Bauchstiick—belly-
piece. This belly-piece contained liver
cells, lung cells, intestinal cells and other
abdominal material—but it had no axial
skeleton, no nervous system, no unifying
pattern.

Why? Why should the unnucleated
half of the egg now produce only a
crowd of miscellaneous cells? Spemann
decided that the distinguishing differ-
ence between the experiments must be
the fact that in the first, each half of the
egg had part of the gray crescent,
whereas in the second, one half had
most or all of the gray crescent, while
the other—the half that failed to de-
velop—had little or none of it.

What was so significant about the gray
crescent? Spemann considered its “geo-
graphical” relationship to the known
tacts about development of an embryo.

After the embryo has developed to the



form of a hollow sphere, a dimple be-
gins to form on its surface, and this
deepens into a crater called the blasto-
pore. The cells around the lip of the
crater suddenly begin to slide in over
the brink, as if pushed by an invisible
hand. At the end of this process, known
as gastrulation, the salamander embryo
looks like a rubber ball with half of it
pushed in. Now the cells on the con-
cave outer surface, called ectoderm, will
become skin, brain, nerves, ears, eye
lenses and other sensory organs. A layer
of the cells that have migrated to the
inside, called entoderm, will develop
into lungs, liver, stomach, intestines and
certain other abdominal organs. An-
other infolded layer of cells, the meso-
derm, is destined to produce bones,
cartilage, connective tissue, muscle, the
blood and its vessels, and organs of the
urogenital system.

The Organizing Lip

How are all these fates fulfilled?
Spemann knew that the lens of the eye
is formed by a process of “induction.”
An eye begins as a tiny protuberance
budding off from the embryonic brain;
the protuberance grows into a vesicle,
and then the vesicle apparently induces
the skin overlying it to become a trans-
parent lens. Reflecting on his experi-
ments with pinched eggs, Spemann be-
gan to suspect that cells associated with
the gray crescent might be the primary
inducers of the whole chain of develop-
ment that produces an organized indi-
vidual. The gray crescent is merely a
surface feature of the egg which soon
disappears as the cells multiply. But the
blastopore forms just below the area the
crescent occupied. For other good and
sufficient reasons, Spemann focused his
attention on the lip of the blastopore and
addressed a series of questions to it.

How would it be if one took a bit of
tissue from the specific area of the em-
bryo that is destined to form belly skin
and transplanted it to the area behind
the blastoporal lip that is to form brain?
Spemann did that, using two specimens.
From one embryo he cut a microscopic
patch from the presumptive flank; from
the other he sliced a fragment of equal
size from the area that he knew would
form brain if left undisturbed. Then he
exchanged the two bits, transplanting
the presumptive flank tissue into the
wound left in the brain area and the
presumptive brain into the cut surface
of the flank. The grafts grew, the two
embryos developed, and lo!—the trans-
planted flank turned into brain and the
transplanted brain into belly skin.

After repeating this and similar ex-
periments many times, and always get-
ting the same answer, Spemann took up
a new line of questioning. Suppose, he
said, the lip itself were cut out and im-
planted in another embryo?

The two-story zoology building at the
University of Freiburg where Spemann
worked was teeming with students, and
among them was Hilde Proescholdt. It
was her good fortune to be looking for
a research project to fulfill the require-
ments for her Ph.D. Spemann outlined
his proposed experiment to the young
woman, appointed her his assistant to
carry it through, and thus she shared in
the great discovery published two years
later under their joint authorship.

For this experiment Spemann used
two varieties of salamander—one dark-
hued, the other colorless. The blasto-
poral lip was cut from the colorless em-
bryo and grafted into the belly of the
pigmented individual. The latter now
had two blastoporal lips—its own on its
topside, and the implanted lip from the
colorless salamander on its underside.
Thus there were two centers of organ-
ization in a single embryo. And what
happened?

Gastrulation occurred at each place:
that is, ectodermal cells migrated over
each lip into the mesodermal layer be-
neath. Eventually there developed two
axial systems, each complete with a
spinal column, head, trunk, legs and tail
—two baby salamanders joined like
Siamese twins! The extra salamander
had whole sheets of tissue made of dark
cells, as well as organs and parts built
of colorless cells. This showed that the
lip transplanted from the colorless em-
bryo had extended its organizing power
to multiplying cells of the host embryo.

Here, said Spemann, in the cells that
flow around the blastoporal lip, is the
primary center of induction. He named '
this region “the organizer.” He did not,
however, suppose that it controlled the
whole process of development: he saw
a succession of organizers at work, one
taking up where another left off, each
having its part in the sequence which
began with the migration of a sheet of
epidermal cells over the lip of the blasto-
pore and ended with the birth of a co-
herent, sentient being.

The New Questions

Spemann’s work is one of the great
landmarks of biological research. It ex-
emplifies, in the simplicity and direct-
ness of its approach, how the mind of |
a master investigator works. And his ex-
periments and interpretations brought a |
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sense of unity to the science of embry-
ology, leading it sufficiently out of the
trees to see the forest and to ask more
intelligent questions.

How the organizer and suborganizers
work is still a mystery. At first it was
thought that the movement of the cells
over the lip generated dvnamic effects
which induced differentiation. But a
simple experiment by A. Marx, one of
Spemann’s students, demonstrated that
the primary induction occurred when
there was no movement. Next followed
tests in which organizer tissue was sub-
jected to crushing, freezing, heating and
other injuries, and then implanted into
gastrulating embryos—whereupon it in-
duced the emergence of a central nerv-
ous system just as undamaged organizer
tissue had done. So the conclusion was
that induction must be a chemical effect,
and a search began for the potent chem-
ical or chemicals released by the organ-
izer cells.

Johannes Holtfreter, who served his
apprenticeship under Spemann, found
that even after the lip tissue was killed
in alcohol it was able to induce develop-
ment. The same discovery was inde-
pendently made by C. H. Waddington
at the Universitv of Cambridge. Holt-
freter went on to trv other salamander
tissues and then tested both living and
dead tissues of other animals—mouse
kidney, liver and brain and extracts from
chick embryos. Each induced the em-
brvo to form a neural tube. Various ef-
forts were made to analyze these alien
substances and blastoporal lip tissue

chemically. But all the analyses have
been inconclusive, and the situation was
further confused when Waddington,
Joseph Needham of Cambridge and Jean
Brachet of Brussels discovered the
astonishing fact that even the synthetic
dye methvlene blue induced formation
of nerve tissue when injected into a gas-
trulating embryo.

With this medley of causes and effects
in the record, and more seeming para-
doxes being added almost everv month,
it would seem that the era of experi-
ment has changed into an era of per-
plexity. Perhaps that is another way of
saying that the embryo is more versa-
tile and complex than anybody dreamed.
The situation can be likened to that
which arose in biology when it was dis-
covered that an unfertilized egg could
be made to develop into an animal by
pricking its membrane with a needle;
indeed, that virgin birth (“partheno-
genesis”) could also be induced by heat,
electric shock, ether and many other
agents. Apparently all that is needed
is some impulse to activate the egg.
Similarly, while blastoporal lip tissue
normally supplies the agent which in-
duces cells to differentiate, the in-
ductive force can also be supplied by
various other materials, both living and
dead.

Recently Victor C. Twitty and M. C.
Niu performed an experiment at Stan-
ford Universitv which demonstrated that
the action of the primary organizer is
mediated through some diffusible sub-
stance which it exudes. They cut a mi-

“HANGING-DROP” TECHNIQUE was devised by Ross G. Harrison to grow bits of embry-
onic tissue in vitro. He grew frog tissue in a drop of lymph on the bottom of a microscope
cover slip. At the top, the drop and tissue are shown from the side; at the bottom, from above.
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nute piece of blastoporal lip from the
early embryo of a salamander and cul-
tured it in a hanging drop. After several
days they introduced a bit of ectoderm,
consisting of about 15 cells, into the
drop. Although the ectoderm fragment
was not in contact with the lip tissue,
within 10 days it developed into nerve
and pigment tissue. They then changed
the experiment, this time using not the
lip tissue itself but only the fluid in which
it had been cultured for several days. As
before, the implanted ectodermal cells
gave rise to pigment and nerve tissue.
Thus it would appear that the organizer
is some secreted substance, and Niu
(who last year joined the staff of the
Rockefeller Institute for Medical Re-
search) is now trying to isolate the
active material. He thinks it may turn
out to be not just one substance but a
group of nucleoproteins, each specific
to the induction of a particular tissue.
Indeed, embryologists are fairly sure
that “the organizer” is not a single sub-
stance but a complex of agents and re-
actions.

The Organizer and the Genes

All that the organizer does, apparent-
ly, is to release capabilities already pres-
ent in the cell but dormant. You cannot
force a cell into an alien pattern. You
can change the direction of develop-
ment, but each cell has only a limited
“repertory.” Its repertory becomes more
and more restricted as development pro-
ceeds, and this restriction of potentiali-
ties is the very essence of embrvonic de-
velopment. It is a restriction under the
influence of the genes which reside in
the cell’s nucleus.

Oscar E. Schotté, now professor of
biology at Amherst College, who studied
under Spemann at Freiburg and later at
Yale University under Harrison, con-
ducted an experiment which brings out
beautifully the influence of the genes on
development. His project was to trans-
plant an embryonic bit from a frog to a
salamander. These two animals belong
to different orders and have striking con-
trasts in structure. The salamander larva
has teeth, and on each side of its head
are balancers which aid it in swimming.
The tadpole of the frog, on the other
hand, has no teeth but hornv jaws, and
the protuberances on the sides of its
head are suckers. From the underside
of a frog embryo Schotté took a slice
of cells which normallv would become
flank skin and transplanted it to the
prospective head area of a salamander
embryo. The salamander developed
horny jaws instead of teeth, and the



head suckers of a tadpole instead of
balancers!

From this we conclude that while the
organizer determines in general what
organs are to be formed, the genes con-
trol the details of those organs. It is as
if the genes in the frog cells said to the
salamander: “You tell us to form a
mouth, but we don’t know how to make
your mouth; we can make only a frog
mouth.” It is a case of the genes of one
animal confronting the alien organizer
of a different animal. The fact that they
are still able to team up to produce an
animal rather than a confused collection
of cells is an unsolved puzzle.

This much is sure: development is a
business of both preformation and epi-
genesis. The blueprint of the individual
is carried in the fertilized egg, but the
pattern takes form, organ by organ, as
it is called into being by the organizer
and is shaped in detail by the genes.

Medical Implications

All these studies, with their changing
tactics, have meaning for us. The plastic
embryonic cells of sea urchins, sala-
manders, frogs and chicks are, if not
brothers to our own cells, at least cous-
ins. What is learned of them applies
to all. And there are many practical
problems whose solution may hang on
the scientist’s fuller understanding of
what the organizer is. The cruel mal-
formations that occasionally arise dur-
ing the development of the embryo—
such as Siamese twins or babies born
without arms or legs—are failures of
organization. Cancer is a lawless crowd
of unorganized cells. As we gain in
knowledge of the laws of organized
growth we may get new clues to the
nature of the wild growth that produces
malignancy.

Recently, at the Rockefeller Institute,
Paul A. Weiss obtained striking evidence
of the capacity of cells to organize them-
selves. From the embryo of a chicken
he cut bits of skin tissue, of limb-bud
cartilage and of tissue destined to be-
come the coating of the eyeball. He
treated all these with an enzyme which
dissolves or loosens the “glue” holding
the cells together, and so got a mixture
of completely dissociated cells of three
kinds of tissue. Yet in a tissue culture
the cells reassembled themselves ac-
cording to their kind, and the limb-bud
cartilage proceeded to form bone, the
eye cells to form eyeball coating and the
skin cells to form feathers. “These ex-
periments imply,” said Weiss, “that a
random assortment of cells which have
never been part of any adult tissue can
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set up conditions—a ‘field, I call it—
which will cause members of the cell
group to move and grow in concert, fol-
lowing the pattern of a feather in one
case, of an eye in another and of a bone
in still another.”

In a second set of experiments Weiss
was able to watch organization at the
subcellular level. He cut a salamander
and then observed the healing of the
wound. The wound cavity filled with a
mucus-like liquid. While new skin grew
over the cut, connective tissue beneath
sent fibrils into the mucus. The tiny
fibrils at first were a jumble, like a log
jam in a river, but presently they be-
gan to assume an orderly arrangement,
forming alternate layers like cordwood
being stacked crisscross. “Two processes
were at work,” said Weiss. “The under-
layer of connective-tissue cells produced
the fibrils, organizing them out of mole-
cules, while the overlying layer of skin
cells organized them into a subcellular
construction.”

Down to the Molecules

Basically, of course, cell differentia-
tion depends on the operation of mole-
cule-forming processes. The molecular
building blocks of one tissue (e.g.,
muscle) differ radically from those of
another (e.g., brain). Heinz Herrmann,
head of the laboratory of chemical em-
bryology at the University of Colorado
Medical School, has called my attention
to the fact that investigators of develop-
mental biology have begun to focus on
the protein-forming systems of the em-
bryonic cell in their search for the “or-
ganizer.” Recent experiments in bac-
teriology are highly suggestive. They
show that in a bacterium a new enzvme
may suddenly emerge in response to an
environmental change. In other words,
a new differentiation suddenly appears
in one of the molecular building blocks,
and as a result the cell acquires a new
property, for every feature of its molec-
ular construction of course is controlled
by the catalytic action of enzymes.

Herrmann points out that embryology,
having arrived at the protein-forming
systems as the center of its search, now
joins forces with other branches of
biology—physiology, immunology, mi-
crobiology—which likewise are seeking
ultimate answers to their basic questions
in the hidden mechanisms by which cells
make proteins. Thus the mystery of the
development of an organism emerges
from its long isolation as a separate
study and becomes an integral part of
the many-sided inquiry into the nature
of life itself.



How the Queen’s picture kept its charm
Introducing *“FAXTAPE"— facsimile on magnetic tape

We were entirely in accord with the British
and Canadian points of view. Her Majesty’s visit
to Canada deserved special effort. . .which meant,
from us an earlier-than-planned unveiling of mag-
netic-tape facsimile recording.

To disseminate phone-line news photos of the
occasion, Ampex delivered FAXTAPE number

one to Canadian Overseas Telecommunication
Corporation’s Vancouver office. By recording pic-
tures off the wire onto tape, C.O.T.C. was pre-
Eared for retransmitting to overseas with no visi-

le loss of quality — desirable for any subject —
even more so for the Queen.

FAXTAPE records its own photograph and provides a revealing comparison. Left photo was printed
directly off the facsimile wire. Center is the photo after being received on tape and retransmitted. Right
is the same photograph after being retransmitted the conventional way off a facsimile print.

A SLOW-SCAN COUSIN OF VIDEOTAPE

Ampex’s FAXTAPE is to facsimile as Video-
ta;l)e is to television. It records the electrical sig-
nals used in picture transmission. Tape playback
reproduces identical voltage patterns, retransmit-
ting the picture and/or feeding a transceiver to
make a negative or print.

FAXTAPE is a versatile adaptation of an
Ampex FR-1100 instrumentation tape recorder.
FM-carrier electronics provide faithful amplitude
reproduction for accurate grey-scale with a tape
speed of 7% in/sec. matching phone-line frequen-
cy response of 2500 cycles/sec. A real technical
achievement in the system is a tough, reliable
time standard so precise that the drift is only one
second per week. This keeps picture skew down
to imperceptible levels.

PICTURE TRICKS
AND PRACTICAL ANSWERS

For news photos, weather maps, documents
and military data, picture quality no longer de-
mands simultaneous transmission to all receiving
points. From tape a second-generation facsimile
is as good as the original. Even a third or fourth
tape generation is entirely acceptable.

AMPEX

Forunattended receiving, FAXTAPE provides
one whole hour of recording time per reel. Unlike
a facsimile transceiver, magnetic tape does not re-
quire makeready on each picture — and inciden-
tally eliminates chance of wrong scanning speed
or photo development errors. Voice instructions,
coding and scale are recorded on the tape to-
gether with the picture itself.

Lines and radio links can be used more effec-
tively and economically with FAXTAPE. Fac-
simile can be collected on tape and held for avail-
able line time or clear broadcast conditions. Also,
when wider frequency bands are available, the
tape can be speeded up many fold reducing trans-
mission time accordingly.

Tricks? FAXTAPE plays back an electronic
picture. You can stretch it, shrink it, speed it up,
slow it down, invert the grey scale, juggle the val-
ues, or feed it all to a computer — subject only to
the limits of human ingenuity. Any ideas?

Can we send you a brochure? answer ques-
tions on a specific application? or mail more of
this informative ad series direct? For any of these
requests, please write Dept. S-9.

FIRST IN MAGNETIC TAPE INSTRUMENTATION

CORPFORATION

934 CHARTER STREET - REDWoOOD CITY, CALIFORNIA

District offices serving dall areas of the United States and Canada; Foreign Representatives in countries around the world.
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two minutes
to discover
"Microballoon”’
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“Microballoon” spheres are an exciting material on which to launch new creative ideas. Here they
are shown magnified sixty times under a microscope. Read their story below and see if their suc-
cessful applications may solve your research problems.

For new scientific discoveries...

Have you ever heard of “Microballoon™ spheres? Do
you know what they have done, or what they may be
able to do? Have you ever worked with these tiny spheres
yourself?

What are they ?

“Microballoon” spheres are the latest development in
phenolic plastics. These hollow, unicellular spheres have
an average diameter of only .0017 inch. Their density is
3 to 5 lbs. per cubic foot. They are resistant to hydro-
carbons and acids. In bulk. “Microballoon” spheres look
like reddish brown flour.

What have they done ?

Used as a low density filler, these spheres which contain
an inert gas, make it possible to control density and
physical properties. Researchers
tried them as fillers for plaster
and paper. They found that the
% plaster would take a driven nail
- without cracking. Paper was
- found to be more opaque with-
out being heavier.

i “Syntactic foam” is another
’ promising development. “Micro-
balloon” spheres in an epoxy
binder form a putty-like cellular
s:Registered Trade-Mark of the Standard Oil Company (Ohio)

Crack-resistant plaster

substance that makes possible a type of controlled foam
for on-the-spot installation in construction. After the
binder cures the result is a strong sandwich core which
has been used for boat hulls. Other advantages are light
weight and insulating properties.

Though permeable to water,
these hollow plastic spheres will
float on crude oil. They form a
blanket that reduces the evapo-
ration of costly volatiles, and
many oil companies have used
them successfully on cone-
roofed storage tanks for more
than three years.

Bakelite Company can
help your research

Your own investigation of this {
promising material may yield '
substantial rewards. As a start, '
learn more about “Microbal- |
loon” spheres first-hand. Bake-
lite Company’s laboratory facil-
ities, experience, and resources
will help. Write for the latest technical information. Sam-
ples are available.

ADDRESS :Bakelite Company, Foam Division, New
Products Engineering Department, 420 Lexington Ave-
nue, Room 2840, New York 17, N. Y.

Evaporation control

BAKELITE

BRAND

PLASTICS

UNION
CARBIDE

BAKELITE COMPANY, Division of Union Carbide Corporation, 30 East 42nd Street, New York 17, N. Y.

The terms BAkeLITE and UN1oN CARBIDE are registered trade-marks of UCC.

In Canada: Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario.
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SUPERCONDUCTIVITY

When certain metals are cooled to a few degrees above absolute zero,

they lose all electrical resistance. Although the phenomenon has not

bheen explained. it has now been found to adhere to some simple rules

Kamerlingh Onnes, a Dutch investi-

gator of the behavior of matter at
very low temperatures, passed an elec-
tric current through some frozen mer-
cury and made a startling discovery. He
found that, at a few degrees from abso-
lute zero, all resistance to the flow of

It was almost 50 years ago that Heike

by B. T. Matthias

the current disappeared. Physicists to-
day are still hunting for an explanation
of this bizarre phenomenon of super-
conductivity, which seems to contradict
some of our basic ideas about nature.
But though we do not understand it very
well, we are beginning to learn enough
about superconductivity to make use of

EFFECT OF A MAGNETIC FIELD on superconducting metals is studied with this
apparatus in the laboratory of A. L. Schawlow at Bell Telephone Laboratories. A sample
of superconducting metal is placed in liquid helium at the bottom of the cylinder at left.
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it. This article is a report of some recent
work which suggests that it may be pos-
sible to make superconductors which
can be used in electrical equipment held
at low temperatures.

Let us begin by considering the nor-
mal conduction of an electric current by
a metal. We know that the current is
transmitted by the motion of electrons,
driven through the metal’s crystal lat-
tices by the applied electric voltage. The
electrons collide with the atoms in the
lattice; this impedance of their motion
constitutes the conductor’s electrical re-
sistance. The resistance increases as the
temperature increases, because the vi-
brating atoms in the lattice then oscillate
over wider distances from their lattice
positions and interfere with the elec-
trons” motion more strongly.

Now it is reasonable to suppose that
if the atoms’ vibrations were completely
stilled by reducing the temperature to
absolute zero, resistance to the flow of
electrons might drop to an undetectable
level. But Kamerlingh Onnes found that
resistance vanished abruptly at several
degrees above zero. Mercury became
superconducting at 4.2 degrees Kelvin;
certain other metals did so at different
temperatures in the low range down to
around one degree—the lowest Kam-
erlingh Onnes could reach. Later the
German physicist W. Meissner discov-
ered another peculiar property of met-
als in the superconducting state. They
were impervious to a magnetic field:
placed between the poles of a magnet,
they completely expelled the field, so
that the lines of magnetic force went
around the material [see diagram on
page 94].

About 20 years ago Fritz London, a
+ X German-born physicist then work-
ing in England, suggested a theory



SAMPLE IS PREPARED for an experiment with the apparatus by a low retaining wall made of paper. At right the surface of the
on the opposite page. At left is a disk of very pure tin surrounded disk has been covered with a powder of the element niobium.

SAMPLE IS LOWERED into apparatus (left). Around it is the net around the flask has been switched on, the particles of niobium
silvered wall of an insulating Dewar flask. After an electromag- move into superconducting and non-superconducting areas (right).
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KENNAMETAL*

‘“Takes a Pounding”
Many Times Longer
than the Hardest Steel

Valving parts on processing equipment are
often the first and most persistent source of
trouble. Kennametal has been successfully
used in dozens of these applications. Its un-
usual combination of properties has virtually
eliminated maintenance difficulties.

For instance: Kennametal has a YME of
60 to 90 million psi—214 to 3 times that of
the hardest steel. Deformation under pressure
is thus only 14 to 14 that of steel. The parts
also have greater resistance to abrasion, last
up to 100 times longer than the hardest fer-
rous alloys, and have greater resistance to
erosion, cavitation, and attack by acids and
other corrosive agents. Kennametal or Ken-
tanium#* ball and seat sets have been operat-
ing for years under severe conditions in oil
well pumps, hydraulic systems, and chemical
processing equipment. Other applications in-
clude rotary seal rings, bushings, needle valves
and cones, nozzles, and metering orifices.

A wide range of Kennametal compositions
is available to meet specific service conditions:

KENNAMETAL tungsten carbide grades
for resistance to severe abrasion . . .

K501, a platinum-base carbide, for use
where corrosion is combined with abrasion. ..

KENTANIUM where light weight is desir-
able and high temperatures are encountered.

If your idea for some revolutionary appa-
ratus involving high temperatures, high pres-
sures and severe corrosive conditions needs a
special-property material to get it off the
drawing board . . . just write KENNAMETAL
INc., Latrobe, Pa., Department SA.
*Kennametal and Kentanium are the trademarks of a
series of hard carbide alloys of tungsten, tungsten-

titanium, tantalum and platinum.

C€-3094

METAL

IHNDUSTHRY

KEN

94

about the behavior of matter in the
superconducting state. Since the free
movement of electrons through a super-
conducting metal is analogous to the
unimpeded motion of electrons in their
orbits around the nucleus of an atom,
London reasoned that an external mag-
netic field fails to penetrate a supercon-
ducting material because it shifts the
large “orbits” of the electrons in the
material so that they set up a counter-
acting magnetic field of their own.
London’s concept gave an under-
standable picture, but of course it did
not explain why a mass of material
should behave like a single giant atom—
that is to say, why reduction of the ma-
terial to a very low temperature should
create unobstructed orbits for the flow
of electrons. In 1950 H. Frohlich at
Purdue University and John Bardeen
of the Bell Telephone Laboratories at-
tempted a more specific explanation.
Their theory said that at low tempera-
tures the vibrating atoms in a crystal
lattice no longer obstruct the flow of
electrons but on the contrary begin
abruptly to conduct this flow in a wave-

like way; in other words, the lattice vi-
bration itself becomes the agent that
makes the metal superconducting.

According to the Heisenberg uncer-
tainty principle in the quantum theory,
the vibrations of atoms can never die
away entirely. Even at absolute zero
the atoms in a lattice would retain an
irreducible motion, called “zero-point
vibration.” The Frohlich-Bardeen the-
ory of superconductivity holds that at
very low temperatures these vibrations
of atoms and the motions of electrons
are synchronized, so to speak. As a re-
sult of the interaction between the atoms
and the electrons, the electrons reduce
their energy and ride along with the lat-
tice vibration as on a wave. Thus re-
sistance to the flow of electrons dis-
appears.

The theory was suggested by the fact
that metals which are comparatively
poor conductors at normal temperatures
are most apt to be superconductors at
low temperatures. Frohlich and Bar-
deen reasoned that since these metals
have a strong scattering effect on elec-
trons at elevated temperatures, they

EFFECT OF SUPERCONDUCTIVITY on a magnetic field is depicted in these schematic
drawings. A sphere of ferromagnetic material (circle at left) concentrates the lines of force
| in a magnetic field. A sphere of superconducting material (circle at right) expels the field.
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e No matter what your absorption problems
may be, chances are you’ll find the answer in
Micro-Cel —Johns-Manville’s new line of syn-
thetic calcium silicates.

Pound for pound, Micro-Cel gives you far
more absorption than common fillers like talc
and clay . . . even outperforms products like
silica gels selling for as much as 10 times Micro-
Cel’s delivered cost of 8¢ to 10¢ per pound.

Dollar for dollar, Micro-Cel’s high absorption
also wins out over both low cost and high cost
fillers. Only 28¢ worth of Micro-Cel will convert
a full gallon of liquid to a dry free-flowing
powder. As little as 12¢ worth provides ultimate
absorption of a gallon of water.

Industry is putting these properties of Micro-
Cel to work in several types of applications: as an

One pound of

MICRO-CEL

absorbs as much
linseed oil as
these weights of
other fillers...

You need 14 pounds of taic to
equal the absorption of

1 pound of MICRO-CEL

1241 kaoLin cu%;:

SYNTHETIC
CALCIUM
SILICATES

absorptive carrier to convert a liquid to a dry
free-flowing powder; as a means of drying semi-
solids to desired degree; to disperse liquids uni-
formly in a dry compound; to absorb moisture
and reduce drying costs; to control liquid viscosity
up to a paste or semi-solid; to assure good free
flow propertiesof deliquescent crystals or powders.

Micro-Cel, the powder that flows like a liquid
is a new line of inert synthetic calcium silicates
produced by combining lime with diatomaceous
silica under carefully controlled conditions. In
addition to high absorption, it provides particle
size as small as .02 micron and bulking action
up to a full cubic foot for every three pounds.

For further information, samples and techni-
cal assistance, write to Johns-Manville, Box 14,
N.Y. 16, N.Y. In Canada, Port Credit, Ontario.

441b. TALC
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i
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. JOHNS-MANVILLE

Micro-Cel is a product of the Celite Division
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should have a strong ordering effect on
electrons when the vibrations of their
atoms and the motions of electrons be-
come coordinated at low temperatures.
On this reasoning, materials whose vi-
brating atoms interact strongly with elec-
trons should become superconductors
more readily (i.e., at higher tempera-
tures above absolute zero) than those
whose atoms interact weakly with elec-
trons. As a corollary, the heavier the
element, the less likely it is to become a
superconductor, because its low-tem-
perature vibrations will be compara-
tively slow. Frohlich predicted that
light isotopes of an element would be-
come superconducting sooner (at high-

Industrial

Periscopes

AT
HANFORD

SAVANNAH er temperatures) than the heavier ones,
and this proved to be true.

RIVER Recently Bardeen, Leon N. Cooper
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and J. Robert Schrieffer at the University
of Illinois worked out a more complete
new theory. It yields a correct descrip-
tion of properties of a superconductor,
but there is still some question about the
mathematical rigor of its treatment of
the magnetic effect.

In 1950 John K. Hulm and I decided

to try an entirely different approach.
Since the theories offered no dependable
means of predicting just what sub-
stances might be superconductors, or at
what temperatures they would reach
this state, we set out to find supercon-
ducting materials strictly by experiment.
Our hope was that after we had tested
a large number of substances, we might
begin to see a pattern which would
identify some of the physical and chem-

.10 15

RESISTANCE (OHMS)

ELECTRICAL RESISTANCE OF MERCURY is plotted against temperature. The resistance

disappears entirely at about 4.2 degrees Kelvin (4.2 degrees centigrade above absolute zero).



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

VAT AVAAVTAZAVATEY:

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

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

time with maximum accuracy ... with a Davies HONEYWELL

Laboratories Automatic Wave Analyzer.
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SUPERCONDUCTING ELECTRONS (wavy lines at top) interact in an orderly way with
atoms (dots) in a crystal. Ordinary conducting electrons (bottom) are deflected by atoms.
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ical properties associated with super-
conductivity.

Having almost no clues as to where
to look, we tried one compound after
another. At first we seemed to be get-
ting nowhere. But after three years of
testing a great number of compounds a
crucial fact began to emerge. It ap-
peared that the decisive factor deter-
mining how readily a substance would
become superconductive was the num-
ber of valence electrons possessed by its
atoms—valence electrons being those in
an outer unfilled shell. We found that
the only substances which became
superconducting were elements or com-
pounds with an average of between two
and eight valence electrons per atom.
And within this range the materials with
an odd number of valence electrons
per atom—three, five or seven—become
superconducting most easily (farthest
above absolute zero).

Here is the kind of rule we have been
looking for. We now have a specific
guide to finding or synthesizing super-
conductors. We should seek substances
with an average of three, five or seven
valence electrons per atom. To this rule
we can add a few other helpful clues: it
is known, for instance, that supercon-
ductivity is favored by certain kinds of
crystal structure and by the amount of
empty space in the crystal (i.e., space
not occupied by atoms).

With these empirical rules to steer us,
we have been able to produce many
superconducting materials. I shall il-
lustrate with a few particularly striking
examples.

he rare element technetium, found

only as a product of uranium fission
in atomic reactors, has seven valence
electrons and a crystal structure favor-
able for superconductivity. John G.
Daunt and James W. Cobble at Ohio
State University had found that tech-
netium does, in fact, become a super-
conductor at a relatively high tem-
perature—11 degrees Kelvin. Now the
elements before and after technetium in
the periodic table, are, respectively,
molybdenum and ruthenium. Ruthe-
nium, with eight valence electrons, has to
be cooled to within half a degree above
zero to become superconducting. Molyb-
denum, with six valence electrons, can-
not be made superconducting at all at
the lowest attainable temperature
(around one tenth of one degree above
absolute zero). But if we make an alloy
composed of equal parts of molybde-
num and ruthenium, so that the average
number of valence electrons per atom



RARE EARTH RESEARCH

Recent interesting rare earth research developments

We are frequently fascinated by the
imagination of researchers who are
working with the rare earths. It appears
that technical people, observing the
many essential uses of rare earth salts
in chemical and industrial processes,
are looking at these fifteen unique ele-
ments as a fertile field for exploration.

During recent years, rare earths have
been accepted as basic chemical tools
in a wide cross section of American
industry. This suggests that fruitful
results may be expected from the rare
earth research projects currently being
carried on in industrial laboratories and
pilot plant operations from coast to
coast. Here, for instance, are half a
dozen which may interest you.

UM

MILES OF MISCH. This isn’t a new appli-
cation, but we’re wondering if vou
know that misch metal (an alloy of the
mixed rare earths) is available in wire
form as well as in ingot and rod form?
Cerium alloys can also be had in pow-
der form; they are used as getters in
vacuum tubes. We don’t make the
metal,but we can putyouin touch with
those who do.

FLAME SPRAYING. A new process for
flame spraying various refractory oxides
on metallic surfaces has been brought
to near completion. Titania, zirconia
and alumina can be flame sprayed, but
the thing that interests us is that flame
sprayed cerium oxide has some unusual
properties. Rare earth oxide is a good

a report by LINDSAY

heat radiation material, and it seems
that metallic surfaces coated with rare
earth oxide radiate heat much faster
than do untreated surfaces.

’

RARE EARTHS IN PLASTICS. We fl'arlkly
don’t know what sort of things rare
earth-impregnated plastics could be
used for, but a couple of people have
taken enough interest in this problem
tomake up experimental samples.We've
been doing some playing with them
ourselves and have some ideas about
using them. Polyethylene, for example,
can be fabricated to hold up to 5 to 10
times its weight of rare earth oxide, and
we’ve even seen some precision-bore
epoxy tubing made with a rare earth
oxide filler.

SEPARATION AND SAMARIUM. We are
like a slaughter house in that we would
like to use everything that a rare earth
separation process turns out, including
the squeal. With the interest that has
been generated in using gadolinium as
a neutron absorber (thermal cross
section about 46,000 barns), we have
accumulated quite a pile of samarium
oxide in rather decent purity. In the
process of separating gadolinium and
some of the other rare earths, samarium
is produced as a by-product. If you can
think of a use for samarium, we have
the samarium compounds.

RARE EARTH GARNETS. These are struc-
turally somewhat similar to the garnet

PLEASE ADDRESS INQUIRIES TO:

] INDsAY (HEMICAL (OMPANY
UWsitls Zangest Fvducer of Fhordiem and Fianre Carith Clomizals

variety grossularite (formula CazAl,
(Si0,);). The most interesting ones are
the rare earth-iron garnets such as
Y;Fey(FeO,)s. This mouthful of for-
mula has been abbreviated by research-
ers to “YIG” for obvious reasons. Other
names stem from other rare-earth sym-
bols. These garnets, particularly those of
yttrium, gadolinium, erbium, and some
others have interesting ferromagnetic
properties, making them useful as fer-
rite materials in electronic equipment.
We don’t make the garnets, but we do
make the rare earth oxides needed to
prepare them.

SINTERED SHAPES. One of our friends
once wanted to know if rare earth ox-
ides could be pressed and sintered into
shaped pieces. Apparently they can,
and our friend made up some experi-
mental hot-pressed rare earth oxide and
cerium oxide pieces for us.

—

Lindsay produces thorium and rare
earth salts in purities up to 99.99% for
a rather surprising variety of chemical
and industrial applications. Most of
these materials are available for prompt
shipment in quantities from a gram to
a carload.

We will be pleased to supply your
research and process development peo-
ple with technical data, analyses, prices
and whatever may be helpful to you in
exploring the possibility of the profit-
able application of rare earths to your
own problems.

264 ANN STREET e WEST CHICAGO, ILLINOIS
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SAMPLES IN CAPSULES at top are tested by Matthias for superconductivity by lowering
the capsule into a coil cooled with liquid helium. In this photograph at the bottom a cap-
sule may be seen through a window in the apparatus just before it is lowered into the coil.
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is seven and the crystal structure is
identical with that of technetium, the
combination becomes superconducting
at 10.6 degrees—almost exactly the same
as technetium’s transition temperature!

Molybdenum can be made a super-
conductor by dissolving in it a little
rhodium, which has nine valence elec-
trons and therefore raises the average
number in the mixture to slightly more
than molybdenum’s six. The same is
true of tungsten, which like molybde-
num has six valence electrons and will
not become superconducting alone. We
have produced many different super-
conductors by alloying molybdenum or
tungsten with other elements, such as
columbium (niobium), phosphorus, an-
timony or boron.

It is even possible to make a super-
conductor by combining two elements
which by themselves are totally unfitted
for this property. A good example is the
combination of silicon and cobalt. Sili-
con, of course, is not a metal or a con-
ductor of electricity. Cobalt has two
qualities which completely disqualify
it for superconductivity: it has nine
valence electrons and is strongly mag-
netic. Yet when silicon and cobalt are
combined in a cubic crystal structure,
they become a superconductor, because
the silicon neutralizes cobalt’s mag-
netism and reduces the average number
of valence electrons per atom to the
appropriate range.

Again, we can employ another type
of manipulation based on the fact that
crystal bulkiness promotes supercon-
ductivity. There is a compound of nickel
and arsenic which has a favorable crys-
tal structure and a favorable valence-
electron number, yet it fails to become
superconductive as we would expect.
What we did in this case was to replace
half the nickel with the bulkier atoms
of palladium, and this mixture then be-
came a superconductor.

We found that the most favorable
crystal structure for superconductivity
was the one called the beta-tungsten
structure—a cubic arrangement of eight
atoms which makes the crystal bulky,
with considerable space between some
of the atoms. Compounds with this
structure and a valence-electron average
between 4.5 and 4.75 per atom proved
to be particularly disposed to become
superconducting. On that basis we de-
duced that a compound of tin and co-
lumbium should reach the supercon-
ducting state at a comparatively high
temperature. It turned out that this
compound could be made and did in
fact become a superconductor at slightly



For You— New Opportunities for Product Improvement through

KINNEY MFG. DIVISION
Boston, Mass.

High Vacuum Mechanical Pumps, single
stage, 13 to 780 cfm, pressures to .01
mm Hg; two stage, 2 to 46 cfm, pres-
sures to .0002 mm Hg; Mechanical
Booster Pumps, 30 to 5000 cfm, pres-
sures to .0001 mm Hg. Rotary Liquid
Handling Pumps to 3000 gpm.

VACUUM EQUIPMENT DIVISION
Camden, N. J.

Complete KINNEY Vacuum Systems—

Vacuum Furnaces (Arc, Induction or Re-

sistance), Evaporators, Optical Coaters

and Metallizers, TV Tube Aluminizers; Oil

Diffusion Pumps, Gages, Valves and Oils.

WATERTOWN DIVISION
Watertown, N. Y.
Railroad Air Brake equipment of all
types; STRATOPOWER Hydraulic Pumps
and Motors for Aircraft, to 5000 psi for
operation to 400° F.

KALAMAZOO DIVISION
Kalamazoo, Mich.

HYDRECO Hydraulic equipment for indus-
trial and mobile applications. Gear and
Dual-Vane Pumps and Motors to 2000 psi,
to 120 gpm, to 120 hp. Control Valves
to 2000 psi and 150 gpm. Cylinders:
Telescopic, Single and Double-acting
to 10” diameter, strokes to over 20 ft.

AURORA PUMP DIVISION
Aurora, Ill.
AURORA Centrifugal Pumps to 8500 gpm
and 600 ft. heads. APCO Turbine type
Pumps, 5 to 150 gpm, heads to 700 ft.
Condensate Return Units 800 to 100,000
sq. ft. radiation.

Above—Typical High
Vacuum Furnace built
by KINNEY.
Left—Famous KINNEY
Mechanical Booster
Vacuum Pump.

VACUUM METALLURGY

The whole broad picture of met
allurgy is undergoing dramatic
change with NEW metals, NEW
alloys and NEW qualities in con-
ventional metals. Today, engi-
neers and fabricators must “take
a second look" because the list of
unavailables is being drastically
reduced. Many pure metals and
alloys, heretofore too costly, are
now economically practical. From
humble Iron castings to Titanium,
Vacuum Degassing is imparting
new characteristics, properties
and uses to hundreds of metals.

Now, there are KINNEY Vacuum
Furnaces for melting, refining and
sintering powdered metal parts in
volume at temperatures exceed-
ing 2000° Centigrade; furnaces for
alloying, consolidating, brazing,
annealing, welding and heat treat-
ing under High Vacuum or pres-
surized atmospheres of inert gas.

What this means to you is—a
broad new horizon of product
improvement, reduced rejects,
predictable performance — and
last, but not least, sound, profit-
able production.

The KINNEY Mifg. Division of The
New York Air Brake Company has,
for years, maintained an interna-
tional reputation for leadership in
the development of High Vacuum
equipment. Here, High Vacuum
"know-how' and Imaginative
Engineering spark advanced type
High VacuumPumps, Components
and Completely Engineered Sys-
tems for the physicist, research
technician and producers of Met-
als, Electrical and Electronic
devices, Refrigeration and Air
Conditioning equipment, Optical
lenses and many Chemical and
Pharmaceutical products.

Write to Kinney Mfg. Division, 3529 Washington
St., Boston 30, Mass. for Bulletin No. 1102A and
further information on High Vacuum Furnaces.

THE NEW YORK AIR BRAKE COMPANY /[,

230 PARK AVENUE o NEW YORK 17, N. Y.
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Only the men are flying

The fact is, men beat birds at
their own game. Even when our
feathered friends are grounded, we’re
aloft; flying ever higher, faster, safer,
further. And, unbelievable as it may
seem, more accurately.

Among the companies spear-
heading man’s conquest of the sky
are nine of the GPE Group. Their
contributions are basic —technologi-
cal bench marks such as—

e the only compass systems
that always know where north is,
whatever the plane does, wherever
it goes: Kearfott’s stable-platform
gyro compasses;

e the only simulators to meet
the need for on-the-ground training
in supersonic flight: famous Link
jet simulators;

e the only airborne navigation
systems in operational use guiding
planes automatically and with un-
precedented accuracy — anywhere,
in any weather: GPL Doppler auto-
navigators.

Inertial navigation, missile guid-
ance, photoscience, and certain nu-
clear power applications, are some
other phases of aviation in which
GPE companies are deeply and
jointly involved. And while many of

GENERAL PRECISION EQUIPMENT

the products of the GPE companies
— particularly in the field of avia-
tion —serve defense needs today, the
important scientific advances they
embody are “plowshares” for to-
morrow.

Aviation is but one industry in
which GPE companies work. A bro-
chure describing the activities of the
group is available. More than a
dozen basic industries are served by
products resulting from GPE coor-
dinated technologies and resources.

il CORPORATION:

PRINCIPAL PRODUCING COMPANIES < Askania Regulator « GPL « Graflex ® Griscom-Russell
Hertner Electric  Kearfott ¢ Librascope o Link Aviation e Pleasantville Instrument ¢ Precision Technology ¢ Shand and Jurs  Simplex Equipment e Strong Electric
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man aloft

The pilot — before he set eyes on this
jet, before he set hand to the actual controls
— had already “flown” it. He learned how,
on the ground, in a Link F-102 Simulator

. one of more than a million fliers who
have logged “Link time.” Millions more will.

Military flight and fliers benefit im-
measurably from the systems and equip-
ments developed by GPL, Kearfott, Libra-
scope and the other GPE companies working
in aviation. Once these classified products
are released for civilian use, everyone will
enjoy their benefits.

The coordinated resources of the
companies of the GPE Group, so ef-
fective in anticipating and meeting
the needs of flight, serve with equal
effectiveness otherindustriessuch as:
Automatic Controls and Instrumentation

Chemical and Petroleum
Marine
Motion Picture and Television
Paper, Printing and Textile
Power Generation and Conversion
Steel, Mining, Transportation

For brochure describ- |

ing the work of the

GPE Group, write to: 7
GENERAL PREcCISION EQUIPMENT
CORPORATION, 92 Gold Sireet,
New York 38, New York.

| above 18 degrees Kelvin—the highest

transition temperature yet found.
can conceive of substances that

\\ may have transition temperatures
as high as 30 degrees, but so far we
have not succeeded in making stable
compounds with the necessary specifica-
tions. At all events, transition tempera-
tures such as 18 degrees already bring
us into a range where we can begin to
envision putting superconductors to
work in a practicable way. Cooling ap-
paratus for maintaining materials at
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these temperatures by the use of cold
helium gas or liquid hydrogen is com-
mercially available. We can now con-
sider employing superconductors for
sensitive electrical measuring instru-
ments, switches, computer memory de-
vices, resonating chambers in radio
equipment and perhaps even transmis-
sion lines, say from the antenna to the
amplifier of a radio telescope. In all
these devices a superconductor would
make it possible to handle extremely tiny
currents or signals without any loss of
their energy.

[Ry]
6 7 8 9 10

NUMBER OF ELECTRONS

‘ TRANSITION TEMPERATURE, or temperature at which a substance becomes supercon-
ducting, is related to the number of its valence electrons. The transition temperature of
lanthanum (La) is 4.37 degrees Kelvin; of thorium (Th), 1.39 degrees; of zirconium (Zr),
.7 degrees; of titanium (T1i), .53 degrees; of hafnium (Hf), .35 degrees; of niobium (Nb),
8 degrees; of vanadium (V), 5.1 degrees; of tantalum (Ta), 4.4 degrees; of uranium (U),
.8 degrees; of technetium (Tc), 11 degrees; rhenium (Re), 1.7 degrees; osmium (Os), .71
degrees; ruthenium (Ru), .47 degrees. Only one group of 13 superconducting elements is
shown. There is a second group of 10 elements, and a large number of compounds and alloys.
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Avco today

Avco’s Lycoming
raises
the ceiling

for business

Today, business is climbing, literally,
to new heights. Part of the story

is the executive mobility made possible
by a growing reliance on faster, more
powerful twin-engine corporate and
utility aircraft.

Business got its first power plants

from Lycoming. Today, more Lycoming
engines roar in twin-engine executive
aircraft than any other engines in

the world. And Lycoming’s engineers
are developing new, light, supercharged
engines and gas turbines . . . to help
shrink distances for America’s business.

THIS IS AVCO

Avco today is a diversified organization
whose products include aircraft 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

and aireraft structures . .. American
Kitchens . . . New Idea and Ezee Flow—
specialized farm equipment . . . Research
and Advanced Development . .. Crosley
Broadcasting Corporation . . . Moffats
Limited (Canada)—commercial gas

and heating equipment.

Sctentists interested in unusual opportunities

for advancement can grow with Avco.

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



BATS

A few remarkable and hittle-known facts about these I_lying mammals:

some of them have a wingspread of nearly five feet, some catch fish

on the wing, some mate in the fall but do not conceive until spring

« ‘ I espertilio the Bat is a paltry ani-
mal,” says a 12th-century book
of beasts. “It takes its name from

the evening (vesper) when it goes out

upon the air. It has wings, but at the
same time it uses teeth—a thing not usu-
ally found in other birds. The bat partu-
riates like a quadruped, bringing forth
not eggs but living young. Moreover, it
does not fly with wings, but is sup-

-

HIBERNATING BATS hang by their feet in a huge clot on the
roof of a section of Marvel Cave in Missouri. This one cluster con-

by William A. Wimsatt

ported by a membrane, poised on which,
just as if on a flight of feathers, it moves
and weaves about.”

Today, of course, everyone knows that
the bat is not a bird but a “quadruped”
(i.e., a mammal), that it is the only
flying mammal, that it likes to live in
caves, that it uses radar-like echo-
location as a means of navigation. But
beyond that the bat still remains for most

e’
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people a creature of menace and mys-
tery. Although zoologists have learned
a great deal about bats, to the general
public they are one of the least known
orders of the animal kingdom.

Few people realize, for example, that
bats are among the most numerous of
land vertebrates. They populate every
major land mass in the world except the
polar regions. Without doubt bats owe

sists of an estimated 14,500 free-tailed bats (Tadarida brasiliensis) .
The bat population of some large caves is numbered in the millions.
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their evolutionary success in large part
to their power of flight. Their wings
take them out of reach of land-bound
predators, and their nocturnal habit
separates them from all winged preda-
tors except the owl, which is too cum-
bersome a flyer to catch them easily. In
addition, bats seem to be endowed with
a high degree of biological adaptability.
In their diverse environments they have
developed many unique specializations
in behavior, physiology and anatomy.
Bats, in consequence, are not only fas-
cinating animals to know but offer ideal
subjects for the investigation of certain
fundamental problems in zoology.

Not all bats are paltry; some are
impressively large. The order of bats
(Chiroptera) is divided into two great
suborders—the Megachiroptera (“big
bats”) and Microchiroptera (“little
bats”). The largest of the big bats, the
“flying foxes” of Java, have a wing-
spread of nearly five feet. The Mega-
chiroptera are distinguished from the
Microchiroptera, however, not primarily
by size but by anatomy and habits.
The Megachiroptera are comparatively
primitive and unspecialized. The entire
suborder consists of a single family, the
Pteropidae. They are found only in the
Old World tropics. Most of them are
fruit-eaters, which presumably is the
reason their importation into the U. S.
has long been prohibited.

The Microchiroptera are a more nu-
merous and heterogeneous clan, found
all over the world and subdivided into
16 families. Vampyrum spectrum, a
Central American bat, is the giant of the
group, with a wingspread of about 30
inches; the smallest species have wing-
spreads of 8 to 10 inches. No more than
four or five families are found outside
the tropics. Of these, the most wide-
spread is the ubiquitous family Vesper-
tilionidae. Its range stakes out the boun-
daries of the bat world [see map on page
111]. The pattern of distribution of bats
supports the idea that the creature orig-
inated in the Old World tropics. It
spread out to the New World long
enough ago, however, to permit the evo-

THREE SAMPLE BATS are depicted on
the basis of museum specimens. Pteropus
giganteusis a giant fruit-eating bat of India;
it sometimes attains a wingspread of nearly
five feet. Desmodus rotundus is the most
abundant vampire bat. Myotis lucifugus is
the common “little brown bat.” All three
are drawn to scale, about two fifths life-size.
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BAT’S WING is a modified forelimb. The “fingers” are greatly elongated; the “thumb”
projects outward. At top is the wing of Natalus mexicanus, which has a low aspect ratio
(ratio of breadth to length). At bottom is the wing of Molossus bondae, which has a high
aspect ratio. The low aspect ratio favors maneuverability ; the high aspect ratio, long flights.

HAIR FOLLICLE SWEAT GLAND EPIDERMIS

PLASTIC BUNDLE

EPIDERMIS (SKIN)

BONE (FINGER)

MEMBRANE OF BAT’S WING is shown in cross section. Between its two layers of epi-
dermis is a thin layer of connective tissue which contains blood vessels, nerves, small hair
follicles, specialized sweat glands and bands of elastic fibers and muscle (plastic bundle).
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lution of a half-dozen specialized fami-
lies which are found only in the Western
Hemisphere.

Bats are sensitive to climate, espe-

cially temperature. They are not
normally found in regions with fewer
than 60 to 90 frost-free nights per year.
Even the hardy members of the Vesper-
tilionidae occupy the northern limits of
their range only in summer and migrate
like birds to warmer areas as winter ap-
proaches. Contrary to the common im-
pression, not all bats hibernate. But
many in the Vespertilionidae family and
a few in other Temperate Zone families
do. Significantly there is no correla-
tion whatever between hibernation and
the anatomical ranking of species: the
known hibernators include primitive as
well as more specialized forms. The sole
correlation is with climate; the hibernat-
ing habit is found only among those
bats that live in areas of annually re-
curring frost.

Early in their evolution, it is thought,
all bats were insect-eaters, and the
majority still are. They usually take
their prey in flight, though many bats
seem able to seek out resting insects
and nonflying species in the foliage of
trees, on the walls of caves and else-
where. Even among closely related spe-
cies, however, diets vary. This is illus-
trated by a family of “spear-nosed” bats
in the Am-=rican tropics. Most of the
members of this family are fruit-eaters,
but a few eat insects, at least two species
eat both insects and fruit and several
other species live almost entirely on
the nectar and pollen of flowers; they
have elongated muzzles and very long
tongues, sometimes brush-tipped, adapt-
ed to their style of feeding. In the fruit-
eating and flower-eating bats the sense
of smell is apparently well-developed,
whereas it is doubtful that this sense
plays any significant part in the life of
the insectivores.

At least two species of the same fam-
ily are carnivorous: they eat smaller
bats, birds and other animals as well as
fruit. One of these two speciesis Vampy-
rum spectrum of Central America, the
other lives in India. A species of the
“hare-lipped” family, found in Central
America and the West Indies, lives on
fish. As high-speed photographs show,
this bat glides low over the surface of
quiet water and gaffs small fish with the
claws of its greatly enlarged and special-
ized hind feet [see photograph on page
112]. It seems to drag the water at ran-
dom, catching fish that happen to be
swarming near the surface. A closely
related hare-lipped species, though
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resulted from use of competitive nitration-grade toluene.
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in lighting...

no substitute
can do

what copper
does!

No other non-precious metal carries electricity as well as copper. No other conducts heat

as well and at the same time is more resistant to rust, corrosion and wear. In the manufacture
of electrical equipment, copper or copper alloys combine, better than other metals, the

vital properties of malleability, ductility, and machinability. In lighting, as in so many other

fields, there is no substitute with all the qualities of copper — most versatile of metals!

KENNECOTT COPPER CORPORATION@ Fabricarine. CHASE BRASS & COPPER CO. «+ KENNECOTT WIRE & CABLE CO.

Subsidiaries:
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equipped with similarly modified hind
feet, appears to be exclusively insec-
tivoreus; it has never been observed to
catch fish in nature and does not learn
to do so under laboratory conditions
even with fish-catching bats acting as
demonstrators.

B y all odds the most dramatic adapta-

tion in feeding habits is that of the
vampire bats of tropical America. These
bats, related to the spear-nosed clan,
actually behave as legend pictures the
bat-winged specter of the Dark Ages:
they subsist wholly on blood drained
from living animals—including man if
opportunity permits. They are not large,
as bats go. The adult of the most
abundant species, Desmodus rotundus,
is slightly heavier than a mouse. Unlike
most bats, the vampires, exceedingly
wary and strong flyers, are also remark-
ably agile on the ground. They gener-
ally attack sleeping or resting animals,
alighting gently on or near the prey
and tiptoeing on their hind limbs and
thumbs to the point selected for the
bite. The sharp, narrow blades of the
vampire’s specially modified upper in-
cisor teeth excavate a small segment of
skin and underlying tissue, usually with-
out awakening or paining the host. The
vampire then draws up, with piston-like

pumping movements of its tongue, the
blood that wells into the excavation.
Some investigators have claimed that
the vampire bat’s saliva contains an
anticoagulant. Its digestive tract is
modified in a number of interesting
ways; among other things, the stomach
is reduced to a folded tube. We are in-
vestigating the functional significance
of these peculiarities in our laboratory
at Cornell University.

The vampire’s bite can be very dan-
gerous, because the bat is a vector of
rabies and of some diseases of livestock.
Recently, as the press has reported, pub-
lic health authorities made the alarming
discovery that certain insect-eating bats
of the U. S. also are now carriers of
rabies.

Ee all small mammals, the bat must
support a high rate of metabolism
[see “Shrews,” by Oliver P. Pearson;
SCIENTIFIC AMERICAN, August, 1954].
Usually the life-span of such creatures
is shortened accordingly, but bats are
remarkably long-lived. Big bats kept in
zoos have lived in captivity for 15 to 20
years. The “little brown bat,” a common
American species, has been recovered as
long as 20 years after being banded in
the wild. In Europe a specimen of the
“greater horseshoe bat” was recovered

after 16 years and 10 months—a record
for that family.

Here is a first-rate physiological mys-
tery. How can these small, fast-living
animals survive so long? It is tempting
to speculate that their longevity is con-
nected with the tendency to hibernate
and with the daily torpor into which
they fall during their resting daylight
hours. In such states the rate of metab-
olism is greatly reduced. But tropical
bats do not hibernate, not even the close
relatives of Temperate Zone hibernators.
To pursue the (uestion we need to in-
vestigate the metabolic rates of tropical
bats under varying conditions of activity
and ambient temperature.

The long life of bats is related to an-
other peculiarity that sets them apart
from other small mammals. Every
known species of bat has a compara-
tively low rate of reproduction. Multiple
births are exceptional, the gestation
period is long, and most species are
fecund only once each year. (The rule
in other small mammals is the reverse:
short gestation periods and frequent
large litters.) Some bats breed in the
autumn, some in the spring. A few, such
as the vampires, breed at any time; oth-
ers, twice within a certain period of the
year. These various reproductive pat-
terns suggest interesting questions about

7P e
T

=
—_—
B

DISTRIBUTION OF BATS is outlined. Bats of suborder Mega-
chiroptera (big bats) are confined to darkest colored areas. Bats
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of suborder Microchiroptera (little bats) are found in all colored
areas. Only family Vespertilionidae occurs in lightest colored areas.



FACES AND SKULLS of four species of bats reflect their various
feeding habits. At left is the little brown bat Myotis lucifugus, which

the external factors that may influence
them, but systematic investigation re-
mains to be done.

A newborn bat, of any species, is

huge in relation to the adult size.
The female “little brown bat” of the
eastern U. S., a member of the Vesper-
tilionidae family, weighs only six or
seven grams, yet she gives birth to a
two-gram youngster. This is equivalent
to delivery of a human infant weighing
40 to 50 pounds. Furthermore, in this
species as in many others, the young
are born breech first, the head being the

last portion to come free. With eyes still
closed, the infant bat climbs up the
mother’s abdomen to the nipples. There
it remains attached by its tiny teeth for
some time, and the mother may fly about
with it hunting food.

The large size of the newborn bat is
probably related to the long gestation.
This ranges from seven to eight months
in the big bats down to 60 days in the
little brown bat. The period may even
vary among individuals in a species, in
response to fluctuations in temperature
from place to place and year to year. It
can be prolonged experimentally by

FISHING BAT Noctilio leporinus was photographed by Prentice Bloedel of the University
of California as it swooped to gaff a minnow. Noctilio is able to eat small fish on the wing.
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feeds on insects. Second from left is Phyllostomus hastatus, which
eats fruit and small animals. Third is Choeronycteris mexicana,

placing the pregnant animal in a refrig-
erator. This variability clearly reflects
the drastic decline in the body tempera-
ture and metabolic rate of the parent bat
when at rest.

The two common Temperate Zone
families, Vespertilionidae and Rhino-
lophidae, display a most intriguing de-
parture from the usual reproductive
pattern of mammals. Ordinarily a mam-
mal’s egg can be fertilized only within
a few hours after it arrives in the uterus,
and spermatozoa cannot survive in the
female genital tract longer than two or
three days. And in most mammals (ex-
cepting only the primates) the female
is responsive to the male only during a
short period of heat around the time of
ovulation. Not so these two families
of bats. After a mating in the autumn,
the sperm live over the long period of
hibernation in the female, while her egg
remains in the ovarian follicle, not to be
shed until the spring, when it is prompt-
ly fertilized by the still-viable sperm.
Such prolonged survival of spermatozoa
in the female genital tract is unique, but
W. H. Gates, G. E. Folk and I have been
able to prove by experiment that bat
sperm can live over the winter and fer-
tilize the egg in the spring. We have
learned another remarkable fact. Bats
sometimes awaken briefly from their
winter hibernation and copulate. Yet the



which feeds on nectar and pollen. Fourth
is Desmodus rotundus, the vampire bat.

testes of the male bat are active for only
a brief period in the autumn betore hi-
bernation. Where do the live sperm
come from? Mammals store and ripen
sperm in a tubular appendage of the
testes called the epididvmis, but it is
doubttul that the spermatozoa ordinarily
can survive there longer than seven
or eight weeks. In the hibernating bat
they live on in the male genital tract
longer than that. Apparently thev are
kept viable by hormones which the ani-
mal continues to generate during hiber-
nation.

In storing spermatozoa for such long
periods, the common bats of northern
U. S. and Canada have been doing for
eons what man is only now learning to
do for artificial insemination of livestock
and treatment of his own fertility prob-
lems. The endocrinological details of
how bats preserve sperm, and the con-
nection between the internal process
and external environmental factors, con-
stitute a provocative subject of research
which has implications far broader than
the immediate concern with bats as such.

Q imilar challenges are posed by the ‘

" fluctuations in metabolic rate which
accompany hibernation and resting and
which so profoundly affect other aspects |
of the bat’s existence. Mammals,

in-
cluding those that hibernate, normally l
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sintering metals ... or embrittle platinum,
Leco zirconia ware . . . crucibles for
melting special alloys, tubes for high-
temperature combustion or gas synthe-
sis, heat treating and sintering furnaces,
and kiln furniture. We will be happy
to quote on custom ware.

Leco also specializes in Zircon (ZrSiO4) Ware
Write Today for TECHNICAL DATA CATALOG

LABORATORY EQUIPMENT CORP.
4011 Hilltop Road, St. Joseph, Michigan
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Instant numerical solutions for
basic relativity equations.

RELATIVATOR. .. only *1

The Relativator is a new pocket-size calculator that
readily solves a wide range of relativistic problems.
Mass increase, time dilation, Lorentz-Fitzgerald con-
traction, velocity, momentum, Kkinetic energy, total
energ\—all these important aspects of Einstein’s Spe-
cial Theory of Relativity are immediately reduced to
simple numbers for any mass particle!

The Relativator’s three outer scales give corresponding
values of relative velocity, momentum and kinetic en-
ergy and extend from the non-relativistic region to the
extreme relativistic. .. covering energies from 1 ev
to 10 billion ev!

The Relativator serves a dual purpose because it can
also be used as an ordinary slide rule. P’hysicists, engi-
neers, mathematicians and science students generally
won’t need a second slide rule for ordinary multiplica-
tion and division. They can carry it with them wherever
they go. Only 4”7 in diameter, it is small enough to fit
any pocket.

The reverse side of the Relativator contains a set of
concise operating instructions as well as a table of use-
ful physical constants and relativistic formulae. Aside
from its practical value, the Relativator also serves as
an excellent teaching aid for the fundamentals of this
complicated subject.

Complete Instruction Booklet!
With each Relativator a comprehe: ve instruction
booklet is included which fully explains its opera-
tion and makes it possible for any normally intelli-
gent person to solve relativistic equations after only
a few minutes practice. The booklet also gives the
reasons behind the answers provided by the Rela-
tivator, and includes a brief survey of the Special
Theory of Relativity itself.

Inmediate delivery. $1 postpaid. Calif. sales tax included.

ATOMIC

LABORATORIES,Inc.
3086 CLAREMONT  BERKELEY 5, CALIFORNIA
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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. |

CUBIC CENTIMETERS
PER GRAM PER HOUR

2 4 6 8 10 12
MIDNIGHT

00 Ies ANYWHERE' adjust their rate of metabolism to the
p environmental temperature, to keep
Compact carrying case, use in the field | their body temperature constant. Dur-
or office. No special skill required, no ing hibernation this rule is reversed.
dark room—can be used under any nor- ) .
mal surrounding lighting conditions. | Then the rate of metabolism and the
Does the finest reproduction in fast | body temperature vary passively with
time . . . only 5 to 10 seconds for aver- | 10 surrounding temperature; only when
age exposure. .
the temperature falls close to freezing
does the animal step up its metabolism
and production of heat. What distin-
guishes the bats from other hibernators
is that they fall into a similar torpor
throughout the year whenever they rest.
During their daytime resting periods
their body temperature and metabolism
vary passively with the temperature of
the environment. Bats seem to be unique
in this capacity to switch their tempera-

. ' ture-regulating system on and off at any
Copies ANYTHING! cucorine e
Most bats hibernate in caves, mine

tunnels and similar shelters, where the
temperature is fairly stable and usually

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 222

—~——

e —— e . T
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NOON

METABOLISM of Myotis lucifugus fluctuates over a 24-hour period (gray curve). The
metabolism of a red-backed mouse is shown for comparison (black curve) . The metabolism
is measured in cubic centimeters of oxygen consumed per gram of body weight per hour.

stays above freezing. If it drops too low,
they awake and move deeper into a
warmer part of the shelter. But bats dif-
fer considerably in their tolerances, or
powers of adjustment. The little brown
bat is comparatively vulnerable to low
temperatures and will die of desiccation
if the humidity is too low. On the other
hand, the big brown bat of the eastern
U. S. can tolerate a much wider fluctua-
tion of temperature and moisture; it
often hibernates not far from the en-
trance of a cave.

Spelunkers should remember, when
they intrude on the winter sleep of bats,
that if the animals are repeatedly dis-
turbed, they will soon exhaust their re-
serve of fat and will not be able to sur-
vive the winter. Although bats may not
be the most attractive of nature’s crea-
tures, they are invaluable to science, for
they have much to teach us about basic
facts of physiology.

sections of large pages or drawings.
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Eliminates errors of longhand copying,
typing, proof reading. Contoura saves
money and time in al% fields . . . profes- |
sional, business, and 1ndustnal Perma-
nent clear copies . . . Write for full
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Contoura- PORTABLE
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G. LUDWIG, INC. TIME (MINUTES)

1500 COULTER STREET
OLD SAYBROOK, CONNECTICUT
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BODY TEMPERATURE of the bat Macrotus californicus (black curve) varies in response

to temperature of its environment (gray). This response is characteristic of many bat species.



THIS IS GLASS

a bulletin of practical new ideas

Pressures of the jet age

Uit

i HH
To take pressure readings from a jet
engine sealed in a test cell, this man is
using what may be the Gargantua of all
manometers.

A number of these mammoth man-
ometers (each stands better than 2 times as
tall as the average male) are used by Aro,
Inc., operating contractor for the U. S.
Air Force, Arnold Engineering Develop-
ment Center, a collection of men and
machines devoted to probing matters
related to supersonic propulsion.

Trimount Instrument Company of
Chicago makes these king-sized instru-
ments, the main component of which is
glass tubing.

This tubing is made from a Pyrex
brand glass. And like all items carrying
the Pyrex trademark, the tubing comes
from Corning.

Here’s why, according to the people at
Trimount, they “take from” Corning for
their tubing needs:

“We have found through years of experience
that PYREX brand tubing is the finest for our
requirements. Corning draws it to our specifica-
tions. For uniformity and extremely close toler-
ances required in our instruments, as well as
strength and rigidity under high pressures, we
spectfy closely held 1.D. and O.D. tolerances.
Also, the lengths required are important as we
prefer not to use welded glass tubing. . .”

Such praise seems ample evidence that
turning to Corning for glass components
is sound practice from both an engineer-
ing and profit standpoint.

Thusly, an invitation to consider and
investigate at your convenience. Outline
your needs and we’ll put our people
versed in your field to work.

Or, peruse at leisure a recently issued book
called "“This Is Glass.” It’s filled with facts and
Dbictures about glass at work in products and
processes. Free.

Profitable pursuits from
pipe dreams
Pipe dreams being of an illusory and

mostly impractical nature, we offer in-
stead some dream pipe.

Having need for more precise terms,
those in our office who write orders call
this dream stuff Pyrex brand glass pipe.

Admittedly, this mundane phrasing
tells little about the many talents of such
pipe.

For example, it is eminently practical
for unusual plumbing tasks, being equally at
home handling waste acids of a corrosive
nature or carrying milk from cow to
bottle in modern dairy processing setups.

Immune to corrosive attack from most materials,
PYREX brand glass pipe is easily installed, car-
ries waste acids safely and economically.

Longevity is one of many trump cards
you’ll hold with a handful (figurative) of
Pyrex pipe. Like? An actuarial-minded
chap once estimated that a section of
pipe will last some 203 years on a steady diet
of hydrochloric acid.

Equally valuable is the fact that you
can keep constant visual surveillance
over what’s being piped. If plug-ups
occur, you can see where they are and
get at them easily.

Also yours with any item made from
Pyrex brand glass No. 7740 is ruggedness
from the standpoint of thermal shock.
With a coefficient of expansion of 32.5 x
10-7, you can safely use this glass for
high heat environments and/or where
abrupt temperature changes are common.

Physical strength is also built in. Ex-
ample: In a southern paper mill there’s a
400 ft. installation of 3” (O.D.) PyreEx
pipe handling a mercury amalgam. Obvi-
ously, knowing men would never trust
such an assignment to any material
suspect of being frangible.

There’s a lot more about PyrRex glass
pipe in Bulletin EA-1. There’s a lot more
about the Pyrex brand and other glasses
in Bulletin B-83. Glad to send you either
or both.

Please send me the following material: “This Is Glass” []; EA-1—"PYREX brand Glass Pipe

in the Process Industries” []; B-83 —"Properties of Selected Commercial Glasses” [].

i '_ from Corning

Close finish

During World War II considerable
effort and experimentation were devoted
to precision finishing for glass.

Since then, little has been said but
quite a lot done in this field. For ex-
ample, Corning makes for one customer
the impeller, housings, and bushings for
an almost-all-glass pump.

Made from Pyrex brand glass No.
7740, these glass pump parts are pre-
cision ground and finished to terrifically
tight tolerances.

Some of the other shapes and forms
readily available with precision finishes
are shown in this picture.

And this table will give you some idea
of the operations and tolerances on tap

at Corning.
Operation

Tolerances
- ) _(i_nches)_
Flat grinding and polishing +.0005
O.D. grinding +.0002

Internal grind, Step grooves,
Angles and Tapers

+
Circular Holes +.005
Rectangles, Squares, etc. +.001

Tubing, cylinders, rod, ground and
polished discs and rectangles . . . these
and many, many other glass forms await
your investigation.

If you have some tight problem already
at hand, brief us and we’ll advise on the
practicability of supplying you with a
glass product to do the job.

Name. Title

Company.

Street

City. Zone. State
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This unretouched photograph, taken by Edmund F. Hawes, UOP Staff Photographer, was awarded First Prize in the 1956 ASTM Photographic Exhibit.

What took the spark out of this plug?

16

The old problem of the fouled-up spark
plug is less acute today because of modern
improvements in petroleum refining. Most
refiners are taking the utmost precautions
to make sure that the motor fuels they pro-
duce burn clean, quick and with the full
power needed for today’s high compression,
high-speed engines. In our business of de-
veloping processes for the manufacture of
motor fuel we also never take our eye off
the performance of the end product. We are

constantly concerned with motor fuels made
by UOP processes—to help guard against
plug fouling and to maintain all the high
performance characteristics demanded by
modern engines. We believe that in this way
we can make an important contribution to
the refiner’s marketing and manufacturing
well-being. Refiners, everywhere in the free
world, look to UOP for the processes and
service so important to the production of
cleaner, more efficient motor fuels.

UNIVERSAL OIL PRODUCTS COMPANY
30 ALGONQUIN ROAD, DES PLAINES, ILLINOIS, U.S.A.
®  More Than Forty Years Of Leadership In Petroleum Refining Technology
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Organic Chemical Reactions

Chemists are re-examining familiar reactions of simpler organic

molecules, even tracing the courses of individual atoms. These

studies help in understanding the behavior of complex compounds

’ century and a quarter ago Fried-
A rich Wohler of Germany, the
4 leading pioneer of organic chem-
istry, wrote to his Swedish friend and
co-pioneer Jons |. Berzelius: “Organic
chemistry is now enough to drive one
mad. It appears like a primeval forest
of the tropics, full of the most remark-
able things, a monstrous and boundless
thicket, with no escape, into which one
may dread to venture.”

It cannot be said that chemists today
have come to know every tree of that
forest, or even penetrated all of its
thickets. But the wilderness now looks
somewhat less formidable. We know
what organic substances are made of,
what kinds of structure they have and
how to make some of them. And we
are beginning to find paths leading
toward an understanding of why organic
compounds behave as they do and what
mechanisms  govern their reactions.
These reaction mechanisms are the topic
of my article.

The names of organic compounds are

CH,Cl H—

METHYL CHLORIDE molecule may be visualized in several ways.
At left is condensed formula; next, the structural formula; next,

:c——(‘w——z
O

by John D. Roberts

a fearsome thicket for nonchemists, but
fortunately most compounds can be por-
trayed simply with ball-and-stick models
like a child’s take-apart toy [see drawing
below]. The sticks represent the elec-
tronic bonds linking the atoms together.
In the model of the carbon atom they
are set at an angle of 109.5 degrees to
one another, because this is the normal
angle between the atoms attached to
carbon, but in some organic compounds
the connections between the atoms are
bent, and the bonds in such molecules
act like bent steel springs rather than
rigid sticks.

et us try to picture a common type
of reaction, well illustrated by the
one between methyl chloride (CH;C1)
and sodium hydroxide (NaOH). When
the two compounds are mixed in a hot
solution, the hydroxyl group (OH) from
sodium hydroxide replaces the chlorine
of the methyl chloride and we get
methyl alcohol (CH3;OH). This is

known as a substitution reaction.

Our

© 1957 SCIENTIFIC AMERICAN, INC

question is: How does the substitution
take place?

In solution sodium hydroxide disso-
ciates into sodium ions and hydroxide
ions. We can disregard the sodium ions;
in fact, the reaction goes equally well if
we use lithium hydroxide or potassium
hydroxide instead of sodium hydroxide.
The rate of the reaction, as measured by
the formation of the products, is directly
proportional to the concentration of
hydroxide ions and of methyl chloride
molecules. Now the rate of collisions
between hydroxide ions and methyl
chloride molecules in the mixture also
depends directly on these concentra-
tions. Therefore we can take it as highly
likely that a hydroxide ion displaces
the chlorine atom by colliding with the
methyl chloride molecule.

Not every collision is effective: in fact,
the chlorine atom vields its place to
hydroxide in only about one of every
10 million collisions. This suggests that
the hydroxide ion has to approach the
methyl chloride molecule in a particular

ball and stick model; at right, a model showing relative sizes of
atoms. Carbon atoms are black; hydrogen, white; chlorine, color.

17



SUBSTITUTION REACTION, in which an OH group (dumbbell)
displaces chlorine atom (colored ball) on a methyl chloride mole-
cule, is diagrammed as a “back-side” reaction at top and a “front-

way to effect the substitution. We can
think at once of two possibilities. The
hydroxide ion might attack the molecule
on the side where the chlorine atom is
attached (the “front side”) or on the
opposite side (the “back side”). In the
first case it would dislodge the chlorine
atom directly and seize its position; in
the second, it would attack the back
side of the carbon atom and in so doing

cause the molecule to expel the chlorine
atom [see diagrams above].

We have no way of testing which of
these attacks actually works on the
methyl chloride molecule itself, because,
as the diagrams show, either process
would result in exactly the same struc-
ture for the transformed molecule
(methyl alcohol). But we can test the
issue on a somewhat more complicated

side” reaction at bottom. The gray ball represents the oxygen atom.
Bonds shown in broken lines represent the halfway point at which
the OH group is attaching itself and pushing off the chlorine.

chloride also containing methyl groups—
the compound called s-butyl chloride.
This compound can exist in two forms,
each the mirror image of the other
[see diagrams below]. We can consider
one “right-handed,” the other “left-
handed.” Now if a hydroxide ion dis-
places the chlorine atom in the right-
handed version from the front side, it
will produce a right-handed alcohol

OPTICAL ISOMERS are molecules which are identical except for
their opposite “handedness.” These are models of s-butyl chloride

118
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isomers. The structure at the left is a mirror image of the one
at the right, just as a left hand is a mirror image of a right.



Range resistors are easily in-
stalled in ElectroniK measuring
circuits, for conversion to prac-
tically any scale.

An ElectroniK instrument adapts easily to your
changing needs, never becomes obsolete. Its remark-
able versatility is made possible by the many measur-
ing circuits . . . many types of records or indications

many pen or print wheel speeds . . . and the wide
variety of functions that can be incorporated in
the instrument.

You can convert most ElectroniK instruments to
practically any scale, simply by soldering appropriate
kit-supplied range resistors into the measuring cir-
cuits. And you have a choice of more than 575
standard charts and scales in strip chart instruments
(similar large choice in indicators and circular chart
models). You can change chart speeds from one half
to four times the basic speed, with a simple gear
change.

Use ElectroniK instruments to measure temperature,

the £/zrtnorniK recorder

or indicator is a
thousand instruments in one

pressure, flow, pH, chemical concentration, voltage,
speed—any variable that’s translatable into a d-c
signal.

Unitized construction lets you transfer complete con-
trol units from one ElectroniK instrument to another.
Cases are designed for both surface and flush panel-
board mounting. With auxiliary switches, the instru-
ment works in conjunction with audible or visual
alarms and safety cutouts.

Your nearby Honeywell sales engineer can help you
gain the advantages of ElectroniK versatility in
specific applications. Call him today. He’s as near
as your phone.

MiINNEAPOLIS-HONEYWELL REGULATOR Co., Indus-
trial Division, Wayne and Windrim Avenues, Phila-
delphia 44, Pa.

M I NNEAPOL!IS

Honeywell

BROWNINSTRUMENTS

TFout i Coitrals-
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molecule; if it attacks from the back
side, the product will be a left-handed
molecule. Experiments leave no doubt
about what actuallv occurs. The direct
reaction between right-handed s-butyl
chloride and hydroxide ions always pro-
duces left-handed s-butyl alcohol, which
means that the ion must attack the back
side.

This tvpe of mechanism has been
found to cover a whole class of organic
reactions. It is called the S\2 mech-
anism: S for substitution, N for “nu-
cleophilic” (meaning that the substi-
tuting ion is attracted to the nuclear
carbon atom itself, via the back side)

H Br

H
\
C—

b
 E——————1

and 2 for “bimolecular” (meaning that
the reaction is effected by a collision be-
tween two molecules).

Let us look further into the mechan-
ism. We can assume that hvdroxide ions
attack methvl chloride, as thev do
s-butvl chloride, from the back side.
Now if we substitute methyl groups for
the hydrogen atoms attached to the car-
bon atom of methvl chloride, the rate of
the Sy2 reaction falls drastically. Why?
The most reasonable answer is that the
methyl groups, being much bulkier than
hydrogen atoms, obstruct the access of
hvdroxide ions to the back side of the
carbon atom. Strong support for this

.

N

(-
G HoC -

\_____
/
N\
H

BULK EFFECT of atoms in interfering with a reaction is illustrated in these drawings. If
it were not for the large bromine atoms (in color), the two parts of this double-ring
compound (2,2"-dibromobiphenyl) would rotate freely with respect to one another, changing
from right-handed form shown here to left-handed form in which bromine atoms are behind
planes of rings rather than in front. Actually the bromines cannot slide past the opposite
hydrogen atoms into this position unless some energy is added to distort the molecule.
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inference has been furnished by the
finding that the measured reaction rates
agree with theoretical calculations of
the difficulty of access. To reach the
carbon atom the incoming ion must push
aside the methyvl groups. This means it
must compress them and bend their
bonds. The stiffness of chemical bonds
can be measured bv means of spectro-
scopy, and the compressibility of mole-
cules or atoms can be estimated from
the extent to which they scatter a very
fast beam of atoms.

Frank H. Westheimer of Harvard
University worked out a problem of this
sort in meticulous detail. He studied
a reaction which converts a biphenyl
compound from the right-handed to the
left-handed form by twisting the bond
that links the two phenyl rings [see dia-
grams at the left]. This involves con-
siderable bond-stretching and distor-
tion of the molecule, because as one ring
turns around the other, their projecting
atoms must push past one another.
Westheimer computed how much bond-
stretching, bending and compression of
atoms would be required, and found that
the over-all resistance corresponded
closely to the rate of the reaction.

Besides the bulk effect, an electrical

effect—that is, the effect of electric
charges in a molecule—must play a large
role in substitution reactions. Indeed, in
some cases the electrical influence is
stronger than the bulk effect.

What is the electrical effect? We
can best approach it by considering
an organic acid, such as acetic acid
(CH,COOH). This molecule contains
a methyl group and a carboxyl group
(COOH), the latter making it an acid.
In solution the hvdrogen atom splits off
as a positive ion, leaving the negatively
charged acetate ion. The proportion of
the molecules that shed hydrogen atoms
is a measure of the strength of the
acid: if a high proportion drop the car-
boxvl hydrogen atom, the acid is strong;
if a small proportion, it is weak.

Acetic acid is a comparatively weak
acid. But if we replace one of the hydro-
gen atoms of the methyl group with a
fluorine atom, the acid becomes much
stronger—200 times as strong. That is
to say, the carboxyl hydrogen splits off
much more readily [see upper diagrams
on page 123]. Why so? Experiments
with different compounds show that this
result cannot be a bulk effect. We are
forced to the conclusion that it is an
electrical effect. The fluorine atom
strongly attracts electrons. As a result
electrons are pulled away from the hy-



RADIOACTIVE-TRACER TECHNIQUE is illustrated in the pho-
tographs on this and the following page. The experiment shown is
the one described by the formulas on page 124. A three-carbon ring
is tagged with a carbon-14 tail by allowing it to react with radio-

active carbon dioxide in the apparatus at top left. It is then con-
verted to a four-carbon ring in the flask at top right. Two carbons
are split off and converted to carbon dioxide in the central flask of
the array at bottom. The gas is collected in some of flasks to right.
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COMPLETE CONVERSION TO CARBON DIOXIDE of the four- electrode insulated from the walls. When a radioactive carbon atom
carbon ring compound is carried out in the heated tube at the left disintegrates it ionizes the gas in the chamber and a small pulse of
of the top photograph. The gas is then assayed for radioactive car- current passes between electrode and walls. The total current, which
bon in the ion chamber at bottom. The chamber contains a central depends on the amount of carbon 14 present, is recorded on chart.

122

© 1957 SCIENTIFIC AMERICAN, INC




droxyi group on the other side of the
carbon atom to which it is attached.
The hydroxyl group therefore becomes
more positive; it then holds its hydrogen
atom less firmly, and so the atom de-
parts more readily as a positive ion.

Such experiments on acids show two
things: (1) that fluorine and other
strong attractors of electrons probably
exert their influence on Sy2 reactions by
the electrical effect, and (2) that methyl
groups exert mainly a bulk effect, for
they have little electrical effect.

How does the electrical effect work in
Sx2 reactions? In a general sense, by
much the same process as in acetic
acid, but in the opposite direction. If a
fluorine atom is substituted for a hydro-
gen atom on the carbon atom of methyl
chloride, it pulls electrons away from
the carbon atom, so that the carbon atom
becomes more positive. The carbon
therefore holds the negative chloride ion
more firmly, and as a result replacement
of the chlorine by hydroxide ions is
slowed down.

Bt us turn to another type of substitu-

tion reaction, which plainly pro-
ceeds differently from Sy2 because its
rate is totally independent of the con-
centration of the hydroxide ion. It is
called Sy1, the 1 representing the fact
that its rate depends only on the con-
centration of the molecule that is to be
converted. This mechanism, like Sy2,
converts organic chlorides to alcohols,
but in a different way: water now sup-
plies the hydroxide ion.

In the simplest form it is a two-step
process. First the molecule ionizes slowly
in water, releasing the chlorine as a
negative ion. The molecule then reacts
rapidly with water (HOH), taking on
the OH and leaving the H as a positive
ion, which promptly joins up with free
OH to re-form water.

An important feature of the Syl
process is that it often rearranges the
structure of the reacting molecule. An
example is the action of water on a five-
carbon compound called neopentyl
chloride. After the molecule has shed
the chlorine atom, one of its methyl
groups swings around from the side to
the end of the molecule, and the hy-
droxide ion takes its place [see lower
diagrams on this page]. Thus the re-
action of neopentyl chloride with water
yields not neopentyl alcohol but an alco-
hol with a different structure, called
t-amyl alcohol.

The structure-changing type of re-
action is important in the petroleum
industry. It is used to convert “straight-
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ELECTRICAL EFFECT of fluorine is shown diagrammatically. Acetic acid (top left) ion-
izes weakly. When fluorine is substituted for hydrogen at left end (bottom) it attracts elec-
trons from other atoms, as suggested by arrows, so that H ion can break away more easily.
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REARRANGEMENT OF CARBON SKELETON is demonstrated when neopentyl chloride
(top left) is converted to alcohol. When CI breaks off, producing an ion (bottom left), a
neighboring carbon moves to the ionized site (top right), leaving a charge on the central
carbon. This atom now picks up the OH group to form the alcohol shown at bottom right.
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SAVE
ENGINEERING
TIME!

USE OUR LABORATORY TO SOLVE YOUR
PROBLEMS IN
sealing * gasketing * lubricating

filtering * insulating * sound-proofing
vibration * polishing * percussion

The finest engineering and research facil-
ities in the Felt industry at your com-
mand . ., no rent, no salaries, no over-
head, no cost to you!

Their experience? Capabilities?

Over 21 years of continuous research | ‘ ‘ l \

leadership in helping every type of busi-
ness to use the right Felt for the job.
Out of this know-how in materials have
come more major developments than
from any other source in the industry:
innumerable advances in Wool Felts;
the Windsor System of bridging tradi-
tional textiles with thermoplastically
bonded, man-made fibres; Feutron, the
first 100% synthetic Felts.

Put this high calibre team to work on
your problem today. . . gain new savings
in materials without any investment in
engineering time. Write, on company
letterhead, outlining your problem. . . or
request specific technical data about any
of the Felt uses mentioned above.

AmericanFe
Company~ B

TRADE, MARK

General Offices and
Ensinnring and Research Laboratories
58 Glenville Road, Glenville, Connecticut
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chain” gasolines with poor antiknock
properties into “branched-chain,” high-
octane gasolines.

Sometimes the carbon atoms of a
molecule are thoroughly scrambled in
an Syl reaction. Although the final
product may not suggest this, investiga-
tions with radiocarbon 14 as a marker

bring the reorganization to light. It be-
comes an intriguing challenge to try to
reconstruct the sequence of events. An
example is illustrated by the accompany-
ing diagrams [see below]. Here a three-
carbon ring with a tail is converted in-
to a four-carbon ring. It would appear
that the ring had simply opened and

H | I
LT T
H—C H—C
| >c—c—N=N [ >c— —N=n
H—C | H—C |
| g | H
. i
H |
. H
H—C_ | G/
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H H

|

H—C—C—0—H

| -

H—C—C H

H H

H H

H—C—C—O—H

c—C H

| |

H H

H—

COMPLEX CARBON SHUFFLING is illustrated in these diagrams. Left-hand column shows
possible steps in which a three-carbon ring (top) is converted to a four-carbon ring (third
from top), apparently by a simple rearrangement of a bond (second from top). If this were
the mechanism, then carbon-14 atom (red) should always be next to the carbon which lost
the ring bond and gained an OH group. Actually one third of the product has the labeled
atom diagonally across from this carbon, as in the bottom diagram. This is now explained
by the sequence in the right-hand column, in which the original ring forms an intermedi-
ate pyramid-like ion (second from top) from which it falls into the final configurations.
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The Glacier breaking ice in McMurdo Sound. Mt. Erebus in background. (Official U.S. Navy Photo)

SMASHING THE ANTARCTIC ICE BARRIER
with an 8600-ton blow !

To the Glacier, our Navy’s largest and most
powerful icebreaker, driving a path through ice
up to 22 feet thick is all in the day’s work. Here
it is shown breaking a channel through 17 feet of
solid ice at approximately 18 knots in Antarctica’s
McMurdo Sound as part of Operation Deep
Freeze I and II. In view of the importance of
communications at the bottom of the world, the
Glacier is virtually a floating electronic labora-
tory. It contains nine AN/SRR-13A and seven
AN/SRR-11 radio receivers, as well as two
AN/SPA-YA Range Azimuth Indicators, one on
the bridge and the other in the CIC. All of this
RCA equipment has given continuous and de-
pendable service, unaffected by the tremendous USS Glacier driving through pack ice
shocks to ship and gear, as 21,000-horsepower in Ross Sea. (Official U.S. Navy Photo)
engines send the ship crashing forward under

conditions never before faced by any icebreaker.

DEFENSE ELECTRONIC PRODUCTS

RADIO CORPORATION of AMERICA

CAMDEN, N.J.

Tmk(s) ®
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@ THYRITE- VARISTORS
CUT SURGE VOLTAGE

NOVER 9% APPUED PEAX VOLTAGE

0 5 10 . jg
FROM 9 T0 3 TIME
APPLIED PEAK VOLTAGE

ON 115-V CIRCUITS

Sudden
current causes surge overvoltage,
arcing, and high-frequency oscilla-

interruption in inductive

tion. Oscillograms (above) show
how effectively G-E Thyrite varis-
tors can limit these effects.

Without a Thyrite varistor (Fig.
1) in the 115-V circuit, surge volt-
age is 9 times applied peak voltage.
With it (Fig. 2), surge voltage is
limited to 3 times peak voltage.

With little current drain, they
reduce surge voltage and arcing by
offering low resistance at peak cur-
rent . . . discharge circuit energy
faster by offering higher resistances
instantaneously as current decays.

G-E Thyrite varistors are avail-
able for components rated from 6
volts to 4000 volts.

For more information, or Thyrite
varistor test kits, write: Magnetic
Materials Section, General Electric
Company, 7810 N. Neff Road,
Edmore, Michigan.

THYRITE VARISTOR KITS

Kit No. 2: Y4 ” dia. rods— 2 each of
5 ratings (115V to 4000V—.25w);
color coded with connecting leads.  color coded with connecting leads. |
Price: $5.00. Price: $5.00. |

Kit No. 1: 2" dia. disks—2 each
of 6 ratings (6Y to 115V—.1w);

picked up the tail. But we discover that
in about one third of the product the
tagged carbon atom turns up in an un-
expected place. Attempting to picture
what has happened, we deduce that the
molecule first twisted itself into a pyra-
mid. Any of the three bonds running to
the peak of the pyramid may break
to take on the hydroxide group; since
all three events are equally likely, two

| thirds of the product molecules should

have the tagged carbon next to the OH
and one third opposite it. This is almost
exactly the proportion we find experi-
mentally.

As a final example of an intricate
reaction, consider the conversion of

| chlorobenzene to phenol [see diagrams

below]. In this reaction there appears
to be no structural rearrangement, and
the reaction rate is proportional to the
concentrations of both the chloride
molecule and the hydroxyl ion. It would
seem to be an ordinary Sy2 reaction.
Yet experiments on molecules labeled
with carbon 14 show that the OH group
often turns up not on the carbon atom

vacated by the chlorine but on the one
next to it. We now know that when the
chlorine atom breaks off, the adjacent
carbon simultaneously loses a hydrogen
atom, and a triple bond is fleetingly
established. To begin and end on a pai
of common atoms these bonds must be
distorted from the normal 109.5-degree
bond angle. The ring shape of the mole-
cule distorts them much further. Chem-
ically, this means that the bonds breal:
easily. When they do, the opened bond.
take up H and OH from the water.
Since the triple bond between the two
carbon atoms may open in either direc-
tion by chance, the OH is equally likely
to appear on the carbon atom vacated
by the chlorine or on the one adjacent.

'he “boundless forest” of organic

chemistry has grown extraordinary
foliage of which Wohler never even
dreamed. Much of the forest has been
well mapped, but we still have far to go
before we shall be able to understand
the reaction mechanisms by which liv-
ing cells make organic compounds.

T
G
H—c~ Sc—Oo—H
H—ﬂ\. ,5(‘:_— —H
\‘-\‘C.%’
1L

"/j "‘\‘:"\\
H—c” XC

| 5
H—C« _C—H

Progress fs Ovr Most Important Product

GENERAL &3 ELECTRIC

“Thyrite” is a trademark of General Electric Company

REARRANGEMENT REACTION, inwhich phenyl chloride (zop left) is converted to phenol
| byreaction with sodium hydroxide, is diagrammed. The OH group would be expected to take
position of the chlorine (top right). Sometimes, however, it appears one atom away (bottom
left) .Explanation is formation of an intermediate compound with triple bond (bottom right).
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CABIN AIR COMPRESSORS *

Power Actuation -
at +1000°F

AiResearch Cam-Piston Air Motors
function with complete reliability at
extreme temperatures—require
no conventional lubrication or cooling

Here are air motors that operate
dependably far beyond the tempera-
ture limits of electronic and hydraulic
units.

Using bleed air asasourceof energy,
the output of the air motor is almost
linear with inlet pressure, allowing
maximum efficiency through a wide
range of operating conditions. High
horsepower and torque to weight
ratios are obtained by displace-
ment volume per revolution exceed-

THE

Designers and manufacturers of aircraft and missile systems and components: reemiceration systems -
GAS TURBINE ENGINES =+ C

TURBINE MOTORS *

Model Numbers

............ CM-710

SPECIFICATIONS

CM-350 CM-160

*(illustrated)

Total Length (in.)............. 13.3 1.8 9.7
Min. Height (in.)............. 3.1 2.9 2.5
Max. Dia. Envelope (in.)...... 4.0 3.2 2.5
Weight (Ib.).........coouune. 22 15.5 7.5
OQutput at 200 psig supply

pressure and 1200 rpm (hp).... 18.5 9.1 4.2
Starting Torque at 200 psig

supply pressure (inch-pounds)... 1800 890 400

ing the overall volume of the motor.
Motor acceleration is extremely
fast —less than .05 second in most
applications. Low rotating speeds —
from 100 rpm to 2500 rpm — make
gear reduction unnecessary and mini-
mize problems of over-speed control,
rotational stresses and wear.
Flexibility of the basic design
allows for a wide range of motor sizes
— from less than 1 hp up to 300 hp —
depending on the available pressure

supply. Length vs. diameter shape
can be changed by varying the num-
ber of pistons and/or the piston diam-
eter and stroke.

When coupled with a ball screw
which may retract within the full
length of the motor shaft, the cam-
piston air motor has wide application
as a compact, high-performance
linear actuator in high temperature
pneumatic power control systems.

Your inquiries are invited.

CORPORATION
AiResearch Manufacturing Divisions

Los Angeles 45. California...Phoenix, Arizona
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PNEUMATIC VALVES AND CONTROLS *

TEMPERATURE CONTROLS
ABIN PRESSURE CONTROLS °* HEAT TRANSFER EQUIPMENT + ELECTRO-MECHANICAL EQUIPMENT * ELECTRONIC COMPUTERS AND CONTROLS
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Subjective Probability

In the course of their daily lives men must constantly measure

the probability of events. How these personal judgments conform

to the actual laws of probability is investigated by experiment

Only on things uncertain I rely

I have no doubt except in certainty

And from blind chance for knowledge I
inquire

E ;0 wrote Francois Villon, the 20th-

century French poet who hap-

pened to live in the 15th. He spoke
for all of us, for whenever we choose,
judge or decide, whether we interpret
the past or foretell what is to come, we
do so with incomplete or unsure knowl-
edge. Uncertainty dogs our every step.
Since we must act on incomplete infor-
mation, risk attends our daily decisions
and undertakings—in driving a car and
crossing a road, on the field of sport and
in the marriage bed, in picking a winner
on the stock exchange or in a political
election.

How do we measure the probabilities
of success or failure? An inquiry into
this subject of course falls in the domain
of psvchologyv. Our actions are based
upon our private assessment of our
chances, which in turn depends upon
our experiences and maturity in reason-
ing. We develop subjective concepts
of probability which permeate and
guide our thoughts and actions. In the
department of psychology of the Uni-
versitv of Manchester we have been
exploring the elusive processes of sub-
jective probability for some time by
experiments. One of our aims has been
to determine whether subjective proba-
bility has anything in common with
mathematical probability, and to what
extent subjective probability obeys dis-
tinctive psvchological rules of its own.
We have endeavored to trace the devel-
opment of ideas about probability, espe-
cially in voungsters of school age.

To start with, take a simple experi-
ment testing the notion of statistical dis-
tribution. We show children aged 10 to
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by John Cohen

16 a bowl containing blue and yellow
beads and inform them that there are
equal numbers of blue and yellow beads
in the bowl. The experimenter then
draws beads from it at random, four at
a time, and puts four beads in each of
16 cups. The children are asked to
tell how many of the cups will con-
tain respectively: (1) four blue beads,
(2) three blue and one yellow, (3) two
blue and two yellow, (4) one blue and
three yellow, (5) four yellow.

On the basis of such experiments we
have found that children apparently
progress through four stages. The
younger children (around 10) merely
guess vaguelv that the five possible
combinations are not equally likely.
Those a little more mature realize that
the most frequent (or most probable)
content of the cups will be two blue and
two yellow beads. At the third stage
youngsters advance to the conclusions
that one blue and three yellow beads
will occur as often as one yellow and
three blue, and that four blue and four
yellow also have equal probabilities.
Finally the older children conclude that
the combination of one and three is more
likely than all four of the same color.
These experiments thus show how, with
increasing age and experience, uncer-
tain situations are structured in closer
and closer accord with the objectivity of
mathematical expectation.

The idea of sampling is an essential
element for making sensible decisions;
indeed, it may be the basis of thought
itself. We send out mental antennas to
feel or taste the universe, and from these
samples, which give us only partial
information, we learn to form sound
judgments about the total “populations”
they are supposed to represent. Some-
times the populations vary continuously;
in such cases the fluctuations in succes-
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sive samples themselves may lead to dis-
covery of a law of nature.

et us now consider whether estimates
of the probability of success in a
given task obey rules similar to those of
mathematical probability or are subject
to different, psychological rules. One
rule of mathematical probability con-
venient for such a test is the additive
theorem: namely, that small, indepen-
dent probabilities of a particular event
add up to a larger probabilitv. Thus if
you are drawing for a lucky ticket in a
pool, your chances of success will in-
crease in proportion to the number of
tickets you take. In one of our experi-
ments we confronted our subjects with a
choice between taking a single large
probability or a set of smaller probabili-
ties: e.g., they were allowed to draw
either one ticket from a box of 10 or 10
tickets from 100, in the latter case put-
ting back the ticket drawn each time be-
fore making the next draw. Mathemat-
ically, of course, the chance of drawing
the prize ticket was exactly the same in
both cases. But most of the subjects
proved to be guided mainly bv psycho-
logical rather than mathematical con-
siderations.

It the 10 draws had to be made from
100 tickets in one box, about four fifths
of the subjects preferred to make a sin-
gle draw from a box of 10. Indeed, this
preference held even when they were
allowed to make 50 draws from the box
of 100. Apparently the subjects feared
that they might repeatedly draw the
same ticket that they had put back. On
the other hand, when they were allowed
to draw the 10 tickets (or even fewer)
from 10 separate boxes of 100 each, then
a majority of the subjects swung to a
preference for the plural chance over the
single draw from a box of 10. That is to



A bus is driven between two posts in an experiment by the author and his colleagues at the University of Manchester

129

© 1957 SCIENTIFIC AMERICAN, INC



CHLORINATED
PRODUCT§

CHLORAL

2,4 DICHLOROPHENOL

say, they swung from underestimating
| the plural chance to overestimating it.
| There is a type of mentality, in fact,
| which regards two draws as better than
one under any circumstances. Some of
the subjects preferred drawing two tick-
ets from a box of 100 to drawing one
from a box of 10.
Everyday life presents many situa-
tions of this kind, where we must choose
| between a large chance and a combina-
tion of smaller ones. For example, a jury
(or a scientist) sometimes has to weigh
one large item of evidence against the
sum of several small items. Now there
is also another type of situation which
resembles the foregoing but in which
the chances are not actually additive.
For instance, a general may have to de-
cide whether to stake success on a single

big battle or a succession of smaller ones.
Assume that he must win each of the
smaller battles in order to undertake the
next in the series. Then the chances are
not additive but multiplicative: that is,
if the chance of success in each battle is
1/2 (50 per cent), the over-all chance
for the series is 1/2 X 1/2 X 1/2....
The more battles he has to win on this
basis, the smaller is his chance of final
success. We have tested the responses of
subjects to such a situation, offering
them a choice between a single chance
(ranging from certainty of success down
to one chance in 1,000) and a set of
chances amounting to, say, 1/3 X 1/3
X 173. Even highly intelligent adults
often choose the multiple chance al-
though it is mathematically smaller than
the single chance. They tend to inter-
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Diamond ‘

Children wcre asked to guess in which of two columns a light would flash
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Utica technician viewing a meltdown of Udimet 500—a new vacuum melted alloy in the high temperature field.

birth of a superalloy

Vacuum melted alloys, as developed VACUUM MELTING

by the Utica Metals Division of Kelsey-Hayes, provides these properties
provide extreme cleanliness; maximum
chemical uniformity. They are superalloys, developed corrosion resistance
to withstand stresses and temperatures * Increased ductility

o High temperature

o Extreme cleanliness
e Precise chemical control

. . e Longer stress-rupture life
Utica, backed by the full resources and combined o Increased tensile strength

facilities of the Aviation Divisions of Kelsey-Hayes, . getter fatf'gll;e resistﬂ:ce
is better equipped than ever before * Greater yield strengd

e . . . . o Greater impact resistance
to serve the military, aviation and other industries. o Greater creep properties

UTICA METALS - KELSEY-HAYES

UTICA DROP FORGE & TOOL DIVISION 00 KELSEY-HAYES CO., UTICA 4 NEW YORK

AL v ovs

generated at supersonic speeds.
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YHE MARK OF QUALITY gma ' '
Motore

BARBER
COLMAN

“Most adaptable and reliable
motor available for

Hewlett-Packard Oscillator”
W. N. Eldred, Hewlett-Packard Company,
Palo Alto, California

Here’s another example of how many
manufacturers today are utilizing
Barber-Colman small motors to help
bring about important new product
developments.

Hewlett-Packard Company’s Model
670 swept-frequency oscillator in-
corporates the unique feature of an
automatic, adjustable mechanical
frequency sweep.

To drive the tuning dial and sweep it
over any desired frequency range,
the Barber-Colman Type OYAZ re-
versible motor was chosen.
it the most adaptable and reliable
unit available for this application,”
reports the manufacturer.

If you have a design
problem involving
small motors, let
Barber-Colman engi-
neers help you solve
it with the exact

motor for the job.

FREE HELPFUL DATA SERVICE on the complete
line of Barber-Colman small motors which includes
unidirectional, synchronous, and reversible motors —
up to 1/20 hp. With and without reduction gear-
ing—open or enclosed types. Expert engineering
service available. Write today, tell us your problem,
ask for free data sheets and catalog F-4271 or see

Sweet's Product Design File.

BArRBER-CoLMAN COMPANY
Dept. W, 1262 Rock Street, Rockford, Illinois
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pret the successive chances as additive,
and the more stages there are, the big-
ger is their overestimation of the proba-
bility of success.

\Xfe have studied people’s estimates of
' the chance of success, or the risk of
failure, both in tasks that involve no
danger (e.g., throwing a ball at a target)
and in others that do involve danger
(e.g., driving a bus between two posts).
In the latter experiment the posts were
set at various distances, ranging from
gaps which the bus could clear very
eusily to openings narrower than the
bus. We compared the risk-taking of a
group of beginners just starting training
as bus drivers with that of trained drivers
and of an experienced instructor.

We found that the experienced drivers
not only performed more successfully
than the inexperienced but also took less
risk. That is, while the beginners at-
tempted the task even when they were
far from sure that they would succeed,
and sometimes tried to drive the bus
through an impossibly narrow gap, the
trained drivers seldom did; the instruc-
tor never. He was able to judge accu-
rately whether he could or could not
drive his bus through a given gap. His
maximum risk-taking level (the smallest
gap through which he would attempt
to take the bus) was one at which he

| thought he would always succeed and

“Found |

did in fact always succeed.

Plainly this kind of investigation could
be useful in improving safety, not only
in automobile driving but also in many
other activities involving a human op-
erator. We are at present studying how
risk-taking by drivers is affected by im-
bibing various (uantities of alcohol.

[T ncertainty pervades our lives so thor-

oughly that it dominates our lan-
guage. Our everyday speech is made up
in large part of words like “probably,”
“many,” “soon,” “great,” “little.” What
do these words mean? “Atomic war,” de-
clared a recent editorial in the London
Times, “is likely to ruin forever the na-
tion that even victoriously wages it.”
How exactly are we to understand the
word “likely”? Lacking any standard for
estimating the odds, we are left with the
private probability of the editorial
writer.

Such verbal imprecision is not neces-
sarilv to be condemned. Indeed, it has a
value just because it allows us to express
judgments when a precise (uantitative
statement is out of the question. All the
same, we should not and need not hide
behind a screen of complete indefinite-
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One big battle, or several small ones?

ness. Often it is possible to indicate the
bounds or limits of the quantitative
value we have in mind.

The language of uncertainty has three
main categories: (1) words such as
“probably,” “possibly,” “surely,” which
denote a subjective probability and are
potentially quantifiable; (2) words like
“many,” “often,” “soon,” which are also
quantifiable but denote not so much a
condition of uncertainty as a quantity
imprecisely known; (3) words like “fat,”
“rich,” “drunk,” which are not reducible
to any accepted number because they
are given various values by different
people.

We have been trying to pin down, by
experimental studies, what people mean
by these expressions in specific contexts,
and how the meanings change with age.
For instance, a subject is told “There are
many trees in the park” and is asked to
say what number the word “many”
means to him. Or a child is invited to
take “some” sweets from a bowl and we
then count how many he has taken. We
compare the number he takes when
alone with the number when one or
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Automatic elevator system similar to that installed by Westinghouse Elevator Division
in Seagram’s new Bronze-sheathed building at 375 Park Avenue in New York.

'l Add COPPER

... and they run themselves !

Elevators, the newest automatic ones, show you some
of the electronic marvels made possible by Copper.
(If it’s electronic, there’s usually Copper in it.)

Because Copper conveys the electrical impulses to
transmit signals, elevators are dispatched automati-
cally to where they are needed, skip floors when there
is no more room, close their doors politely and safely,
never give passengers ‘“that sinking feeling.”

When you step in, Copper enables a phantom voice
to warn: “Stand back from the door, please.” In a
department store, the voice says: ‘“This car down,”
even announces the merchandise on each floor. In a
hotel, it calls out the floors.

Copper “nerves’ enable control mechanisms to
“think,” so elevators are returned to the first floor
at night, lights are turned out, motor-generator equip-
ment shut down to save power.

America’s electronic future will require Copper . ..
and the Copper Industry will see to it that an ample
supply is maintained to meet the need as it arises.

DO YOU MANUFACTURE ELECTRONIC COMPONENTS?
You’ll find Copper a highly “workable” material. Makes
the most complicated shapes relatively easy to produce,
reduces cost. Reduces product-bulk, too, through printed
circuits and other miniaturization. And gives you an
extra dividend in high-cash-recovery scrap!

COPPER - BRASS -BRONZE

in over 40 Standard Alloys!

For data on Copper in other electronic applications, write to the Copper and Brass Research Association, 420 Lexington Ave, New York 17, N. Y,
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Is your job your
only income?

Then maybe it’s time you paused to con-
sider this profitable and attractive idea.
Millions of people have bought common
stock in American corporations to get
income from other sources and to make
spare dollars grow.

If you think you have to be rich to own
stock you couldn’t be farther from the
truth. Two out of three shareowners
have incomes under $7500 a year.

Or maybe you feel there’s risk in buying
stock. Of course there is. There’s risk in
owning any kind of property. Security
prices fluctuate and sometimes stocks
don’t pay dividends. But companies can
grow and there are more than 300 stocks
on the New York Stock Exchange that
have paid dividends every year from 25
to 108 years.

Or perhaps you feel you have to be an
expert in investing. You don’t. Any near-
by Member Firm of the New York Stock
Exchange will be happy to give you the
benefit of its experience and advice. You
need the facts before you invest and
they’ll help you get them about the se-
curities you think are best for you (per-
haps bonds instead of stocks).

If you’ve provided for family emergen-
cies you’re ready to begin. Start with our
free booklet DIVIDENDS OVER THE YEARS.
It lists stocks that have paid dividends
every year for 25 years or more, group-
ing them to show which have paid
progressively higher dividends over the
past ten years ... which pay 5 to 6 per
cent at recent prices ... which are most
favored by financial institutions. And it
tells you how to start a convenient pay-
as-you-go Monthly Investment Plan.
Get your copy from any Member Firm.
Or send the coupon now.

Own your share of American business

Members New York
Stock Exchange

For offices of Members nearest you, look under New
York Stock Exchange in the stock broker section of
your classified telephone directory.

Send .for new free bookliet —‘DIVIDENDS I
OVER THE YEARS — a basic guide for |
common stock investment.”” Mail to I
your local Member Firm of the Stock
Exchange, or to New York Stock |
Exchange, Dept. H1-7, P. 0. Box 252, |
New York 5, N. Y. |
|
|
|
|
|

ADDRESS— —

BROKER, IF ANY

|

I

|

|

|

|

|

: NAME
|

|

|
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more other children are present and are
to take some sweets after him, or with
the number he takes when instructed
to give “some” sweets to another child.
First, we find that the number de-
pends, of course, on the items involved.
To most people “some friends” means
about five, while “some trees” means
about 20. However, unrelated areas
sometimes show parallel values. For in-
stance, the language of probability seems
to mean about the same thing in predic-
tions about the weather and about poli-
tics: the expression “is certain to [rain,
or be elected]” signifies to the average
person about a 70 per cent chance; “is
likely to,” about a 60 per cent chance;
“probably will,” about 55 per cent.
Secondly, the size of the population of
items influences the value assigned to
an expression. Thus, if we tell a subject
to take “a few” or “a lot of” beads from
a tray, he will take more if the tray con-
tains a large number of beads than if it
has a small number. But not proportion-

(
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)
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ately more: if we increase the number of
beads eightfold, the subject takes only
half as large a percentage of the total.

Thirdly, there is a marked change
with age. Among children between six
and 14 years old, the older the child, the
fewer beads he will take. But the dif-
ference between “a lot” and “a few”
widens with age. This age effect is so
consistent that it might be used as a test
of intelligence. In place of a long test we
could merely ask the subject to give
numerical values to expressions such as
“nearly always” and “very rarely” in a
given context, and then measure his in-
telligence by the ratio of the number
for “nearly always” to the one for “very
rarely.” We have found that this ratio in-
creases systematically from about 2 to 1
for a child of seven to about 20 to 1
for a person 25 years old.

]\Towhere are the processes of subjec-
tive probability more beautifully
exhibited than in gambling. This is, of

i

S

For elections and rain the prediction “is certain to” means about a 70 per cent chance
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Now! A new star in Navy skies

Jayne Marie Mansfield, with the help of her famous
mother, christens Temco’s jet trainer “Pinto”

The TEMCO-built TT-1 proudly joins the Navy’s air being made in the fields of guidance systems, electron-

arm as the “Pinto” — first primary jet trainer to be ics, and missile weapons systems. The experienced
accepted by the U. S. Military. It is an aircraft as engineer seeking the challenge of a growing organiza-
reliable and rugged as the famous Pinto ponies of the tion, plus the prestige of a soundly established com-
Texas plains. pany — will find his opportunity at Temco!

The Pinto was born in Texas ... designed, built and
tested at Temco’s own expense to meet the need for IN ENGINEERING, THE BEST OPPORTUNITIES ARE IN AVIATION
all-jet training. It won competitive evaluation tests at
the Navy’sPatuxent River Air Test Center. Subsequent
exhaustive tests have proved its capabilities for true
jet performance with highest safety factors.

IN AVIATION, THE BEST OPPORTUNITIES ARE AT TEMCO

MR. JOE RUSSELL, Engineering Personnel
. . . . Room 110-M, Temco Aircraft Corp., Dallas, Texas
The Pinto is an outstanding example of Temco initia-

tive and engineering skills. Similar achievements are Please send me complete details of the Temco story of unusual

opportunities for experienced engineers. I am especially interested in

NAME

ADDRESS

AIRCRAFT CORPORATION e Dallas, Texas
MISS MANSFIELD APPEARS SOON IN THE JERRY WALD FILM PRODUCTION “KISS THEM FOR ME".
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LOCATION
FACTS

Financial
assistance
in New York State

medans:

Availability of the world’s greatest
investment firms with a continu-
ing interest in the State’s indus-
trial progress.

Accessibility of financing throughout
the State by local institutions.

Co-operation in obtaining suitable
funds through the New York
Business Development Corpora-
tion—a privately financed and
managed organization chartered
by the State Legislature to assist
qualified new or expanding enter-
prises within or coming into the

State.
*

Before you decide on a new plant,
what specific financing data do you
need?

Our job is to know where capital is
available, and to put you in touch
withpropersources of mortgage money
or working capital for your operations
in New York State.

*

Financing is only one of your factors.
What about

. markets . .. transportation
.. components and raw materials
...sites and buildings. .. power
. water...fuel...labor?

The New York State Department of
Commerce stands ready with a pro-
fessional, long-experienced staff to
give you a tailor-made plant location
survey covering any New York State
community.

Let us answer your questions. Write
for “Industrial Location Services,” a
free booklet that tells what we can do
for you. Send your request to me at
Room 671, 112 State Street, Albany 7.

EDWARD T. DICKINSON
Commissioner of Commerce
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course, an ancient and universal practice
of mankind. It seems to be linked, like
ideas of destiny, primitive justice and
divination, with the human awe of un-
predictable events. The gods of folklore,
in Indian, Greek and Nordic mythology,
shaped human destiny by lots or dice.
Primitive justice was, therefore, like a
game of chance, a way of discovering
the decision of the gods. The lawsuit was
probably at first a contest which took
the form of judgment by ordeal: victory

! was taken as supernatural proof of the

justice of one’s cause. No single feature
of our lives is more charged with anxiety
or passionate beliefs than a gamble such
as the toss of a coin to decide an issue. No
wonder that gamblers get worked up into
violent frenzies (sometimes eating the
cards or smashing the dice) and are
ready to stake anything: wives, families,
fingers, teeth, eyebrows, even personal
freedom. Perhaps, as Sigmund Freud
suggested, there is a sexual element in
gambling; indeed, it often produces the
same sequence of pleasure, guilt and re-
morse as the practice of masturbation.

In our studies of the manifestations of
subjective probability in gambling we
have given particular attention to the
Monte Carlo fallacy: the well-nigh
unanimous belief that after a run of suc-
cesses a failure is inevitable, and vice
versa. We tested young children with a
display board containing two vertical
columns of lights [see drawing on page
130]. The lights were lit in succession,
on one side or the other, up to a certain
point, and the child then had to guess
whether the next light would be in the
right-hand or left-hand column.

Children from the age of six to 11 un-
derwent this test. The youngest tended
to alternate their guesses from one col-
umn to the other: that is, they might
guess that the light would appear on the
left side; if that guess failed, they would
switch to the right side the next time,
and so on. Older children followed the
pattern of what had happened on the
board: if more lights were lit on the left
side, they would predict that the next
light would appear on the right, regard-
less of their preceding guess.

Not until about the age of 12 do
children begin to sense that each event
may be independent of those that have
gone before. At this age, as we found in
coin-tossing  experiments, youngsters
start to predict that any given toss may
be either heads or tails. As a 12-year-
old girl expressed it: “When you toss a
penny, nobody, nobody can tell you,
even the cleverest of people, which it
is going to be, because it might be

© 1957 SCIENTIFIC AMERICAN, INC

How many are “some” sweets?

either.” Nevertheless, even with this ap-
preciation, youngsters do not fully grasp
the idea of a statistically independent
outcome. Very few, it appears, realize
that the guesses must be made in a
purely random manner. From the young-
ster of six to the very bright adolescent of
16, predictions follow a complex system
of pattern-seeking, associated with pref-
erences for esthetic symmetry, fairness
or magic.

These experiments give us a glimpse
into the mind of the gambler. He seems
unable to detach his prediction of an
event from outcomes of similar events
in the past, although in a sense he may
“know” that the new event is entirely
independent of those previous out-
comes. Like many children, he is apt to
treat luck and ill luck as stores which
can be used up, and to think that suc-
cess in guessing is due to the possession
of some uncanny shrewdness or occult
power which acts like a divining rod.

The turther study of subjective prob-
ability promises to be of considerable
theoretical interest as well as practical
importance. It offers a novel method of
investigating the growth of our mental
powers from infancy onward, providing
a single conceptual scheme for the study
of how we perceive, think, learn, decide
and act. It suggests new possibilities for
comparative researches into abnormali-
ties of thought and behavior, such as in
schizophrenia, obsessional disorders and
brain injuries.
There may also be a moral for teach-



Number three of a series

Surface Reports on steel processing

from powder to pills of steel

Low grade ores have long been an in-
viting possible dietary supplement for
this country’s amazing appetite for steel.
Taconite, however, has resisted efforts to
refine it until a fairly recent break-
through in processing techniques. It is
possible to powder, concentrate, and
pellitize the lean ores, but how to make
the pellets sturdy enough to stand the
rather rough subsequent handling was a
challenge that literally took years to
make commercially practical. Heat treat-
ment of the pellets was a big part of
the answer.

From the very beginning Surface par-
ticipated actively in research aimed at
commercial utilization of taconite, and
recently acquired exclusive rights to li-
cense the process and equipment for
pelletizing iron ore by the Erie Mining
Company shaft furnace method.

Twenty-four furnace units are being
built by Surface for the Erie taconite
plant at Hoyt Lakes, Minnesota. The

entire plant and associated facilities in-
volve some 300 million dollars and will
be the largest installation of its kind.

the pit that worked

Here’s a news story that’s thirty years
young. Back in 1927, Surface Combus-
tion Corporation developed the one-way
fired soaking pit for steel ingots—a radi-
cal departure from the then conventional
methods of heating the pits with several
burners. Logic would have said this
technique would sacrifice uniform heat-
ing for economy.

But the pits did work far better than
original expectations. Today the Surface
one-way firing method is the standard of
the industry, and that Surface is still
pioneering after thirty years is attested
by a most recent installation of 48 Sur-
face pits for one of America’s greatest
steel producers. This is the largest pit
installation ever built and will be part of
a facility with a rated capacity of four
million tons annually.

These pits soak 4 million tons of steel ingots a year

SURFACE COMBUSTION CORPORATION

Surface® Heat Treat, Steel Mill, Glass Divisions ¢ Kathabar® Air Conditioning & Drying Division ¢ Janitrol® Aircraft

high speed annealing

The bright annealing of strip for tin
plate is—to put it mildly—a difficult prob-
lem, partly because of the need for enor-
mous speed and capacity, but chiefly
because of the heat radiating character-
istic of the bright metal. Metallurgical
and dimensional specifications are tight.
High heat inputs are needed, with very
close control of temperatures through
the entire operating cycle.

6-story tower annealer for tin strip

Meeting such demands sometimes
leads to rather dramatic installations.
One of Surface’s strip annealers is six
stories high and the strip itself travels
at 1000 feet a minute.

Many large annealing installations
bear the Surface nameplate, because
steel production people and investors
generally like to know ahead of time that
a new line is going to pay off.

For further information on any phase
of steel processing from ingot to finished
product—or for any other Surface serv-
ices, write Surface Combustion Corpora-
tion, 2391 Dorr St., Toledo 1, Ohio. In
Canada: Surface Industrial Furnaces,
Ltd., Toronto, Ontario.

| Surface §

Division ¢ Janitrol® Heating & Air Conditioning Division ¢ Webster Engineering Company: Boiler Burner Division
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For Christmas and all of 1958, you couldn't choose a more perfect
gift for your friends and associates than a subscription to
SCIENTIFIC AMERICAN. Whether they are technical executives in
industry, engineers, scientists, students, or interested laymen, they
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Each of your friends will receive an attractive Christmas Card
to inform him of your thoughtful gift.

P.S. If you are not now a subscriber, this is a timely opportunity for
you to take advantage of this Christmas subscription offer.

Special Christmas Gift Rates:
Your own subscription or first gift $5.00
Additional subscriptions 4.00

SCIENTIFIC
 AMERICAN

QR

NAME

Also enter or extend
my own suhscription
for a year as part

of this order.

OJ

STREET ADDRESS, CITY, ZONE. STATE

TITLE, BUSINESS CONNECTION

OJ

for

GIFT CARD TO READ

From

YOUR

subscriptions.

- NAME o . D Bill me later.

ABOVE RATES FOR UNITED
STATES ONLY. CANADA AND
LATIN AMERICA: ADD $1.00 TO
DOMESTIC RATES FOR EACH
SUBSCRIPTION.FOREIGN AND
PHILIPPINES: ADD $3.00 TO
DOMESTIC RATES FOR EACH
SUBSCRIPTION.

STREET ADDRESS. CITY. ZONE. STATE

TITLE, BUSINESS CONNECTION

GIFT CARD TO READ

NAME

YOUR ADDRESS

STREET ADDRESS, CITY, ZONE, STATE

415 MADISON AVENUE SCIENTIF'[CNEW YORK 17, N, Y,

138

AMERICAN

© 1957 SCIENTIFIC AMERICAN, INC

Enclosedis$_

ers. Our system of education tends to
give children the impression that every
question has a single, definite answer.
This is unfortunate, because the prob-
lems they will encounter in later life will
generally have an indefinite character.
It seems important that during their
years of schooling children should be
trained to recognize degrees of uncer-
tainty, to compare their private guesses
and extrapolations with what actually

| takes place—in short, to interpret and be-

come masters of their own uncertainties.

Subjective probability also has its
place in the study of crime. Certain
classes of criminals may differ from their
law-abiding neighbors only in being
more sure that they will escape detec-
tion. Or they may differ only in their
level of maximum risk-taking, that is,
in being ready to act at a level of un-
certainty of success where their neigh-
bors would hold back. Further, we have
started some studies which may form
a bridge between psychology and eco-
nomics. For example, we are studying

| people’s behavior at auctions in an

attempt to relate subjective expectations
of gain or loss to the actual risks of an
economic enterprise. Finally, the study
of subjective probability makes possible
an experimental attack on all sorts of
problems involving uncertain situations.
In particular, it offers a new perspective
for the study of accidents—in transport,
in industry and, not least, in the home.

Sigmund Freud reflects on gambling



ONLY the whisper of a physicist’s
breathing breaks the stillness of
the laboratory as he posi tions a single
crystal of age-hardened steel under
a sharp diamond penetrator. He
squints at a dial . . . touches a foot
pedal. And the pyramidal point of
the diamond slowly presses into the
polished surface of the steel crystal.

The instant that diamond touches
steel, things begin to happen inside
the crystal. Atoms that were locked
in position begin to slip and slide—
layers at a time—as they are pushed
out of place. Some layers abruptly
wrinkle and corrugate, to form crys-
tallographic “twins,” when sections
of the crystal distort under the load.

If you listen hard when this hap-
pens, you can hear a faint, sharp
“click.” This is the sound of twinning

UNI

LI

—the sound of atoms violently shift-
ing, moving, within the crystal.

You can see it twinning, too—or,
rather, the results of it. Examine the
surface of the deformed -crystal
through a high-powered microscope,
and you can see a characteristic pat-
tern of ridges and ripples that forms
on the surface when theatomic layers
distort. The photomicrograph above
is typical. (The black diamond is
the depression made by the pene-
trator.)

By studying many slip and twin-
ning patterns and correlating them
with other experimental data, scien-
tists at U. S. Steel are trying to learn
exactly what happens, atomically,
when a steel is bent, flexed, or broken.
The new knowledge they are gaining
will enable them to control the micro-

S TATES
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structure of steel with still greater
precision. It will enable them to con-
tinue the steady improvement in per-
formance and quality of existing
USS steels and to develop new, more
versatile, and more useful USS steels.

That is why fundamental physical
and chemical research is an impor-
tant and continuing activity at U. S.
Steel’s Research Center. It benefits
U. S. Steel, its customers, and every-
one who uses products of steel. It
also aids the forward march of
science, because it helps other scien-
tists who are striving to better under-
stand the nature and behavior of
matter. United States Steel, Pitts-
burgh 30, Pennsylvania.
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%DUKANE
ot AMP

“MOVES A MOUNTAIN OF METAL
IN BOMBER FLIGHT CONTROL”

Small, yes, but built to exact-
ing specifications for dependable
performance under tough oper-
ating conditions. This is precision
manufacturing at its finest by
one of the world’s leaders in
pioneering and developing elec-
tronics. DuKane can produce
amplifiers in any size, quantity
and capacity to meet your re-
quirements. Send the coupon
today for the interesting facts!

BY CONTRAST ARE THE DUKANE
AMPLIFYING SYSTEMS
WEIGHING WELL OVER A TON!

DuKane's dependable commercial elec-
tronic products are serving industry,
schools, hospitals and offices across the
nation! Details upon request!

" Flexifone and School
Nurses’ Call Sound Systems

&

Micromatic Sound Private Telephone
Filmstrip Projector Systems

| For Facts on DuKane
| amplifiers for defense, write

| DuKane Corporation, Dept. H-10
I St. Charles, lllinois

| NAME
| ADDRESS
| CITY
| Firm _

)
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MATHEMATICAL GAMES

by Martin Gardner

ast February this department pre-
sented nine “brain teasers” which,

judging by the number of letters
which followed, inflamed the passions of
readers who like to solve puzzles. Here
are nine more of these problems. Some
are old, some new; none calls for ad-
vanced mathematical skills except pos-
sibly the problem of the amorous bugs
and the seemingly unsolvable problem
of the ivory sphere. All have elegant or
| unexpected elements in their solution.
| The answers will appear in this depart-
ment next month.

1.

Four golf balls can be placed so that
each ball touches the other three. Five
half-dollars can be arranged so that each
coin touches the other four [see illustra-
tions at bottom of page].

Is it possible to place six cigarettes so

| that each touches the other five? The
cigarettes must not be bent or broken.

2.

Two ferryboats start at the same in-
stant from opposite sides of a river, trav-

‘o>
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‘ Puzzle 1

Nine titillating puzzles, the answers

to which will be given next month

eling across the water on routes at right
angles to the shores. Each travels at a
constant speed, but one is faster than the
other. They pass at a point 720 yards
from one shore. Both boats remain in
their slips for 10 minutes before starting
back. On the return trips they meet 400
yards from the other shore.
How wide is the river?

3.

A rectangle is inscribed in the quad-
rant of a circle as shown [top of page
142]. Given the unit distances indicated,
can you accurately determine the length
of the diagonal AC?

Time limit: one minute!

4.

An electrician is faced with this an-
noying dilemma. In the basement of a
three-story house he finds bunched to-
gether in a hole in the wall the exposed
ends of 11 wires, all alike. In a hole
in the wall on the top floor he finds the
other ends of the same 11 wires, but
he has no way of knowing which end
above belongs to which end below. His
problem: to match the ends.

To accomplish his task he can do two
things: (1) short-circuit the wires at
either spot by twisting ends together in
any manner he wishes; (2) test for a
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For a long range future..

Nuclear Rocket Propulsion at Los Alamos

| One of the most important programs at Los Alamos is research and development work
/ ~ aimed at utilizing nuclear energy for rocket propulsion. Investigations are being made in
| the fields of heat transfer, neutronics, fluid dynamics and rocket engine controls. Of special
interest is the development of suitable materials for the very high temperatures involved.

The Laboratory is interested in inquiries from physicists, physical chemists, metallurgists
and engineers who wish to engage in any phase of this well-rounded research program.
/ We will send you information about the Laboratory and a color brochure describing this

delightful northern New Mexico mountain community.

Write: Director of Personnel
Los Alamos Scientific Laboratory
Division 2312

10 S' \al a m 0 S Los Alamos, New Mexico
/
Scientif ic laborato ry- :.:s Glcfmos. 'Scie:Iéfit;.fLub.(:r:torZhis J ;o: 'civill s;rvice ogeraﬁ.on. of
‘|| |l OF THE UNIVERSITY OF CALIFORNIA e univers: Y (<] alirornia for e U. 9. omic nergY ommission.
- -

\ LOS ALAMOS, NEW MEXICO
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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

LINCOLN LABORATORY
BOX 18
LEXINGTON 73, MASSACHUSETTS
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Puzzle 3

| closed circuit by means of a “continuity

tester” consisting of a battery and a bell.
The bell rings when the instrument is
applied to two ends of a continuous, un-
broken circuit.

Not wishing to exhaust himself by
needless stair-climbing, and having a
passionate interest in operations re-
search, the electrician sat down with
pencil and paper and soon devised the
most efficient possible method of label-
ing the wires.

What was his method?

5.

One of the oldest of topological puz-
zles, familiar to many a schoolboy, con-
sists of drawing a continuous line across
the closed network shown at the bottom
of this page so that the line crosses each
of the 16 segments of the network only
once. The curved line shown here does
not solve the puzzle because it leaves
one segment uncrossed.

It is not difficult to prove that the
puzzle cannot be solved on a plane sur-
face. Two questions: Can it be solved
on the surface of a sphere? On the sur-
face of a torus (doughnut)?

6.

Assuming that a match is a unit of
length, it is possible to place 12 matches

//\\_///)

]
\\L
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Puzzle 5




Virgil L. Stout, Ph.D., University of Mis-
souri (1951) joined the staff of the

General Electric Research Laboratory
in 1952, and now serves as manager of
the Physical Electronics Section. He
has specialized in the study of elec-
tron emission and gas-metal reactions.

Reactions in vacuum

General Electric’'s Dr. Virgil L.. Stout helps improve vacuum
tubes by learning basic facts about cathodes and anodes

A key to basically better vacuum tubes is improved
cathodes — surfaces that will emit more electrons
with greater reliability. Several years ago at the
General Electric Research Laboratory, experiments
showed that cathodes using titanium as the base
material had a very short life. In finding the funda-
mental reasons for the disadvantages of titanium in
cathodes, Dr. Virgil L. Stout and his associates uncov-
ered new knowledge explaining the metal’s advan-
tages as an electron collector.

Titanium, when used as an anode, was found to
provide an unexpected bonus. In its reaction with
barium oxide molecules, which evaporate from the
cathode, titanium not only absorbs the unwanted
oxygen but also lets the barium return to where it

started, thus maintaining the cathode’s efficiency.

Dr. Stout’s basic scientific contributions have
helped his associates develop many electronic devices
— among them a family of extremely small and effi-
cient titanium-ceramic vacuum tubes that can operate
at red heat and radar frequencies.

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 Qur Most Important Product

GENERAL @ ELECTRIC
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on a plane in various ways to form poly-

gons with integral areas. On this page
St | are two such polygons: a square with
* an area of nine square units, and a cross

—k with an area of five.

The problem is this: Use all 12
X matches (the entire length of each
% #*— match must be used) to form in similar
fashion the perimeter of a polvgon with

PHYSICISTS i\*
ENGINEERS MATHEMATICIANS

Designers

ﬂﬁ\& ﬁ,]& "

P X
an area of exactly four square units.
Important NEW Developments
create

7

o .

This incredible problem—incredible
because it seems to lack sufficient data
® ® for a solution—appeared in a recent issue

of The Graham Dial, a publication of

os lm Graham Transmissions Inc. A cvlindrical

o hole six inches long has been drilled
AT MELPAR straight through the center of a solid

| ivory sphere. What is the volume of
ivory remaining in the sphere?

Leading Research Laboratory in Suburban
Washington, D. C. (())

Four bugs—A, B, C and D—occupyv
the corners of a square 10 inches on a
side. A and C are male, B and D arc
female. Simultaneously A crawls direct-
Iv toward B, B toward C, C toward D

Several long range systems development
programs have recently been awarded to
Melpar, the execution of which require our
engineers and scientists to pioneer into the
no-man’s-land of science. Of a highly ad-
vanced nature, these programs are vital to
the Nation’s defense and include weapons QL =R ) § e—5)
systems evaluation in a variety of fields and 1
over 90 diversified projects in electronic

R & D.

These long term assignments have created
challenging openings which you are invited
to consider. As a Melpar staff member you
will become a member of a small project
team charged with responsibility for entire
projects, from initial conception to comple-
tion of prototype. Your advancement will be
rapid, thanks to our policy of individual
recognition, which promotes you on the
basis of your performance, rather than age
or tenure.

) ¢
—

Wire or phone collect, or write to:
Technical Personnel Representative

MELPAR; ncorporated ﬂ
Cim—

A Subsidiary of Westinghouse Air Brake Company
3359 Arlington Boulevard, Falls Church, Va. G—
10 miles from Washington, D. C. |

Openings Also Available at Our C—

Laboratories in Boston and Watertown, Massachusetts.

| Puzzle 6
144
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¢FORCES OF NATURE,”?
another in a collection of
paintings by Simpson-
Middleman, two talented
artists who find in the natural
sciences the subject matter
for their contemporary
expressions. Courtesy John
Heller Gallery, Inc.

Explore the secrets of nature — at Boeing

Boeing scientists and engineers, using some of the most

advanced privately-owned facilities in the country, are exploring new levels of understanding
and control of the forces of nature.

Extreme altitude environments, and the combination of air action and high temperatures
encountered in hypersonic flight are two of many typical areas of study and

development at Boeing. Others are inertial and electronic guidance, chemical

fuel propulsion and the management of advanced, years-ahead guided missile weapon systems.
If work at this level of engineering and scientific sophistication appeals to you,

get in touch with Boeing. You’ll find here stimulating assignments along the very frontiers

of knowledge. You’ll find both challenge and reward

—and an opportunity to grow in stature. BaEI”G

Drop a note now to John C. Sanders, Engineering Personnel Administrator, Boeing Airplane Company, Department B-69, Seattle 24, Washington
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missile engineers

As space becomes the missile engineer’s prov-
ince the demand for highly competent talent is
ever present. Each development uncovers other
areas for advanced study.

Beneath the imposing skyline at Northrop,
engineers in the new multi-million dollar Engi-
neering and Science Center are tackling today
the problems of tomorrow’s flights into space.

Scientists and engineers at Northrop have
many accomplishments to their credit, including
the USAF-Northrop SM-62 Snark interconti-
nental guided missile, first such weapon system
to become operational with the Strategic Air
Command. Research continues on preliminary
and advanced projects involving missile guid-
ance and controls, propulsion, flight test engineer-
ing, and similar areas of prime importance.

Northrop’s 18 years of experience in pilotless
flight is seldom matched by other manufacturers
in the aircraft or missile fields. This reputation
is a principal reason why experienced engineers
and scientists have joined the Northrop Engi-
neering Division. As work progresses on the
USAF Snark and other vital missile projects
career opportunities become available for quali-
fied missile engineers.

NORTHROP

Northrop Division of Northrop Aircraft, Inc.
Engineering Industrial Relations, Dept. 4600- F
1041 East Broadway, Hawthorne, California
BUILDERS OF THE FIRST INTERCONTINENTAL GUIDED MISSILE
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Puzzle 8

and D toward A. If all four bugs crawl
at the same constant rate, they will de-
scribe four congruent logarithmic spirals
which meet at the center of the square.

How far does each bug travel before
they meet? The problem can be solved
without calculus.

9.

“I hear some youngsters playing in
the back yard,” said Jones, a graduate
student in mathematics. “Are they all
yours?”

“Heavens no,” exclaimed Professor
Smith, the eminent number theorist.
“My children are playing with friends
from three other families in the neigh-
borhood, although our family happens
to be largest. The Browns have a smaller
number of children, the Greens have a
still smaller number, and the Blacks the
smallest of all.”

“How many children are there alto-
‘ gether?” asked Jones.

“Let me put it this way,” said Smith.
“There are fewer than 18 children, and
the product of the numbers in the four
families happens to be my house number
which you saw when you arrived.”

Jones took a notebook and pencil from
his pocket and started scribbling. A mo-
ment later he looked up and said, “Ineed
more information. Is there more than
one child in the Black family?”

As soon as Smith replied, Jones smiled
rather smugly and correctly stated the

| number of children in each family.
i Knowing the house number and
|

>

whether the Blacks had more than one

| child, Jones found the problem trivial. It
is a remarkable fact, however, that the

| number of children in each family can
be determined solely on the basis of the
information given above! The problem

| was originated by Lester R. Ford, former
head of the mathematics department at
the Illinois Institute of Technology.



Designing reactor
for nation’s first
full-scale nuclear
power station

This mockup of the pressurized
water reactor for the nation’s first
full-scale civilian nuclear power sta-
tion, being built at Shippingport,
Pa., rises four stories tall at Bettis
Atomic Power Division. The full-
size model is shown when it was
under construction. The Shipping-
port Atomic Power Station is being
built as a joint venture of the United
States Atomic Energy Commission
and the Duquesne Light Company.
Westinghouse is developing the
nuclear components under a con-
tract with the AEC. Duquesne Light
Company will operate the station.

Design of the Shippingport re-
actor is just one of the challenging
nuclear projects at Bettis, one of
the leaders in the growing atomic
power industry. We welcome in-
quiries from physicists, mathemati-
cians, and engineers interested in a
rewarding career in this new indus-
try. Please address your résumé to:

Mr. M. J. Downey

Bettis Atomic Power Division
Westinghouse Electric Corp.
Department A216

P.O. Box 1468

Pittsburgh 30, Pa.

BETTIS ATOMIC POWER DIVISION
VVestinghouse




7 THE ANATEUR SCIENTIST

How to make extremely energetic sparks for

by C. L. Stong

ew encounters with nature leave
Fthe observer more profoundly im-

pressed than a close brush with
lightning. Those who escape from the
experience with a whole skin never for-
get the blinding flash, fearful concussion
and accompanving odor of “brimstone.”
The power of nature’s big spark to rip
trees and other objects apart has long
intrigued experimenters. Yet relatively
few have undertaken even a small-scale
studv of the instantaneous discharge of
electricity through gas at atmospheric
and higher pressures. This is difficult to
explain in view of the success which
followed the study of comparable dis-
charges through gases at low pressure.
Among other accomplishments, this lat-
ter work opened the field of electronics.
A host of volumes record this work. In
contrast, the word spark appears in the
index of onlv about one physics text in
four, and these usually dismiss the sub-
ject with a few paragraphs on the ven-
erable Rhumkorff ceil. Thus far onlv
two noteworthy applications have been
found for the spark. Pioneers of the
wireless telegraph used it as an auto-
matic switch in the so-called spark
transmitter, and modern engineers find
it a handy means for igniting gasoline
in engines and cigar lighters.

We may soon hear more about sparks,
if the work of two engineers at the
University of Michigan lives up to its
promise. H. C. Early, research engineer,
and E. A. Martin, professor of elec-
trical engineering, have been looking
into the nature and applications of high-
energy sparks under the sponsorship of
the U. S. Armv Office of Ordnance Re-
search. They have succeeded in concen-
trating about half the peak current of
a major lightning stroke into a hair-thin
path a half-inch long that offers appre-
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high-speed photography and other purposes

ciable electrical resistance to the dis-
charge. The results should fascinate
amateurs who like sound and fury in
their experiments. The sparks made by
Early and Martin punch holes through
metal plates, emit light which pales the
sun and, in one proposed application,
emboss paper with printed characters at
speeds impressively higher than those of
any process now in use. Numerous other
applications are implied. Apart from its
potential uses, the high-energy spark
turns out to be a simple and relatively
inexpensive device for investigating the
behavior of matter under extremes of
temperature and pressure that should
open a whole new field of interest to
amateurs.

Little energy is represented in ordi-
narv sparks such as those developed
across the electrodes of induction coils
or capacitors charged to high voltage:
the resistance of air normally drops so
low during the discharge that the spark
gap acts as little more than a short-
circuit. The electrical power which ap-
pears in any load, according to Ohm’s
law, is equal to the square of the current
multiplied by the resistance of the load.
Hence the problem of developing a
high-energy spark cannot be solved
effectively by the brute-force method of
merely substituting sources of higher
voltage and current. Attempts to de-
liver more power to a load which takes
the form of a short-circuit simply end
in more power being dissipated bv the
associated apparatus and wiring. The
solution of the problem of creating ener-
getic sparks lies in increasing the re-
sistance of the gap.

Earlv and Martin have devised two
ingenious ways of doing this. In their
first arrangement the gap is immersed
in water, the spark being initiated
through a fine wire which literallv ex-
plodes when power is applied. The pow-
er source is designed for a rate of rise
in current of tens of thousands of am-
peres per microsecond. Accordingly, an
instant after the switch is closed the
spark gap is transformed into a column
of plasma expanding against water, the
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inertia of which causes a build-up in
pressure on the order of 10,000 atmos-
pheres. In the second method recessed
electrodes are sandwiched between two
sheets of insulating material. This forces
the spark into the form of a wide, re-
strained ribbon under high pressure.
In each arrangement the electrical re-
sistance of the path increases with
pressure. The source of power is a
capacitor charged to high voltage by
a transformer-and-rectifier combination
identical in principle with those found
in radio receiving sets.

Most of the underwater experiments
have been made with the capacitor
charged to 25,000 volts. Measurements
show that at this initial potential the
spark absorbs some 400 million watts
from the capacitor. The current reaches
a peak value of 85,000 amperes. For a
few microseconds the radiated energy,
much of it within the visible portion of
the spectrum, equals that of a black
bodyv heated to a temperature of 54,000
degrees Fahrenheit, some six times hot-
ter than the surface of the sun. The re-
sulting shock wave propagated through
the water is capable of exerting pres-
sures up to 70 tons per square inch.

Amateurs should not find the con-
struction of the apparatus difficult.
The circuit for underwater discharges
assembled by Early and Martin employs
five General Electric Pyranol capacitors
connected in parallel for a total capac-
itv of 5.8 microfarads. These units are
relatively costly if purchased new, but
some are available on the surplus mar-
ket. It is also possible to build a capacitor
by stacking sheets of aluminum foil be-
tween sheets of insulating material such
as Mvlar film, alternate sheets of foil
being connected to common leads. The
unit is then potted in a wooden tank
filled with transformer oil.

A number of 25,000-volt transformers
from the early days of amateur radio are
still around; one of these will provide
the necessary voltage. If one cannot be
located, pay a visit to the local power
company. Pole transformers used on
13,000-volt transmission lines are occa-



sionally discarded. Some are of the
three-phase type, and can easily be con-
verted to step 110 volts up to 26,000
volts. Ignition transformers used in
home oil-burners, or a neon-light trans-
former with the magnetic shunt re-
moved, may also be employed. When
they are connected in a voltage-doubling
circuit, these make an inexpensive volt-
age source.

Either of two types of rectifiers may
be used. Vacuum-tube rectifiers de-
signed for high-voltage applications are
manufactured by the Westinghouse
Electric Corporation. They are known
as Kenotron diodes and are capable of
handling high power. Another suitable
rectifier is the Radio Corporation of
America 5825 tube, which has an in-
verse peak-voltage rating of 60,000 volts
and is relatively small and inexpensive.
The RCA 1B3-GT8016, with an inverse
peak rating of 30,000 volts, is also small
and inexpensive.

The high current-handling ability of
Kenotron tubes permits the capacitors
to be charged quickly, a convenience
but not a necessity. The tubes are costly,
and require relatively large, expensive
transformers. The current available from
voltage-doubling circuits employing the
RCA types is small. When they are
used, precautions must be taken to
avoid corona leakage encouraged by
sharp edges and corners on the high-
voltage conductors, or the charge will
leak off through the air as fast as it is
delivered by the power supply.

The entire power supply, including
the rectifier, must be housed in a well-
shielded cabinet, not only to prevent
stray radiation, which is capable of
creating radio interferenee, but also as
a safety measure. The voltages are le-
thal. All doors to the cabinet should be
fitted with interlock switches for break-
ing the line voltage automatically and
short-circuiting the capacitors with a
copper bar when the doors are opened.
A manually operated switch for closing
the circuit between the capacitor and
spark gap should be mounted inside the
cabinet. A type of switch suitable for
the purpose uses two metal spheres
about an inch in diameter, one of which
is movable. The arrangement may be
thought of as a knife-switch with spheres
substituting for the conventional switch
blades. The spheres reduce corona dis-
charge. The device is operated by means
of a long pull-cord of Fiberglas. When
the movable sphere is moved close to
the stationary one, a spark jumps and
initiates the discharge.

Because of the intense pressure wave

Kerr-cell photograph of an underwater spark one microsecond after initiation of discharge

The same spark four microseconds after initiation of discharge

The spark 12 microseconds after initiation of discharge
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Angle
Measuring

o
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.
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3-in-1 Electromagnet .
Raymaster Cloud Chamber .
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Rayotron Particle Accelerator.......... 295.00
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150

generated by the underwater spark, the
gap assembly is housed in a two-gallon
welded steel tank with 3/32-inch walls.
The tank is fitted with a splash-proof
cover, as shown in Roger Hayward’s

| drawing on page 156. Leads for the un-

derwater portion of the circuit may be
made of RG-8-U coaxial cable, which is
stocked by most dealers in amateur radio
supplies. The outer conductor of braided
wire is stripped off. The spark is ob-
served through a Plexiglas window of
convenient size set in rubber gaskets
in the front wall of the tank.

A serviceable gap may be formed by
cutting back the insulation of the co-
axial cable to expose an eighth of an
inch or so of the central conductor, and
bending the ends of the cables toward
one another. The cables are stiff enough
to retain their position prior to the dis-
charge, so the gap need not be sup-
ported on an insulating column. Early
and Martin found it desirable, however,
to control the position and shape of the
spark by connecting a wire of .001 inch
diameter between the electrodes. This
“Initiating” wire prevents the spark from
taking an erratic path and hence per-
mits experimental results to be repro-
duced closely. The tank may be filled
with tap water.

Short leads of strap copper about an

inch wide should be used between the
capacitor and the underwater portion of
the circuit. They may be cut from cop-
per flashing or other thin sheet. By
minimizing self-inductance, leads of this
shape permit the current to discharge at
maximum rate.

The high-energy spark is an excellent
light source for high-speed photography.
Radiation from the underwater dis-
charge persists for about 30 microsec-
onds. Even if the window of the tank is
masked to pinhole size, the minute
though brilliant flash will blacken a
sheet of Super XX film at a distance of
50 feet! The exposure interval may be
shortened to a microsecond or less by
means of a “shatter shutter” devised by
Early and Martin. This essentially con-
sists of a thin sheet of glass painted
black and supported within a few thou-
sandths of an inch of the initiating wire.
The opposite side of the wire is backed
by a block of porcelain, as shown in the
drawing on page 152. Light is transmit-
ted through a slit or pinhole scraped in
the paint. When the assembly is placed
in the tank, care must be taken to as-
sure that no bubbles remain between the
glass and block. Within about a twen-
tieth of a microsecond following the ex-
plosion of the initiating wire, the shock
wave starts shattering the glass into very

underwater spark

four microseconds per horizontal division)

Oscillogram of light from underwater spark limited by “shatter shutter”
& £ )L Yy
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fine particles. The glass is transformed
into a translucent body which scatters
the light within the block until repeated
reflections with the block walls absorb
it. The shatter shutter is attractive for
applications where high intrinsic brilli-
ance and ultra-short exposures are de-
sired, as is often the case in schlieren and
shadowgraph systems. Oscillograms of
light pulses emitted by the spark, both
with and without the shatter shutter, are
reproduced on page 150. The sweep
speed (horizontal scale) in both oscillo-
grams is four microseconds per division.
The oscillograms were made by feeding
the output of a photoelectric cell into a
cathode-ray oscilloscope, the sweep
along the time axis being triggered by a
pulse from the high-voltage circuit. Some
idea of the intensity of the light source
can be gained from the shadowgraph of
the compass tips on page 158. The ex-
posure, limited to two microseconds by a
shatter shutter, was made on Super XX
film. In this experiment the size of the
source was limited to a pinhole aperture
measuring 1/16 inch in diameter, yet
more light was transmitted than required
for proper exposure. The spark was lo-
cated 29 feet from the film and the com-
pass was supported at a distance of 18
inches in front of the film. Although no
lens was used, the knurling on the heads
of the clamping screws was recorded
clearly.

Another accessory which not only en-
hances the spark’s versatility as a light
source but enables the experimenter to
investigate some of the microsecond
events associated with the growth and
decay of the discharge is the Kerr cell,
This device, invented in the last century
by the Scottish physicist John Kerr, is
based on the property of some transpar-
ent substances, such as nitrobenzene, to
alter the polarization of transmitted
light when subjected to a strong electri-
cal field. The cell essentially consists of a
pair of electrodes, resembling the plates
of an air capacitor, spaced a few milli-
meters apart and immersed in nitroben-
zene contained in a liquid-tight cell fit-
ted with windows on opposite sides. A
filter of high-extinction Polaroid film is
mounted in front of each window, one
filter fixed rigidly and the other arranged
so that it can be rotated about the opti-
cal axis of the cell. A beam of light is
polarized by the first filter and proceeds
to the second, where it s absorbed if the
plans of the second filter’s polarization
is crossed with respect to the first. If a
pulse of voltage is now impressed on the
electrodes, the optical property of the
nitrobenzene is altered so that the plane
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.028"spacers cable with outer
conductor removed

Details of shatter shutter

of the beam’s polarization is rotated to
correspond with that of the second filter.
Accordingly the device, normally
opaque, becomes transparent whenever
a voltage pulse of proper magnitude is
applied to its electrodes. Thus the Kerr
cell is a high-speed shutter, one capable
of opening and closing in a small fraction
of a microsecond. Combined with the
underwater spark and a schlieren optical
system, the Kerr cell makes it possible to
shoot knife-sharp pictures of high-veloc-
ity events such as the passage of a rifle
bullet. Clear pictures of the spark chan-
nel at any stage of development can also
be made with the Kerr cell, The size of
the channel, its rate of growth, the rela-
tive intensity of the radiation and other
characteristics of the spark may thus be
investigated in considerable detail. A
series of pictures made by Early and
Martin of typical spark-channel growth
appears on page 149.

In constructing the Kerr cell it is de-
sirable to restrict the light so that the
full beam passes between the electrodes.
This can be accomplished by mounting a
pair of apertures just beyond each filter.
It is well to remember that nitrobenzene,
although the best liquid for most Kexr-
cell experiments, is highly volatile, poi-
sonous, inflammable and a wonderful
solvent for the cements one would most
like to use in putting the glass parts of
the cell together. The cell is triggered by
a 7,000-volt direct-current pulse which
may be derived from any of the conven-
tional pulse-generator circuits. A num-
ber are described in Electronics: Experi-
mental Techniques by William C. El-
more and Matthew Sands.

In addition to the energy radiated b
the spark in the form of light, heat an:!
ultraviolet rays, much is dissipated b
the shock wave which develops durinz
the early stages of the discharge. After
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raw 'I'ube. Lightweight aluminum construction throughout,
ack crackle finish, length open 22", closed 15%”. Upright
nage. Guaranteed to give superb performance.

MOUNTED AIR SPACED OBIJECTIVES

D

We offer the finest hand-corrected air
spaced American made astronomical objectives.
Mounted in Black Anodized Aluminum Cells.
1A, F.L. PRICE PRICE

31" 48" Coated $32.00 Not Coated $28.00
45" 62" Coated $69.00 Not Coated $60.00

We can supply ALUMINUM TUBING for the above lenses.

32 mm I.L. Orthoscopic

flv

Aluminum tubing and cells av

MOUNTED 114 0.D. EYEPIECES

12.5 mm F.L. Symmetrical
16 mm L. Erfle (Wide
16 mm F.L. 'Triplet
18 mm .. Symmet
22 mm L. Kellner

mm F.L. b\mmelnul B
5 mm I.L. Kellner

6.
COATING 75¢ extra

y Our selection of diame-
“BIG’ ters and focal lengths is
the largcst in the United

States available for immediate delivery. Perfect magnesium

ride coated and cementec iromatic lele\lul)e objectives.

lable for lenses listed helow.

Send for complete list of other diameters and focal lengths.

Dia F EACH F.L EACH
2%" 10” $12.50 5" $21.00
215" 15" $ 9.75 2415 $22.50
215" 24357 $12.50 40" $30.00
21" 40" $12.50 424" $67.00

ASTRONOMICAL TELESCOPE MIRRORS

Polished to Y4 Wave and Aluminized
Dia. F.L.

Postpaid
9.7
Pyrex 45" $13.50
Pyrex 60" $25.00
l Free Catalogue ‘“‘“MILLIONS’’ of Lenses, ete. I

W
qu.

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

EGERS (A by

— =— — — — MAIL THIS COUPON —_—————

BRAINIAC

A BETTER BRAIN CONSTRUCTION KIT!

Includes Complete Geniac & Tyniac Kits
. . . Plus 56 All New BRAINIACS

Build your own tiny Genius Computers

Scientific—Instructive—Entertaining—Safe
Easy-to-use
re-usahle solderless
parts—with
complete plans for
“‘make-it-yourself”
Brainiacs

WHAT IS BRAINIAC? The complete kit you need to
huild your own tiny Electric Brain Computers. This is
the only kit which includes plans and parts for all 33
Geniacs and 13 Tyniacs plus 56 brand new Brainiacs.
With Brainiac, you can build over 100 small electric
brain machines and toys which can think or display in-
telligent hehavior . . . nuludmu several semi-automatic
(_mmuters Each one \\orl\s on 1 flashlight battery . . .
FUN to make. FUN to use and play with . . . and
'1‘)* ACHES you something new about electrical comput-
ing and reasoning circuits. Originated and produced
exclusively by Berkele; nterprises, Brainiac is the
result of 7 years d opment work with miniature
biains, including Ger 'yniac, Tit-Tat-Toe Machine
pictured in LIFE Magazine, Simon, Squee, etc.
WHAT CAN YOU MAKE WITH BRAINIAC? Logic
Machines; Intelligence Test, Syllogism Prover, Boolean
Algebra Circuits. . . Game Playing Machines: Tit-Tat-
Toe, Nim, Black' Match . . . Computers: To add, sub-
tract, mulnplv or divide, using decimal or binary num-
bers . . . Cryptographic Machines: Coders, Devoders,
Lock ‘with ovar 15 million combinations . . Puzsie:
Solving Machines: Over 20 intriguing puzzlés—with
fascinating variations.
WHAT COMES WITH YOUR BnAlNlAc" Brand new

LOO-page Brainiac Manual by . Berkeley on the
how-what-why of electric l)rdlns—shuwlng how to
make over 100 machines. e Introduction to Boolean
Algebra for designing circuits. e Dozens of new wiring
diagrams in exact template form to help beginners. @
& - new st for easy assembly, attrac-
. bart needed to build Geniacs,
er 400 parts including control
ity impers, improved wipers, bulbs,
Eockets; washers, wite, battéry, tools . - » evérything
you need.
HOW CAN YOU ORDER YOUR BRAINIAC? Simply send
check or money order for $17.95 to Dept. R112 for
each Brainiac Kit you want.
Miss.. please add 80¢: outside U.S., )
Brainjac it’sbe ...on our 7- Day Full Re-
Pind” Giarantee if mot sansfactory

Berkeley Enterprises, Inc., Dept.

815 Washington St., Newtonville 60 Mass
I _WANT TO BUY BR.
KIT on your MONE TEE OFFER,
Please send me Brainiac Kit(s). I enclose
o in full’ payment.

My name and address are attached

ER BRAIN

cell closed with
optically worked
flat windows

HN=z2 high-
extinction
polavoid

electric
vectoy

cell filled with
nitvobenzene

high-zxtinction
polaroid optic
axis

clectric
vector

clectvodes zsmm
X 12 mm — spaced
4.5 mm apart

Details of Kerr cell

| about five microseconds both the pres-

sure and the electrical resistance of the
channel drop appreciably, halting the
absorption of energy from the capacitor.
Even so the shock wave packs enough
wallop in the form of mechanical energy
to suggest a number of interesting ex-
periments. In one Early and Martin
filled a small, thick-walled pressure ves-
sel with polluted swamp water contain-
ing a variety of microorganisms. The
water was subjected to a single dis-
charge to learn whether the steep-front
pressure wave could sterilize the water.
Subsequent microscopic examination
failed to show a trace of living organ-
isms. Later, however, it was determined
by means of culture techniques that
some spores survived and were capable
of growth.

The underwater spark’s capacity for
doing mechanical work can be demon-
strated by exploding an underwater
spark about 3/8 inch from the bottom
of a sheet-metal tank. If a perforated
steel die is placed against the underside
of the tank, a clean hole will be punched
in the bottom of the tank. In one such
experiment the metal slug was ejected
with such force that it ricocheted off
a block of metal and buried itself in a
plank of wood.

Similar, though less intense, forces
can be developed by sparks in air. The
essential increase in the resistance of the
spark channel is achieved by recessing
a pair of wire electrodes in the face of a
ceramic block and covering them with a
second block. This confines the dis-
charge to the thin space between the
blocks, as shown in the drawing on page

© 1957 SCIENTIFIC AMERICAN, INC

160. If the surfaces are relatively flat, so
that the film of air between them is on
the order of a thousandth of an inch
thick, the spark will be accompanied
by a shock wave capable of blowing
the top block 10 feet into the air. Im-
pressive effects can be observed even
when the spark is powered by a rela-
tively small source. A .02-microfarad
capacitor charged to 10,000 volts, for
example, is sufficient to produce a shock
wave in air with a peak pressure of 100
atmospheres.

One of many possible applications
suggested for an “air gun” of this type

electyvodes
25 x smm-spaced
3.5 mm apart

typical optical glass
cell -50x50x 10mm

Details of optical-glass Kerr cell



. Aypgonne

i NATIONAI— LABORATORY
Operated by the University of Chicago undera
contract with the United States Atomic Energy Commission

PROFESSIONAL PERSONNEL OFFICE
P. 0. BOX 299 LEMONT, ILLINOIS

LEADERSHIP:
Liquid Metal Engineering

Pumping 10,000 gallons of
Na per minute with
no moving parts

To circulate molten radioactive sodium, electromagnetic pumps
with no moving parts, no shafts, and no seals were developed at
Argonne. Direct current, passing through liquid metal in a
magnetic field, provides the moving force. Fluid flow, from a
mere trickle to 10,000 gallons per minute, is obtainable with the
latest model. A liquid metal ‘“brush’ in the homopolar generator
conducts the high current needed. Continuing developments

in liquid metal engineering help solve coolant problems

in nuclear power systems.

MATHEMATICIANS « PHYSICISTS « METALLURGISTS » CHEMISTS

HEALTH PHYSICISTS o INDUSTRIAL HYGIENISTS

ENGINEERS: ELECTRICAL, CHEMICAL, METALLURGICAL
COMPUTER, PLANT, MECHANICAL, ELECTRONICS
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To preserve your copies

f SCIENTIFIC
Ol | AMERICAN

Splashproof tank used for spark experiments

is that of high-speed printing. The paper
to be printed is placed on top of the
block containing the recessed electrodes
and covered with a die or stencil of the
character to be printed. The shock wave
punches a clean replica of the stencil out
of the paper. Raised characters can simi-
larly be embossed in paper if an en-
graving is substituted for the stencil die.
The embossed paper may be passed un-
der an inked roller which coats the tops
of the raised characters and thus im-
proves their legibility. Sufficient energy
for embossing 100-pound, highly cal-
endered paper can be derived from a
.01-microfarad capacitor charged to 8,-
000 volts, corresponding to about .3
watt-seconds.

Early and Martin devised a simple ex-
periment for investigating the upper
@ A choice of a handsome and durable library file—or | speed-limit of the embossing process. A
binder—for your copies of SCIENTIFIC AMERICAN. Eapel disk is clamped in a sa,l.ldmg

ange and chucked into a variable-
(@ Both styles are bound in dark green library fabric speed drill-press. The rim of the paper
runs between the face of the recessed
block containing the electrodes and that
of the die. The gap is fired after the disk

stamped in gold leaf.

Index for entire year in December issue.*

has reached a predetermined speed. At

| a rim speed of 150 feet per second, Ear-

FILE | BINDER ly and Martin found that the printed

(shown at right) : (shown at left) character, whether embossed by a die or

Holds 12 issues. | Holds 6 issues. punched from a stencil, was sharp and

) ) ) ) | clean. At 260 feet per second percep-
Singlecopieseasilyaccessible. : Copies open flat. tible blurring occurred, but the print-
Price: $2.35 (U.S.A. only). | Price: $2.50 (U.S.A. only). ing was still legible. Assuming char-

i acters of the size commonly used in

Address your order, enclos- | Address your order, enclos- typewriters, this corresponds to a print-
ing check or money order for I ing check or money order for ing rate of 374,400 words per minute!
each file, to: | each binder, to: A practical machine based on the prin-

| ciple would necessarily reproduce text

Department F | Department A at a much lower rate, of course, because

(New York City residents please add 3% Sales Tax) time would be consumed in moving the

*Supply of back copies of sCIENTIFIC AMERICAN is limited. To replace various dies 'into position. Th.is could
missing copies, mail request with your order for file or binder. be accomplished by engraving the
alphabet and other characters on the rim

SCIENTIFIC AMERICAN 415 Madison Avenue, New York 17, N. Y. of a thick disk, somewhat as in the con-

[ ventional stock ticker. The desired
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character would be printed by firing
the gap at the appropriate instant.

Aside from its interest as a printing
mechanism, an apparatus for embossing
paper by this method also affords a
means for investigating certain proper-
ties of the shock wave. The gas pressure
generated by the spark can be deter-
mined roughly by an analysis of the
shape of the embossed character and
the time required to make the impres-
sion. From the known speed of the Mar-
tin-Early spinning disk, for example,
the rim velocity was calculated to be
.007 centimeters per microsecond. The
travel of the paper during the emboss-
ing operation (as determined from the
blurring) was approximately 0025 cen-
timeter. The embossing time was there-
fore on the order of three microseconds.
The punched part of the paper was dis-
placed .02 centimeter in three micro-
seconds. The mass of the paper, deter-
mined by weighing a sample, was 006
grams per square centimeter.

The acceleration of the paper is equal
to twice the distance traveled, 2 X< .02
centimeters, divided by the square of
the time, (3 X 107%)2 seconds, or about
4.5 X 10% centimeters per second per
second. Force is defined as mass times
acceleration. The force generated by the
spark is therefore equal to the mass of
the paper, 6 X 10~ grams, multiplied
by the acceleration, 4.5 X 10° centi-
meters per second per second, or 2.7 X
107 dynes per square centimeter. This
is equivalent to about 27 atmospheres
or 375 pounds per square inch.

It has been proposed that the under-
water spark could be used for measur-
ing such properties as the elasticity of
materials under high stress. If a small
piece of wire screening is placed be-
hind the underwater spark, for example,
Kerr-cell photographs show a discon-

tinuity in the screen’s image caused by |

optical refraction at the cylindrical
shock front. A prism of the material to
be studied could be placed in the tank
so that the difference in sonic velocity
through the prism and through the water

would show up in the photograph as an |

optical displacement of the image of
the screening caused by refraction. The
difference in displacement between the
refracted and unrefracted shock front
would give the angle of refraction. From
this information the velocity of the shock
wave through the material can be cal-
culated. The square of the velocity,
when multiplied by the density, gives
the elasticity, the quantity desired, and
suggests how the amateur may investi-
gate numerous other physical proper-

the compleat

CHIEF OF

DESIGN

This internationally known aeronautical equipment
engineering and manufacturing firm is looking for
a “balanced”, premium quality Chief of Design.
The salary, very high, matches the requirements.

Must have proven creative design ability. Must be able

to lead, and inspire, two groups . . .

more than

100 engineers and more than 150 detail and
layout draftsmen. Offer constructive criticism
and evaluate their efforts. An able assistant will
relieve him of routine duties.

Naturally, he must have a broad knowledge of
manufacturing techniques for a variety of mechanical
and hydraulic devices. He must understand cost
factors, both from a development viewpoint and
in-operation amortization viewpoint. He must keep
current on not only all skills and techniques
employed by his company, but throughout the industry.

In summary: our Chief of Design will constantly
judge designs and drawings for functionalism, sound
integration into existing components, and legitimacy
of production from a profit perspective. He must
maintain and guide technical groups to achieve

such output economically.

Reply to: Mr. Robert F. Webb, 250 Park Square Building, Boston 16, Massachusetts

@ For Cutting Costs

® For Expediting
Experimental Work

® For Speeding Pilot
Plant Operation

©® For Making Quick
Product Changes

® For Meeting Time
and Cost Budgets

® For Replacement Parts
on Obsolete
Equipment

® For Small Orders

SAVE UP TO 809, of thecost of conventional
tooling methods with Federal’s “Controlled
Tolerance’ short run stampings. Meet time
and cost factors with accurate, quality stamp-
mgs of any material up to 10"x14"x 14" thick

. any quantity from 2 pieces to 10,000. Send
your print, sketch or part
for a Federal Analyzed
Quotation. Prompt serv-
ice and prices.

FREE CATALOG

Tells where and how you can save
money using Short Run Stampings.
Gives design tips that reduce
stamping costs, Write for catalog
201 today.

TOOL & MFG. CO.

3627 Alobame Avenue
Minneapolis 16, Minn.

QUALITY STAMPINGS IN SMALL QUANTITIES
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How To Get Things Done
Better And Faster

BOARDMASTER VISUAL CONTROL

5% Gives Graphic Picture—Saves Time, Saves
Money, Prevents Errors

5’ Simple to operate—Type or Write on Cards,
Snap in Grooves

5 Ideal for Production,
Scheduling, Sales, Etc.

5% Made of Metal. Compact and Attractive.
Over 200,000 in Use

Full price $495° with cards
FR EE 24-PAGE BOOKLET NO, C-500
Without Obligation
Write for Your Copy Today
GRAPHIC SYSTEMS
55 West 42nd Street ® New York 36, N. Y.
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Freedom is doing what you like. Some engineers like best to match

their wits and skill against difficult technical problems.

This characteristic (or idiosyncrasy) of liking complicated technical

problemswill be one of the chief qualifications of the engineer we need.

He will be required to study the multitude of interactions possible

among advanced aircraft, missiles, and electronic devices with each

other and with human elements in the nation's most extensive

man-machine-computer system.

THE ELEMENT OF FREEDOM

N

To qualify, substantial prior experience with air-to-air or ground-to-air

missiles systems 1s required together with demonstrated aptitude in the

field of system planning. Call collect or, write for more information.

System Development Corporation

2420 Colorado Ave., Santa Monica, Calif. GRanite 8-8293, Extension 53 or 54

SCIENTIFIC ENCLOSURES

QUICKlY ASSEMB[ED'

Cabinet Component
System

of pre-fabricated dural
die-cast corners, extruded
sections and parts . .
assembles into modern
fully-radiused
cabinets to any
dimensions, with
ND SPECIAL
*3 TOOLS, DIES
oR_JIGS.

o E

Used in
Electronic
applications,
such as Control
and Analysis,
Computers, Mining,
Spraying, Refining,
Food Processing, etc. '§
Also in many Government.
approved Installations.

1

For

prices
J & data
/ sheets, write
!.‘ Depl, Ys-427

British Industries Corporation

Port Washington, New York
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WE DON‘T NEED ENGINEERS

. . . but they write to us daily to order our

GENIAC Electric Brain Construction Kits.
So do TEACHERS, SCIENTIFIC AMATEURS, INDUS-
TRIAL FIRMS and schools. (See list below.)
THOUSANDS OF SATISFIED CUSTOMERS have
bought GENIACS on a 7 DAY REFUND guarantee
We are proud to offer our 1957 Model, with up to the
minute improvements for the thousands of new customers
who can use them.

WHAT IS A GENIAC?

re is a picture of the 1957 Model GENIAC in the dis-
nl'ly _vack (83.00 separately) Which comes with every kit
AC stands for Geniu; ic Computer. A
kll. nf spc(‘lally designed switch decks and racks which
permit the user to construct more than thirty different ma-
chines (following directions and wiring diagrams) and as
many more as he is able to design himself. These machines
demonstrate the applications of electric circuitry.

APPLICATIONS OF GENIAC

SIMPLE COMPUTER CIRCUITS of binary, decimal adding,
subtracting, dividing, multiplying machines. PROBLEMS in
symbolie logic, reasoning, comparing, PSYCHOLOGICAL
TESTING and EXPERIMENT GAME PLAYING UIT
for tittst-toe and mimmACT UATTAL ANALYSIS.

SOME OF OUR CUSTOMERS

Allis-Chalmers e Remington-Rand e International Business
Machines e Manuel Missionary College e Barnard College
® Westinghouse Electric @ Phillips Laboratories e General
Insurance Co. of America e Lafayette Radio e Rohr Air-
. e Albert Einstein Medical College e Naval Re-
Laboratories e Board of Education, Tecumseh,
Nebraska e Los Angeles Puhllc Schools e Jefferson Union
High School e Oklahoma A & e Courtland Jr. High School
e Bell Telephone Laboratorles

WHAT COMES WITH THE KIT?

KS—1. SIMPLE ELECTRIC BRAINS, AND HOW TO
J\‘lAl(l— THEM . 64 pagg experiment manual.—NEW! 2,
MINDS AND MACHINE 200 page text on computers,
automation and ybernetics—NEW! 35 WIRING DIACRAMS
for basic GENIAC circuits.—NEW! 4. Beginners Manual for
lhc pcr:()n whu has little or no filmlllarlty Wll.h electric
circuits.—NEW! 5. GENIAC study gu .

of @ full course in computer funddmenldls, 1ot S enat
readings.

PARTS_PANELS, DISCS, RACK (for easy assembly and dis-
play). Hardware, wire, tools, battery, holder, etc. for more

than thirty machines.

SEND for your GENIAC now. At only $19.95, a bargain,
comes complete with over 400 parts and components. 7
books and manuals. We guarantee that if you do not want
to keep GENIAC after one week you can return it for full
refund.

Add 80c west of Miss. $2 outside U.S. Mail Name & Ad-
dress with check or Money Order to

OLIVER GARFIELD CO., DEPT. SA 117A

126 LEXINGTON AVE. NEW YORK 16, N. Y.

s Semi-Automa
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ties of materials by means of shock-wave
effects generated by sparks both in air
and water.

Richard J. Blume of the Watson Sci-

entific Computing Laboratory at
Columbia University writes: Quartz-
crystal clocks are a professional interest
of mine, and I should therefore like to

| offer a comment on the article by W. W,

he equivalent |

Withrow, Jr., which appeared in “The
Amateur Scientist” for September. With-
row has demonstrated that the con-
struction of a quartz clock is within the
means and capability of the amateur.
The task can be made considerably
easier, however, than the text leads
one to suppose. Specifically, the article
contains several terrifying references to
the trickiness of multivibrator circuits,
especially the one which is required to
divide the 120-kilocycle signal by pre-
cisely 20 to produce the 6-kilocycle
signal. Contrary to the impression cre-
ated by the article, a multivibrator is a
tame and dependable object—if it is not
required to divide by too large a num-
ber. Twenty is too large. If the division
by 20 were carried out in three succes-
sive steps of 2, 2 and 5 (by the substi-
titution of three successive multivibra-
tors for Withrow’s one) the amateur
would experience much less difficulty
during the initial adjustment of the cir-
cuits and the long-term stability of the
multivibrator chain would be vastly in-
creased.”

In commenting on the same article
Robert Kruse, of the Robert Kruse Labo-
ratorv in Madison, Conn, writes: “It

Shadowgraph made by spark at 29 feet



BURROUGHS ALWAYS NEEDS Good ENGINEERS
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Inspired intellect, scientific knowledge and the
rare ability to make a technological application of
an idea is a new field of human accomplishment
regarded today as a leading art. A fusion of such
dynamically charged components — the lifeblood
of any art — has brought amazing innovations
into our business society, started a whole new
trend in industrial thinking, and established com-
puting as a legitimate art form.

Ideas born of this art, translated and adapted into
computer techniques, are steadily carrying
American industry to the threshold of complete
electronic automation.

Scientific man’s role as mentor and master strate-
gist, in this impending era of automation, will be
eased by groundwork laid by the computer today.
And, as the engineer realizes the immense possi-
bilities and potentials of his electronic tools, prac-
tical applications within the state of the art itself
will open new, and possibly even wider, fields of
inquiry.

It is in and toward these areas of uncharted
thinking that the talented creative teams at our
Research Center are now moving. If you contem-
plate an association with us in these pioneering
efforts, YOU will find our program of planned
progress an asset to your professional success, for
it guarantees real career opportunities and a
secure future for yourself and your family.

Our present needs are for people experienced in
Electronic Digital Computers, Guided Missiles,
Radar, Fire Control Systems and allied areas of
electronics, with specific emphasis on men who by
education or experience can qualify for the open-
ings listed herein.

/\ Write or Telephone

> M. E. JENKINS

S ﬂfg".:'."f;'g'ff' .
» ) BURROUGHS
® 7 CORPORATION

Reseawrch Ceuter

PAOLI, PA.

On Philadelphia’s Main Line,
Near Historic Valley Forge
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SCIENCE FOR THE LAYMAN

An announcement to SCIENTIFIC AMERICAN
readers in the New York area

Six eminent scientists at the New School for Social Research report
in layman’s language on vital discoveries and basic ideas in their
respective fields. These lectures are intended to aid in that wider
understanding of the revolutionary implications of modern science
and “for that diffusion of reason on which our future may depend.”

HENRY MARGENAU

Monthly lectures

MAURO ZAMBUTO

Weekly lectures

MAURO ZAMBUTO

Weekly lectures

MAX A. GOLDZIEHER

Weekly lectures

THEODOSIUS DOBZHANSKY

Weekly lectures

HALBERT L. DUNN

Fifteen lectures

The Realm of the Atom: New Facts,
New Meanings, New Philosophies

Tuesdays, 6:20-8:00 P.M.
November 19, December

17, January 21, February 18,
March 18, April 15, May 20.

General Physics

Thursdays, 6:20-8:00 P.M.
October 31 through January 23.*

Acoustics and Sound Recording

Fridays, 6:20-8:00 P.M.
November 1 through January 24.*

Endocrinolo gy

Wednesdays, 8:30-10:10 P.M.
October 30 through January 29.*

Heredity and Society

Thursdays, 8:30-10:10 P.M.
October 31 through January 23.%*

The Health Process: High-Level
Wellness for Man and Society

Mondays, 6:20-8:00 P.M.
February 10 through May 19.

* The weekly lectures started the first week of October.

Courses are open for single admissions throughout the term.

For registration and other information address:

REGISTRAR

New School for Social Research

66 West 12th Street, New York 11, N. Y. ORegon 5-2700
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is only fair to warn those intending
to duplicate Withrow’s 60-cycle quartz
clock that these devices do not attain
their final stability for several months,
| during which time frequent adjustments
may be necessary. The change in operat-
ing characteristics with age occurs part-
ly in the tubes, partly in other com-
ponents, and sometimes in the crystal
itself. In one extreme case observed
about 12 years ago a crystal bar drifted
almost linearly for over a year. A happier
choice of tubes might also have been
recommended. Since replacement of a
multivibrator tube may require read-
justment of the resistors, it is desirable
to use the 6SN7 tube rather than the
6SL7, the emission of which is some-
what limited for this service.

“Incidentally, multivibrators are rich
in harmonics up to the 50th or higher.
Accordingly a crystal clock may also be
used as a source of stable frequencies,
both radio and audio. These may be
tapped from the multivibrator through
a vacuum-tube amplifier, if the ampli-
fier is not too tightly coupled to the
source. A suitable amplifier for this serv-
ice can be built around the 6]5 tube,
being similar in circuitry to Withrow’s
preamplifiers. Such a system has been
made commercially in highly refined
form for about 20 years; with the aid
of a thermostatically controlled enclo-
sure for the crystal the daily variation
of the frequency is about 1 part in 200
million. An even older application of the
idea in a unit now in service at the Uni-
versity of Minnesota was used for some
years in a factory where intermittent
motor loads caused very bad line-volt-
age fluctuation. Yet we were able to
keep the daily variation to 1 part in 5
million as judged by the beat-note of
the 5-megacycle harmonic against the
carrier frequency of WWV.”

Electrode block for intense spark in air



Dr. Arne Wikstrom

Pictured above is our new Research and Development Center now
under construction in Wilmington, Massachusetts. Scheduled for
completion in early 1958, this ultramodern laboratory will house
the scientific and technical staff of the Avco Research and Advanced
Development Division.

Avco’s new research division now offers unusual and excit-
ing career opportunities for exceptionally qualified and
forward-looking scientists and engineers in such fields as:

Science:
Aerodynamics - Electronics + Mathematics - Metallurgy
Physical Chemistry - Physics - Thermodynamics

Engineering:
Aeronautical - Applied Mechanics - Chemical - Electrical
Heat Transfer - Mechanical - Reliability - Flight Test

Writeto Dr. R. W. Johnston, Scientific and Technical Relations,
Avco Research and Advanced Development Division,
20 South Union Street, Lawrence, Massachusetts.

A SCIENTIST-ENGINEER
SPEAKS ABOUT AVCO

ORE AND MORE it is being appreciated that no sharp border-

line between science and engineering should exist. These

two fields must strongly overlap to bring into being the fullest
creativity of both.

To span the gap between science and engineering is one of the
big problems—it is one which no laboratory can ignore. In this
no-man’s-land there are engineers who are physicists and physi-
cists who are engineers. Avco is encouraging a staff of such men,
men who are highly trained in the sciences but who realize that
the ultimate geal is to apply this knowledge in ways that will
enable mankind to live better in a better world of tomorrow.

Industrial research must rest on the foundation provided by the
creative basic scientist. Yet its end product—new commercial
items, new defense systems and new techniques—comes into
being only through the insight and skill of the creative engineer.

Avco’s newest division has a climate of creativity, coupled with
long-range corporate goals. In this atmosphere creative and far-
sighted professional men, whether scientist, engineer or any one
of the infinite number of combinations thereof, will find rewarding
work at the Research and Advanced Development Division
of Avco.

/ Dr. Arne Wikstrom
Special Technical Assistant to the President

Research & Advanced Jevelopment
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The Important Books of our Time

By Outstanding Experts in each Field
Many are Beautifully Illlustrated

NATURAL HISTORY

10 0 THE LIVING ROCKS by Geoffrey Grigson. In
this book the reader can look wonderingly upon minerals
and fossils of an age that must be reckoned in scores of
millions of years. Here are things created when the world
was young. To this pictorial exploration of a world which
existed in the remote past, Geoftrey Grigson has added a
long and knowledgeable essay, and. for the man of science,
there are also geological descriptions and a chart of time
and order. With a preface by André Maurois. R1chl;u Il-
lustrated. $6.0
20 (J THE CONQUEST OF THE ANTARCTIC by Nor-
man Kemp. A beautifully illustrated record of England"
contribution to discovery in the Antarctic. An especially
timely work in the International Geophysical Year, when
fmlr important expeditions—from the United States,
Great Britain, New Zealand and Russia—are engaged in
e\plurm" and conquering the Antarctic Continent. .{llus—
trate 4.75
30 CI 'ANTARCTIC HAZARD by W. Ross Cockrill. An
exciting first-hand account of a modern Antarctic whaling
expedition. The author, uprooted from a dull Civil Service
appointment to visit the Antarctic in the dual capacity
of veterinarian and whale fishery inspector, describes
every phase of the industry, from the hunt and kill in the
distant whaling grounds to the return home with an im-
mensely valuable cargo of oil. dried meal and frozen
blocks of top-grade whale ste: The book throws new
light on a fascinating occupation about which little ac-
curate information has been hitherto available to the gen-
eral reader. Illustrated. 4.
40 0 EELS: BIOLOGICAL STUDY by Leon Bernn
New and completely revised edition. Experts on fishes
have known Professor Bertin's book as the only compre-
hensive modern worlk on one of the most intriguing
creatures known to zoology. This version, based on the
second French edition, has been augmented in the light
of the latest research. The author was Professor and Cus-
todmn at the Museum of Natural History, Paris. IIIus-
50

$7
50 [] POISON ON THE LAND by J. Wentworth Day
This book gives a factual, documented account of how
present-day treatment of the land is threatening to kill
many of our birds and other wild animals. Not only are
these birds and animals a delightful part of the British

country scene: many of them are also most useful and
profitable. The author also discusses the dangers to human
health and life which can, and do, arise from the in-
discriminate use of certain highly toxic farm chemicals.

$6.00
0 0 H. M. STANLEY: UNPUBLISHED LETTERS.
Before the onslaught on the last cataract of the Congo,
Stanley fell ill. Grimly he resisted the invader Death.
He gathered the people of the faithful Duella, bade them
farewell, and gave instructions for carrying on the mis-
sion. Then miraculously strength returned. Tt is at the
moment of Stanley’s recovery that the letter hook opens
and reveals a man of indomitable courage and resolve.
The letters are dynamic and fascinating. They show his
wild intolerance with the lieutenants thrust upon him by
the Belgian Government, his outspoken criticism of ar-
rangements made in Brussels, and his brilliant, if often
doubtful, dealings with the native chiefs. The letters are
prefaced by a full account of the background to Stanley’s

establishment of the Belgian Congo written by a$"reat
expert

70 O LIGHT, VEGETATION AND CHLOROPHYLL
by J. Terrien, G. Truffault and J. Carles. This useful work
contains two important books translated from the French.
The first deals with the nature of light as a form of
energy and the light requirement of plants under various
climatic conditions; the second deals mainly with the
chemistry of chlorophyll and photosynthesis. $6.00
0 (J THE ORNITHOLOGISTS’ GUIDE by H. . W.
Hutson. This book has been compiled to encourage the
study of birds by pointing out their habits and charac-
teristics, and indicating where these may be studied and
observed.

ANTHROPOLOGY |

510 (0 PREHISTORIC MAN by A. Leroi-Gourhan. Pre-
historic Man brings to light our indebtedness to our
earliest predecessors. In this work the author, who has de-
voted years of patient and sympathetic study to evidence
uncovered during the last century, points up the conti-
nuity of our cultural history from the time of the first
appearance of our oldest relatives along the banks of
European streaims until the arrival of homo sapiens, the
‘wise man.

The author has participated in many archaeological ex-
peditions in Europe and Asia; he was Visiting Professor
at the Archaeological Institute in Tokyo; he is at the
pr sent time Director of the Museum de 1'Homme and
1at(» Director at the Museum of Natural ]Im?m

90 D OLD STONE AGE by Geoffrey Grigson and
Steven Celebonorie. A brilliant photographic record of
man’s early life on the planet as represented by a million
years of artifact and art. 72 handsome plates review the
life of ‘‘stone age’ man, from the imprints of his hands
and footsteps to his paintings, engravings and sculptures
of the life around him. The plates are interwoven with a
penetrating and imaginali\'e text, which allempts 10 re-
construct what went on in the mind of ‘“‘stone age’’ man,
and tells what is factually known about him from the
evidence of these archaeological relics. Illustrated. $10.00

MATHEMATICS

100 (0 HISTORY OF MATHEMATICS by Joseph E.
Hofmann. An unusually sensitive account of the growth
of mathematical techniques from prehistoric times to the
advent of the modern era. Against a broad background of
Man's advancing civilization, Professor Hofmann connects
the progress of mathematics with the rise of intellectual
attitudes and increasingly complex practical demands. In
a wealth of detail he explores the number systems and
methods of ancient peoples, the role of the great transla-
tors of the Middle Ages, the problems and tensions of the
Scholastic period. Numerous works of Renaissance and
early Baroque mathematicians are discussed, emphasizing
developments which helped to pave the way for modern
(‘on(‘ents $4

10 (3 A SHORT DICTIONARY OF MATHEMATICS
by C. H. MecDowell. A highly practical dictionary for the
use, not only of students, but of everyone who handles
figures in daily life, explaining all common mathematical
terms—in arithmetic, algebra, geometry and trigonome-
try. $2.75
120 ] ABACS OR NOMOGRAMS by A. Giet. The
present work, which is the translation of a book that has
enjoyed considerable success in France, is essentially
practical, and not only demonstrates the many and varied
applications of the abac or nomogram, but shows how even
those without highly specialized mathematical knowledge
may construct their own charts. It deals with both Car-
tesian abacs and_ alignment charts, and contains a large
number of practical examples drawn from the fields of
mechanies, physies and electrical engineering. ]llt(s-
trated. $12.00

METALLURGY

130 (0 METALLURGICAL PROGRESS-3 by Dr. J. M.
McLeod, and others. Survey of the present state of
knowledge on various industrial subjects is here con-
tinued with reviews by a number of leading specialists in
four further branches of the iron and steel industry: re-
fractories, non-destructive testing, coke and fnundr\'
technology. $6
140 (] AN ENCYCLOPEDIA OF THE IRON & STEEL
INDUSTRY by A. K. Osborne. The purpose of this
Encyclopedia is to provide a concise description of the
materials, plant, tools and processes used in the Iron and
Steel Industry, and in those industries closely allied to
it, from the preparation of the ore, down to the finished
product ; and to define the technical terms emnloyed,
The book is intended as a work of reference, not in any
sense as a texthook; but the specialist might usefully
look to it for information on subjects bordering his oun

$25.00
150 (] A HANDBOOK OF HARD METALS by W. A.
Dawihl. An abridged translation of ““Handbuch Der Hart-
metalle’”” dealing with scientific principles of sintering
and the technique of production of hard metals. RRefer-
ence is made in detail to the experimental methods and
results of other investigators. Illustrated. $10.00
160 (1 CREEP FRACTURE OF METALS AT HIGH
TEMPERATURES. An exhaustive review of the progress
made in the study of plastic deformation and fracture
by 26 eminent specialists. 12.0
170 (1 ELECTRONS, ATOMS, METALS AND ALLOYS
by William Hume-Rothery. An introduction to atomic
theory with special reference to metals and alloys. The
subject matter is presented in the form of a dialogue
between an Older Metallurgist and a Younger Scientist,
bringing out clearly the contrast between the old and new
viewpoints. Revised edition. The author is Lecturer in
Metallurgical Chemistry, University of Oxford.

171 Illustrations. $10.00

| RADIO & TELEVISION

180 J FOUNDATIONS OF RADIO by M. Scroggie.
An explanation of radio from its beginnings, \uth special
attention to Radio Frequency Amplification, Selectivity,
Superheterodyne Receivers, Audio Irequency Circuits,
and an introduction to the techniques of Television and
Radar. Fully Illustrated. $10.0
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For the Thinking Man’s Library

Most are Limited Editions — Order Early

190 0 FREQUENCY MODULATION RECEIVERS by
J. D. Jones. Concentrating entirely on reception, this
volume gives a stage-by-stage description of the prin-
ciples and operation of FM receivers, including the RF
stage, frequency changer, IF stage and FM detector.
With dm(/rams 0
200 [ TELEVISION RECEIVING EQUIPMENT by 1.
T. Cocking. The author presents the British side of
television reception. The material presented, however,
should be of value to both British and American en-
gineers, To the British, it represents a well-organized
compilation of current circuits and techniques in which
they find themselves involved from day to day. To Ameri-
can engineers it fulfills the need for a to-the- pomt
synopsis_of what the other fellow is doing. 15.00
210 [J TELEVISION ENGINEERING by S. W. Amos
and D. C. Birkinshaw. This work is intended to provide
a comprehensive survey of modern television principles
and practice, on both the transmitting and receiving
sides. Volume III is devoted mainly to the fundamental
principles of the circuits used to generate such signals
as sinusoidal, rectangular, sawtooth and parabolic v

Tlustrated. $

AUTOMATION

220 [J ELECTRONIC COMPUTERS by T. E. Ivall. A
non-mathematical introduction to the mechanism and
application of computers employing valves and transistors,
primarily written for technicians, engineers and stu-
dents with a knowledge of electricity or electronics, but
also suitable for business executives. Both digital and
analogue computers are covered, the bulk of the book
being devoted to describing their circuitry, while their
rapidly developing applications in industry, commerce
and science are also outlined. In the final chapter the
future evolution of computers is discussed. Almut ,()
drawings and 25 l)hoto(]ran $1
230 (] AUTOMATIO ITS ‘PURPOSE AND FUTURE
by Magnus Pyke. An electmmc computer can co-ordinate
in a series of manufacturing operations—it can, in fact,
fulfill the functions of a human operator in a factory
or an accountant in an office. This is ‘‘automation.”
Dr. Pyke reviews what is already being done auto-
matically and discusses the speed with which automation
is likely to spread here and abroad. He is decidedly
optimistic about the broad social effects of the new
revolution. Illustrated. $10.00

NUCLEAR PHYSICS |

240 [J NUCLEAR PHYSICS by Werner Heisenberg.
This new work, by one of the outstanding physicists of
our time, treats of the development of atomic theory
till the close of the nineteenth century. With 18 Iml/-
tone illustrations and 32 line illustrations. $4

250 (J ENCYCLOPEDIA OF ATOMIC ENERGY l)y
Frank Gaynor. More than 2,000 entries defining and
explaining concepts and terms in nuclear physics and
atomic energy make this volume a vital handbook for all
trhdi)se concerned with atomic science. Illustrations, charts,
260 (] PHYSICS OF THE TWENTIETH cENTURY
by Pascual Jordan. This timely volume embraces: Classi-
«al Mechanics, Modern Electrodynamics, Reality of
Atoms, Paradoxes of Quantum, Phenomena, Quantum
Theory, Cosmic Radiation, Age of the World. “'1"1(%0{) 01{]1

non-technical terms.

ENGINEERING

270 (] DIESEL ENGINE PRINCIPLES AND PRAC-
TICE edited by C. C. Pounder. This volume is a com-
brehensive reference book, arranged in twenty-six sec-
tions, cov ermg the theory, construction and apphcatmns
of Diesel engines of all types. Each section is a self-
contained treatise on one aspect of Diesel engineering,
written by a specialist in his particular field. 848 1)(1’76?
580 illustrations. $17.50
280 (J THE GYROSCOPE APPLIED by K. 1. T. Rwh-
ardson. The gyroscope plays an important part in the
navigation and control of ships and aircraft, in gunfire
control, bomb sights and the_torpedo. Thus, there has
grown up in recent, years a major section of the engineer-
ing mdustry specializing in the desxgn and manufacture
of gyroscopic equipment which is being extended still
further as the guided missile is developed. Illusttl'qt%d.
5.

290 [] PROCESS ENGINEERING IN THE FOOD IN-
DUSTRIES by R. J. Clarke. An up-to-date technological
account of chemical (or process) engineering in the
manufacture, preservation and purification of foodstuffs.
A work directed primarily to those responsible for the
management of installed plant, for the handling of in-
quiries from manufacturers, and for the improvement of
performance of existing plant installations. .00
300 O ENGINEERING STRUCTURAL FAILURES by
Rolt Hammond. From the contents: Earthworks; Dams;
Maritime Structures; Buildings; Bridges; Underground
Structures; Vibration Problems; Welded Structures;
Lessons of Failures. $12.00
310 AS TURBINES AND JET PROPULSION by
Gi. Geoffrey Smith. This is the sixth, and by far the
largest, edition of the most widely read technical book on
the subject. $15.00

CHEMISTRY |

320 (] INDUSTRIAL AND MANUFACTURING
CHEMISTRY by Geoffrey Martin. Part I—ORG\\HC—
Revised and edlted by Edward I. Cooke,
ORG A
anms This encyclopedic work can equally “ell serve
as a work of reference as well as practical guidance. A
three-volume set, buckram bound and profuselysjf]luos‘i
50.

trated.

They make Superb Gifts

330 (J DICTIONARY OF POISONS by Ibert and
Eleanor Mellan A definitive reference book covering all
poisons of animal, herbal, mineral and synthetic origin—
their history, effects and prevention. The authors are
well-known industrial chemists. $4.75

ELECTRONICS |

340 [ INDUSTRIAL ELECTRONICS CIRCUITS by
R. Kretzmann. With the increasing application of elec-
tronic aids in nearly all branches of industry, there is
a growing need for circuits which have been proved in
practice, not only to serve industrial engineers, but to
assist technicians engaged in the development of elec-
tronic equipment. The present volume includes over 200
carefully sele(-ted representative electronic circuits I()r
industrial u 2 00
350 O PRINCIPLES OF ELECTRICAL MEASURE-
MENTS by H. Buckingham and E. M. Price. The chief
aim of this book is to provide a knowledge of the princi-
ples employed in making such measurements and to ex-
plain the methods of applying these principles. An ex-
haustive survey of the field. ‘“The book will prove in-
valuable.””—Inst. of Electrical Engineers. Numerous
charts, graphs and illustrations. $15.00
360 [J ELECTRICITY AND MAGNETISM by J. New-
ton. A detailed study of the phenomena and theory of
electricity and magnetism. The first ten chapters set out
clearly the fundamental material on current electricity.
The author then deals with electrostatics, magnetic
properties of materials, magnetometry and thermoelec-
tricity, concluding with a survey system of units, elec-
tronic circuits and elementan atomic physics. The author
is Senior Lecturer in Physics, at Northampton I’nb-
technic, London

370 O INTRODUCTION TO ELECTRICAL APPLIED
PHYSICS by N F, Astbury. A book for serious students
in physics and engineering, reflecting the recent de-
velopment of electrical science into a subject which is
ne1ther physics nor engineering, but a (~0mb1nat1m}j 6)6‘

330 [] INDUSTRIAL ELECTRONICS HANDBOOK 1y
R. Kretzmann, 2nd enlarged edition. Now considerably
enlarged and brought up-to-date. The first part of this
up-to-date book describes the principles and properties
of the various classes of electronic_tubes, together with
typical applications and circuits. In the second part a
separate chapter is devoted to each of the main types of
application, such as electronic relays, counting circuits,
etc., containing a large number of pramual examples, the
operation of each being described in considerable (letall
with fully designed circuits. $12.00

| AVIATION |

390 O RADIO AIDS TO AIR NAVIGATION Ly J. H.
H. Grover. A guide for the navigator and pilot on the
performance, capabilities and operation of the different
types of navigational radio eqmpment including the most
important civil systems in use in Europe and Amgruﬂa

5.00
400 (J HIGH-SPEED FLIGHT by E. Ower and J. L.
Nayler. This book is devoted to the special technical prob-
lems of high-speed and supersonic flight and contains in-
formation not hitherto released for general publication.
The physiological problems of high-speed flight are also
reviewed, and attention given to rockets and guided mis-
siles. The authors are well-known aeronautical experts.
E. Ower is a former secretary to the British Scientific
Advisory Council of the Ministry of Supply, and
Nayler is secretary of the Aeronautical Research (%nilgcal[i
410 J AEROPLANES AND AERO-ENGINES edited
by J. H. Clark. This edition contains twenty-four cut-
away drawings by J. H. Clark, J. Crawley, B. A. J.
Hatton, R. J. Way and R. Wood, which have appeared
in The Aeroplane over the past two or three years. Of
particular interest to students of aircraft engineering, the
drawings feature a variety of types of British ('1\11 and
military machines, including helicopters.

PHILOSOPHICAL LIBRARY, Publishers, 15 East 40th St., Dept.
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| ASTRONOMY |

420 (] PRACTICAL ASTRONOMY by . Schroeder.
Practical Astronomy is not a textbook but a challenge in
that every one of its chapters induces the reader to do
some practical work. Starting with the construction of
simple instruments, it leads on to the principles of navi-
gation, the determination of the times of eclipses and the
positions of the planets and the moon among the. stars,
It ends with advice on how to construct a simple tefescope,
and lists hundreds of interesting objects for observation,
providing sufficient material for at least a whole year’s
work. Numerous graphs, charts and @Ilmiratwm $6.00
430 [] GALACTIC NEBULAE AND INTERSTELLAR
MATTER by Jean Dufay. The value of this authoritative
work is that it provides the most complete account avail-
able of the many diverse phenomena, observational and
theoretical, involved in the study of interstellar matter.
It is not overloaded with mathematics, but the general
principles of mathematical investigation are adequatel\
described.

440 [J CONSTRUCTING AN ASTRONOMICAL TELF-
SCOPE by G. Matthewson. A work for astronomers who
wish to possess an instrument capable of exploring the
universe without involving a large capital outlay, and for
anyone in search of a hobby demanding patience and ex-
treme accuracy. Illustrated $3.75

! PLASTICS |

450 (] PLASTICS PROGRESS 1957. The latest scien-
tific discoveries and developments in the all-important
field of plastics engineering are presented in this sym-
posium of reports by research specialists associated with
American universities and leading American, Brltlsh
and German nruducers of commercial nlastlcs 22.50
460 (] A GUIDE TO PLASTICS, 2ND TION by
P A. Redfarn. This is the second edition nf a _book by
T. A. Redfarn, consulting chemist and well-known
spe st in plastics. Because of the many and important
developments that have taken place since the publication
of the first edition, the present one has heen almost en-
tirely rewritten and enlarged and new charts and dia-
f!amb prepared. Illustrated. 7.50
) GLASS REINFORCED PLASTICS, 2ND EDI-
TION edited by Phillip Morgan. The previous edition of
this book, the first to describe current practice in glass
reinforced plastics, met with so much success that it has
now been completely revised and brought up-to-date to
keep in line with this rapidly changing subject. $15.

| PHILOSOPHY

480 (] A TREASURY OF PHILOSOPHY edited by
Dagobert D. Runes. Here is one of the most compre-
hensive collections of philosophical writings ever to be
cathered hetween the two covers of one book. In a text of
over 1200 pages, under more than 375 separate entries,
are to be found, not only the great philosophers of the
West, but the important, and less ramiliar, thinkers of
the Orient. The selections cover the whole span of
recorded philosophy—from the Sixth Century B. C. to the
present day. $15

490 O RESENT DAY PSYCHOLOGY edited by A. A
Roback. A definitive volume of 40 original contributions
embracing practically the whole range of psychology from
the neurological hasis to the military branch and para-
psychology, each chapter written by an expert in his field
erpressly for this work. The most comprehensive survey
in English thus far. Approzimately 1000 pages. $12.00

TEACHING

500 D TEACHING SCIENCE TO THE ORDINARY
PUPIL by K. Laybourn and C. H. Bailey. The main
object of the authors in presenting this intensely practical
book has heen to show how every aspect of teaching
Science in school can be treated experimentally, with the
main emphasis on practical work by the students them-
selves. $10,00
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To forward-looking engineers and scientists of all disciplines

Dr. leverett is Manager of the
Development Laboratories at the
G-E Aircraft Nuclear Propulsion
Department in Cincinnati, Ohio.

HERE IS SCARCELY a single type of

aircraft propulsion machinery
which has not been proposed for in-
corporation in a nuclear power plant
for aircraft.

The requirements of small size and
high-power density in a reactor in-
stalled in aircraft push the heat-trans-
fer designer to the limit of his knowl-
edge. New developments in materials
for shielding are essential —and for
electronic components capable of with-
standing the extreme temperatures and
nuclear radiation involved. These are,
of course, merely broad indications of
the many intricate problems faced by
scientists and engineers at the Aircraft
Nuclear Propulsion Department of
General Electric.

Today much progress has been made
at ANP. The propulsion system has
been determined—a TURBOJET DIRECT
CYCLE SYSTEM (see diagram below).
The feasibility of this system has been
demonstrated at ground tests conducted
at the National Reactor Test Station
near Idaho Falls, Idaho.

TURBOJET DIRECT CYCLE
NUCLEAR POWER PLANT

1

“The technical difficulty of the task of developing wuclear
propulsion systems for aircraft—and the military value
of the result —combine to form a challenge which is, in
my opinion, unmatched,” says Dr. M. C. Leverett of the

General Electric Company.

Product development at ANP is now
proceeding at increased tempo. This
program offers work of high techno-
logical interest to a number of engi-
neers and scientists from different
disciplines. If you have an interest in
any of the following areas, your in-
quiry is invited.

Thermodynamics & Air Cycle Analysis
Stress & Weight Analysis
Heat Transfer

Fluid Flow

Shield Design

Remote Handling

Reactor Design & Structures
Turbojet Applications
Environmental Testing
Controls & Instrumentation
Applied Mathematics
Digital & Analog Computers
Theoretical Physics

Physical Chemistry
Metallurgy

Ceramics

Reactor Analysis

Openings in Cincinnati, Ohio
and Idaho Falls, Idaho
Publication of Technical Papers
is Encouraged

}

-
Exhaust Jet

i
Air In
—

Compressor

—_—

Turbine

Heat transferred from reactor directly by the dgir coolant.
Turbojet converts heat into propulsive thrust,

How General Electric
helps you become
a Nuclear Specialist

The Nuclear Engineering
Master’s Degree Program
helps you acquire or augment
skills and knowledge essential
to the aircraft nuclear propul-
sion program. 100% Tuition
Refund is provided for gradu-
ate courses at the University
of Cincinnati.

With the help of engineer-
ing management, you work
out a study program to devel-
op your maximum potential
for current and future assign-
ments in the field of your
choice. The wide range of
courses offered includes
nuclear engineering and tech-
nology, control systems, fluid
dynamics, heat transfer,
servo-mechanisms, treatment
of experimental data, digital
computer applications, and
manyothers essential for your
progress in nuclear flight
development.

Please write in confidence stating sal-
ary requirements to location you prefer.
MR. J. C. ROSSELOT
P.O. Box 132, Cincinnati 15, Ohio
MR. L. T. MUNTHER
P.O. Box 535, Idaho Falls, Idaho

AIRCRAFT NUCLEAR PROPULSION DEPARTMENT

GENERAL @B ELECTRIC
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by James R. Newman

A HisTORY OF EDUCATION IN ANTIQUITY,
by H. I Marrou. Sheed and Ward
($7.50).

istory, even more than science,
H must be remade periodically.
Remade, not merely revised, be-
cause the past is not dead. The past is
gone; in this sense it is beyond our power
and need not concern us. But the past is
apt to deceive us. The historical record
is sparse, and it becomes even sparser as
we go backward in time. Many classical
writings have disappeared. Our knowl-
edge of antiquity is grossly imperfect
and intertwined with legends and fables.
To know the past better, to improve the
understanding of our origins, does not
lie beyond our power. It is in this light
that one recognizes H. 1. Marrou’s work,
a history of education from Homer to the
collapse of the Roman Empire, to be a
memorable achievement. Professor Mar-
rou, a distinguished scholar of the Sor-
bonne, has opened a window on the
ancient world; the view it affords is re-
freshing and enlarging.

Everything of importance in our own
civilization, says Marrou, we owe to the
Greco-Latins, and this is truest of our
system of education. Even the 20th cen-
tury, which puffs its wares and asserts
priorities, would concede that there is
abundant evidence to support this claim.
Many scholarly works have been written
on the subject, but the new findings are
so numerous and so specialized that the
time has come for a filling of gaps and a
synthesis. Marrou offers this fresh per-
spective.

The account begins with Homer, from
whom the Greek cultural tradition “rises
in an unbroken line.” It was around the
Iliad as a “central pivot” that the whole
of Greek education was to be organized.
This great book was an epic of the deeds
of heroes, and for a long time it was sung
or recited rather than read. Despite this

BOOKS

A stimulating survey of education

in the world of Greece and Rome

special character it played a key role in
the evolution of education in a “noble
warrior” culture to that in a “scribe” cul-
ture. The record of the period which
Marrou covers does not, as he remarks,
“conform to the famous parabola shape”
—ascent, high point and inevitable de-
cline—“so dear to antiquity.” It is true
that from the tenth to the fourth century
B.C. the curve ascended. This was the
period of genius culminating in the
Golden Age—the “great creative epoch”
of Hellenic civilization during which
lived most of the poets, playwrights, his-
torians and philosophers whose names
are synonymous with Greek culture. But
classical education “did not attain its
distinctive form” until after this epoch.
And once this maturity had been at-
tained, the definitive forms, curricula
and methods which made up the system
lasted for many centuries. It ruled the
Hellenistic era, and “the infusion of new
blood from Rome gave it a fresh lease of
life.” In short, the educational curve
stayed on a high plateau, at one point
splitting into two branches, one “going
on indefinitely in the Byzantine East,”
the other existing in the Latin countries
until the barbarian invasions cut it off.

The first section of Marrou’s book con-
siders the knightly culture of Homeric
times and Spartan education. Sparta was
not always, as the conventional notion
has it, “a harsh, barbarous city petrified
in an attitude of morose distrust.” In
archaic times it was “a great cultural
center open to strangers, to the arts, to
beauty, to everything it would later pre-
tend to reject.” Until the fifth century
B.C. it was Athens’s predecessor as the
center of Hellenic civilization. But about
550 B.C., after a political and social
revolution in which the aristocrats re-
asserted themselves, Sparta’s develop-
ment “came to an abrupt halt.” The
intellectual side of education was re-
duced to a minimum; absolute patriotism
was exalted; the welfare of the state was
the supreme consideration. The state
took charge of all children. Those born
sickly and deformed were thrown into

the Apothetes, the dung-pit; a healthy
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child became the property of the state at
age seven. At 12 it was taken away from
its family. Boys were taught discipline
and obedience, how to bear arms, how
to endure privation and pain, how to
fight, how to be cruel and how to steal.
Girls were less rigidly controlled, but
their main function, as under fascism,
was considered to be the production of
babies, and every phase of their educa-
tion was subordinated to this end. They
“had to learn ‘to put aside all delicacy
and womanish tenderness’ by hardening
their bodies and appearing naked at
feasts and ceremonies.” The later Spar-
tan ideal, which has been so much ad-
mired, was “the ideal of a barrack-room
sergeant-major”’—the kind of thing which
is today glorified at Parris Island.

“I must now speak of pederasty, for it
affects education,” wrote Xenophon. In
an excellent chapter Marrou discusses
this important subject, which historians
have usually distorted or treated with
“excessive circumspection.” Greek ho-
mosexuality was of a military type, in
essence “a comradeship of warriors.” The
older man desired to stand out in the
eyes of his beloved as a hero; the young-
er, to show himself worthy. There was
established a “closed masculine com-
munity,” in which the older men were
fatherly teachers in constant, close per-
sonal association with the younger men.
Later, as a different type of education
arose, as the aristocracy declined and the
literary supplanted the military culture,
the love relationship persisted but in a
somewhat different guise: the fervent
and often passionate attachment of disci-
ple to master. Socrates attracted “the
flower of Athenian youth and bound
them to him with the ties of amorous
passion.” Plato, Xenocrates, Aristotle,
Euripides and Eudoxus were among the
famous lovers of antiquity. Sexual acts
played a part in many of these relation-
ships, but this was not the heart of the
matter. The love of the master for the
pupil involved, as Socrates said, the very
opposite of sensual desire—an aspiration
toward perfection, an ideal of excellence.
For the adolescent member of the part-
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nership to be loved by a leader of
thought was presumably an inspiration
to learning,

Marrou passes from this topic to the
early Athenian education, with its de-
emphasis of military elements and its
gradual democratization of the aristo-
cratic tradition; to the birth of the school
as an institution; to the founding of the
first schools of medicine and of philoso-
phy; to the pedagogical revolution effect-
ed by the Sophists; to the origins and
early economics of the teaching profes-
sion. (Protagoras charged 10,000 drach-
mas for tutoring a pupil for three or four
years, but prices soon fell and within a
short time Isocrates was lamenting the
fact that “blacklegs” were ready to carry
on the business at a bargain rate of 300
or 400 drachmas.) The final chapters of
this section on the pre-Hellenistic period
consider the two master educators of the
classical tradition: Plato and Isocrates.
Plato held out the philosophers” pursuit
of inner perfection as the aim of educa-
tion; Isocrates advocated the more prac-
tical preparation of young people for life,
particularly political life. Plato sought
the attainment of quiet, solitary wisdom.
The philosopher, he said, must renounce
practical ambition and “turn to the city
he bears within himself.” Isocrates
sought to foster in his disciples the “abil-
ity to make decisions, an intuitive grasp
of the complexity of human affairs, and
a perception of all the imponderable fac-
tors which help to direct one’s ‘opinion’
and make it a just one.” These were the
rival streams which flowed together and
produced the classical tradition in edu-
cation. In some respects the two schools
of thought were in opposition and con-
flict; in many respects they strengthened
cach other and enriched the system
which followed.

And now Marrou reaches what he
calls the very heart of his subject. In a
dozen brilliant chapters he paints a pic-
ture of education in the Hellenistic age.
We may think of this period as begin-
ning in the generation following Aris-
totle and Alexander the Great—say about
300 B.C. The conquests of Alexander
had immensely enlarged the area dom-
inated by Hellenism. The eastern fron-
tier of this area was extended 2,000
miles from the Aegean to the Syr Darya
and the Indus rivers. Egypt and Persia
lay open. The Greeks settled in the vil-
lages of Fayum, in Babylon, in far-off
Susiana. Wherever they settled they set
up their primary schools and gymnasi-
ums. There was not only an abrupt
change of scale, from a handful of cities
and islands to vast empires, but also an

abrupt cultural transformation within
the Greek federation itself. The “tradi-
tional framework of the ancient city
broke up, or at least retreated into the
background.” The monarchical state, it
is true, was too divided, too riven by
wars and dynastic ambition to take the
city’s place as the “supreme norm of
thought and culture.” It had “none of
the moral authority required for impos-
ing any fundamental discipline of the
kind that gives a meaning to life and
the world in which man lives.” This com-
plex of circumstances opened the way
for a re-evaluation of the individual. No
longer bound by “the corporate condi-
tioning and totalitarian pressure of city
life,” and held only loosely by the state,
Hellenistic man began to think himself
a citizen of the world. The ideal he en-
visaged is perfectly described by the
word humanism, understood in its pris-
tine, uncorrupted sense. For each man
the basic task was, in the old phrase, the
modeling of his own statue. He saw him-
self as the center and measure of all
things. He regarded the cultivation of
his capacities, the fulfillment of his
needs, the assertion of his rights, the
fullest development of his personality,
as the sole aim of human existence. This
was the philosophy which animated edu-
cation in the Hellenistic era. Education
was conceived as something more than
a technique for fitting a child to be a
man; it was a lifelong dedication to the
supreme values of culture and to self-
realization.

Formal education in the Hellenistic
age began when the pupil was seven and
went on until he was about 20. Seven
years or so were devoted to primary
school; adolescence was passed in the
gymnasium (i.e., high school); the last
year or two consisted of a course of civic
and military training known as the ephe-
bia. Generally speaking, education, es-
pecially at the higher levels, was subject
to official control—that of the city or mu-
nicipality, not the kingdom. In Hellen-
istic Egypt, whose policy was exception-
al, all schools were privately run by
associations—“perhaps,” says Marrou, “of
‘old boys.”” No municipal post was more
exalted than that of “master of the gym-
nasium,” or “gymnasiarch.” He was
chosen from the most influential and,
above all, the most affluent of the citi-
zens. His adjutant was a “hypo-gymnasi-
arch.” The gymnasiarch, as the supreme
authority, did not actually teach. This
was left to an expert—the “pedotribe,” or
“cosmete,” who had various assistants.
There was also a committee of “con-
trollers of wisdom,” and, later, “sophro-
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nists ” who were jointly responsible with
the gymnasiarch for the administration
of the ephebia.

Despite this elaborate official hier-
archy, it was not usual for a city to
take on the actual direction or upkeep
of its educational establishments. Ap-
peals were made to the generosity of
private individuals to furnish the neces-
sary financial backing. The reward for
such support was to become known as a
“benefactor,” a title of great renown. A
typical benefactor was a certain Polyth-
rous, who, toward the end of the third
century, gave his own city of Teos 34,-
000 drachmas, which was invested at
about 11% per cent and provided income
to pay teachers’ salaries. Often the gym-
nasiarch himself was expected to dig
into his pocket to keep his school going.
The first qualification for the job was,
therefore, to be rich. Thus a woman, or
even a baby, if it was the heir to a great
fortune, could be a gymnasiarch. But the
great majority of schools were neither
philanthropically supported nor state
endowed. They were run on a strictly
commercial basis. Pupils paid fees and
teachers collected what they could. Ex-
cept for a few celebrated instructors this
was not apt to be much.

What about the curriculum? To begin
with, physical training, while no longer
of primary concern, “remained an €ssen-
tial part of the process of initiation into
civilized life.” The pursuit of athletics
was a characteristic that set the Greeks
apart from other people. For example,
if you had found vourself among the
Jews in Jerusalem around 175 B.C., “you
would have discovered that adopting
‘the customs of the goyim’ meant, chiefly,
doing exercises in the nude on a sports-
ground.” From Marseille to Babylon to
Egypt to the Crimea, in great cities and
in tiny colonial villages, gymnasiums and
stadiums appeared. In the Greek way of
life the development of the body was
connected not only with hygiene, but
also with esthetics and ethics.

There was a good deal of professional
sport, but there was no lack of amateur
activity, and school sport was vigorously
pushed. Athletics included various types
of ball games, running, broad-jumping
(in which a stone or bronze dumbbell
was held in each hand), throwing the
discus and the javelin, wrestling and
boxing. Boxers wore hard leather gloves
and aimed chiefly at the head. The best
thing was not to get hit. A champion in
the reign of the Roman Emperor Titus is
remembered for being able to keep his
guard up for two days and tire out his
opponent without letting him land a sin-
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gle blow. There was also a violent event
—pancratium—which combined boxing
and wrestling and in which everything
from kicks in the stomach to biting was
allowed. (For some reason it was
deemed improper to put your fingers in
your opponent’s eyes or nose or mouth.)
It is a curious fact that the Greeks,
though a seafaring people, did not go in
for swimming sports. They knew how
to swim—" ‘He can neither read nor
swim’ was a common way of describing
a nitwit’—but they did not treat it as a
sport. All sports were performed in the
nude, but sometimes under the burning
sun it was permitted to wear a little cap,
which was made from dog-skin and tied
by a lace under the chin.

The school itself was sometimes called
a palestra, sometimes a gymnasium.
Marrou describes as representative the
lower gymnasium in Priene, which dates
from the second century B.C. and has
been completely excavated. It stood on
a terrace surrounded by a high wall. The
plant included a sports-ground and sev-
eral two-story buildings. These housed
a splendid marble-faced lecture hall, a
common room, baths, a “coryceum” (the
punching-bag room), an “elaeothesium”
(where oil was stored), a “conisterium”
(where sand and dust used for care of
the skin were kept) and a massage room.
There was a stadium, a spectators’ en-
closure and a covered track for practice
in bad weather. And in the common
room used by the ephebes one can still
see hundreds of their scratchings on the
wall: “This is so-and-so’s place, son of
so-and-so.”

Slowly athletics lost the prestige and
importance it had had in Greek educa-
tion. Several factors, among them pro-
fessionalism and specialization, contrib-
uted to this decline. But the main reason
was the development of other “subjects,”
especially literature. By the time of the
Christian era, physical education was
dead. Few would complain that in our
time—school sports notwithstanding—it
has not been revived.

Drawing and music were a part of
Greek education. The child learned to
use charcoal and to paint on a board
made of boxwood. Music was at first as
important as gymnastics. The instru-
ments essential to ancient music were
the lvre and the oboe, but Aristotle ex-
cluded the latter from his educational
theory; by the second century school in-

| struction was to be had only on the lyre.

Nothing was written down in the teach-
ing of music; the pupil sat opposite the
master and imitated him as best he
could. Choral singing and dancing were
also taught, but they were like our school

© 1957 SCIENTIFIC AMERICAN, INC

theatricals and lay outside the official
curriculum.

Marrou brilliantly analyzes the de-
cline of music. He points out that music
was a heritage from archaic times; it
appeared therefore as a recessive and
not a dominant characteristic in Hellen-
istic culture. Technical progress meant
specialization; this in turn meant “a kind
of divorce from the general culture and
education.” In Homer’s days, and even
a little later, music was a spontaneous
folk expression. The instruments were
simple; almost any child could be taught
to play and enjoy them. Then great com-
posers—Melanippides, Cinesias, Phryn-
is, Timotheus—introduced complicated
rhythms and harmony. Now one had to
practice and to master an elaborate tech-
nique. In his Politics Aristotle discusses
at length the dilemma which music
teachers faced. He concluded that, just
as it was not the purpose of physical edu-
cation “to breed champions,” so musical
education should not attempt to turn out
professionals but only promote the
child’s “harmonious development” so
that he would have taste and could en-
joy music. This sound theory was unfor-
tunately never translated into practice.
Marrou makes the point that the tradi-
tion handed down by Plato and Aristotle
“also helped to perpetuate ingenuous
ideas about the efficacy of music as a
moral agent, a personal and social dis-
cipline.” Music, it was believed, cools
erotic ardor; music soothes bad temper.
While they were away fighting, the he-
roes of the Trojan War kept their wives
faithful by choosing the right musicians;
a tune in the Phrygian mode on the oboe
is a sure cure for sciatica if played above
the affected part—these legends were ac-
cepted as fact. A sensible music peda-
gogy could not thrive side by side with
such beliefs. The gap between school
music and the living art widened. Listen-
ing to music was more popular than ever,
but fewer and fewer amateurs played it.

When a little Greek boy of a reason-
ably well-off family trotted off to school,
he was accompanied by his “peda-
gogue.” This was a slave who carried
his young master’s belongings, and,
when needed, a lantern. He remained at
the side of the schoolroom, and at the
end of the day or at lunch he escorted
the child home and even carried him if
he was tired. But the “pedagogue” had a
heavier responsibility. He was the child’s
moral tutor. He trained him in manners,
helped mold his character and morals. A
constant supervisor, the pedagogue often
came to be resented in adolescence as an
“unbearable tyrant.” His importance,
says Marrou, is reflected in his name:
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in Hellenistic Greece the word “peda-
gogue” lost its original meaning of “slave
companion” and began to take on the
modern meaning,.

After the little boy got to school and
settled himself in his classroom on a
backless wooden stool, the master, en-
throned on an armchair with slanting
legs, took over. Schoolteaching was a
badly paid, despised occupation. It was
often followed by a man of good family

who had come down in the world. (“He’s |

either dead or else he’s teaching some-
where,” a certain wag in antiquity re-
marks about someone who is missing.)
To be a teacher one had to know how to
read and write and to wield a hard
leather strap made of a bullock’s tail. It
was not expected of the teacher that he
edify his pupils or enrich their outlook;
the high role of inculcating a whole way
of life did not fall to the primary-school
teacher until the Middle Ages.

The actual method of Hellenic in-
struction in the three R’s was a trifle gro-
tesque. No effort was made to ease the
child’s task; the more painful, the bet-
ter. First he learned the alphabet, then
syllables, then words, then sentences.
There was no “reading by wholes”;
no one would have dreamed of arous-
ing the child’s interest by “The cat sat
on the mat.” He had to memorize the
names of the letters without even know-
ing what they looked like. Herod Atticus
had a dim-witted son who found this
feat beyond him. Twenty-four slaves
were therefore brought up with him,
each being named after one of the 24
letters. This was for millionaires; less
privileged boys had to tread a harder
path. The crowning phase of this regi-
men was to read selected passages from
Euripides, say, or Homer. This pre-

| sented, as is easily imagined, extraor-

dinary difficulties for young children.
Often they had not the faintest notion
of what they were reading. Moreover,
the Greeks used a scriptio continua in
which there was no punctuation and

| even the words themselves were not

separated from one another. It should
be noted that all reading was aloud;
throughout antiquity silent reading was
exceptional: “People read aloud to them-
selves, or, if they could, got a servant to

| read to them.”

Writing was taught in the same way
as reading. There was a cursive script
and also a system of writing by capitals.

| The child used a stylus to scratch his
| letters and syllables on the waxed sur-

face of a wooden board, but sometimes
ink was used on a board of different de-
sign. The pen was made from a reed;
the ink came as a solid and was pow-
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dered and watered down by the peda-
gogue; a small sponge was used as an
eraser. Exercise books of sheets of papy-
rus served the wealthier pupils; frag-
ments of pottery, the less privileged.
When a child got to the point where he
could write sentences, a wide variety of
aphorisms were displayed for copying,
e.g., “The learning of letters is the be-
ginning of wisdom,” or more pointed
phrases such as “Work hard, my lad, if
you do not want a whipping.”

The mathematical syllabus was not in-
spiring. The child was taught to say and
read numbers, cardinals and ordinals.
How to count on the fingers was also
taught. In Hellenic times this was a real
art by means of which the two hands
could be used to denote any whole num-

| ber from 1 to 1,000,000. (A million was

indicated by the two hands locked to-
gether.) Besides whole numbers, frac-
tions and certain simple relations had to
be learned. But observe that in antiquity
addition, subtraction, multiplication and
division were “far beyond the horizon of
any primary school.” The fact that cal-

| culating tables and counting machines

were in widespread use showed, says
Marrou, that not many people could add.
This holds for much later times, “even
in educated circles.”

The higher Hellenistic culture, writes
Marrou, “remained faithful to the archaic
tradition and based itself on poetry, not
science.” This is reflected in secondary
and higher education whose principal
aim was not so much “to develop the
reasoning faculty as to hand on its liter-
ary heritage of great masterpieces.” The
culture of Hellenistic times was not
“revolutionary or innovating”; the great
creative drives were spent. Instead this
civilization basked in its glory and lived
off its capital.

Homer’s popularity was at its height.
Alexander the Great took his precious
copy of the Iliad with him on all his
campaigns. “Homer was not a man but
a god” was one of the first sentences that
children copied in their handwriting les-
sons. Philosophers regarded the Odyssey
as the more important of the books; men
of letters and the schools preferred the
Iliad. Other poets, among them Hesiod,
Apollonius of Rhodes, Sappho and Pin-
dar, were not neglected. Euripides had a
high place in the school syllabus, as did
Aristophanes.  Aeschylus, Sophocles,
Menander were studied, and of course
Demosthenes,

In the secondary schools the teacher
was known as a “grammarian”; in the
higherschools, as the “rhetor.” The meth-
odof teaching atbothlevelswas notmuch
more enlightened than in the primary
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schools, where the “grammatist” was in
charge. Texts were studied in merciless
detail. They had to be learned by heart
and recited “with expression.” They
were broken down into separate words
and even syllables, which in turn were
subjected to an almost insane lexico-
graphic and etymological analysis. Every
character, place, event, river named in
the literature was the object of “histori-
cal” research. Students seriously traced
the mythical descent of heroes and gods,
a branch of learning which was called
“genealogy.” Enormous effort was ex-
pended on the science of grammar—on
the parts of speech, on gender, on mood,
tense, the conjugation of verbs and simi-
lar delights. Composition was taught:
elementary exercises by the grammarian,
higher flights by the rhetor. Every step
was dogmatic and meticulously codified,
every suspicion of originality and imag-
ination was extirpated from the student’s
efforts. An Egyptian writing board of the
Hellenistic period shows us a schoolboy
dutifully declining a fable based on
Pythagoras. First, in the singular nom-
inative: “The philosopher Pythagoras,
having gone ashore and started giving
language lessons, advised his disciples to
abstain from flesh meat.” Then the geni-
tive: “We are told that the opinion of the
philosopher Pythagoras was . . .”, and
so on. Then the dative: “It seemed good
to the philosopher Pythagoras. ”
Then the vocative: “O philosopher
Pythagoras. . . .” Then the plural: “The
Pythagorases, philosophers, having gone
ashore. . ..”

Amid these pedantic japes very little
attention was devoted to the ideas and
feelings of the poetry and prose. When
the grammarian was not drilling and
beating his pupils, he lectured them on
the moral aspects of literature. His ulti-
mate object was to hold up as models
the heroic examples of “human perfec-
tion” in the annals of the past. From
Homer he tried to extract a complete
moral code. This was not always easy,
but the teachers and writers managed it.
If, for example, Homer showed the
“lewd adulterer” Paris “forgetting all
about the fighting and going to bed
with Helen in the middle of the day,
this is obviously so that he can pour
scorn on such goings on.” But it must
be recognized, as Marrou points out,
that these crude endeavors were some-
thing quite apart from the essence
of Hellenistic education. Classical cul-
ture was “proud of its pedantry,” but
the aim of education, however inept
the methods, was to make students
the very opposite of pedants—rounded,
aware, elevated in outlook, apprecia-
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tive of cultural values in all forms.

Though literature had pride of place
in the secondary-school syllabus, mathe-
matics, following the advice of both
Plato and Isocrates, was given serious
attention. Geometry was taught directly
from Euclid’s Elements. The same text
served for a time in the teaching of
arithmetic, but the most important book
was the Introduction to Arithmetic by
Nicomachus of Gerasa. The influence of
this work was so great, Marrou tells us,
that arithmetic took the place of geome-
try as the key part of mathematics. Both
subjects, it should be noted, were taught
as speculative and abstract disciplines.
Geometry was a matter of reasoning
about purely intellectual figures unre-

| lated to the shapes of sense experience;

arithmetic was the theoretical science of
numbers, incorporating investigations
into their esthetic, mystical and moral
properties. The calculation of surfaces
and volumes did not belong to geometry
but to such subjects as geodesy or met-
rics. These were taught to surveyors,
masons and other lowly practitioners and
did not form part of a liberal education.
And so with arithmetic, which, again on
Plato’s advice, and following Pythago-
ras’s noble example, was divorced from
squalid problems of profit and loss, buy-
ing and selling. Two other mathematical
studies were the numerical laws govern-
ing music and mathematical astronomy.
The latter was the most popular of the
tour branches of mathematics, less for its
theoretical value than for its connection

with astrology, which had a high stand- |

ing in Greco-Roman society. But formal
instruction was in astronomy proper, and
there is no evidence that astrology got
into the schools.

As the Greco-Roman period ad-
vanced, literature began to elbow out

the sciences. Marrou states that in the |

end mathematics was practically elim-
inated from the secondary-school sylla-
bus. The subject continued of course to
be studied by specialists and philoso-
phers, but it had to be kept alive in
higher education because it received no
nourishment from below. Even in the
teaching of astronomy, science was in-
vaded by the “literary grammarian.” The
most popular text in the field was not
any one of the several straightforward
astronomical handbooks which were
available, but a poem of 1,154 hexam-
eters by Aratus of Soli written about 275
B.C. and entitled Phaenomena. Aratus
was not an astronomer but a minor phi-
losopher and man of letters. His poem
has no mathematics, no numbers and
very little of astronomical theory. It is
mainly descriptive, and its explanations
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of planetary motions and kindred phe-
nomena are anthropomorphic. It also
contains numerous errors of observation.
Yet this hodgepodge of a work was pri-
marily responsible not only for astrono-
my retaining its prominent place in
secondary-school education, but for the
essentially literary, nonscientific empha-
sis given to the teaching of the subject.

The whittling down of the sciences in
the schools of the Hellenistic age had far-
reaching consequences. For nothing, as
Marrou writes, “is more characteristic of
classical tradition—as we can see from
the influence it has had and still has on
our education—than the predominance
of literature and the dislike of mathe-
matics as a basis for general education.”
Mathematics lost its place in the com-
mon culture. This place it never re-
gained. Mathematics continued to be
respected and admired, but one did not
have to learn it to be considered an edu-
cated man.

Higher education forms the subject of
another of Marrou’s admirable discus-
sions. Philosophy and rhetoric received
the main emphasis. Poets, artists, philos-
ophers, rhetors, physicians were among
those who lectured to the ephebes.
The schools had their libraries in which
works of every kind were to be found. A
remarkable institution was the Museum
in Alexandria, where men of science as
well as scholars lived in community as
pensioners and pursued their researches
with the help of an incomparable col-
lection of books and the botanical and
zoological gardens. The pensioners had
their disciples in philosophy, in phi-
lology, in rhetoric, in medicine. For the
truly cultivated man rhetoric was the
queen of subjects. The rhetorical form
of culture—Isocrates’s ideal-had won
out over Plato’s philosophical form. To
the art of oratory later Greek education
attached the highest value. Philosophy,
to be sure, was not despised; one might
even study medicine and be accepted as
a man of culture. But in this case the
physician, to escape being regarded as a
mere technician, had to be an all-round
man, to have studied, as Galen did, phi-
losophy, logic, mathematics, grammar.

Paideia, that famous, ambiguous word
which meant both education and cul-
ture, must be understood as describing
the ideal of what was primarily “a lec-
turer’s culture,” in which the “word . . .
acquired the value of an absolute and
became in a way an end in itself.” We
are contemptuous of rhetoric; we live
among public blimps and political wind-
bags. In the Hellenistic age rhetoric had
already forgotten its original aim, which
was to teach men how to compose and
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deliver speeches for serious occasions
and had turned into an insincere, pomp-
ous formalism. Yet we must not overlook
that rhetoric, apart from providing a sys-
tem of values for literature, had social
values. Open to all educated people,
“and peacefully installed at the heart of
a tradition that was passed down for cen-
turies,” the system of rhetoric “meant a
common standard, a common denom-
inator between all types of intelligence,
uniting writers and public, the classics
and the ‘moderns,” in mutual understand-
ing and harmony.”

The teaching of philosophy concludes
this central portion of Marrou’s survey;
it is followed by a prospect of Foman
education, which was on the whole
“merely an extension of Hellenistic edu-
cation to the Latin or Latin-speaking re-
gions in the West.” Professor Marrou has
written a rich, imaginative book. He
commands an admirable style. He has an
immense erudition which serves him per-
fectly and never gets out of hand. He is
far from indifferent to social problems,
and he has broad knowledge of the sci-
ence of education. He has a nice sense
of humor and a suitable disrespect for
things which deserve disrespect. His
study gives insight into grave problems
of modern education. Our civilization
has come to depend on specialists and on
technology. This is our strength, but it
also fragments society. Is the Greek ideal
of the rounded man lost beyond recail?
Is the unity among men which may be
their last hope possible of attainment in
a time when education increasingly em-
phasizes the need for specialization?
Marrou’s book makes clear our magnifi-
cent inheritance from the ancients and
enables us soberly to judge what we
have done with it.

Short Reviews

]_(jGIC WITHOUT METAPHYSICS, by Er-
nest Nagel. The Free Press ($6).
Collected in this volume are 30 of Na-
gel’s essays and reviews published dur-
ing the past 25 years. The subjects range
from various aspects of naturalist philos-
ophy to theoretical physics, the basis of
induction, the logic of social science, the
formalization of functionalism, a philos-
ophy of education, a proposed “alterna-
tive to Marxism.” Despite this diversity
the collection is neither scrappy nor dis-
jointed. It argues a coherent and persua-
sive philosophy. Over the years Nagel
has had occasion to modify his views
in particulars—no contemporary philos-
opher is more open-minded—but the
basic framework of his outlook remains
unchanged. In his introduction to this
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T107. THE PSYCHOLOGY OF INVENTION IN THE
MATHEMATICAL FIELD, J. Hadamard. Where ideas
come from, what role the unconscious plays, hm\ Einstein,
Ioincaré, others developed new ideas. 158 p

Paperbd $1.25

T10. LANGUAGE, TRUTH & LOGIC, A. Ayer. Clear
intro. to logical positivism. ‘I should like to have written
it myself,” Paperbd. $1.25

$130. THE CONTINUUM AND OTHER TYPES OF
SERIAL ORDER, E. V. Huntington. Systematic elemen-
tary account of modern theory, based on Cantor-Dedekind
ordinal theory: requires no higher math. 90 pp.

Paperbd. $1.00
$120. INTRO. TO DIFFERENTIAL EQUATIONS OF
PHYSICS, L. Hopf. Intuitive rather than formal aspects;
practical rather than theoretical. 160 pp. Paperbd. $1.25

$300. INTRO. TO THEORY OF GROUPS OF FINITE
ORDER, R. Carmichael. Begin with sets, progress in easy
stages (hrough important types of groups. 463 pp.
Paperhd. $2.00
S141. THEORY OF SETS, E. Kamke. Clearest, amplest
intro. in English, suited for independent study. Emphasis
on general theory. 151 pp. Paperbd. $1.35

S154. ELEMENTS OF THEORY OF FUNCTIONS, K.
Knopp. Clear rigorous intro. ‘‘Excellent,”” JOURNAL, AM.
STATISTICAL ASSOC. 140 pp. Paperbd. $1.35

T31. CONCERNING THE NATURE OF THINGS, W.
Bragg. Nobel Laureate in easily followed account of gases,
crystals, etc. 32 pp. of photos. 246 pp. Paperbd. $1.25

Bertrand Russell. 160 pp.

© 1957 SCIENTIFIC AMERICAN, INC

TI96 NATURE OF LIGHT & COLOUR IN THE OPEN
AIR, M. Minnaert. Mirages, black snow, the green ray—
other phenomena; hundreds of observation projects. 378 Dp.

Paperbd. $1.95

T6l. COMMON SENSE OF THE EXACT SCIENCES,
W. Clifford. For 70 years a classical guide to scientific
mathematual thought. Recommended by Bertrand Russell.
249 pp. Paperbd. $1.60

579 HISTORY OF ASTRONOMY FROM THALES TO
EPLER, J. Dreyer. Only thorough history in English, de-

talls on fascinating premodern systems. 447 pp.

Paperbd. $1.98

$255. CONCISE HISTORY OF MATHEMATICS, D.
Struik. No math needed to follow this lucid study of idea
development from Greeks to moderns. 66 illustrations. 318
pD. Paperbd. $1.75

S193. HIGHER MATH. FOR STUDENTS OF CHEM-
ISTRY & PHYSICS, J. Mellor. Unequalled practical
presentation based on lab situations; integral, differential
calculus, etc. 662 pp. Paperbd. $2.00

T213. THE ORIGIN OF LIFE, A. Oparin. Classic 1st
modern statement of evolution of life from nitro-carhon
compounds. 295 pp. Paperbd. $1.75

T5. RTH & DEVELOPMENT OF GEOLOGICAL
SCIENCES F. Adams. Most thorough history ever written.
Fascinating early speculation on fossils, figures, stones,
neptunists, etc. 91 illustrations from Renaissance, medieval
sources. 511 pp. Paperbd. $2.00

PUZZLES & ENTERTAINMENT

T384. HOUDINI ON MAGIC. Houdini’s own account, how
he picked locks, walked through brick walls, ete. Incredible
feats of greatest magician. 155 photos.

pp.
T’aperbd. $1.00

T386. MORPHY’'S GAMES OF CHESS. 300 games hy
Paul Morphy, greatest chess player of all time. Put ag-
gressiveness in your game from them. 235 diagrams. 362 pp.

Paperbd. $1.75

T337. PUZZLE QUIZ STUNT FUN, J. Meyer. 238 puzzles
based on math, observation, logic, ete. 100 illustrations.
256 pp. Paperbd. $1.00

T110. MATHEMAGIC, MAGIC PUZZLES, GAMES WITH
NUMBERS, R. Heath. Based on properties o f numbers, etc.
28 pp. I’aperbd. $1.00

T350. MATHEMATICAL EXCURSIONS, H. Merrill. 90
puzzles; techniques not taught in schools: dyadic systems
factoring at sight, etc. 145 p Paperbd. $1.00

T198. MATHEMATICAL PUZZLES FOR BEGINNERS
AND ENTHUSIASTS, G. Mott-Smith. 188 puzzles on
numbers, permutations, probability, etc. Over 100 pages of
detailed solutions. 248 pp. I’aperbd. $1.00

T162. MATHEMATICAL RECREATIONS, Maurice Krait-
chik. 250 puzzles, problems, hased on arithmetic without
numbers, geometry, topology, Fermat numbers, probability,
etc. Probably the best hook for offering easily assmnlatcxl
insights into difficult math. 181 illustrations. 330
I’aperhd $|.75
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volume he makes plain where he stands.
He was a pupil of Morris Cohen, John
Dewey and Frederick Woodbridge; he
acknowledges a substantial debt to the
writings of Charles Peirce, Bertrand
Russell and George Santayana; his ideas
also were shaped by Rudolf Carnap and
Philipp Frank. Nagel came to intellec-
tual maturity in the period between the
two world wars and, like so many stu-
dents of philosophy of that period, found
himself unable to accept “any of the
grand philosophical systems of the past
as tenable interpretations of nature and
human society.” Trained as a mathema-
tician, and inclined by temperament
both to the common-sense and hard-
headed empiricism of the physical sci-
ences, he found himself increasingly
drawn to a naturalistic outlook. This
faith holds that “spatio-temporally or-
ganized bodies are the only agents of
causal change”; that there is “an irre-
ducible plurality” of things, qualities
and processes in the world; that the uni-
versal scheme is neither directively or-
ganized nor “rationally integrated”; that
“the human scene is but a passing inci-
dent in the history of the cosmos”; that
moral standards are good if they fit the
needs of human beings and liberate their
energies, but not otherwise. Moreover,
for understanding, such as it may be, of
the events of the world, and for control
of the environment, neither authority
nor intuition nor bare reasoning can be
relied upon. To get the hang of things
one must observe them. They are what
they are in our experience; they are not
illusions masking a “metaphysically su-
perior reality.” Logic and mathematics
furnish the only “necessary truths”; they
alone are inescapable, valid in all possi-
ble worlds. All other statements are con-
tingent. If true in Brooklyn on July 8
this year, they may not be true in the
Bronx at the same time, or in Tierra del
Fuego, or when Socrates drank the hem-
lock. Mathematics and logic are con-
sidered valuable intellectual tools for
ordering our ideas but they say nothing
about the substantial world. As to scien-
tific theories, Nagel takes a middle posi-
tion between the notions that they are
pure conventions or fictions and that (as
Bertrand Russell suggests) there is a
“structural similarity,” a kind of point-
to-point correspondence between pre-
sumptively true statements and their
subject matter. In this department, as
in others, Nagel does not claim to give
definitive answers; he is pragmatic and
content to examine particular theories in
given formulations and usage. Every-
where in his writing he is unambiguous,
and careful not to claim more for what
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he means than what he says. The school
with which Nagel identifies himself is,
as several of these essays show, deeply
concerned with the scope of the logic of
the natural sciences and with its bearing
on problems of moral and social inquiry.
It is often said that naturalism is stonily
indifferent to such questions. This is a
canard of anti-intellectualism. Nagel
and others like him care as much about
human welfare as any responsible mem-
ber of society. They recognize that the
methods of natural science have often
been abused in the study of human af-
fairs; that grandiose theories and in-
appropriate techniques have character-
ized social studies; that the yield has not
infrequently been barren and trivial. Yet
Nagel is steadfast in his belief that these
methods, properly applied, offer the only
sensible key to enlightenment in human
behavior, the sole basis for a rational
science of society. This admirable vol-
ume explains the high reputation its
author has made as a philosopher of
science, and the respect and affection he
has gained from his many students.

RCHAEOLOGICAL STUDIES IN SZECH-
Ax waN, by T.-K. Cheng. Cambridge
University Press ($13.50). Many prehis-
toric remains have been unearthed in the
Chinese province of Szechwan. These
remains, collected at some 90 sites, are
for the most part housed in museums
and have not been described. Dr. Cheng
has examined the museum collections in
order to formulate an archaeological
chronology; this monograph gives a sys-
tematic report on the principal items.
They range from chipped stone imple-
ments of the Mesolithic Period of some
7,000 years ago through pottery, monu-
ments, tombs, coffins, statues and figu-
rines, mirrors, coins, metal tools, house-
hold utensils and other artifacts, some
dating from as recently as A.D. 1600.
More than 100 plates, many of excep-
tional beauty, adorn this volume, which
is a fine contribution to the study of pre-
history and the cultural development of
western China.

THE Next Huxprep YEanrs, by Har-

rison Brown, James Bonner and John
Weir. The Viking Press ($3.95). A geo-
chemist, a biologist and a psychologist
have prepared this assessment of man’s
natural and technological resources—
what he has today, what he can expect
to develop and draw upon over the next
century. The book is based both upon
the authors’ studies and a series of con-
ferences held with a group of industrial
officials representing 30 large American
corporations. Among the topics briefly
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tion of the GREAT BOOKsS. The area
of thought is limitless. Every great
idea that has shaped the lives of
thinking men is explored —ethics,

philosophy, war, peace, religion,
death, love, medicine, science, the-
ology—102 ideas that have occupied
great minds since man could think.

The magnitude of the GREAT BOOKS is not in its
auvthors and subject matter alone. Pub-
lished with them is a great new SYNTOPICON
designed to make your reading more
meaningful. The SYNTOPICON is quite literally
a great teacher “living” in your home . . .
always at your disposal to guide your read-
ing ... interpret the great ideas . .. make
clear to you the most abstract thought. With
the SYNTOPICON you will find new excitement

MAIL COUPON

TODAY FOR
FREE BOOKLET

budget plan.

Name.

Address.

PRIVATE LIBRARY
EDITION

in new ideas...new absorbing interests
. new understanding of yourself and
other people.

We urge you not to miss this oppor-
tunity to enrich your mind with this
Private Library Edition of the GREAT
BOOKS. Send now for the free booklet
which describes this handsome edi-
tion in detail. Look it over . . . think
it over. But don’t wait to mail in the
coupon below. The supply of these
booklets is necessarily limited. Avoid
the chance of disappointment by
mailing your coupon now!

GREAT BOOKS OF THE WESTERN WORLD, DEPT. 143-B
425 N. Michigan Avenue, Chicago 11, lllinois

Please send me, free and without obligation, your handsome booklet which
pictures and describes the revolutionary syNToPICON and the GREAT

obtain this magnificent set, direct from the publisher, on your special

(please print)

© 1957 SCIENTIFIC AMERICAN, INC

1
|
|
|

BOOKS in full detail. Also include complete information on how I may ’
|
|
|
|
|
|
|



announcing ... RAYTHEON

HARVARD

176

Excellence in Electronics

CALTECH

GRADUATE
PROGRAM

FOR STUDY AT CALTECH,
HARVARD AND M.I.T.
IN 1958-59

The Raytheon Graduate Program has been established
to contribute to the technical development of scientists
and engineers at Raytheon. It provides the opportunity
to selected persons employed by Raytheon, who are
accepted as graduate students by Harvard, M.I.T.
or California Institute of Technology to pursue, at
Raytheon’s expense, regular courses of study leading
to a master’s degree in science or engineering in the
institution of their choice.

The Program requires, in general, two or three semes-
ters of study, depending on circumstances, with the
summer months spent in the Company’s research, en-
gineering, or manufacturing divisions. It includes full
tuition, fees, book allowances and a salary while at
school. Students also receive health, accident, retire-
ment and life insurance benefits, annual vacation and
other privileges of full-time Raytheon employees.

To be considered for the Program, applicants must have
a bachelor’s degree in science or engineering, and should
have outstanding student records, show technical prom-
ise, and possess mature personal characteristics. They
must be under 30 years of age on September 15 of the
year admitted to the Program. They may apply for
admission to the Program in anticipation of becoming
employees of Raytheon.

YOU ARE INVITED TO ADDRESS YOUR INQUIRY
to Dr. Ivan A. Getting, Vice President, Engineering
and Research, outlining your technical background,
academic record, school preference, and field of interest,
prior to December 1, 1957.

RAYTHEON MANUFACTURING COMPANY, Waltham 34, Mass,

© 1957 SCIENTIFIC AMERICAN, INC




reviewed are the demands for raw ma-
terials in an industrial society, the dif-
ferent rates of industrialization through-
out the world, problems of population
growth, food production, present energy
. resources and future potentialities, the
availability and rising need for technical
and scientific skills, the role of science
in conserving and augmenting food and
materials. Clearly written and unpreten-
tious, this report contains valuable data
and sensible opinions. It is addressed to
the plain reader.

"[‘HE PaPERS OF THOMAS JEFFERSON,
+ Vor. XIII, edited by Julian P. Boyd.
Princeton University Press ($10). The
new volume of the Papers covers the pe-
riod from March to October, 1788, and
finds Jefferson in Paris, well established
as Franklin’s successor, discharging the
thousand and one duties of minister
plenipotentiary of the United States of
America. As the representative of a
country both insolvent and still in the
throes of hammering out its constitu-
tion, his job demands of him everything
from persuading a pinchpenny Congress
to give him a decent allowance to writ-
ing letters of introduction for travelers,
attending to trade interests, struggling
to keep alive his countrv’s credit, de-
fending its prestige and succoring its
sailors from Mediterranean pirates and
potentates. Jefferson, it is scarcely nec-
essary to sav, is never pettv or dull even
when attending to dull and petty details,
but the main appeal of this, as of many
other volumes of the great Princeton
edition, lies not in the record of official
labors but in the picture of the man’s
personal interests, ideas and activities.
He expresses his views on musical in-
struments, on plants, on agriculture, on
architecture, on French and German
wines; he compiles a diverting travel
guide and reports his own journey
through France, Germany and Italy; he
instructs Thomas Paine on the theory
of gravitation and receives the latter’s
delightful critique of the notion of “at-
traction of cohesion” by which particles
of matter are held together; he discusses
local customs; he tries to straighten out
the involved affairs of John Paul Jones;
he studies mechanical arts and manufac-
tures; he devises a new plow; he designs
a hvgrometer which he hopes will be an
improvement on existing models; he
buvs books on the use of the microscope,
on the “Oran-outang,” on Shakespeare,
on Indian vocabulary, on parliamentary
subjects, on Aeschvlus, on nautical ob-
servations, on chemi.stry, on astronomy;
and he is notified that a vear earlier the
governors of Harvard University con-

ferred upon him an honorary degree on
“account of his literary and political
character and personal worth.”

lNTRODUCTION TO FINITE MATHEMAT-

ics, by John G. Kemeny, ]J. Laurie
Snell and Gerald L. Thompson. Pren-
tice-Hall, Inc. ($6.65). This text by
three members of the Dartmouth faculty
is part of a new freshman mathematics
program at that college. Students may
elect to take this course along with tra-
ditional instruction in analytical geome-
try and other subjects leading to the
calculus. The authors state that their
aim “was to choose topics which are
initially close to the students’ experi-
ence, which are important in modern-
day mathematics, and which have in-
teresting and important applications.”
The range of material is broad and
varied. It includes compound statements,
set theory, partitions and counting,
probability theory, vectors and matrices,
linear programming and the theory of
games, applications of mathematics to
social science problems. The beginning
of each chapter is simple, presupposing
no previous acquaintance with the sub-
ject, but the climb soon gets pretty steep
and obviously requires a guide and
ropes. A determined effort was made to
concoct lively examples: they deal with
such things as poker and chess, the
rainfall in the land of Oz, political elec-
tions, student examinations, dates with
blondes, defective peanut-vending ma-
chines and television programs. One
may be permitted to doubt that the stu-
dents will find these problems as deli-
cious as the authors intended. The prob-
lems by themselves work no pedagogic
magic and no unusual breakdown of
hard ideas is achieved. What distin-
guishes this text from others is novelty
of content rather than exceptional clarity
in explanation.

rI*HE GaLaTHEA DEEP SEA ExPEDI-

- TIon 1950-1952, described by mem-
bers of the expedition. The Macmillan
Company ($8). Beginning in the 19th
century a number of the leading mari-
time nations sent out warships on com-
bined “surveying, exploring, and politi-
co-commercial cruises,” and often they
would take along one or more natural-
ists. A famous example was the South
American voyage of the Beagle (1831-
1836), which had Charles Darwin
aboard. The results of this survey were of
the first importance to the future of natu-
ral science. Forty years later the Challen-
gerlaid the foundations of oceanography,
one of the fruits of its epochal voyage
being proof that living things exist as
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far down as 20,000 feet. Denmark ven-
tured into the field in 1845 with a rather
large expedition on the corvette Gala-
thea, which circumnavigated the globe
and carried out valuable scientific stud-
ies. In 1950 Danish scientists launched
another expedition, commemorating the
earlier voyage, on a 1,600-ton former
British naval sloop, H.M.S. Leith, re-
named the Galathea. The main object
was the exploration of the greatest ocean
deeps, the trenches and canyons, some
of which—to the east of the Philippines—
plunge to 35,000 feet below the surface.
Members of the expedition have written
this uncommonly interesting account of
their adventures and discoveries. They
describe the many different types of
measurements, the technique of trawl-
ing, the echo-sounding and hydrograph-
ic studies, the geomagnetic investiga-
tions, the visits to the Seychelles, the
Nicobars and Campbell Island, home of
elephant seals and albatrosses. Surveys
were made of sea snakes, of coastal fish,
of oceanic bird life, of the volume of
food produced in different regions of the
sea. Anton F. Bruun, the Galathea lead-
er, examines the problem of how deep-
sea fauna get their food [see article be-
ginning on page 50]. Down to a certain
level there is a “rain” of dead plankton
organisms from the surface layers. But
this supply of plants and small animals
thins out steadily on the way down, and
after a few hundred meters most of it
has been eaten, which is why the popu-
lation of higher animal life gets very
sparse. At the bottom, however, there
is a new accumulation of dead organic
matter, mostly vegetation from the land—
branches, leaves, palms, mangrove fruits
and so on. The local residents cannot
digest this material but they are served
by hordes of bacteria whickh break up
the cellulose and much else besides. The
bacteria themselves are gobbled up by
the mud eaters (worms, sea cucumbers
and bivalves), which are eaten by crus-
taceans, which are in turn eaten by fish.
So the chain of life is maintained. Among
the specimens brought back was the re-
markable Galatheathauma axeli, a fish
with a luminous organ suspended from
the roof of its mouth. This most read-
able scientific report is made doubly at-
tractive by many excellent illustrations.

Notes

LiGHT SCATTERING BY SMALL PARTI-
cLEs, by H. C. van de Hulst. John Wiley
& Sons, Inc. ($12). A treatise on the
scattering of light and the problems of
physics, astrophysics, chemistry and
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meteorology connected with this phe-
nomenon.

Gavractic NEBULAE AND INTERSTEL-
LAR MATTER, by Jean Dufay. Philo-
sophical Library ($15). A leading
French astronomer presents a technical
account of interstellar matter.

ExpPeRIMENTAL DEsiens, by William
G. Cochran and Gertrude M. Cox. John
Wiley & Sons, Inc. ($10.25). A second,
revised edition of a manual for research
workers in many different fields en-
gaged in the planning of experiments.

A PoprULATION STUDY OF PENGUINS,
by L. E. Richdale. Oxford University
Press ($6.75). This valuable ornitho-
logical monograph is part of a report on
the yellow-eyed penguin, based on a
painstaking 18-year field study in New
Zealand.

A TREATISE ON PHOTOELASTICITY, by
E. G. Coker and L. N. G. Filon; revised
by H. T. Jessop. Cambridge University
Press ($12.50). This excellent work on
the basic theory of stress-optical effects,
published in 1931, is here reprinted
minus the color plates, with a few cor-
rections and with an introduction giving
an outline of the developments since
original publication.

ELECTRICITY AND MAGNETISM, by B.
I. Bleaney and B. Bleaney. Oxford Uni-
versity Press ($10.10). An able, com-
prehensive text covering both the theory
and practice of electricity and magnet-
ism, designed either for an undergradu-
ate or first-year graduate course.

THE WONDER OF Sxow, by Corydon
Bell. Hill and Wang ($5). An agreeable,
anecdotal natural history of snow: what
it is, how and why it falls, where it lies,
the story of great blizzards, the ma-
chinery of avalanches, snow surveying,
the nature of snow crystals, the study of
weather cycles. Photographs.

HaNDBOOK OF SNAKES OF THE UNITED
StaTEs aND Caxapa, by Albert Hazen
Wright and Anna Allen Wright. Cornell
University Press ($14.75). Some 350
species of snakes of the U. S. and Cana-
da are embraced in this work, whose
topicsinclude range, size, longevity, dis-
tinctive characteristics, habitat, period
of activity, breeding, food, venom and
bite, enemies. Field notes by innumera-
ble observers, lists of authorities, photo-
graphs and maps augment the useful-
ness of the compendium.
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Announcing the

5 new SCIENTIFIC

Simon and Schuster is proud

to bring you advance news of the latest

development in this superb series—

as well as a special pre-publication offer

FIVE new SCIENTIFIC AMERICAN
BooKs will shortly be published.
They’re described briefly in the panel
below.

They include The Planet Earth
which brilliantly compresses just about
all the background you need in order
to follow the events of the Interna-
tional Geophysical Year. Lives in Sci-
ence appraises anew the personalities
and labors of 18 men from Galileo to
Fitzgerald and Pavlov. Plant Life and
The New Chemistry bring news of pure
research that has vital practical appli-
cations. Is the universe really growing

-'J\.lJlrliui4'I_tl‘Jt1tl~‘
AV N ARY  AIATE

JISTUIDYT) MIN

vaster and emptier, or is it still creat-
ing new matter? See The Universe.

And in each of these new books, as
in the first five, you will find science
reported as a vital human enterprise
enlisting the highest intellectual as-
pirations of modern man, and con-
cerned with some of the largest ques-
tions man has had the wit and the
courage to ask.

A progress report on the entire
series

Meanwhile, for the last 12 months,
we at Simon and Schuster have been

basking in some very fine reflected
glory — all because we badgered Sci-
entific American® into preparing and
letting us publish ScIENTIFIC AMERI-
CAN BOOKS.

The first five in the series were re-
leased just about a year ago. Each
book contained (as does the second
set) articles from the magazine, or-
ganized to present a comprehensive ac-
count of work in progress in one major

field.

You might say that publishing these
books was an experiment. We put
paper backs on them and priced them
low. To manage this, large editions had
to be printed.

Question was: would serious books
on science, that did not talk down,

*The New Yorker calls Scientific American “without
much doubt our most satisfactory link between the
laboratory and the general public.” The Times
says “its roster of contributors reads like a who’s
who of contemporary science.”

These are the
THE PLANET EARTH. Required

reading in this International Geophysi-
cal Year. This book ignores the thin film
of ever-changing animal and plant life
on the Earth; it considers the forces,
tides, and currents that stir our planet’s
core, crust, oceans, and atmosphere. 176
pages. Illustrated with clear diagrams
and drawings.

LIVES IN SCIENCE. Here the reader
will meet two or three authentic giants,
a hero or two, a saint and a rascal,
sunny men of action, sour recluses, and
a collection of eccentrics, prodigies and
sages. Each man made his contribution

And here are

(more than
AUTOMATIC CONTROL.

About the mechanical “nervous
systems” that make machines and
factories regulate themselves —
and have launched a Second In-
dustrial Revolution. 148 pages.
Illustrated with simple diagrams.

ATOMIC POWER. The peace-loving

atom: how nuclear reactors will be used

© 1957 SCIENTIFIC AMERICAN, INC



second set o f

AMERICAN books

have sufficient popular appeal?

The answer, which will come as no
surprise to readers of Scientific Amer-
tcan, is yes. The series has been a
spectacular success:

B The Times Book Review gave
it a magnificent sendoff, saying the
series should be equally stimulating
to “scientists, painters, poets, phi-
losophers, engineers, businessmen,
teachers, and tinkers!”

@ The scientists, painters et al.
have so far bought more than

40,000 of each title.

P~ They have written us glowing
letters: “Excellent innovations, long
overdue. A great boon to impecuni-
ous scholars” . . . “You almost liter-
ally opened a new world to me. I'm
a sociologist and knew next to noth-
ing about the physical sciences. 1
can’t wait for the next volume in the

series” ... “Splendid job — attrac-
tive format. But I would read this
kind of writing if it were on wrap-
ping paper”

3%~ And The Bulletin of the Atomic
Scientists said: “This reviewer had
read many of the articles as they
first appeared in Scientific Amer-
ican. They gain value from their
proximity to each other in a coher-
ent whole. These books are of inter-
est not only to the non-scientist but
to the professional who wishes to be
au courant with the latest develop-
ments outside his specialization.
One hopes Scientific American will
be encouraged to expand its cover-
age of topics with more books of

A special money-saving aoffer

The new titles, soon to come off
press, are handsomely printed and
illustrated, bound in strong paper cov-
ers. A large first printing enables us
to price these books (size 5% x 8; 160
to 288 pages) at only $1.45 each.
Readers who order the complete set
of 5 books now, will be billed at only
$6—a saving of $1.25 on the five hooks.

Examine them, free, for 3 weeks

You need send no money with the
reservation form. But do mail it today.
Examine the books, read them, enjoy
them — take notes if you like! — for 21
days.

These books offer a unique access
to current scientific news that is of

this quality.”

Well, Scientific American has now
produced 5 more “books of this qual-
ity” and we believe you will be de-

lighted with them.

practical value to engineers and execu-
tives who must understand the new
technologies, to teachers, to students.
The publishers believe it is no over-
statement to say that there is import-
ant news in them for just about every
literate inhabitant of our small but
interesting planet.

5 new SCIENTIFIC AMERICAN books

to the 400-year history of science. 288
pages. Illustrated with portraits in line.

THE NEW CHEMISTRY. A lucid
explanation of current activity and
achievement in the new chemistries of
high speeds and temperatures, of “out-
law particles” and “free radicals,” and
rare earths, and of exquisitely sensitive
analyses that detect an atom or two at
a time. 244 pages. Illustrated.

PLANT LIFE. Plants furnish us with
cheap and invaluable laboratory sub-
jects for studying growth and form,

genetics and evolution and the underly-
ing chemistry of life — with its revolu-
tionary impact upon agriculture and
human nutrition. 256 pages. Illustrated.

THE UNIVERSE. How the two con-
tending schools of modern cosmology
(one ~f which believes that the universe
is e: par ding) are putting their theories
to thc test of observation; and how
radio telescopes, working in tandem with
the big mirrors, are reaching into the
depths of space and time to produce
conclusive data. 160 pages. Illustrated.

the first 5 SCIENTIFIC AMERICAN books

40,000 of each have already been sold)

to light homes and turn the wheels of
industry. 180 pages. With 15 diagrams.

THE NEW ASTRONOMY. The birth
and death of stars, red giants and blue
dwarfs, double stars and solar systems,
globular clusters, errant comets, inter-
stellar dust, galaxies with spiral arms.
243 pages. With drawings and diagrams.

THE PHYSICS AND CHEMISTRY
OF LIFE. Life is explained in terms
of the structure and behavior of the
molecules that make up cells and tis-
sues. 270 pages. Illustrated throughout.

A TWENTIETH CENTURY BESTI-
ARY. A new look at the behavior of
animals, from the language of the bee
to curiosity in monkeys. 240 pages. Illus.

If you are not delighted with them,
send them back and owe nothing.
Otherwise we will bill you at $6 for
each set of 5, plus a few cents postage.
Write to SIMON AND SCHUSTER, Dept.
109, 630 Fifth Avenue, New York.

RESERVATION CERTIFICATE
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To Your Bookseller, or:

SIMON AND SCHUSTER, Inec., Dept. 109
630 Fifth Avenue, New York 20, N. Y.

[J Please reserve in my name and send as soon as ready
the second set of 5 new SciExTIFIC AMERICAN Books,
boxed, for 10 days’ FREE examination, If not delighted,
I may return the set within 21 days and pay nothing.
Otherwise, you will bill me for the special price of only
$6.00 plus a few cents postage, as payment in full.

[J Please ALso send the first set of 5 SCIENTIFIC
AMERICAN Books, boxed, for 21 days’ FREE
examination. If I keep them, you will bill me for
the special price of $6.00 plus a few cents post-
age as payment in full.

Name.eeeeeeeeeeecossseeecesscessoccscsssscsscscssssncnans

Address.eeececeeeececescssessscacoceecacissssscnssscscnnns

[0 SAVE POSTAGE. Check here if you are ENCLOSING $6
for either set (or $12 for BOTH sets), in which case WE PAY
POSTAGE. Same return privilege of course.



RESERVED

for a Remarkable Man
YOU?

We want a Research and Development
Manager who can recognize consumer
needs and see how to fill them, but who
also has a sound scientific approach to
analyzing market potential and the prac-
ticability of new consumer products. To
back him up, we have a fine engineering
staff, a full-blown market research depart-
ment, and lots of ideas ready for evalua-
tion. He’ll create his own department to
direct these resources toward developing
consumer items. This man will probably
have a degree in physical science and pre-
vious work with a well-organized research
group at administrative levels. Starting
salary $10,000 to $20,000. Write today,
enclosing resume if possible, to Revell,
Inc., 4223 Glencoe, Venice, California.

When you own the famous Exakla.,.you own the best!
The New Automatic

FXAKTA sna
35-MM SINGLE LENS
REFLEX CAMERA

The Exakta Ila is acclaimed fo 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, but also microbes under a microscope—
or even the moon if you wish. You can use It in
your work for making slides and to copy docu
ments, pages from books, stamps, etc. The Exakta
always gives you the perfect assurance of posi-
tive accuracy, because the same lens that is used
for viewing also takes the picture! The picture
on the ground glass is precisely the pic-

r Exakta Ila records on film! The Exakta
remarkable instrument that liberates you

0 every picture-taking limitation. You can
take all types of pictures with t VEry same
viewing system . from mi e 1o telescope
erything which is in een, including

C -ups! Your dealer will be glad to demonstrate
the new Automatic Exakta |la Camera to you

BN A% ¢« R5E I % € 4% I"% v
705-§ Bronx River Road, Bronxville, New York
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The man who
wouldn’t give up

500 MASSED ROCKETS shook the brand-new
Brooklyn Bridge, screamed up into the May eve-
ning and showered the city with red and gold.

While behind a darkened window, a big, gaunt
man sat and watched, too crippled and pain-
wracked to attend the opening day festivities for
the bridge.

This was a pity, for he had built it.

Which means that when money gave out, Chief
Engineer Roebling pleaded for more. When dis-
turbing changes of plan had to be made, Roebling
fought them through. And when a hundred pan-
icked men were trapped under the East River in a
flooded caisson, Roebling saved them.

Spinning the giant steel spiderweb not only
exacted 13 years of Roebling’s life, from 1870 to
1883, but very early in the game it crippled him
forever with the caisson disease.

But he never gave up, saw the job through to
the end. His were the courage, skill and vision
that make Americans a nation of great builders—
a strong, growing nation. And a nation whose
Savings Bonds rank with the world’s finest in-
vestments.

For the constructive strength of 168 million
Americans stands behind these Bonds. This is why,
when you buy U.S. Savings Bonds, our Govern-
ment can absolutely guarantee the safety of your
principal —up to any amount—and the rate of in-
terest you receive.

You cannot get a better guarantee than that.
Why not invest in U.S. Savings Bonds regularly
—where you bank or through the Payroll Savings
Plan where you work? And hold the Savings
Bonds you have.

Safe as America—U.S. Savings Bonds
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The Role of
PRODUCT ENGINEERING
in Systems Work

It has become characteristic of modern weapons systems that
they are required to operate under severe environmental condi-
tions, as well as to meet stringent weight and space limitations.
Moreover, the complexity of many of these systems poses addi-
tional difficult reliability problems, while at the same time the
increasingly critical consequences that depend on the proper
functioning of the typical system logically call for a higher degree
of reliability than previously achieved. The same is true of certain
electronic systems for industrial applications, such as the Ramo-
Wooldridge digital control computer, some of whose design
features are shown above.

Meeting all of these requirements is in large part the respon-
sibility of product engineering. Generally speaking, product engi-
neering starts with a system or sub-system at the breadboard
stage and transforms it into the final product, which in addition
to meeting all of the requirements previously stated, must be
practical to manufacture and to maintain. Such creative product-
izing requires the development of ingenious mechanical design
features, a thorough knowledge of circuit design and component
reliability, and a broad familiarity with materials and manufac-
turing processes.

At Ramo-Wooldridge, the product engineer is an essential
member of the research and development team which has the full
responsibility for creating new systems, from the initial theoreti-
cal studies on into the manufacturing stage. Engineers experi-
enced in product engineering are invited to explore the variety of
openings which exist at Ramo-Wooldridge in such fields as
airborne electronic and control systems, communications and
navigation systems, digital computers and control systems, and
electronic instrumentation and test equipment.

The Ramo-Wooldridge Corporation

5730 ARBOR VITAE STREET * LOS ANGELES 45, CALIFORNIA
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extending man’s capabilities

. . the avionics engineer

man’s

His element is space—that limitless challenge which surrounds the world. o8

He is the man who, by uniting aviation and electronics, gives mind and >
meaning to airframe and power plant—gives it a nervous system to take e
it farther and faster and higher than anything before. Iy

NAa K

and Langley and the Wrights and all the others who have gone before. KETAY
In fact, the word ‘“extension’ is basic to his thinking. Nothing begins NORDEN
today ; nothing ends tomorrow. Continuity is a fixed purpose.

He is an extension of a great past—da Vinci and Cayley and Montgolfier

The continuous “extension of man’s capabilities” is basic to Norden-
Ketay thinking in the field of instrumentation. Thousands of years of This series is presented by Norden-

. . f tod d sected into the fut that Ketay as a testimonial to those who use
experlfznce are given iorm toaday fm projecte .ll'l 0 e. u. ure so a its products and services in advancing
man himself may reach beyond his own conception of “limits.” every scientific and engineering field.

Color reprints, without advertising and suitable for framing, are available from Norden-Ketay Corporation, Commerce Road, Stamford, Connecticut.
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Exploring the Universe: Basic Forces . . . General Dynamics today is the product

not only of its own particular history but of the scientific and industrial history of the Western
world. As such, Dynamics declares its corporate purpose to be: The comprehensive exploration of
the basic forces of the universe and their translation into useful work under the sea, on the
sea, on land, in the air, and in space beyond the earth’s atmosphere.

GENERAL DYMNAMICS CORPORATION 2 445 PARK AVENUE, NEW YORK 22, N. Y.
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