SCIENTIFIC
AMERICAN

—-_

WAVES IN EXPERIMENTAL TANK L1ITYV CLNVTS

© 1959 SCIENTIFIC AMERICAN, INC



How to fight fire beneath the sea

Go DOWN TO THE SEASHORE and you’ll see metal
doing a slow burn. Air and water combine to cor-
rode it, and salt water adds fuel to these fires of rust.

But now there’s an excellent way to fight oxidation
of iron and steel —from ship hulls to offshore oil drill-
ing rigs. The method: protect the metal above and
below the waterline with a paint based on Shell
Chemical’s Epon® resin.

Because Epon resin chemically links to the metal
surface, it forms an adhesive armor that wards off
corrosion better than anything we know. Hard, yet

Shell Chemical Corporation

Chemical Partner of Industry and Agriculture
NEW YORK

so flexible that a wallop will dent rather than shatter
it, tough Epon resin coating also guards against
corrosion in underground pipelines, washing ma-
chines, air conditioners, refrigerators, outdoor metal
furniture . . . it’s worth your knowing.
7 4 4

With Epon resins that shield man-made structures
from wear and weather,
Shell Chemical helps con-
tribute permanence to a
world of change.
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C
TURN THIS TOUGH PLASTIC

Where can you use a material that’s so
tough it will outwear even metal—yet
takes almost any shape with little or no
machining?

Automotive engineers picked this Durez
super-plastic for the ring-shaped clutch
cone used in big-car automatic transmis-
sions. When the transmission is shifted to
reverse, this 3%2-ounce cone transmits full
engine power to move a 2¥%-ton car!

Look what else this Durez plastic does
for the car manufacturer: it outlasts the
material previously used . . . easily resists
high transmission temperatures . . . re-
mains dimensionally stable under all op-
erating conditions . . . eliminates the ten-
dency to gall, or roll up, which would
cause too-small clutch clearances.

INTO DOLLARS?

In addition, it cuts manufacturing cost,
because hardly any finishing is needed.
The part comes out of the mold just as
you see it here, to highly accurate toler-
ances.

This Durez material is one of the new
super-phenolics. It’s reinforced with fi-
brous glass; specially formulated to achieve
high impact strength and all the other
properties a hard-working part must have.

CHEMAGINATION )

It's called Durez 16771.

Your custom molder knows about this
new plastic and can help you put it to
work. To explore how you can use it to
get a better-functioning product or reduce
manufacturing costs, check with your
molder now. Or, for more information,
write to DUREZ PrLAsTICS DivisioN, Hook-
er Chemical Corporation, 9408 Walck
Road, North Tonawanda, N. Y.

DUREZ rLasTICS DIVISION

9408 WALCK ROAD, NORTH TONAWANDA, N. Y.

HIJI]KER

CHEMICAL

HOOKER CHEMICAL CORPORATION .
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It has a
storage capacity
of 8,000 instructions

=

low-priced

i

This

is the

RECOMP

digital computer

No problem is too complex to tackle with Recomp—and you can afford to
put it wherever it’s needed to break up computer-time bottlenecks. It’s easy
to use, too; engineers quickly learn to program their own problems. Other
Recomp features: a command structure of 49 arithmetical and logical com-
mands —including 9 built-in floating point commands. . .standardized tele-
type tape configuration ... all-transistorized . . . 400-character-a-second input
... electronic console that puts all basic controls within fingertip reach...
simplified coding. Recomp gives you far more capacity, versatility, and
trouble-free service for your money. It’s available for sale or lease. There’s
no extra equipment to buy...no cost of installation. Please write for
complete literature. Industrial Products Division, Autonetics, Dept. 18,
3584 Wilshire Boulevard, Los Angeles 5, California.

This engineer learned to program Recomp in two days

Autonetics @

A DIVISION OF NORTH AMERICAN AVIATION, INC.
Other offices: Dayton, Ohio; Washington, D. C.
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Slice light the way you want it

SPECIFICATIONS

PLANE GRATINGS . . . REFLECTANCE AND TRANSMITTANCE

FROM T0

Grooves per mm 8 2160

Blaze wavelengths | 2000A 112.5u

Blank sizes 50mm dia. 135 x 265mm

Ruled area 30 x 32mm | 127 x 254mm

PLUS NEW CONCAVE GRATINGS

Grooves per mm 300 [ 1200

Blaze wavelengths | 700A 10000A

Blank sizes 34mm dia. 230mm dia.

Ruled atea 18 x 18mm | 100 x 198mm

Radius 390mm 10685mm
r————————— e ———_— — —

NAME . .

TITLE ...

COMPANY .

ADDRESS ...

BAUSCH & LOMB OPTICAL CO.
69444 St. Paul St., Rochester 2, N. Y.

Please send Grating Data Book D-261.

with Bausch & Lomb
Certified-Precision
Diffraction Gratings

Pick the wavelength you need.
A Bausch & Lomb grating will
get it for you . . . with greater
resolution and dispersion than
by any other means. You have
literally hundreds of B&L grat-
ings to choose from. And each
one carries a written certificate

of specifications and precision.

BAUSCH & LOMB

S|NCEWI!SJ
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THE COVER

The photograph on the cover shows
a five-foot ship model under test in
an experimental tank at the David-
son Laboratory of the Stevens Insti-
tute of Technology. The model pro-
ceeds under its own power; its
motions are recorded by means of
the apparatus above it. In this tank,
which is 75 feet square, waves of
many forms can be generated; here
the waves move at an angle to the
course of the model. By studying
waves in such a tank engineers can
predict their effects on ships and the
shore (see“Ocean Waves,” page74).

THE ILLUSTRATIONS
Cover photograph
by William Vandivert
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Marsh, University of
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99 George Eastman House

100-106  New York Public Library

111 Sidney Lerman
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119 Moses Kunitz and
John H. Northrop, The
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COMPUTATION FOR THE SPACE AGE

EXPEDITIONS INTO SPACE FOLLOW TRAILS BLAZED BY COMPUTATION SPECIALISTS., IN THIS HIGHLY
SOPHISTICATED TECHNOLOGY, BURROUGHS CORPORATION’'S DEMONSTRATED COMPETENCE RANGES FROM
BASIC RESEARCH THROUGH PRODUCTION TO FIELD SERVICE AS PROVED BY PROJECTS SUCH AS THE AIR
FORCE ATLAS. BURROUGHS CORPORATION IS EQUIPPED BY ABILITY AND ATTITUDE TO FUNCTION AS A
TEAM MEMBER—A CLEARCUT RECOGNITION THAT EVEN IN THE REACHES OF OUTER SPACE, THE SHORTEST
DISTANCE BETWEEN TWO POINTS IS SINGLENESS OF PURPOSE APPLIED TO MUTUAL OBJECTIVES.

Burroughs Corporation
“NEW DIMENSIONS / in computation for military systems”
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FORD M

OTO

DIV NUT
ISION-AERON UTII\{/I(I;;TS{

FOR THE

Sord, f(u!cr((r?m/m niy,

We are p'l.casr:d Lo announce the eslabhshmcm of @

new division of Ford MotoT Company-

On July 1, 1959, Aeronutronic Sw,--.‘.\cms, inc., 2
gubsidiary: will be merge with the Company: and its
ope rations will be carned on by j\ercuutronic. a pivision

Ae ron\nronic was organi:.cd in 1956 with the goal
of 1arge—scalc par\iupalion in the nation's space apnd M8~
sile programs. Qver the past three years, the 5uh:.idmrw,‘
nas achicwed an excellent rcputatmn and record of accom™m”

i shment and we are happPYy to welcome the new uper.\ung
end-P roduct division of the p:u'cnl company:

As @ division of the company: Atronutron'u: will
as 1 evc'lopmen

an
manu[uc\une ol ad\ranccd tcchnical producta for poth mili-

The merging i ronutronic into ord Moter
Compan 1 permit more effective Company *® PP i
l:- Acronul onic progr d thus fac litat dertaking
of more pensive jects than h b {easible 17 the
past
Chairman of the poard Prcndent

AERONU
TRONIC
- M
EETING THE REQUIREM
ENTS OF
THE

© 1959 SC
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ANNOUNCES A NEW

SPECIALIZING IN

SPACE AGE

NEW 200-ACRE ENGINEERING AND RESEARCH CENTER. An artists’ con-
cept of Aeronutronic’s new 20-million dollar Research Center
under construction at Newport Beach in Southern Cali-
fornia. Here, Ford resources provide the finest facilities for
carrying out complete engineering, research and prototype
manufacturing operations on advanced projects. Over 40
government and commercial programs are now underway at
the new Center and at other Aeronutronic facilities nearby.

TACTICAL WEAPON SYSTEMS OPERATIONS. The
function of TWSO is to research, develop and
manufacture tactical weapons for the military
services. Under development now is the Army’s
$23-million SHILLELAGH surface-to-surface
guided missile system.

For information regarding interests,

facilities, products or positions, write to

Aeronutronic, a Division of Ford Motor Company,

Ford Road, Newport Beach, California.

COMPUTER OPERATIONS is engaged in re-
search, development, manufacturing and
marketing of computer components and com-
munications systems for military and commer-
cial use. New products developed are revolu-
tionizing present data processing techniques.

PRODUCTS

OFFICE OF ADVANCED RESEARCH. Basic re-
search is conducted in areas of long-range com-
pany interests, with special emphasis in the
fields of atomic and molecular physics, physical
chemistry and atmospheric physics.

RANGE SYSTEMS OPERATIONS provides total
capability to study and plan missile range in-
strumentation and to staff and manage com-
plete missile range operations for U. S. military
and civilian agencies.

SPACE TECHNOLOGY OPERATIONS is devoted
to solving problems dealing with man’s new
frontier. Typical development programs include
satellite communication, ICBM detection, space
vehicle design and research rockets, such as
Project Far Side.

Tord)flotor Gompany,

MILITARY AND INDUSTRY IN SCIENCE AND TECHNOLOGY
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Controls Company of America
(why is CC comfort always in season? )

Winter warmth = CC comfort
controls for both gas and oil cen-
tral and space heating units,

Summer cooling — CC comfort
controls for residential. commer-
cial and car air conditioning.

how can we work for you?

Pick a season from one to four! Add temperature con-
trol by CC. What have you got? The right degree of
comfort for indoor living regardless of the weather.

When it’s cold outside — CC can supply A-P con-
trols . . . A-P thermostatic accessories . . . Breese burn-
ers for both makers and users of oil heating equipment.
Gas heaters and furnaces gain efficiency and style
when equipped with A-P single-unit gas controls.
Redmond motors, blowers and fan blades find wide
application. And CC’s Milwaukee valves and fittings
are standard wherever hydronic heating is required.

When it’s time to cool off — manufacturers of resi-
dential, commercial and automobile air conditioning
look to A-P controls and Redmond motors. For ex-
ample, CC pioneered automobile air conditioning with
its single source for A-P valves, regulators and dis-
tributors. Redmond fractional hp motors and blowers
too are nation-wide favorites on ventilating and air
conditioning equipment.

If you have a temperature control problem, why not
put it completely under CC control. Write tcday for
full facts on this most comprehensive service.

This is our line

Tod RS gt \

« Wi Time Control Fiow Control
t( b
4
Temperature \
Controt &:_', | Motion Controt

&

If you'’re looking for a better way to control
time, flow, temperature or motion, «..r cre-
ative engineering service may help you find
it. We can supply single controls or com=-
plete, integrated systems.

Creative Controls for Industry

(ONTROLS CcOmpANY OF AMERICA

EXECUTIVE OFFICES: SCHILLER PARK, ILLINOIS

!
HEATING AND AIR APPLIANCE AMD ® REDMOND
CONDITIONING i, AUTOMOTIVE 4 COMPANY, INC.
CONTROLS DIV. I ¢ OnTROLS Div - OWOsSO,

MILWAUKEE, WIS

HETHERINGTON, INC.

SCHILLER PARK, 1L P MICHIGAN FOLCROFT,
PENNSYLVANIA

CANADA e INTERNATIONAL DIVISION, SCHILLER PARK, ILL., U.S.A. ¢ CONTROLS
AG, ZUG, SWITZERLAND e CONTROLS MAATSCHAPPIJ EUROPA N.V., NIJMEGEN,
HOLLAND e CONTROLS COMPANY OF AMERICA (ARGENTINA) SRL, BUEN OS AIRES.

1
MILWAUKEE VALVE CO., MILWAUKEE, WIS. e LAKE CITY, INC,, CRYSTAL LAKE, ILL.
”mﬂ/mllﬁ/ CONTROLS COMPANY OF AMERICA (CANADA) LTD., COOKSVILLE, ONTARIO,
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RIS U B PAT ¢

SCOTCH BRAND MAGNETIC TAPE
FOR INSTRUMENTATION USE

MAGNETIC MEMORY OF
COMMANDS GUIDES
MILLING MACHINE
THROUGH 27 MOVES

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

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

In this and other automated programs, “ScoTcH”
BRAND Magnetic Tape, first practical magnetic
tape devised, serves as both director and com-
puter’s memory. It helps, too, to explore sea
and space, keep the records of business—and
remains the leader as new, more sensitive tapes
are developed for science, business and industry.
For information on tape constructions for your
needs, write Magnetic Products Div., Dept.
MBO-89, 3M Company, 900 Bush Ave.,
St. Paul 6, Minnesota. © 1959 3M Co.

“SCOTCH” BRAND Magnetic Tape
— for instrumentation use

P

The term “SCOTCH" is a registered trademark IMinnesora \VIinine ano \Januracrurine comPany 2 \

of 3M Company, St. Paul 6, Minnesota. Export: V

99 Park Avenue, N.Y. Canada: London, Ont. e+ . WHERE RESEARCH 1S THE KEY TO TaMnnE u'ﬁ'\i\_\ 4"‘1
' ' S5 el
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Modern
Balances

‘ ONE PAN
TWO PAN
CHAINWEIGHT
KEYBOARD
MICRO
SEMI-MICRO
STUDENT
ASSAY

ELECTRONIC RECORDING
DIGITAL PRINTING

Write for Catalog

WML AINSWORTH & SONS, INC.

2151 LAWRENCE STREET . DENVER 5

COLORADO

LETTERS

“An Ancient Greek Computer,” by
Derek J. de Solla Price [ScientiFic
ANERICAN, June], was of particular in-
terest to me because in my personal col-
lection of antique watches there is a
complicated astronomical watch which
performs, among many functions, some
of those so far attributed to the Greek
mechanism made almost 18 centuries
earlier. The watch is by the English mas-
ter George Margetts, and bears the Lon-
don hallmark for 1783.

Had the discovery of the Greek in-
strument been made 200 years earlier, it
might have spared Margetts, a brilliant
astronomer as well as a watchmaker, a
great deal of the research that must have
gone into the preparation of this pocket
watch, for there appear to be certain
similarities in the layout and gearing of
the two pieces.

The watch has five superimposed
dials, all of which are constantly in mo-
tion. The small center dial indicates
mean time. Arranged within the hour
circle, in spokelike fashion, are the names
of eight English and Irish ports. The po-
sition of the tides in these ports is shown
on an enamel ring outside the hour cir-
cle, which is inscribed “High Water,
Tide Fall, Low Water, Tide Rise, High
Water. . ..”

The enamel ring, which is coordinated
with the movement of the moon, has a
small aperture through which appears
the age of the moon in figures from 1 to
29%. Solar and lunar eclipses, which oc-
cur in cycles of approximately 18% years,
are also indicated in the aperture—a
small black dot appearing for a lunar
eclipse and a large black dot for a solar
eclipse.

A gold pointer, which has a crescent
moon near the tip, shows on a broad,
engraved gold band near the outer cir-
cumference of the big dial, the position,
by degrees, of the moon in the heavens.
Another gold pointer, with the sun en-
graved near the tip, shows the month
and day of the year. Still other pointers
indicate signs of the zodiac and the sun’s
declination.

The large enamel dial, which has the

| constellations painted near its center,

makes one revolution in a sidereal day
of 23 hours, 56 minutes and 4 plus sec-
onds. A gold frame with parallel arcs
that covers the lower part of the dial
represents the horizon of the earth. The

© 1959 SCIENTIFIC AMERICAN, INC

area above the arcs reveals the constella-
tions currently in view, and also the
relative positions of the sun and moon
in their orbit. The narrow space between
the two arcs represents the twilight
hours—the hour before sunrise and the
hour after sunset. . . .

Davip R. ScHwanrTZ

Beverly Hills, Calif.

Sirs:

We read with great interest V. L.
Ginzburg’s article on the use of earth
satellites to test certain predictions of the
theory of relativity [“Artificial Satellites
and the Theory of Relativity”; Sciex-
TIFIC AMERICAN, May]. The transporta-
tion of the physics laboratory to inter-
planetary space, with its vast distances,
high vacuum and free-fall conditions is
an exciting prospect. As Dr. Ginzburg
says early in his article, “The history of
physics has seen no end of cases in which
the certain turns out to be false.” The
constancy of the velocity of light versus
frequency, while less subject to question
than many assumptions, could be con-
sidered in the above category of “cer-
tainty.” We have been searching for a
number of years for a direct way to
measure the variation of “c¢” with fre-
quency. A straightforward experimental
test of the constancy of the velocity of
light in free space over a very wide fre-
quency range would be desirable, con-
sidering the implications of any variation
for the validity of the theory of relativity.
Unfortunately, a specific comparison of

Scientific American, August, 1959; Vol. 201.
No. 2. Published monthly by Scientific American,
Inc., 415 Madison Avenue, New York 17, N. Y.;
Gerard Piel, president; Dennis Flanagan, vice
president; Donald H. Miller, Jr., vice president |
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AT RAYTHEON

Scientific imagination
/ focuses on NEW APPROACHES
TO MINIATURIZATION . ..

Save one pound of excess weight and a missile
travels 18,000 feet higher, a jet fighter costs
$7,000 less! That’s why weight reduction in air-
borne equipment is an imperative need.

Of all electronic components, transformers are
intrinsically the heaviest, but radical new tech-
niques developed by Raytheon scientists reduce
size and weight of these units by as much as 75%.
The keys to transformer miniaturization are effi-
cient heat transfer and excellent dielectric proper-
ties — realized by using fluorochemicals. These
compounds, originally developed for atomic en-
ergy applications, remove heat from transformer
windings by vaporizing and then condensing on
the inner surface of the transformer case. This
unique application of fluorochemistry to electro-
magnetic design saves hundreds of pounds, im-
proves electrical performance and reliability.

The scientific teamwork at Raytheon of men such
—1 asJ.F. Ahearn, L. F. Kilham, Jr. and R. R. Ursch
l is responsible for this major advance in electronic
|G ' | packaging—one of many fields in which Raytheon
AT W is contributing to fundamental knowledge.

—

| S
-
Excellence in Electronics &

© 1959 SCIENTIFIC AMERICAN, INC

RAYTHEON COMPANY, Waltham, Mass.
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LINCOLN
LABORATORY

invites inquiries from persons

with superior qualifications.

SOLID STATE Physics, Chemistry, and Metallurgy
RADIO PHYSICS and ASTRONOMY
NEW RADAR TECHNIQUES

COMMUNICATIONS:

Techniques
Psychology

Theory

INFORMATION PROCESSING

SYSTEMS:

Space Surveillance
ICBM Detection and Tracking
Strategic Communications

Integrated Data Networks

SYSTEM ANALYSIS

Research and Development
M.I.T. LINCOLN
LABORATORY

BOX 18

LEXINGTON 73, MASSACHUSETTS
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“c” for photons of different frequencies
could hardly be made in a laboratory.

However, in interplanetary space
there is a good way to make this com-
parison of photon velocities. About a
year ago we proposed an experiment
along the following lines: A nuclear
bomb is used as a very broad-band pulse
source of radiation. If such a bomb is
exploded far enough away from the
earth, then any differences in propaga-
tion velocities for photons of different
frequencies will result in different arrival
times at the earth of these photons. To
study this effect over a really broad band
of frequencies, say from radar waves to
gamma rays, the detection equipment
must be put above the atmosphere. This
could be done either by using orbiting
satellites with radio relay to earth, or by
probe rockets. . . .

RoBerT K. SQUIRE

Aerojet-General Corp.
Azusa, Calif.

SHELDON D. SoFTkY

Stanford Research Institute
Menlo Park, Calif.

Sirs:
The term “bock beer” does not come
from the German word for goat . . . the

zodiacal sign for . . . March [“Beer,” by
Anthony H. Rose; SCIENTIFIC AMERI-
caN, June]. It comes from the German
“bockbier, corrupt. of einbecker bier,
from the town Einbeck in Germany”
(Webster’'s New International Dic-
tionary). So also in Etymologisches
Warterbuch der deutschen Sprache:
“BOCKBIER . . . first around 1800 as
OAMBOCK or AMBOCK, Munich dia-
lect versions (for EIMBECKER BIER);
compare derivation of Taler. The term
may have originated under the influence
of other beer types bearing animal
names (Schops, . . . Stehr, Geiss, Ente).”
Taler, incidentally, comes from Joa-
chimst(h)aler, a coin from Joachimst-
(hjal, a town in the Erzgebirge. From
this word stems the American dollar.
For their metaphysical needs in relation
to beer Bavarians would not turn to
suchnewfangled, unheard-of, outlandish,
eggheadish and pagan concepts as the
zodiac but to other sources; see beer and
brewery names like Thomaner, Franzis-
kaner, Paulaner and Salvator.

_ Hewrica Laanag, Dr. Mep. (Moxac.)

Harlingen, Tex.



Unbreakable Repli-Kote Mirrors out-perform glass, slash costs

These new lightweight, low distortion
Repli-Kote Mirrors of cast epoxy resin
offer design engineers optical reflectors
with a matchless combination of prop-
erties, impossible with glass. A single
master mirror is all that’s necessary for
mass producing precision Repli-Kote
Mirrors—at significant cost savings.

Optical Precision —6''—51{"" Focal
Length Repli-Kote paraboloid mirrors
have been produced in quantity with an
accuracy permitting 909, of incident
collimated light to be concentrated
within a disc of 0.1 mm diameter. High-
er rate of thermal diffusion through
epoxy also lowers distortion caused by
temperature transients.

Permanent Reflective Surface — High

SINGER

litary Products Division e

vacuum applied, silicon monoxide pro-
tected aluminum reflective surface is
permanently bonded to epoxy backing,
will resist flaking or peeling for ex-
tended periods.

High Mechanical and Thermal Shock Re-
sistance — Repli-Kote Mirrors have
withstood impacts as severe as 22,000 g,
undergone rapid temperature cycling
from —55°C to +125°C with no meas-
urable physical change.

Light Weight—Repli-Kote Mirrors cast
of epoxy are much lighter than glass.
Suitable fillers can be added if desirable.

Any Shape—Paraboloids, hyperboloids,
ellipsoids and more complex aspheric
surfaces not previously reproducible in

glass by mass production methods can
now be quickly fabricated.

Ease of Mounting—Fixtures, threaded
inserts, electrical components can be
molded directlyinto the mirror backing,
opening an almost limitless field of
design possibilities. Repli-Kote Mirrors
are also easily machined.

If you are working on tracking and
guidance systems—or any system em-
ployingreflective optics—durable, light-
weight, precision Repli-Kote Mirrors
offer you greater design and production
freedom. Let us help you make the
most of Repli-Kote Mirrors in building
a better product at lower cost.

Address Inquiries to Repli-Kote, Singer-
Bridgeport, 915 Pembroke Street, Bridge-
port 8, Conn.

HE SINGER MANUFACTURING COMPANY
149 Broadway, New York 6, N. Y.

HRB ¢ DIEHL ¢« BRIDGEPORT 1385
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For twelve years we have been supplying the im-
portant laboratories of the world with fine, inte-
grated nuclear counting systems.

We invite you to request our General Catalog R if
you are considering a new radioisotope laboratory
or enlarging your present facilities.

o~/
) nwclear - chicago

[ — A = e T A — Y

247 WEST ERIE STREET « CWICAGO 10, ILLINODIS
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He smashed the
sound-in-water
harrier

Because its energy passes only
through air, radar can pick up tar-
gets hundreds of miles away. The
ocean isn’t so cooperative: water
rapidly absorbs all types of energy.
How do you breach this barrier to
produce a really long-range under-
water surveillance system?

This AMF Anti-Submarine War-
fare Specialist set his underwater
sights on a range far over 100 times
that of sonar. A conventional instal-
lation able to accomplish this would
be prohibitively big and expensive.
So, he came up with a completely
new method. A 6" x 12" unit puts a
megawatt of power into the water
with 100 times the weight efficiency
of existing techniques and at a frac-
tion of the cost. The name of this
new system is AMFAR, for which a
proposal has now been submitted to
the Navy for consideration.

Single Command Concept

This contribution to the free
world’s defense is one more example
of AMF’s resourcefulness.

AMF people are organized in a
single operational unit offering a
wide range of engineering and pro-
duction capabilities. Its purpose: to
accept assignments at any stage
from concept through development,
production, and service training...
and to complete them faster...in

* Ground Support Equipment

» Weapon Systems

» Undersea Warfare

* Radar

* Automatic Handling & Processing

* Range Instrumentation

* Space Environment Equipment

* Nuclear Research & Development
GOVERNMENT PRODUCTS GROUP,

AMPF Building,261 Madison Avenue,

New York 16, N. Y.

In engineering and manufacturing AMF has ingenuity you can use... AMERICAN MACHINE & FOUNDRY COMPANY
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VACUUM TUBE
TRANSISTORIZED
MOLECULAR SYSTEM

b

i
SIZE

4 ¢u. in. 26 groms
1 cv. in. 7 grams
0.001 cu.in. 0.02grams  0.06 walts

5 watts

THESE THREE LIGHT SENSING SYSTEMS PERFORM EXACTLY THE SAME FUNCTION
WEIGHT  INPUT POWER  COMPONENTS. SOLDERED CONNECTIONS

0.75 walts 14

1

18
15
2

Westinghouse laboratory produces molecular
electronic systems 1/1000th of present size

shown at left and center. This tiny complete func-
tional system, a light sensing device for satellite
telemetry, is one of several including pulse gener-
ators, multiple switches and similar subsystems
built and demonstrated by Westinghouse.

Molecular electronics—a technological breakthrough
at Westinghouse—is producing electronic systems
1,000 times smaller and lighter than anything now
in existence.

Recently, the Air Research and Development Com-
mand of the U. S. Air Force awarded a development
contract to Westinghouse as a part of a broad pro-
gram effort in this new electronic area. Experimental
“hardware’ is being fabricated by Westinghouse for
infrared, reconnaissance, communications, tele-
metry, flight control and other military applica-
tions for the Air Force.

For some time, the Solid State Advanced Develop-
ment Laboratory of the Semiconductor Division,
located at the Baltimore defense divisions, has been
producing for special equipment applications a single
material which accomplishes all the functions nor-
mally performed by several components in a con-
ventional assembly.

Pictured above at right, a single wafer—less than
14" in diameter and about 1/100th of an inch thick
—performs all the functions of much larger conven-
tional and transistorized light modulated oscillators

Through molecular electronics, drastic reduction in
weight, size, power, and heat dissipation require-
ments will permit space vehicles and satellites to
perform a greater number and wider range of tasks.
Greatest advantage is vastly improved reliability
achieved by the replacement of numerous compo-
nents by a single solid state unit.

Westinghouse arrangement of component laboratory
side by side with systems manufacturing divisions—
unusual in industry—is providing a steady flow of
information between component and systems scien-
tists and engineers. A coordinated program involves
the Air Arm Division, the Semiconductor Division,
the Materials Engineering Department and the Re-
search Laboratories. At all of these locations, con-
tinuing research is determining greater uses for this
new approach to the building of better, more effi-
cient electronic systems.
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HIGH-SPEED GROWTH of semiconductor crystals has
been achieved by Westinghouse. Crystals are formed as
a mirror-finish ribbon of required width and thickness.
Method eliminates costly and time-consuming sawing
and polishing of germanium ingots, drastically cuts nore
mally large loss of original material.

AUTOMATIC PRODUCTION of diodes at high speed and with great
reliability may be possible as a result of molecular electronics. Shown
above, individual diodes are sliced from ribbon following electrical
connections. Each crystal in photo below is a self-contained subsystem,
performing all the functions of a component-assembled unit. Row at
top shows varying sizes to almost the vanishing point,

090009 ®0:¢
g 9 999
9000090
90 090090090,
COX R TR R

VVestinghouse

DEFENSE PRODUCTS
1000 CONNECTICUT AVENUE, N.W., WASHINGTON 6, D.C,

AIR ARM DIVISION
AVIATION GAS TURBINE DIVISION
ELECTRONICS DIVISION
AIRCRAFT EQUIPMENT DEPARTMENT
ORDNANCE DEPARTMENT
WASP

vyou caN BE SURE... IFITS estinghouse
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Challenging jobs requiring engineering skill as well as metal fab-
ricating experience have a way of coming to Bliss. They may be
projects involving massive size, like the 140-foot diameter radio
telescope shown above ... or the precision machining of missile
parts similar to the one at the left.

Whatever it is, if it's made of metal, you'll find that Bliss has
the skills and facilities to take it from idea to completed project.

These abilities have made Bliss a leading producer of steam
catapults for carrier aircraft, overrun barriers, precision machined
missile parts, antennas, atomic assemblies and special ma-
chinery; everything from small parts with tolerances running to
the ten-thousandths to complete turn-key plants.

What does your job involve?

BLISS is more than a name
...it's a guaranfee Lﬂ S QS
E. W. BLISS COMPANY

Canton, Ohlo SINCE 1857 ®

-~

© 1959 SCIENTIFIC AMERICAN, INC




Today's metallurgical engineers and
scientists are constantly meeting the
challenge of sweeping technological ad-
vances. Electronic brains that solve
“impossible’’ problems . . . jets and
space craft which open brand-new
horizons . . . reactors that produce fan-
tastic amounts of nuclear energy. Ad-
vances such as these demand better
metals . . . metals free of inclusions,
with better electrical conductivity, in-
creased hot strength, extended creep
resistance and fatigue limits. In turn,
better refractories are a “must” in
order to precisely control purity and
composition during the development
of these metals.

Metal processors have long relied on
the wide range of Norton Refractory
products to precisely meet their re-

D\ynamic Achievements With Purer Metals

¥

> ..reflect the positive protection of Norton Refractories

quirements. High purity (99.5%)
ALUNDUM* aluminum oxide, outstand-
ingly stable to both oxidizing and re-
ducing atmospheres . . . dense, fused,
stabilized Zirconia for operations re-
quiring an inert refractory for ex-
tremely high temperatures . . . non-
wetting, nitride-bonded CRYSTOLON*
silicon carbide...low boron MAGNORITE*
magnesium oxide, ideal for vacuum
melting. In addition, the Norton
Man is constantly helping in process
and product development. Backed by
Norton Company’s extensive engineer-
ing facilities, he can offer time and
money-saving advice on all refractory
problems.

Meet your processing requirements
more efficiently and economically with
Norton Products and Engineering. For
complete details write NORTON CoOM-
PANY, Refractories Division, 547 New
Bond Street, Worcester 6, Mass.

*Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries

WNORTON)

REFRACTORIES
Engineered. .. R ...Prescribed

"

Making better products ... to make your products better
NORTON PRODUCTS: Abrasives « Grinding Wheels « Grinding Machines « Refractories « Electro-Chemicals — BEHR-MANNING DIVISION: Coated Abrasives » Sharpening Stones « Pressure-Sensitive Tapes
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Ductile iron fluid couplings

to withstand high shock diesel
service are cast in quantity.
Their smoothness and accuracy
save considerable machining time
as a result of the unusual
foundry methods of

Morris Bean & Company,

Yellow Springs 5, Ohio.

aluminum
magnesium
ductile iron

foundries
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20 AND 100
YEARS AGO

AUGUST, 1909: “Six days after the
first attempt at flying across the English
Channel was made by Hubert Latham,
M. Louis Blériot, who had brought his
‘No. XT" monoplane from Paris to Calais
especially for the purpose, made a suc-
cessful flight and landed on the English
shore. On Sunday, July 25th, M. Bléri-
ot started off over the strait at 4:35 a.m.
The air was clear and a southwest breeze
was blowing. Ten minutes after leaving
the French coast the monoplane was out
of sight. Blériot flew for 10 minutes
without steering to right or left. There
was nothing to go by, and flying at a 40-
mile clip without compass or any other
guide must indeed have been a thrilling
sensation. After the English shore came
into view, he recognized that the strong
southwest wind had carried him to the
eastward. As soon as he found this out he
turned to the left, and following the
coast for two or three miles until, within
a mile or two of Dover, he turned into an
opening between the cliffs. A strong
wind caught him and swung him com-
pletely around, but he managed to make
an abrupt descent upon suitable ground
between the cliffs, where a fellow coun-
tryman was awaiting him. The running
gear and propeller were damaged but
the aviator landed without hurt. The 25-
mile flight was accomplished in 37 min-
utes, or at the rate of about 40 miles an
hour. After his record flight M. Blériot
was decorated with the ribbon of the
French Legion of Honor. In addition to
winning the prize of the London Daily
Mail ($5,000) Blériot also won a prize
of $2,500 offered by a French wine firm
two years or more ago.”

“The approach of Halley’s comet is
the most important astronomical event
of the years 1909 and 1910. It will come
nearest to our earth the first week of
June, 1910, being then only 20 million
miles distant from us. Those observa-
tories endowed with large telescopes are
vying as to which one will be the first to
pick up the returning voyager. It is ex-
pected that this will be done in August
or September of this year. The comet

© 1959 SCIENTIFIC AMERICAN, INC

will then be a faint, nebulous star not far
from Orion.”

“The sixth annual tour of the Ameri-
can Automobile Association, better
known as the Glidden Tour, was com-
pleted at Kansas City, Mo., on July 31st
after a more than usually strenuous jour-
ney of 15 running days from Detroit via
Chicago to Denver and back to Kansas
City. The roads, the worst ever en-
countered, varied from axle-deep sand
to mud as deep and, perhaps worst,
axle-deep ruts in hard-baked ‘gumbo.’
Despite these difficulties eight cars fin-
ished with perfect road scores (without
losing marks for delay, breakage, re-
pairs or adjustment en route). The
Glidden trophy for the largest cars and
the Hower trophy for run-abouts were
won by ‘Pierce-Arrow’ cars, three of
which finished with perfect road scores.
The Detroit prize in intermediate cars
was won by a ‘Chalmers-Detroit’ car.”

“With the completion of the 10-mile
cross-country speed test by Orville
Wright at Fort Myer on July 30th, the
Government requirements in a heavier-
than-air flying machine were completely
fulfilled. The speed averaged by the ma-
chine carrying Orville Wright, and
Lieut. Foulois as passenger, was 42.58
miles an hour. As the bonus offered by
the Government was $2,500 for each
mile per hour in excess of 40, without
consideration of portions of a mile, the
Wright brothers received a bonus of
$5,000, which made a total of $30,000.”

“Public interest in the present attempt
by Peary to reach the North Pole has
been reawakened by the recent start of
the schooner Jeanie from St. ]ohn’s,
Newfoundland, for Etah, West Green-
land, for the purpose of getting into
communication with the explorer, who
has now been absent over 12 months on
his present expedition. When Peary left
in the Roosevelt, he planned to push as
far north as the ice would admit, and
then establish winter quarters and make
preparation for a dash by sled between
March and June of the present year. If
he was successful, he planned to return
to Etah with the ship, if possible, and if
not, without it. If he failed to reach the
Pole, it was his purpose, should another
attempt seem to promise success, to re-
main in the north till the summer of

1910.”

“Of the molecular construction of en-
zymes, ferments or diastases the world
of science is almost entirely ignorant.
However, we may console ourselves with



“THE NATIVE HOLLANDER WE

A Bell Telephone Laboratories
experiment in noise appraisal

“The native Hollander wears wooden shoes.”
“Nebraska has no seacoast.”
“The daisy is a common wildflower.”

As these syllables, words and sentences come in over
the telephones, stand-ins for millions of Bell System sub-
scribers rate them for clarity of reception.

From these tests, Bell Telephone Laboratories engineers
determine what is objectionable noise, and work to mini-
mize it in telephone circuits. They begin by tape record-
ing background noise associated with working telephone
circuits. Test statements of appropriate length and con-
tent (such as those above) are read onto a second tape,
and both are fed onto the test circuit under carefully con-
trolled conditions. A third tape, of normal room noise,
is played through a loudspeaker in the test lab.

ARS WOODEN SHOES.”

Several hundred listeners, meeting in small groups
several times a day for weeks at a time, are then asked to
rate the effect of noise on transmission of the various
simulated telephone calls.

For the Bell System, the results of the study will be-
come part of the over-all transmission objectives. At Bell
Laboratories, they will influence apparatus and systems
development work.

Noise is a major distraction of modern day living. It
is also an enemy of the Bell System. In a telephone re-
ceiver during a call, it might be power line hum, switching
or thermal noise, or perhaps atmospheric static. Bell
Laboratories spends a great deal of time, effort and money
to keep this extraneous noise from becoming annoying
and to assure you of a trouble-free connection.

BELL TELEPHONE LABORATORIES

&

World center of communications research and development
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How to trip a relay*

WITH A WEE PULSE

The technique of operating relays by
direct application of pulses is nowhere
near as widely used as (we think) it should
be. This method lets you keep relay energy
consumption and power supply drain
down to a bare minimum — particularly
if bi-stable polar relays are used. When
you combine pulse operation with mag-
netic latching, no continuous coil current
is needed to keep the relay contacts
closed. Of course we have an ax to grind
in that there are now no
less than six™® series of
Sigma polarized, magnetic
latching (Form Z) relays
which can operate on

Series 32

single pulses. The newest
of these is the subminiature Series 32 —
which, when operated in this power-
pinching way, could be just what you've
been looking for.

Here are some of the “high spots” in the
technique of transferring the armature from
one contact to the other with minimum
energy. Ideally, the armature should arrive
at the center of the air gap with zero
velocity, whereupon the magnetic field can
take over. A current pulse that starts out
at trip value and decreases linearly to
zero as the armature reaches the mid-
point could do this (fig. 1), but the in-
ductive relay coil makes such a pulse
circuit impossible.

*Sigma Series 6, 7,
32, 61,72 & 73

[ GMA

[
Fig. 1

However, similar waveforms can be ap-
proximated by a capacitor-stored pulse
discharged into the relay coil. Although
there are several fundamentally similar
ways of doing this, one circuit (fig. 2)
wastes no energy in a resistor and permits
the relay to take a round trip operation
on a single slug of energy from the source.

As you get deeper into this business, it
turns out that at least two quantities must
be known to apply this method: the “pulse
constant”’ in microjoules per mw. of relay
sensitivity, and the “matching constant”
in microseconds. A technical paper dis-
cussing all of the foregoing in some detail
(presented at the recent NARM Confer-
ence), pulse applica-
tion data, Series 32
bulletin, etc. are
available on request.
Ask for the special
“Pulse Packet” hand-
somely bound in a

manilla envelope.

At WESCON —
Booths 1901 & 1903

SIGMA INSTRUMENTS, INC.
40 Pearl St., So. Braintree 85, Mass.

AN AFFILIATE OF THE FISHER-PIERCE CO. (8ince 1939)
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| the reflection that we are at least on the

eve of important discoveries. Emil
Fischer of Berlin, having vied with Na-
ture herself in the manufacture of sug-
ars, has now turned his attention to
protein substances. Fischer has traced
the connection between the configura-
tion of a sugar and its behavior toward
ferments. This is the famous ‘Schloss und
Schliissel’ theory, happy analogy of
‘lock and key.” It is our everyday expe-
rience that yeast cells assimilate more
easily the sugars of which the molecular
configuration closely resembles that of
the most digestible of all carbo-hydrates,
namely, glucose. Many of the artificially
produced sugars, as for example the
aldoses, gulose and talose, are quite in-
different to the fermentive efforts of
yeast.”

AUGUST, 1859: “Among the thou-
sand marvelous inventions which Ameri-
can genius has produced within the last
few years are the following, compiled in
an abstract from the Patent Office Re-
port. An ice-making machine has been
patented, which is worked by a steam
engine. In an experimental trial it froze
several bottles of sherrv and produced
blocks of ice the size of a cubic foot
when the thermometer was up to 80 de-
grees. Another is an electro-magnetic
alarm which rings bells and displays
signals in case of fire and burglars. An-
other is an electric clock which wakes
you up, tells you what time it is and
lights a lamp for you at any hour you
please. There is an invention that picks
up pins from a confused heap, turns
them heads up and sticks them in pa-
pers in regular rows. There is a parlor
chair patented that can be tipped back
on two legs, and a railway chair that
can be tipped back in any position with-
out any legs at all. Another patent is for
a machine that counts passengers in an
omnibus and takes their fares. When a
very fat gentleman gets in, it counts two
and charges double. There is a machine
by which a man prints, instead of writes,
his thoughts. It is played like a piano-
forte.”

“The present population of London is
about 2,800,000. The entire population
of Paris, including that of all its metro-
politan suburbs, is about 1,500,000. That
of New York, estimated in the same way,
is 1,100,000.”



@/{ Irish Whiskey Research in Nature’s Laboratory %@

PROPOSING:
THE IRISH
GEOPHYSICAL
YEAR

[ vorL.11 Nov ]

It’s the old story: man’s eternal thirst for truth. Since our problem defies the laboratory
there’s nothing for it but we { The Whiskey Distillers of Ireland } must go to the field. Pure
research. Even if we don’t make a penny out of it the first three months. @% Our problem
has nought to do with the whiskey itself, understand. Perfection there was arrived at long ago; progress
is perhaps our least important product. And even if we did achieve unthinkable advances you’d wait
with your tongues hanging out for some time; the burnished, emphatic Irish Whiskeys you so enjoy
today were laid down years and years and years ago. r@_‘% No, we pursue another enigma: Yourself
{The Irish Whiskey Drinker]}. What are the solid innate qualities that turned you to Irish Whiskey ?
And how to encourage these traits in others? r@% What is needed is geographical isolation from the
distractions of competitive drink. Yes, and a scientific Control Group of non-Irish Whiskey drinkers.
All under the aegis of the Irish Geophysical Year Expedition. %% Well, you'll appreciate that
appropriate base camp sites are not to be found on every street corner. Only one seems to fill the
prime requisites of cleanliness, vigorous climate, and unspoiled countryside: McMurdo Sound.
%E- Now, as to organization and indoctrination of the Expeditionary Party:
[ i e sotd ettt ([ exoeommon RecrumeN For )
Whiskey Distillers of Ireland

get in touch with other Irish Whiskey drinkers Box A186¢, Dublin (Air Mail 15¢; Ship 8¢; Post Cards 5c)

and arrange among yourselves about transport, I am interested in doing my part for the advancement

projects, mittens, spending money, and so forth. of science and the propagation of Irish Whiskey. Please
Yes, and partake of a drop as you ponder; main- send me my I.D. Card and inscribe my name on The
taining mood is important in the planning stage. I.G.Y. Honour Roll which you will publish later.
) ) ) ] —T'am an Irish Whiskey drinker
[2] Non-Irish Whiskey drinkers who wish to join the ___Tam a non-Trish Whiskey drinker (check one)

Control Group will please do nothing at all be-

N,
yond sending in the form below. Instructions will A;;Z:ss
be forthcoming from Dublin with your I. D. Card. \ City State Country }J

Ah, were we free to join you on this great adventure ! Alas, someone must stay behind here at G. H. Q.
to guard the sales curve. Watch this space: from time to time there will be bulletins of significance.

© 1959, THE WHISKEY DISTILLERS OF IRELAND ( Next, the Irish Geophysical Year Time Table)
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How to turn your telephone into a conference room

Another of the many ways ITT electronics saves time and money and speeds output

Flick the dial of an ITT intercommuni-
cation telephone.

Instantly, it becomes a ‘‘conference
room” —linking 10 key people simul-
taneously.

They talk together, exchange ideas,
reach decisions — without leaving their
desks!

ITT electronics—a help for business

This ten-party conference telephone is
one of hundreds of ideas developed by
ITT’s Kellogg Switchboard and Supply
Company and other I'TT units to help
perform tasks—faster.

ITT supplies telephone systems for
entire countries. It develops communi-
cations and guidance for missiles; radio
aids for aircraft and ships; microwave
systems that control the flow of oil, gas,
and electric power.

Nations are joined by ITT coaxial
cable systems; news of the world is
broadcast by ITT transmitters and
power tubes —in fact, I'T'T equipment
is produced for every communica-
tions need of business, industry, and
government.

Skills for international projects

ITT has decades of experience in op-
erating nationwide telephone networks.
ITT System commercial circuits —
cables, radiotelephone, radiotelegraph,
and marine radio —cover the earth.

An ITT System company operates
and maintains the 3,000-mile DEW Line
in the Arctic, the White Alice com-
munication network in Alaska, and
other vital lifelines of defense. ITT
has the senior part in planning the
modernization and extension of the Air

Force’s global communications concept
called AIRCOM.

In countless other ways ITT System
research, production, and service are
speeding the world’s growing communi-
cations traffic.

For information on any communica-

tions system write to IT'T, 67 Broad
Street, New York 4, N.Y.

. . . the largest American-owned world-wide
electronic and telecommunication enterprise,
with 101 research and manufacturing units, 14
operating companies and 130,000 employees.

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 67 Broad Street, New York 4, N.Y.

ITT COMPONENTS DIVISION ¢ ITT FEDERAL DIVISION ¢ ITT INDUSTRIAL PRODUCTS DIVISION ¢ ITT LABORATORIES ¢ INTELEX SYSTEMS INCORPORATED
AIRMATIC SYSTEMS CORPORATION ¢ KELLOGG SWITCHBOARD AND SUPPLY COMPANY ¢ ROYAL ELECTRIC CORPORATION ¢ AMERICAN CABLE & RADIO
CORPORATION ¢ FEDERAL ELECTRIC CORPORATION ¢ ITT COMMUNICATION SYSTEMS, INC. * INTERNATIONAL ELECTRIC CORPORATION ¢ INTERNATIONAL

STANDARD ELECTRIC CORPORATION -
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LABORATORIES AND MANUFACTURING PLANTS IN 20 FREE-WORLD COUNTRIES



AMPEX [

Engineered by Ampex .. . the first elean computer tape. Ampex (
formulated for long life and high performan /1. No
performs so well. AMPEX MAGMNETIC TAPE, 934 Charte
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round tones, deep tones, sharp tones, flat tones.

copper makes brass, bells and bugles, trumpets and trombones.

copper makes bronze for a beethoven bust.

GUPPER and copper makes wire. wire, wire, printed wire.
MAKES wire for radio, wire for stereo. wire for telephony and tv.

BEAUTIFUL music. modern music. copper’s the conductor.
MUSIG without copper . .. how still the air.
bp

*O'0’ bo' / '/4
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/How to wrap up L000°F/

Searing heats up to 2000°F can now be contained in “packages” of tough, lightweight FIBERFRAX®
ceramic fiber insulation. Woven into cloth, twisted into rope; pressed into felt, paper and board;
formed into tubes and shapes or used as bulk packing; it offers the ultimate in versatility for high
temperature insulation. From the handling of molten metals to advanced problems of missile
design the unique properties of FIBERFRAX, discussed on the opposite page, are attracting the
increased interest of designers. For help on problems involving extreme heat, abrasion or cor-
rosion, write Carborundum, Dept. AMT, Research & Development Div., Niagara Falls, N. Y.

Where conventional materials fail... call on

oy ... CARBORUNDUM

MATERIALS
TECHNOLOGY Registered Trade Mark
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THE AUTHORS

ROBERT JASTROW (“Artificial Sat-
ellites and the Earth’s Atmosphere”) is
chief of the Theoretical Division of the
National Aeronautics and Space Admin-
istration and chairman of the N.A.S.A.
Lunar Explorations Working Group. He
was born in New York in 1925, gradu-
ated from Columbia College in 1945
and took his Ph.D. in phyvsics at Colum-
bia University in 1948. Jastrow started
out with an interest in psvchology and
biology, intending to go to medical
school. He studied calculus to cope with
the mathematical side of experimental
psvchology, and liked it so well that he
switched to biophvsics and then to
phvsics. After he took his Ph.D. he
wanted to travel, so he took a post-
doctoral fellowship at the University of
Leiden in the Netherlands. He savs:
“While I learned a lot of phvsics, it was
the only year of my postdoctoral career
in which I did not publish a paper.” In-
stead he saw a good deal of Europe. He
returned to be a member of the Institute
for Advanced Study at Princeton, and
in 1950 became a research associate at
the University of California. At these
two institutions he learned
phyvsics, a field which he pursued until
about two years ago. In 1953 and 1954
he was an assistant professor of physics
at Yale University, and from 1954 to
1958 he was a consultant to the Naval
Research Laboratory in Washington.
There he asked the Vanguard people
“it they could use any theoretical help
on some little problem, and thev suggest-
ed I'look into the calculation of the drag
coeficient on the Vanguard satellite.”
He and a former student of his, Arnold
Pearse, worked for some months on a
paper on this topic and then he took off
on a series of meetings in Europe. He
returned about five days before Sput-
nik I went up, and when it did, he says,
“I wandered into the Vanguard control
center and asked whether I could help
them out with their orbit calculations.
There was a lot of chaos and confusion.
[ sat down and started to work, and
that’s how I learned about orbits. A lit-
tle later, after we learned something
about orbit calculation and satellite
tracking, I did a calculation that showed
that the Sputnik 1 rocket probably fell
in Mongolia, not in Alaska as the Rus-
sians had claimed. I submitted that pa-
per for the I.G.Y. conference in Moscow,
and went to Moscow to deliver it and
two other papers. Then I went on to

nuclear

Geneva to accompany an exhibit in
nuclear theory I had constructed for the
United Nations atomic energy confer-
ence. It was my last job as a nuclear
physicist.”

GART WESTERHOUT (“The Radio
Galaxy”), one of five or six full-time
radio astronomers in the Netherlands, is
in charge of radio astronomv at the
Leiden Observatory. He was born 32
vears ago in The Hague, and decided to
become an astronomer at the age of 12,
after attending lectures at the planetari-
um in The Hague. “Byv the time I was
14,” he savs, “I was lecturing friends and
neighbors on astronomy.” He studied at
the University of Leiden under Jan H.
Oort, now president of the International
Astronomical Union, and H. C. van de
Hulst, both pioneers in radio astronomy.
Westerhout has been doing research in
that field since 1951, when the 21-centi-
meter emission line of neutral hydro-
gen was first detected. In 1958 he be-
came the first astronomer in the Nether-
lands to receive a doctor’s degree in ra-
dio astronomy-.

H. ]J. FRITH (“Incubator Birds”) is
a member of the Wildlife Survey Section
of the Commonwealth Scientific and In-
dustrial Research Organization in Aus-
tralia. He joined the C.S.I.LR.O. in 1946
as an agronomist, but in 1950 changed to
wildlife work “mainly because myv cit-
rus-culture notebook contained more
notes on the birds in the trees than on
the trees themselves.” He enjovs similar
difficulties todav, since he is “officially
paid to study the ecology of wild ducks
and geese, but keeps getting involved
with the incubator-building megapodes
on the side.” He was born in Kyogle,
New South Wales, an agricultural town
80 miles south of Brisbane, in an
area inhabited by some of the mound-
building birds, and has studied them
since bovhood. In 1941 Frith took a
bachelor-of-science degree in agriculture
at the University of Svdnev, and then
served in the field artillery until 1945,
first in the Middle East, then in New
Guinea, where he was able to watch
megapode species unknown in Australia.
He began a full-scale studv of his favor-
ite . mound-builder, the mallee fowl,
when he went to live at Griffith, New
South Wales, in 1946. This interest con-
tinues, and since 1954 Frith has added
studies of magpie geese and jungle
fowl.

WILLARD  BASCOM (“Ocean

Waves”) is technical director of the Mo-
hole project for the AMSOC Committee
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Ceramic fiber takes
many forms—extends heat
limits of fibrous insulations

FIBERFRAX® ceramic fiber provides
insulations which can be used above
the temperature limits of mineral
wools, glass fiber and asbestos and
alumina-silica compositions. It is
chemically inert and has low thermal
conductivity.

¢ BULK FIBER makes a resilient in-
sulating packing for cracks and expan-
sion joints, furnace walls, annealing
cars, induction furnaces, etc.

e TEXTILES include yarn for high
temperature thermocouple and elec-
trical wire insulation, rope for gasket-
ing in molten metal casting and other
high temperature processes, cloth for
flame curtains and temperature resist-
ing membranes.

¢ PAPER offers a thin fibrous mat
for lining oil-fired combustion cham-
bers, a resilient pressure distribution
and thermo-balance sheet for stainless
steel honeycomb brazing, as well as
a gasketing material.

¢ BLOCK features low thermal con-
ductivity and heat capacity, immunity
to thermal shock and inertness in hy-
drogen and other atmospheres.

¢ FELTS provide a convenient insu-
lating wrap for high temperature
pipes, flanges and furnace parts.

¢ COATING CEMENT air-sets to an
insoluble dense heat resisting surface,
bonds well to porous and many non-
porous materials. For information
write to Carborundum Ceramic Fiber
Project, Dept. AMT, Niagara Falls,N.Y.

send for your
FREE COPY of

ADVANCED
MATERIALS
TECHNOLOGY

A new quarterly publication published by Carborun-
dum deals with materials for severe applications,
involving high temperature abrasion, chemical attack

/or corrosion. For your FREE subscription, write
to Carborundum, Research & Development Division,
Dept. SA-89, Niagara Falls, New York.

CARBORUNDUM

Registered Trade Mark
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Please forward

resume to:
Mr.W.F.O'Melia
Employment Manager
Raytheon Company
Bedford, Massachusetts
or call collect:
CRestview 4-7100
Extension 2138

MISSILE
ENGINEERS

Inauguration of a new weapons sys-
tems program at Raytheon has created
exceptionally rewarding openings for
Junior and Senior engineers with mis-
sile experience in the following areas:

Microwave design—
component and antenna

Aerodynamics

Communications systems

Digital programming

Guidance systems

Radome design

Computer systems

Heat transfer

Radar systems

Inertial reference systems

Feed-back control

Auto-pilot

Ground support

Electronic packaging

Radar systems—project management

Electromechanical engineering back-
ground in missile control and auto-
pilot design—project management

Mechanical engineering background
in ground handling of large missile
systems—project management

Living and working in the suburban
Boston area offers many advantages.
Relocation assistance and liberal
benefits.

M/SS/ILE
SYSTEMS
D/IV/IS/ON

-
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| of the National Academy of Sciences. He

wrote the article “The Mohole” [SciENn-
TIFIC AMERICAN, April], which de-
scribed the proposed hole through the
earth’s crust to the mantle. Bascom was
born in New York City and studied at
the Colorado School of Mines. He was a
mining engineer from 1942 until he
switched to oceanography in 1945, as
head of a University of California field
party studying waves, beaches and
shoreline structures. He has since been
involved in studies of amphibious op-
erations, underwater swimmers, mine
countermeasures, antisubmarine war-
fare, the future of the Navy, and ocea-

nography.

VERNON ROWLAND (“Condition-
ing and Brain Waves”) is assistant pro-
fessor of psychiatry at the Western Re-
serve School of Medicine in Cleveland,
and is a Career Investigator of the Na-
tional Institute of Mental Health. He
was born in Cleveland in 1922 and took
his M.D. degree at the Harvard Medical
School in 1946, followed by internship
and residency in Cleveland and in the
U. S. Army. He received board certifica-
tion in neurology and psychiatry in
1955. “I took my graduate training at
the time of rapid developments in cy-
bernetics and servomechanism theory,
much of which I became aware of
through SciENTIFIC AMERICAN articles,”
Rowland says. “Reconciling these with
certain psychiatric and psychologic
theories seemed possible only through
direct study of the nervous system.” In
order to study the nervous system Row-
land spent a vear in the laboratory of
Horace W. Magoun at the University of
California at Los Angeles. “It is perhaps
symbolic of Dr. Magoun’s wide-ranging
interest and facility for attracting peo-
ple to neurophysiology that I found my-
self, a psychiatrist, working in a depart-
ment of anatomy on a problem of brain
physiology using the techniques of psy-
chology.” He gives credit to the Nation-
al Institute of Mental Health appoint-
ment, which he has held since 1955, for
the opportunity to start the studies de-
scribed in his article, and for the de-
velopment of a laboratory for further
work in this area.

LOREN C. EISELEY (“Charles
Lyell”) heads the department of an-
thropology at the University of Pennsyl-
vania. His eight previous contributions
to SCIENTIFIC AMERICAN include articles
on Charles Darwin and Alfred Russel
Wallace, reflecting his great interest in
the theory of evolution and its history.
His recent book Darwin’s Century re-



SERVING SAFETY THROUGH SCIENCE

geERE are two incidents. Can you find the thread that
ties them together?

A busy man’s wife and little daughter receive a long-
distance telephone message from him. His plane arrived at
its destination safely, in spite of a continent-wide overcast.
A normal event today.

Over a hundred years ago (so the story goes) a man
and his daughter were walking by a railroad track. A train
passed. It blew its whistle — a high-pitched sound as it
approached and a deep-pitched moan as it disappeared. The
little girl asked: “Why is that?” The question intrigued her
father, and Christian Doppler investigated. His research—
and the effect it defined — became part of our scientific
heritage.

The Doppler Effect—a scientific truth which explained
the change in pitch of sound waves—applied equally to light
waves. It enabled astronomers to measure the speed at which
distant stars move toward or recede from us. It applied to
radio waves as well and led to the development of AID (Auto-
matic Instantaneous Direction-finding) which enabled the
busy man’s plane to arrive at its destination safely.

For some time now the servorLIGHT® Doppler Direc-
tion Finding System has been demonstrating a reliability,
bearing stability, and speed never before attainable...even
at intercontinental ranges as well as near crowded airports.
At this very moment a pilot may be asking: “What is my
bearing?”—and before his last word is out, his exact bear-
ing is known.

This is but one aircraft...one aspect of air safety. Taking
a larger perspective, we see thousands of aircraft filling the
airlanes and approaching airports every day of the week the
world over. Every one of them, minute-by-minute, needs
accurate navigational bearings— undistorted by signal inter-
ference—if increasing air traffic is to move with safety.

SERVO CORPORATION OF AMERICA is meeting the need
for such an air navigation system by utilizing the Doppler
Effect in a newly developed way. The SERVOFLIGHT VHF
Doppler Omnirange System provides reliable guidance and
navigation along airways throughout the world. It provides
“on course” indications so reliable that even mountains,
bridges, hangars, and tall buildings cannot distort the accu~
racy of the ground station signals. Of great significance, too,
is the fact that this system is compatible with the 104,000
omnirange receivers already installed in commercial aircraft,
thus keeping safe an investment of over $300,000,000.

Such use of scientific concepts serves the safety of all...
and there are many examples, such as: the SERVOFLIGHT
Radio Theodolite for tracking weather balloons; the patented
SERVOSAFE® Hot Box Detective® for protecting railroad
rights-of-way against train derailments caused by overheated
journal boxes; infrared safe-control devices for industry, and
military surveillance and reconnaissance systems for safety
against surprise attack.

With every division, with all their products and ser
SERVO CORPORATION serves safety through science.

vices,
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*Protected by U.S. Patent No. 2,880,309. Other U.S. & Foreign Patents Applied For.
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Feplore
new areas in

mathematics
at IBM

Creative IBM mathematicians are discovering
important, new applications of mathematics
in the electronic computer field. With the aid
of large-scale computers, for example, one
group of mathematicians simulated in a matter
of weeks, eight years of engineering work which
have yet to begin. Other IBM mathematicians
are studying vehicular penetration problems
involving thousands of variables. Rewarding
careers are now available in such areas as
computer system design and analysis; human
factors engineering; mathematical and numeri-
cal analysis; probability, communication, and
information theory; reliability; scientific pro-
gramming; statistics; and switching theory.

A career with IBM offers advancement oppor-
tunities and rewards. You will enjoy profes-
sional freedom, comprehensive education
programs, and the assistance of skilled special-
ists. Working independently or as a member of
a small team, your contributions are quickly
recognized. This is a unique opportunity for a
career with a company that has an outstand-
ing growth record.

Qualifications: B.S., M.S., or Ph.D. in Mathe-
matics, Physics, Statistics, Engineering Sci-
ence, or Electrical Engineering—and proven
ability to assume important technical respon-
sibilities in your sphere of interest.

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

Mr. R. E. Rodgers, Dept. 659H
IBM Corporation

590 Madison Avenue

New York 22, N. Y.

INTERNATIONAL BUSINESS
MACHINES CORPORATION
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ceived the Athenaeum of Philadelphia
Literary Award for nonfiction in 1958.
Eiseley was born in Nebraska in 1907,
and took degrees at the universities of
Nebraska and Pennsylvania.

SIDNEY LERMAN (“Glaucoma”)
directs the eye-research program and.
teaches ocular pathology to medical
students at the Strong Memorial Hos-
pital in Rochester, N. Y., and at the
University of Rochester medical school.
“Since I believe that continuing contact
with clinical ophthalmology is vital to
the researcher, I have continued with
a small private practice.” A native of
Montreal and now 31 years old, Ler-
man was graduated from McGill Uni-
versity in 1948. He took his M.D.C.M.
(Doctor of Medicine, Master of Sur-
gery) degree there in 1952, and then
went to the Montreal General Hospital
for his internship and ophthalmology
residency. From 1955 to 1957 he held
a fellowship in ophthalmology at the
Johns Hopkins Hospital in Baltimore,
where the late Jonas S. Friedenwald
“was responsible for stimulating and
developing my interests in ophthalmic
research.” Lerman also did research at
the Institute of Ophthalmology of the
University of London. He went to
Rochester in August, 1957.

EARL FRIEDEN (“The Enzyme-
Substrate Complex”) is a member of
the chemistry faculty at Florida State
University. He was born in 1921 in
Norfolk, Va., but was reared and edu-
cated in Los Angeles. He took his bach-
elor’s degree in chemistry at the Uni-
versity of California at Los Angeles in
1943, and spent four years in industrial
research. He returned to U.C.L.A. to
take his Ph.D. in chemistry in 1949,
and then joined the Florida State faculty.
In 1955 Frieden studied on a fellowship
at the Institute for Enzyme Research at
the University of Wisconsin, and from
June, 1957, to September, 1958, he was
at the Carlsberg Laboratories in Copen-
hagen, among the last group of bio-
chemists to work with K. U. Linder-
strgm-Lang, who died in May. “My in-
terest in biochemistry,” Frieden says,
“arose out of a common interest in life
and chemistry. Enzymes are principally
the domain of the biochemist and the
relationship between enzyme structure
and catalytic activity encompasses the
secret of life. The enzyme-substrate

complex interests me because it may
' hold the key to the nature of enzyme

catalysis.” In addition to his research,
which has resulted in more than 30 pa-
pers, Frieden teaches graduate students.



PUNCHED CARD
AND TABULATOR

COUPLER

...anew accessory for the Bendix G-15 Digital
Computer for low cost, high performance

puncbed card computing

Now, at a cost significantly below that of any similar
equipment, Bendix provides a complete computing
system with 100 card per minute punched card input
and output, and 100 line per minute tabulation.

Heart of the system is the Bendix G-15 general
purpose digital computer, which has proven its
performance in well over 150 successful installations.

The CA-2 coupler, a newly developed G-15 accessory,
enables the computer to operate in conjunction with

conventional punched card and tabulating equipment.

A full 80 columns of numeric, alphabetic, or special
character information can be accommodated using
only the CA-2 as a connecting link between the card
equipment and the G-15. Any column of the card
can contain any one of the three types of information.

Three input-output units may be connected simul-
taneously . . . one for input, one for output, and a
third for input or output. Data may be read or
punched by standard card units, or printed by stand-
ard tabulators. All input and output is under complete
control of the computer. Computation can proceed
during the input or output cycle, thus assuring
maximum over-all computing speed.

In addition to the CA-2, the computer’s typewriter
and paper tape equipment, and auxiliary magnetic
tape storage units -may be used for completely
versatile input, output, and storage. Both power and
space requirements of the complete punched card
computer system are approximately half that of other
systems of this type.

A system that includes the G-15 computer, the CA-2
coupler, two summary punches and a tabulator, leases
for approximately half the price of a typical medium-
priced system with similar capabilities.

Whether you are now using punched card or com-
puting equipment, or if you are delaying such plans
due to high costs, you will want to learn more about
this inexpensive, efficient equipment. Detailed tech-
nical information on the G-15 and the CA-2 will be
sent on request. Write to the Bendix Computer
Division of Bendix Aviation Corporation, Los Angeles
45, California. Department C-11.
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NUVISTOR...

a new era i electron tubes!

OUT OF THE PAST...Man’s knowledge and skills increase with every
moment. Theory becomes reality. Principle becomes practice. These are the
dynamics of this era. And, in this quest for new knowledge, for a finer way of
life, Electronics has become one of man’s most important tools. RCA has con-
tributed steadily to the advancement of Electronics...has constantly endeavored
to remove the limitations imposed by accepted materials, processes, and
techniques.

A BRIGHT PROMISE FOR THE YEARS AHEAD...RCAnow
presents an entirely new concept in electron tubes...a concept that promises to
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be one of the most exciting advancements in electron-tube design.

N UVI STO R ...the new look in electron tubes that drastically reduces size,
weight, mass, and power drain!

...the new design in electron tubes that promises dramatic im-
provements in quality, performance, and reliability!

The NUVISTOR concept promises tube structures
that are truly rugged. Each tube electrode is brazed to its
supporting member, an open-ended conical structure. The
platform for the structure is a strong ceramic base-wafer.
Electrodes are extraordinarily small, lightweight cylinders.
Neither mica nor glass is used. Spot welding is eliminated.
This combination of strong structural assembly, brazed
joints, all ceramic-metal construction, small size, extra low
mass, and high-temperature processing has resulted in a
tube design in a small envelope that holds promise of fine
performance under thermal or mechanical shock and con-
tinuous vibration. For example, Nuvistor triodes have been
subjected to more than 1000 blows each of 850 g’s for 0.75
millisecond. After such tests, no shorts were indicated...
either permanent or temporary.

NUVISTOR is given its start in a brazing furnace.
Ceramics and strong metals such as steel, molybdenum, and

tungsten—processed at high temperatures in brazing and
vacuum exhaust furnaces—form the basic structure of the
tube. Such high-temperature processing eliminates many
of the gases and impurities that cannot be eliminated when
tubes of conventional design are processed at temperatures
limited by glass and mica. This new processing technique
significantly reduces the residual gases that might contam-
inate the tube as the elements heat and age. And, because
the tubes have been outgassed at high temperatures, they
offer promise of operating at ambient temperatures con-
siderably higher than conventional tubes can withstand.
Nuvistor tubes have been subjected to temperatures of
660°F...and continued to function. At normal operating
temperatures, therefore, reliable operation over long
periods of time can be anticipated.

NUVISTOR can withstand the test of freezing cold.
In several tests, Nuvistor tubes continued to function when
immersed in liquid nitrogen at a temperature of —320°F.
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High-frequency
amplifier performance...

The Nuvistor triode has shown its mettle
as a radio-frequency amplifier in experi-
mental TV-tuner tests. Compared to mini-
ature types 6BQ7-A and 6BN4-A in
cascode and neutralized-triode VHF ampli-
fiers, Nuvistor has provided improved gain
and at least |1 db less noise measured at
television channel 13. In addition, Nuvistor
has indicated greatly reduced B+ power
drain—about V5 the voltage and Y2 the cur-
rent used for the miniature types. Experi-
mental cascode-type tuners using Nuvistors
have demonstrated substantially higher per-
formance than commercial tuners, even
those using the latest commercial types of
receiving tubes...and they required less
heater power and only about one watt of
B+ power input, as compared to about 7
watts for commercial cascode-type tuners.

Oscillator performance...

The Nuvistor is a remarkably stable and
efficient tube for local oscillator service.
Oscillations are obtainable at more than
1000 megacycles with the Nuvistor triode
in conventional molded-type sockets. Os-
cillator efficiency is essentially independent
of frequency up to about 450 megacycles,
and typical circuits start oscillating with 7
volts or less at the plate of the tube. The
Jow power input needed for the oscillator,
as well as amplifier and mixer circuits,
helps reduce temperature rise and conse-
quent frequency drift of tuned circuits.
The tube itself is particularly stable. Note
the accompanying graph which shows the
warm-up drift of a 200-megacycle oscil-
lator compared to type 6EAS8, a notably
good VHF tuner tube by present stand-
ards. Each type produces the same output
voltage in a conventional circuit from
which other causes of drift were removed
—yet the Nuvistor triode has less than V4
the warm-up frequency drift of 6EAS.

NUVISTOR
small-signal
. TETRODE

Developmental tube
% ready soon for limited
sampling . .. an ampli-
fier tube for experi-
mental equipment de-
signs in entertainment,
industrial, and military
applications.

NUVISTOR small-signal TRIODE

Ready now...on a limited sampling basis...for experi-
mental equipment designs. First developmental Nu-
vistor type to be sampled.

TYPICAL DATA

ELECTRICAL:
Heater, for Unipotential*Cathode:

Voltage (AC or DC) 6.3 voits

Current 0.14 amp
CHARACTERISTICS, CLASS A1 AMPLIFIER:
Plate Voltage 40 75 volts
Grid Resistor.. 1 -- megohm
Grid Voltage -~ -1.35volts
Amplification Factor 31 31
Plate Resistance (approx.) -- 2600 ohms
Transconductance 12000 12500 umhos
Plate Current ... .. ; 8.5 12.5ma
Grid Voltage (approx.) for plate

current of 10 na - ~6.5 volts

MAXIMUM RATINGS,
DESIGN-MAXIMUM VALUES:
PLATE VOLTAGE

GRID VOLTAGE

PEAK POSITIVE GRID VOLTAGE .
PLATE DISSIPATION

PEAK HEATER-CATHODE

110 max. volts
—-55 max. volts

2 max. volts
1.2 max. watts

VOLTAGE:
Heater negative with respect

to cathode T 100 max. volts
Heater positive with respect

to cathode .. 100 max. volts

ATYPICAL PLATE CHARACTERISTICS

NUVISTOR
BEAM
POWER TUBE

Now being developed
. . plate dissipation
objective in the order
of 30 watts; intended
for beam-power appli-
cations in the enter-
tainment, industrial
and military fields.

RADIO CORPORATION OF AMERICA

o Electron Tube Division

Harrison, N. J.
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what NUVISTOR will mean to defense
electronics.

Nuvistor promises an extremely high level
of performance and reliability never before
anticipated from electron tubes produced in
large quantities. Nuvistor tubes offer minia-
turization capabilities that can significantly
increase payload capacities of military vehi-
cles. The electrical characteristics of Nuvistor
tubes make them suitable for many different
services . . . hold out the prospect of design-
ing a large number of circuits “around” just
a few tube types. These Nuvistor features
can reduce requirements for replacement
equipment and service personnel, can increase
mobility of the equipped “arm™.

what NUVISTORwill mean to industrial
electronics and entertainment products.

The high-performance capability of Nuvistor
and its inherent ability to function under dif-
ficult environmental conditions seem certain
to stimulate new equipment designs for in-
dustry. Automation, electronic computers and
business machines, closed-circuit television—
in fact, the entire range of industrial elec-
tronics applications will be given a new plat-
form from which to climb higher. In electronic
equipment for home entertainment, more
compact, more reliable, more attractive prod-
ucts are in store. New levels of performance
can be expected in lightweight AM and FM
radios, phonographs, hi-fi, and TV sets.

what NUVISTOR will mean to you...
the designer of electronic equipment.

Remember way back when all tubes were big,
fragile, and relatively inefficient? Miniaturiza-
tion and rugged tubes were nonexistent. De-
sign possibilities were limited. But, new
developments in tube designs brought smaller
envelopes, sturdier structures, the octal socket,
the 7-pin and 9-pin miniatures . . . new tech-
niques and new processes . . . electrical uni-
formity, reliability and efficiency! So, Nuvistor
takes its place in the progressive advancement
of the electronics industry with new criteria
for electron-tube efficiency and reliability.
And, you, the design engineer, will partici-
pate importantly as NUVISTOR electron tubes
open a new world of unlimited possibilities
in equipment design.

For more details on Nuvistors and for in-
formation on how you may obtain devel-
opmental samples of NUvIsTOR small-signal
TRIODE, call your RCA Field Representative
at the Field Office nearest you.

ENTERTAINMENT SALES
« Newark 2, N. J., 744 Broad Street, HUmboldt 5-3900
« Detroit 2, Mich., 714 New Center Bldg., TRinity 5-5600
« Chicago 54, Ill., Suite 1154, Merchandise Mart Plaza
WHitehall 4-2900
+ Los Angeles 22, Calif., 6355 E. Washington Blvd.
RAymond 3-8361

INDUSTRIAL SALES
« Newark 2, N. J., 744 Broad Street, HUmboldt 5-3900
« Detroit 2, Mich., 714 New Center Bldg., TRinity 5-5600
« Chicago 54, lll., Suite 1154, Merchandise Mart Plaza
WHitehall 4-2900
« Los Angeles 22, Calif., 6355 E. Washington Blvd.
RAymond 3-8361

GOVERNMENT SALES

« Newark 2, N. J., 744 Broad Street, HUmboldt 5-3900
« Dayton 2, Ohio, 224 N. Wilkinson St., BAldwin 6-2366
* Washington6, D.C.,1625"K"St., N.W.,Dlstrict7-1260
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Albert Einstein...on the chief interest of science

“Itis not enough that you should understand about
applied science in order that your work may
increase man’s b[essings. Concern for man himself
and his fate must a[ways form the chief interest of

all technical endeavors, concern for the great un-

solved prob]ems of the organization of labor and
the distribution of goods.—«in order that the crea-
tions of our mind shall be a l)lessing and not a
curse to Mankind. Never forget this in the midst

of your diagrams and equations.”

—Address, CaliforniaInstitute of Technology, 1931

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A nonpro[it organization engaged in research on problems related to national security and the pu])lic interest
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Artificial Satellites
and the Earth's Atmosphere

In the auroral zones the upper atmosphere is much warmer than
it is over the Equator. Satellite data attribute this effect

to solar particles trapped in the earth’s great radiation belts

t the end of the International Geo-
Aphysical Year, satellite and rocket
- measurements of the density of
the upper atmosphere hardly seemed to
be one of the great achievements of that

world-wide scientific enterprise. There
was certainly no lack of data on the sub-

PERIGEE -is'.
L

ORBIT OF A SATELLITE shrinks steadily because of atmospheric
drag. Friction with the relatively dense air at perigee sharply

by Robert Jastrow

ject. Since the density is derived from
simple measurement of the time it takes
a satellite to complete an orbit, the satel-
lite data undoubtedly had as much to say
about this as about any other single top-
ic. But the measurements of atmospheric
density paled in interest when compared
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with the discovery of the giant belts of
charged particles trapped in the earth’s
outer magnetic field, or the finding that
our planet is not simply a flattened
sphere but is shaped slightly like a pear
with its top at the North Pole. A few
months ago, however, careful sifting of

Ny, N
. \
e .
et .\..
N =

{ APOGEE

decreases the satellite’s altitude at apogee, but the rarefied at-
mosphere at apogee produces only a small altitude loss at perigee.
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SPUTNIK 11

VANGUARD |

SOLAR EFFECT ON SATELLITE DRAG was revealed by the fact that variations in drag
(top two curves) were in phase with variations in the intensity of 10.7-centimeter solar radia-
tion (bottom curve). The 27-day period of these variations is caused by the rotation of the
sun. Apparently solar flares (arrows) produced short increases in the drag of Sputnik I1I,
but affected Vanguard I more slowly, doubling its mean drag (broken lines) in four weeks.

APRIL 30

MAY 30

SATELLITE DRAG

JUNE 29

FLARE

MAGNETIC INDEX

JuLy

INCREASE IN DRAG ON SPUTNIK III proved that particles, not radiation, from solar
flare affected the satellite. Radiation from a solar flare reaches the earth almost immediately,
but the particles emitted by the flare do not reach the earth until a day or two later. Sputnik
showed its sudden increase in drag about a day after the flare, at the same time that a
jump in the earth’s magnetic index (bottom curve) indicated the arrival of solar particles.
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JAN. 26

the information on atmospheric density
began to yield a series of unexpected dis-
coveries.

Certain puzzling variations in the
satellite orbits furnished the lead. These
variations were found to match well-
established fluctuations in the outpour-
ing of radiation and high-energy parti-
cles from the sun. All at once the seem-
ingly routine data disclosed a new and
unexpected coupling between events on
the face of the sun and the behavior of
the earth’s outer atmosphere. Additional
probing of this data proved that satel-
lite orbit variations depended on the ar-
rival of particles from the sun.

This discovery in turn explained an-
other finding. Evidence from rocket
flights had shown that at high altitudes
the atmosphere over the auroral zones
was actually warmer than the upper at-
mosphere at Temperate and Equatorial
latitudes. Apparently the outer of the
earth’s two belts of charged particles
reaches down into the upper atmosphere
over the Arctic and Antarctic and radi-
cally modifies the properties of the at-
mosphere over these regions. Finally,
correlation of the features of the outer
radiation belt with those of auroral dis-
plays has thrown a new light on the long-
sought origin of the aurora.

rF he spadework in what first seemed to
be an unpromising garden was per-
formed by Luigi Jacchia of the Smith-
sonian Astrophysical Observatory. Jac-
chia studied the orbit data on Sputnik 111
and Vanguard I, seeking more accurate
information about the temperature and
density of the atmosphere above 200
kilometers. Prior to the Vanguard flight,
rockets had established these properties
with relative precision up to altitudes of
only 100 kilometers and with less pre-
cision between 100 and 200 kilometers.
Above 200 kilometers our knowledge
rested upon uncertain extrapolations. At
500 kilometers, for example, the density
of the atmosphere could have been any-
thing between a million and 100 million
particles per cubic centimeter.
Measurement of the properties of the
upper atmosphere was one of the first
assignments projected for the artificial
satellites. The rate of change of the or-
bital period of a satellite, that is, the rate
of change in the time it takes to fly its
orbit, is directly proportional to the
density of the atmosphere through which
it passes. At perigee, the lowest point on
its orbit, the satellite dips into the denser
air close to the earth and there loses en-
ergy by friction with the atmosphere.
This energy loss reduces the altitude to



which the satellite can swing on its next
pass through apogee, the highest point
on its orbit. Any drag encountered in the
much rarer atmosphere at apogee is re-
flected in turn on the next return to
perigee.

As apogee and perigee decrease, the
satellite takes less and less time to travel
its shrinking orbit. Since the atmospheric
density at apogee is so low as to be dis-
counted, the shrinking orbit of a satel-
lite provides measurements primari]y of
the density at perigee.

Vanguard I, the smallest of the earth
satellites, has yielded by far the most ac-
curate orbital data. Thanks to the solar
batteries included in its 10-pound pay-
load, it is still reporting to “minitrack”
stations on the ground and may continue
to do so for a long time to come. The
minitrack records determine its orbital
period within a few ten thousandths of
a minute, or a few parts per million. Be-
cause its perigee is at 650 kilometers,
Vanguard I has lifted the ceiling on ac-
curate density measurements to this alti-
tude and reduced the uncertainty in the
measurements there from a factor of 100
to a factor of two. Drag data from other

satellites have filled in the curve at inter-
mediate altitudes.

"I he analysis of satellite-orbit informa-
tion by various groups in this country
and abroad proceeded more or less rou-
tinely until Jacchia noticed an irregular
variation in the rate at which the orbit
of Sputnik II was shrinking. It seemed
to recur uppr()ximately every 30 days.
Several months later, when the more ac-
curate tracking data on Vanguard I be-
came available, he found the same per-
sistent irregular variations in drag, this
time with a recognizable period of 27
days. The number 27 struck Jacchia as
quite interesting, since the period of
rotation of the sun is also 27 days.

The coincidence became compelling
when Jacchia checked the records for
the Sputnik III rocket that was aloft at
the same time as Vanguard. The ragged
drag curves of both the U. S. and Soviet
satellites showed almost identical irregu-
larities [see top illustration on opposite
page]. Jacchia then postulated that
there must be some correlation between
satellite motion and solar activity, and
he published this idea and a curve of the

drag variations in a Smithsonian report.

Jacchia’s report caught the attention
of the German radio astronomer W.
Priester. He saw an immediate resem-
blance between the variation in the drag
on the satellites and the variations in the
20-centimeter radio waves emitted by
the sun. This radiation is an excellent
measure of the intensity of sunspot ac-
tivity and other disturbances localized
on the vigorously boiling surface of the
sun. The more active sites on this boiling
surface spurt great gusts of charged par-
ticles and radiant energy into the solar
system. As the sun rotates on its axis
these areas of intense activity appear
and disappear every 27 days so long as
the activity persists.

Priester checked his measurements of
the intensity of 20-centimeter solar
radiation for the period covered by
Jacchia’s report and found that their ups
and downs agreed rather well with the
satellite curves. In a brief note Priester
described his findings to G. F. Schilling
of the Smithsonian Astrophysical Obser-
vatory.

Jacchia was delighted when Schilling
told him of Priester’s work, because the

TRAPPED SOLAR PARTICLES are funneled into the Arctic and
Antarctic auroral zones, where the “horns” of the outer radiation-
belt (shaded area) extend to within 300 kilometers of the earth.
The particles follow corkserew orbits from north to south in the
earth’s magnetic field; when they eventually leak out of the belt,
they follow random paths (indicated by arrows). By the time they
reach an altitude of 100 kilometers, most of the particles have lost

all their excess energy in repeated collisions with the atoms and
molecules of the upper atmosphere. These collisions heat and ex-
pand the atmosphere, and are also believed to be the cause of the
aurora borealis and the aurora australis. In the center of the shaded
area, where the density of energetic particles is highest, the tem-
perature is about 2,500 degrees Kelvin; outside this area, the parti-
cle density falls off and the temperature drops to 1,000 degrees.
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ELECTRICAL DRAG is produced by the motion of a charged sat-
ellite (small sphere) through clouds of charged particles like those
in the earth’s two radiation belts. As it enters one of the belts the
satellite collides with high-energy electrons that give its metal
skin a negative charge. The charge repels other electrons, creating

radio data provided an accurate index
of solar activity with which to correlate
his drag data. He lost no time in compar-
ing his curves with records of 10.7-centi-
meter solar radiation available at the
Harvard College Observatory. The top
illustration on page 38 shows what hap-
pened: The close fit of the curves estab-
lished unmistakably that the activity of
the sun somehow alters the drag on a sat-
ellite orbiting in the earth’s atmosphere.
However, the fluctuations in the 10-
centimeter radiation do not of them-
selves reveal just how the effect is trans-
mitted. It has not yet been determined
whether the 27-day variation is caused
by solar particles (electrons and pro-
tons) or solar radiation. Further study
of the variation in satellite drag may
show that both phenomena play a part.
Upon close inspection of his drag
curve for the Sputnik I11 rocket, Jacchia
made another interesting discovery. He
found two strong and abrupt fluctua-
tions in the pattern. Comparison with
solar records disclosed that these fluctua-
tions, occurring in July and September,
coincided roughly with two major solar
eruptions of the kind known as flares.
Now the electromagnetic radiation
given off by a solar flare reaches the
earth in about eight minutes, because it
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travels at the speed of light, but the
particles, traveling at lower speeds, do
not show up until 24 hours later. Jacchia
proceeded to refine his initial calcula-
tions and found that the drag on the
Sputnik 111 rocket showed no change at
the time of the flare, but increased sharp-
ly one day after the solar flare of July 7,
at approximately the same time that the
onset of a storm in the earth’s magnetic
field signaled the arrival of the gust of
particles from the flare [see bottom illus-
tration on page 38]. Thus in the case of
these transitory fluctuations in the orbit
of the rocket, Jacchia was able to con-
clude that the drag was produced by
the particles rather than by the radiation
from the flare.

Jacchia’s deduction tied in nicely with
the peculiar character of the rocket’s
orbit. Like its fellow Soviet satellites,
Sputnik I11 was launched on an orbit in-
clined at the steep angle of 65 degrees to
the Equator. This orbit swung it through
the high Arctic and Antarctic latitudes,
where it penetrated the “horns” of the
outer radiation belt [see illustration on
preceding pagel].

Observations made by Pioneer 111 and
Pioneer IV, the lunar probes launched
from the U. S. in December, 1958, and
in March of this vear, had established
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a shell of net positive charge around the satellite. The diameter of
this shell (broken circle) becomes the effective diameter of the
satellite. This increased diameter causes increased atmospheric re-
sistance to the motion of the satellite, mainly because the satellite
has a greater number of collisions with thermal protons (dots).

that the outer belt is fed directly by
streams of particles from the sun;
Pioneer I, which pierced the belt imme-
diately after five days of intense solar
activity, reported particle densities in
the outer belt many times greater than
those measured by Pioneer I11.

Thus the solar flares that occurred
during the Sputnik I11 observations must
have built up the particle density of the
outer belt; the resulting increase in the
frequency of collisions between the par-
ticles and the atoms and molecules of the
air must in turn have heated and ex-
panded the atmosphere. Presumably the
Sputnik rocket encountered the in-
creased atmospheric density caused by
the expansion. The orbit of Vanguard 1
showed no such fluctuation as that of
Sputnik I11 in response to the solar flares.
This might be explained by the fact that
the Vanguard orbit is inclined at the
shallow angle of 33 degrees to the
Equator. At apogee the satellite pene-
trates not the outer, but the smaller, in-
ner zone of charged particles. As Project
Argus showed in 1958, using atomic ex-
plosions to inject charged particles into
the upper atmosphere, the transfer of
particles from the outer to the inner belt
is very slow. The particles from the solar
flares would not be expected, therefore,



to have had an immediate effect on the
Vanguard orbit.

We cannot assume, however, that a
density increase is the only mechanism
for changing satellite drag. Drag in-
creases may also be caused by a quite
different phenomenon which C. A.
Pearse and I studied at the Naval Re-
search Laboratory a year before the first
Sputnik was launched. We showed that
the drag on a satellite might be increased
by the acquisition of electric charges as
the result of collisions with electrons in
the outer atmosphere. The charged skin
of the satellite would repel other elec-
trons, creating a shell of net positive
charge around it. In collisions with posi-
tively charged particles, the diameter of
the positively charged shell would be-
come the effective diameter of the
satellite. This increase in diameter
would correspondingly increase the
satellite’s drag.

When we first studied electrical drag,
we postulated modest effects—drag in-
creases of about 10 to 50 per cent—based
upon potentials of about 10 volts. An
extension of our calculations showed,
however, that the energy flux of the elec-
trons in the inner belt of particles is high
enough to raise the potential on a satel-
lite to some thousands of volts during
each pass through the belt. A potential
of roughly 1,000 volts would increase
the effective radius of the Vanguard
satellite by a factor of 10, increasing its
cross-sectional area by a factor of 100.
The resulting increase in drag at apogee,
when Vanguard 1 traverses the inner
zone of particles, would be sufficient to
double the mean drag on the satellite.
Electrical drag may also be responsible
for the drag increases produced by the
flares in the orbit of the Sputnik III
rocket. Further experiments on the par-
ticles in the outer belt will yield the data
necessary to make a good calculation of
satellite voltages, and to separate the
effects due to density changes from those
caused by electrical drag.

r|‘he irregularities of the orbits of

Sputnik 111 and Vanguard 1 have
thus yielded some surprising insights
into the forces and conditions prevail-
ing at the high altitudes of their apogees.
But orbital studies were primarily moti-
vated by interest in the density of the
atmosphere at the lower altitudes ex-
plored by the satellites’ perigees. The
first data from satellite and rocket studies
of the atmosphere during the I.G.Y. had
developed a curious paradox and a con-
flict of evidence. Rockets fired to alti-
tudes of from 150 to 200 kilometers over
the White Sands missile range in New
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ing effect of energetic electrons expands the air. increasing the density of the atmospherc.
The solid curve shows the atmosphere over the rest of the earth. Auroral curve is an extrapo-
lation of rocket data; other curve is based on both satellite data (circles) and rocket data.
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HEIGHT OF AURORAS can be explained in terms of the heat generated by collisions be-
tween energetic Van Allen electrons and the molecules of the atmosphere. The graph at left

shows the height of more than 12.000 auroras, as plotted by the Norwegian astrophysicist
Carl Stgrmer. At right is a calculation of heat generated by energetic electrons in the air.
Both graphs reach a sharp maximum at 100 kilometers and drop to zero below 90 kilometers.
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ELECTRON IS NEARLY TRAPPED by the earth’s magnetic field
and forced to follow a precarious orbit very similar to those of the
completely trapped electrons in the Van Allen belts (shaded areas).
Many electrons from the sun are pulled into such orbits when the

Mexico and over the Fort Churchill
range in the Canadian auroral zone
showed that on a summer day the upper
air over the Arctic is both denser and
hotter than the air over the southwestern
desert: 2,000 degrees Kelvin (degrees
centigrade above absolute zero) as com-
pared to 1,100 degrees K. over White
Sands. At first it was thought that heat-
ing of the atmosphere during the long
Arctic summer day might account for
this paradox. But over the course of a
year the Vanguard 1 data showed no
significant density changes that could
be correlated with a rising temperature
gradient from south to north. Since the
perigee of the Vanguard satellite shifts
from 33 degrees north latitude to 33 de-
grees south every 41 days, its orbit
should have revealed a variation be-
tween these limits if there was any rela-
tionship between latitude and tempera-
ture. The conflict between this satellite
result and the sharp latitude sensitivity
of the rocket data provided one of the
outstanding puzzles in the interpretation
of data from the I.G.Y.

The discovery of the charged-particle
belts provided a solution to the puzzle.
In the March issue of SCIENTIFIC AMERI-
can James A. Van Allen of the Univer-
sity of Towa has told how the rockets,
satellites and space probes have mapped
the distribution of particles trapped in
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the magnetic field of the earth. In order
to reconcile the rocket and satellite data
we had only to assume that in the auroral
zone the atmosphere is heated by the
outer of the two belts, whereas outside
of the auroral zone upper atmosphere
conditions are relatively independent of
latitude. Since the orbit of Vanguard I
does not penetrate the outer belt, it was
clear that this satellite could not have
produced a measurement of the density
and temperature there. The reconstruc-
tion of our picture of the earth’s atmos-
phere that follows naturally from these
observations also provides an insight
into the processes that generate the mar-
velous displays of the aurora at the top
and bottom of the earth.

For the theory that underlies the
heating of the upper atmosphere over
the Arctic region we are indebted to the
work of Carl Stgrmer. Nearly half a cen-
tury ago this Norwegian astrophysicist
computed the trajectories on which
charged particles would spiral back and
forth on the lines of force between the
north and south magnetic poles of the
earth. Further calculations have shown
that, when suitably trapped, the parti-
cles will remain in the earth’s magnetic
field for long periods of time. Thus even
at slow rates of injection from outside,
the number of particles can build up to
large values.
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earth’s geomagnetic axis is perpendicular to a line drawn to the
sun, a situation that occurs at the spring and fall equinoxes. Be-
* cause they spend a relatively long time in the earth’s field, these
nearly trapped electrons are quite likely to be captured eventually.

Our theoretical group at the National
Aeronautics and Space Administration
has undertaken to show how the high
temperatures over the Arctic zone may
be explained by the activity of the
particles in the outer belt. To carry out
the necessary calculations Isidore Harris
and I constructed an idealized model of
the atmosphere [see top illustration on
preceding page] in which we confined
the heating effect of the particles to a
narrow funnel in the auroral zone, the
“horn” of the outer zone of particles.
The boundaries of this funnel were as-
sumed to be at a “temperate” level of
1,000 degrees K., in accordance with
observed upper atmosphere tempera-
tures in the Equatorial and Temperate
zones. The rate of heat transfer within
the funnel—by collision between the
charged particles and the atoms of the
upper atmosphere—could then be cal-
culated from the combined rocket and
satellite observations of the energies of
the particles.

By solving the differential equation of
heat conduction within these bound-
ary conditions, we have shown that the
temperature must rise to approximately
2,500 degrees at the center of the auro-
ral zone. The agreement with observed
temperatures is thus encouragingly
close. We are now performing calcula-



ELECTRON ESCAPES EASILY from the magnetic field of the
earth during the summer and winter solstices, when the earth’s geo-
magnetic axis is tilted toward or away from the sun. Many of the
particles emitted by the sun during summer and winter are only

tions with a more realistic model in
which the temperature changes gradual-
ly at the edge of the auroral zone.

As the evidence accumulates it is be-
coming clear that the earth’s upper at-
mosphere can no longer be considered
a homogeneous system, but must rather
be regarded as two systems, one of
which is heated to much higher tem-
peratures than the other by interaction
with the outer belt of charged particles.
The contrasting curves of density at
various altitudes for the “Temperate-
Equatorial” and the “auroral” atmos-
pheres are shown in the top illustration
on page 41.

Meanwhile we have been encouraged
to seek in the same data an explanation
of the auroras. If the heating produced
in the outer zone excites the atmosphere
sufficiently to raise its temperature by
several thousand degrees, then that
same excitation may also cause auroral
displays. In that case, we must also ex-
pect that auroras will occur most often
at altitudes where the heating effect is
greatest. Alongside Stgrmer’s chart of
the observed altitudes of more than
12,000 auroras we laid the curve of the
heating effect of the particles as derived
by our calculations from rocket and
satellite measurements [see bottom illus-
tration on page 41]. The basic corre-
spondence between the two diagrams is
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striking: Both the intensity of energy
transfer to the atmosphere and the fre-
quency of auroral events reach a sharp
maximum at 100 kilometers and disap-
pear completely below 90 kilometers.
We believe that these results provide
support for our explanation of the origin
of the aurora: Apparently the frequency
of auroral displays is governed by the
population of the outer particle-belt,
which in turn is controlled by the injec-
tion of streams of particles from the sun.
Thus we have a tentative answer to an
old and fascinating problem. Of course
we still do not know what causes partic-
ular auroras to assume the shapes they
do, changing into draperies, rays, arcs
or flaming curtains that dance across

the sky.

()nr theoretical work has also suggest-

ed an explanation for the seasonal
frequency of the auroras which may at
least stimulate fruitful investigations. As
is well known, the auroras occur with
highest frequency at the spring and au-
tumn equinoxes, when the earth’s geo-
magnetic axis is nearly perpendicular to
a line drawn from the sun [see illustra-
tion on opposite page]. We suggest that
this orientation of the magnetic field to
the streams of particles emitted by the
sun is the most favorable for trapping
the particles and building up the inten-
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temporarily snared by the earth’s magnetic field; they approach the
earth at high speed, make a few quick spirals along magnetic lines
of force and then escape to infinity. This seasonal factor may
explain why there are fewer auroras in the summer and winter.

sity of the outer radiation-belt. At such
times the lines of magnetic force will
pull the largest numbers of particles into
what we call “nearly trapped” trajec-
tories.

Thomas Kelsall and I came across this
class of particle trajectories in the course
of a detailed study of the motion of
charged particles in the dipole magnetic
field of the earth. They were doubtless
known to Stgrmer and other workers in
this thoroughly exploited field, but their
potential significance in auroral phenom-
ena had not been noticed.

Racing in on parallel courses from the
sun, the particles that get caught in these
trajectories make several close passes
about the earth in the outer radiation-
belt, much as trapped particles do, and
then escape to infinity. A percentage of
them are trapped after collisions and join
the permanent residents on spiral trajec-
tories around the lines of force. Thus we
have concluded that the average particle
population of the outer belt becomes
higher at the equinoxes. With increased
density in the belt the excitation of the
atmosphere rises, increasing the fre-
quency of auroras. The discussion has
here entered the realm of speculation,
but [ am confident that “nearly trapped”
trajectories offer another important clue
to help us to unravel this long-standing
mystery of nature.
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OUR GALAXY AS A SPIRAL NEBULA has been mapped during
the past few years by Dutch and Australian radio astronomers, who
have observed the 21-centimeter radiation from clouds of neutral
hydrogen stretched along the spiral arms of the galaxy. Our earth
and sun (encircled dot) are located about 27,000 light-years from
the center of the galaxy (cross). The galaxy rotates around this
center, our region completing its revolution in about 200 mil-
lion years. We can detect this rotation by measuring the Doppler
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shift in the radio signals from the drifts of hydrogen: If the gas
moves toward us, its radiation shifts to slightly higher frequencies;
if it moves away, its radiation appears at lower frequencies. We
cannot detect the movement of the hydrogen clouds in the black,
fan-shaped area extending from the sun to the opposite edge of the
gzalaxy because it moves perpendicular to our line of sight, neither
toward us nor away from us, and there is no detectable Doppler shift
in its radiation. Hence this hydrogen does not appear on the map.
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THE RADIO GALAXY

From somewhere near the center of our galaxy vast

billows of hvdrocen surege outward. emittine radio
) - Q o

vaves that elucidate the galaxy’s spiral structure

uring the past decade radio as-
D tronomers have been charting
the sky on a new kind of map.
At first glance this map looks like a con-
tour map of a mountain range. The ce-
lestial contours, however, trace out the
lines on which the sky shines with equal
brightness in the wavelengths of the in-
visible radio spectrum. The outstanding
feature of the topography of the radio
sky, drawn in long sweeping contour
lines, is the band of the Milky Way,
which appears brighter to the radio tele-
scope than it does to our eyes. Elsewhere
on the map individual radio sources
stand out as peaks of brightness, marked
by more closely bunched concentric
contours.

From study of such maps, made on
several different radio wavelengths, as-
tronomers are now deducing important
features of the structure of our galaxy,
hitherto invisible or obscured from view.
The sky itself is a kind of map: a spheri-
cal projection at trigonometric “infin-
ity” of the unbounded reaches of space
that lie beyond. By various ingenious
methods astronomers using light-gather-
ing telescopes have translated this map
into a three-dimensional picture of our
galaxy. They have shown the galaxy to
be a thin disk of stars with spiral arms.
The center of the galaxy is located in the
bright region of the Milky Way in the
constellation Sagittarius. Over large re-
gions of the sky, however, curtains of
dust and gas hanging in space have
dimmed or entirely blocked our view.
These clouds are so thick and extensive
that we can see only about a 20th of the
galaxy with light-gathering telescopes.
But interstellar clouds do not hamper
radio telescopes any more than clouds in
the terrestrial atmosphere interfere with
radio transmission. These modern instru-
ments open up the whole galaxy to view
and permit us to look into its very center.

by Gart Westerhout

Of course we cannot “see” the heavens
with a radio telescope. All we can see in
a literal sense is the wagging needle of
a voltmeter or the wiggling trace of a
recording pen. But in the map of the
radio sky constructed from these obser-
vations we are beginning to discern the
fine structure of the galaxy. Measure-
ments of the intensity and the Doppler
shift of the spectral line emitted at the
21-centimeter wavelength by hydrogen
in interstellar space have resolved the
curtains of dust and gas into the spiral
arms of the galaxy [see illustration on op-
posite page]. Measurement of the Dop-
pler shift in this radiation has also re-
vealed the rotational motions in a large
part of the galaxy. It was already known
that the sun and the stars in its neighbor-
hood rotate around the galactic center
once in about 200 million years. Similar
studies of the 21-centimeter radiation
from other galaxies, such as the Great
Nebula in Andromeda and Messier 33,
have established the density of hydrogen
and the rotational motions in these sys-
tems. Radio emissions from the center of
our galaxy are now completing the pic-
ture of the spiral structure and promise to
give us new insight into the evolutionary
process that accounts for it. They indi-
cate the presence of a large mass of
ionized hydrogen gas at the center and
show that great waves of hydrogen are
rippling outward from the central region
in the plane of the galaxy. At the outer
edge of these waves, where their out-
ward rush has lost its impetus, new stars
seem to be forming. Their newborn
energy ionizes the gas in a brilliant ring
of radio emission encircling the center.
Based as it is upon the first penetration
of the galactic nucleus, this picture is
still speculative, but it suggests the
major outlines of the evolution of our
changing galaxy.

Much of the early work of charting
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the radio sky was done in the Nether-
lands. In fact, the first short-wave map
of that part of the Milky Way which is
visible in the Northern Hemisphere was
made with the Leiden Observatory’s 82-
foot radio telescope located at Dwinge-
loo. When it first came into operation in
1956, this instrument was the largest of
its kind. Now several radio telescopes in
Europe and the U. S. equal it in size,
and the reflector of the giant telescope at
Jodrell Bank in England is more than
three times larger.

The mounting of our telescope at
Dwingel()() represents a departure from
astronomical tradition. It is of “altazi-
muth” design, that is, the entire mounting
rotates on a circular track around a verti-
cal axis and the reflector pivots around
a horizontal axis. The parabolic reflector
is surfaced with a fine wire mesh and
focuses the incoming radio waves on a
small antenna mounted atop a 40-foot
mast. From the antenna the signal
travels to a 700-tube receiver and am-
plifier circuit designed to monitor the
21-centimeter line of un-ionized hydro-
gen, but tunable to the nearby wave-
lengths on which radiation from ionized
hydrogen can be received.

The length of radio waves, millions of
times longer than those of light, accounts
tor the large dimensions of a radio tele-
scope. In general, the longer the wave,
the larger the reflector needed to resolve
its source. Our 82-foot reflector has a
resolving power of .57 degree at a wave-
length of 21 centimeters. This means
that two sources of radiation closer to-
gether than .5 degree of arc are seen as
a single source, and that an infinitely
small source appears as a blur one de-
gree across—twice the diameter of the
moon as seen from the earth. As in the
case of optical telescopes, however, a
large reflecting surface confers large
“light” gathering power to make the
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most of the tiny amounts of energy that
reach us from any given point in the sky
or from a discrete source in distant
space. The telescope is sensitive to ex-
tremely faint radio sources and can lo-
cate them very accurately, although its
accuracy compared to an optical tele-
scope is heavily compromised by low re-
solving power.

In surveying the sky the telescope
usually scans along the path of a star
but eight times faster, starting behind

the star, then catching up with it and
passing it, sweeping a line 30 to 40 de-
grees across the sky. After each such
scan, the reflector swings a fraction of a
degree to one side and repeats its sweep.
The telescope thus sweeps across a sec-
tion of the sky in much the same way as
an electron beam sweeps across a tele-
vision screen, but months of slow scan-
ning with the radio telescope are re-
quired to produce a single sky map. The
sky signal is amplified in the telescope

receiver and fed to a recorder, where it
drives a pen tracing a continuous line on
a moving strip of paper.

The effect of limited resolving power
must be borne in mind in reading the
record made by a typical scan with the
telescope. The line drawn on the record-
er corresponds to a strip of sky more than
one degree wide, and it reflects only
roughly the variations in signal strength
that occur within a degree along its
length. Thus it does not show stars or
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RADIO TELESCOPE that helped to determine the structure of our
galaxy is located at Dwingeloo in the Netherlands. Its antenna and
the first stages of its radio receiver are mounted atop the mast that

revolves on a horizontal track, while the reflector tilts up and down.
The main part of the radio receiver is housed in the laboratory
built into the supporting framework of the reflector; the laboratory

juts from the face of the 82-foot reflector. The telescope framework building rotates slowly as the telescope reflector scans the heavens.
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nebulae as point sources. The strong ra-
dio source Cygnus A, for example, shows
up on a radio map as a blur with a diam-
eter of more than a degree; it has been
identified as a pair of colliding galaxies
with photographic dimensions smaller
than .01 degree. This should warn us
that the many other radio sources which
have an apparent diameter the same as
that of Cygnus A are also of much small-
er size. In order to smooth out errors
a map such as the one on the next two
pages is built up from hundreds of scans
—two for every one-third degree.

Radio maps made at different wave-

lengths differ significantly in what
they show. On both long- and short-wave
maps the Milky Way is the most striking
region. A long-wave map (at, say, three
meters and above) shows the Milky Way
as a broad band across the sky, brightest
in the region of Sagittarius. Bright radio
peaks, the so-called discrete sources,
cover the entire sky; so far some 2,000
of them have been located. While Cyg-
nus A has been identified as an extra-
galactic source, the two other strong
sources—the Crab Nebula and Cassi-
opeia A—have been identified as the
remnants of stars that exploded within
the galaxy. Are the other long-wave
sources also exploding stars or colliding
galaxies? No one seems to know. So far
only a few of them have been identified
with visible objects, although a consid-
erable amount of detailed work remains
to be done along this line.

On a short-wave map (25 centimeters
and below) the Milky Way appears as a
narrow ribbon, with the same ascendant
brightness toward Sagittarius, but fad-
ing almost to invisibility near Orion. The
discrete sources on this map are concen-
trated on and along the brightness ridge
of the Milky Way; most of them do not
coincide with the sources that appear on
the long-wave map.

It is clear, therefore, that a complete
radio atlas of the sky will require the
making of many maps at many wave-
lengths. Radio astronomers all over the
world are collaborating on a concerted
effort to this end. At long wavelengths
(3.5 to 15 meters) Australian observers
have obtained remarkable results; Brit-
ish groups are working at wavelengths
between 1 and 10 meters; an Ohio State
University team has published an excel-
lent 1.2-meter map [see “The Radio
Sky,” by John D. Kraus; ScienTiric
AMERICAN, July, 1956]. Our work at
Dwingeloo continues in the wavelengths
to which our instrument is adapted (21
to 75 centimeters), and the very short
wavelengths (10 centimeters and be-
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BLOCK DIAGRAM OF TELESCOPE shows how signal is picked up by the parabolic re-
flector and focused on the antenna. The signal is then amplified in a radio receiver and fed
to a recorder, where a pen traces fluctuations in signal strength on a moving strip of paper.
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TELESCOPE TRACINGS reflect variations in signal intensity along the telescope’s path
across the sky. This tracing is a cross section through the Milky Way; big hump is the nebula
Messier 8, a bright radio source. Numbered dashes show degrees of right ascension.
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RADIO MAP OF THE MILKY WAY was

low) have been pioneered by workers
at the Naval Research Laboratory in
Washington, D.C.

Why the difference between radio
maps of the sky? The answer is that ra-
dio signals that produce them are of
different kinds, arising from quite differ-
ent physical processes. The 21-centi-
meter radiation (more precisely 21.12
centimeters) of neutral hydrogen, for
example, is generated by the quantum
jump of the atom’s single electron from
one to the other of its two lowest-energy
orbits. Most of the radiation from the
Milky Way and from the discrete sources
arrives, however, on a wide range of
wavelengths. The typical short-wave
map, at say 22 centimeters, charts the
distribution of “thermal” radiation in the
sky: radiation that is strong and roughly
constant across the spectrum of short
wavelengths and less intense at long
wavelengths. The “nonthermal” radia-
tion that is plotted in a typical long-
wave map is bright at the long wave-
lengths and fades below the limits of
detection at shorter wavelengths. As the
term suggests, thermal radiation has its
origin in the familiar process of excita-
tion by heating. Stars, for example, may
heat surrounding clouds of hydrogen to
the temperature of ionization, separating
the atoms into their constituent protons
and electrons. These charged particles,
accelerated by temperatures as high as
10,000 degrees absolute (degrees centi-
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made by assembling a
series of telescope tracings such as the one shown on the chart at
the bottom of the preceding page. The contour lines on this map

40 30

grade above absolute zero), move freely
through the cloud. When an electron
and a proton approach each other at
high speed, they interact, causing each
other to move in hyperbolic orbits and
to lose energy [see top illustration on
page 51]. They give up this energy as
radiation, the wavelength depending
upon their velocities and the distance
at which they interact.

'I‘he origin of nonthermal radiation is
not so well established, though we
know that its intensity is too great to be
explained by thermal processes. At pres-
ent most of this radiation is attributed to
the so-called synchrotron mechanism. In
a synchrotron, electrons accelerated al-
most to the speed of light radiate on
these wave-lengths (and others) when
they are deflected into spiral paths
around the lines of force in the machine’s
strong magnetic field. We know that our
galaxy is permeated by magnetic fields,
with their lines of force parallel to the
galactic plane, and that the galaxy con-
tains an as yet unknown quantity of
ultrafast electrons. Presumably when the
path of an electron is bent by one of
these fields it, too, emits radiation.

Such theoretical understanding of the
origin of the radiation at various wave-
lengths helped us derive the structure of
the galaxy from radio maps. Another im-
portant set of clues is provided by
matching the radio maps with photo-
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represent lines of equal radio brightness; very strong radio sources
appear as a series of closely spaced concentric contours. The Milky
Way appears as a narrow band across the sky, dotted with bright

graphic plates from such sources as the
atlas compiled with the 48-inch Schmidt
telescope on Palomar Mountain. We find
that many of the radio sources at short
wavelengths coincide with photographic
images and, with almost equal signifi-
cance, that almost none of the longwave
sources do so. One whole set of coinci-
dences shows us that most of the discrete
sources in a short-wave map are emission
nebulae, that is, diffuse clouds of hydro-
gen that surround bright stars and are
highly excited by them. Both the light
and radio emissions of such nebulae are
given off by ionized hydrogen. The total
radiation that they emit depends upon
the size and the density of the gas clouds,
both of which we can determine by
radio-telescope measurements. Provided
we have an optical determination of the
distance, we can calculate the size of a
nebula from its apparent diameter on a
radio-telescope chart; and once its size is
known, we can determine its density. Of
course we can make the same estimates
using light-brightness measurements,
but they are more subject to error be-
cause the light from many nebulae is
obscured by gas and dust clouds in in-
tervening space.

Some emission nebulae are so com-
pletely hidden that only radio telescopes
can find them; the radio source near the
galactic longtitude of 358 degrees is a
good example. This source is definitely
a bright emission nebula, but no photo-
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radio peaks. Most of these peaks, such as Messier 8, are emission
nebulae: clouds of hot gas heated by stars embedded in them.
Intense source on the right side of the map is the galactic center;

graphic counterpart of it has been found.
We can thus assume that this nebula is
completely concealed by interstellar
clouds. But how can we be sure? Here
knowledge of thermal radiation supplies
the answer. Emission nebulae are ther-
mal emitters, which means that their
radiation is strong at short wavelengths.
Once we know the intensity of their radi-
ation at one wavelength, we know what
radiation to expect at other wavelengths.
Let us suppose, for example, that we
pick up a new source at long wave-
lengths. We then tune the telescope to a
wavelength in the short-wave end of the
spectrum. If the object is an emission
nebula, it will show up at this wave-
length. If it is a nonthermal emitter, such
as a cloudofions trapped in an interstellar
magnetic field, we will not pick up its
radiation, since the radiation from most
nonthermal emitters is too weak to de-
tect at short wavelengths except with the
help of the extremely sensitive receivers
now being developed.

By comparing radiation maps of the
galaxy made at the short wavelength of
22 centimeters with those made at long-
er wavelengths I have been able to esti-
mate the amount of ionized hydrogen in
the galaxy and plot its distribution. Since
ionized hydrogen emits only thermal
radiation, the first step was to subtract
the nonthermal background. The 3.5-
meter survey made by B. Y. Mills and
his associates in Australia provided a
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measurement of the nonthermal compo-
nent of the total brightness of the Milky
Way; it showed that almost half of the
radio background at 22 centimeters in
this region of the sky is nonthermal.
From the separation of the thermal and
nonthermal radiation it was possible to
estimate the variation in thermal inten-
sity along the ridge of the Milky Way
and to measure the width of the thermal
part of the ridge. The net result of this
study was a reliable plot of the distribu-
tion of ionized hydrogen in the galaxy,
most of it gathered into the numerous
emission nebulae, some bright enough
to be observed as discrete sources but
many more too faint to be resolved.

One fact emerged immediately. The
ionized gas, along with the neutral gas
and the stars, is concentrated in a very
thin disk, not more than 600 light-years
thick but over 60,000 light-years in
diameter. The total mass of this disk is
only a thousandth the total mass of the
stars, dust and gas in the galaxy. By
comparing radiation from ionized hydro-
gen at 22 centimeters to the 21-centi-
meter radiation from neutral hydrogen,
we found that only 5 per cent of the
hydrogen in the galaxy is ionized, a fig-
ure that agrees with earlier data gath-
ered with optical spectrographs.

\\ "lirs we swing a radio telescope to-

ward the center of the galaxy, we
are able to see some crucial features of
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the bright source at the left is Cygnus A. which lies far outside sur
galaxy. Many radio sources in the Cygnus region are hidden by
interstellar dust clouds which dim or completely cut off their light.

its structure hitherto entirely concealed
from observers. Between our sun and the
center of the galaxy the density of ion-
ized hydrogen slowly increases, reaching
a maximum at about 14,000 light-years
from the sun and 12,000 light-years from
the center. Here, apparently, a ring of
hot new stars ionizes the hydrogen
around it. Beyond this ring, toward the
center of the galaxy, the telescope shows
that the density of ionized hydrogen
drops off abruptly.

Well inside the ring of ionized hydro-
gen and new stars, at the very center of
the galaxy, radio telescopes detect a
hugely extended source of radiation, a
region of nonthermal emission about two
degrees wide in the plane of the galaxy
and one degree deep at right angles to
the plane. It encloses a few dense clouds
of ionized hydrogen, with diameters of
about .1 degree each. Here, apparently,
is the nucleus of our galaxy. Similar blobs
of light and radio brightness show up at
the centers of nearby galaxies. No one
can as yet explain the presence of thesc
clouds at the center nor describe the
mechanism by which they are ionized.
From the rotational motion of the gas
close to the center and from the intensity
of the nonthermal emission it may be de-
duced theoretically that the nucleus con-
tains stars and gas with a total mass
equal to five million solar masses within
a diameter of 100 to 200 light-years.

The Dwingeloo telescope tuned to 21
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ONE OF THE BRIGHTEST RADIO SOURCES in the sky is graph made with the 200-inch telescope on Palomar Mountain. Al-
Cygnus A, consisting of two colliding galaxies. Despite the intensity though Cygnus A is the strongest source in the 22-centimeter map
of their radio emission the galaxies are 270 million light-years away, on the preceding two pages, both Cassiopeia A (the remnants of an
and they appear only as two fuzzy spots in the middle of this photo- exploded star) and the sun are brighter at this radio wavelength.

ANOTHER BRIGHT SOURCE, the emission nebula Messier 8, pears in the radio map on the preceding two pages as a small peak
contains clouds of hot hydrogen that emit both radio waves and near a galactic longitude of 334 degrees; its radio signals pass un-
visible light. Some of the light is absorbed by the dark band of hampered through the dark clouds. Unlike the very distant source
interstellar clouds that seems to divide the nebula. Messier 8 ap- Cygnus A, the nebula Messier 8 lies within our own galaxy.
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centimeters has revealed that neutral
hydrogen surrounding the nucleus is
moving radially outward from the cen-
ter in the plane of the galactic disk at
velocities varying from 50 to 200 kilo-
meters per second. Apart from its radial
motion the gas apparently also takes part
in the general rotation of the galaxy un-
der the influence of the galactic gravita-
tional field. With the radial component
of its velocity braked to 50 kilometers
per second at about 10,000 light-years
from the center, the density of the gas
rises. It is just beyond this braking re-
gion, at 10,000 to 12,000 light-years
from the galactic center, that the neutral
hydrogen becomes ionized by the energy
of hot new stars. Evidently the stars con-
dense out of the gas; the higher density
of the gas and the 10 million years it
takes to flow through this zone provide
favorable conditions for the formation
of a large enough number of new stars to
account for the ionization. Further
study, with many more detailed observa-
tions, may lead to understanding of the
evolutionary process by which a galaxy
gives rise to new spiral arms.

We do not, however, know where the
neutral hydrogen that provides the sub-
stance of the new stars comes from. At
the rate at which the hydrogen is empty-
ing from the center of the galaxy, the
entire supply must be exhausted in 30
million years, a day or two in the six-
billion year history of the galaxy. Such
a rapid loss of hydrogen would mean
that the galaxy is exploding, a conclu-
sion most astronomers are unwilling to
accept.

It seems more likely that the supply
of hydrogen at the center is continually
replenished from some source outside.
Perhaps this source is the galactic halo,
a vast, thin sphere of ionized particles
surrounding the galaxy which may be
supplied in turn from hydrogen clouds
ejected out of the galactic plane as the
result of collisions or perhaps even from
intergalactic space. We know almost
nothing about the galactic halo, nor do
we know by what mechanism, if any,
its material is pulled unobserved into the
center of the galaxy, although it is likely
that magnetic forces would play some
part in such a mechanism.

Even with very much better equip-
ment it will be difficult to study the halo,
because its density is extremely low.
However, the telescopes and sensitive
receivers needed to measure the dis-
tribution of ionized hydrogen in the
galactic plane at wavelengths shorter
than 22 centimeters will soon be avail-
able at various radio observatories in
the U. S.

- RADIATION

ELECTRON

THERMAL RADIATION is produced when electrons and protons in ionized clouds of hy-
drogen pass each other at high velocities. The heavy proton is barely deflected from its path,
but the lighter electron completely changes direction, thereby losing some of its energy.
It gives up this energy by emitting light and radio waves. This radiation is called “thermal”
because the original energy of the electrons depends on the temperature of the gas.
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TWO MAIN CLASSES OF RADIO SOURCES, the thermal and the nonthermal emitters,
can be distinguished from each other because thermal sources are weak at long wavelengths,
but are strong and of approximately constant intensity at short wavelengths. Conversely,
nonthermal sources are strong at long wavelengths and steadily diminish in intensity toward
the short-wave end of the radio spectrum. The intensity of the sun is shown for comparison.
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INCUBATOR BIRDS

These extraordinary fowl hatch their eggs not by sitting on

them but by putting them 1n a hot place. Some species even

rake together dead leaves, the decay of which heats the eggs

\n the mainland of Australia and
O the islands to the north lives a
family of rather dull-looking black

or brown birds about the size of domes-
tic fowl. Called Megapodiidae, after
their big feet, they rarely fly, have rau-
cous calls and are seldom seen by man.
These birds are of interest because they
do not brood their eggs with the heat
of their bodies as other birds do but
hatch out their young in incubators. De-
pending upon their habitat, the various
megapode species have developed dif-
ferent ways of finding and generating
heat short of sitting on the eggs them-
selves. They bury their eggs in sun-
warmed sand, in volcanoes or in com-

by H. J. Frith

post heaps where fermentation supplies
the heat. One Australian species, the
mallee fowl, constructs huge mounds of
soil and vegetable matter, enlisting both
the heat of the sun and of fermentation,
and manages to keep the temperature
within a degree or so of 92 degrees
Fahrenheit throughout the incubation
period despite the vagaries of an often
hostile climate. The chicks never see
their parents. They hatch deep beneath
the soil, dig their way upward to the
surface and run away into the bush,
fully feathered and able to fend for
themselves from the start.

The first Europeans to hear of the in-
cubator birds were survivors of Magel-

lan’s ill-fated 1519-1522 expedition
around the world. One of them, Gemelli
Careri, described in his memoirs a bird
about the size of a small fowl that laid
eggs bigger than itself and buried them
in the ground to hatch from the heat of
the sun and sand. The people of Europe
at that time accepted mermaids and
devils as normal inhabitants of the earth,
but found the idea of birds building
their own incubators too fantastic to be-
lieve. Careri’s tale was rejected as just
another sailor’s yarn.

When early settlers in Australia dis-
covered large mounds in the inland
scrub, they marveled that aboriginal
mothers should build such big sand

MALE MALLEE FOWL WATCHES FEMALE as she prepares to
lay half-pound egg in hole he has dug in incubator mound. Egg will
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roll down to where female here has her head. Of this male the
author says: “His co-operation has immensely assisted our studies.”



castles to amuse their children. Later
settlers in the north of the continent
found really enormous mounds. They
deduced that these monuments were the
tombs of dead warriors. The natives,
however, denied building mounds for
either children or the dead. They stoutly
claimed the mounds were birds’ nests.
But who could believe such a fantastic
story from uncultured savages? The set-
tlers continued to doubt the bushmen
until 1840, when the pioneer naturalist
John Gilbert took the obvious step of
digging into the mounds. Sure enough,
he found birds’ eggs. The aborigines
chuckled.

When I first heard of these mound
builders, I wondered why other birds
had not adopted this habit. Why should
they not deposit their eggs in an incuba-
tor and lead a life of leisure instead of
exposing themselves to the cares and
dangers of the common method of in-
cubation? Now, after a decade of study-
ing the mallee fowl, I no longer wonder.
The construction and maintenance of
its incubator mound call for great skill
and stamina and ceaseless heavv work
for most of the year. Normal incubation
must be easier in every wav.

'Fhe megapodes that live on small is-
lands in Celebes and the Moluccas
have adopted somewhat less arduous
methods. There the climate is warm and
the temperature varies little during the
day or over the course of a year. The
shaded soil of the jungle, where these
birds live, remains somewhat too cool.
But the sand on the beaches becomes
uniformly warm to a relativelv great
depth. The birds simply go to an exposed
beach, dig a small pit deep enough to
find the right temperature, and lay their
eggs in it. In some places old lava-flows
across the beaches have weathered to
black sand. Here the birds unerringly
choose the black sand for egg pits; pre-
sumably the better heat-absorbing prop-
erties of black sand make it slightly
warmer. The jungle fowl, however, must
face one difficulty. The beach is often as
much as 20 miles away. Since thev lay
an egg every few days for several weeks,
returning to the forest in between, their
life during breeding season must be a
constant promenade. A few of the birds
do find warm spots in the forest soil at
the edges of warm springs, and lay their
eggs there.

The most widely distributed of all
megapodes is the jungle fowl Megapo-
dius. It is found from the Nicobars in the
west to Fiji in the east, and from the
Philippines to the central Australian
coast, living on small coral atolls, larger

DIGGING MALE MALLEE FOWL works at dawn in spring. He opens his egg-incubator

mound to let out heat of fermenting matter and keep the eggs at 92 degrees Fahrenheit.

IN MIDSUMMER the bird adds more soil to his already high mound to increase its insula-
tion from hot sun. Fermenting leaves under the buried eggs now give off much less heat.

BY AUTUMN the male must work at midday to scoop out the mound and allow the sun’s
heat to penetrate to the eggs. He rebuilds the mound with sand warmed by the noon sun.
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islands and on the continent itself. As
might be expected, it is the most adapt-
able of the megapodes and varies its in-
cubation method to suit each location.

On small islands this species lives in
the jungle near the beach and lays its
eggs in pits dug in the beach, side by
side with the turtles that heave them-
selves from the sea for the same purpose.
On islands where there is volcanic activ-
ity, Megapodius digs egg pits in places
where steam issues from the ground and,
on some islands, even in the volcanic ash
of active craters. On larger islands and in
Australia, the fowl lives in fairly dense
forests and jungles at long distances
from the exposed beaches and with no
volcanic heat at hand. Here Megapo-
dius adapts the heat of rotting vegetable
matter to do the work of incubation.

The hard-working birds build mounds
of soil and leaf material that may reach
50 feet in diameter and 15 to 20 feet in
height. In open scrub near the seashore,
where the sun shines brightly, they in-
corporate less organic material in their
incubators. Such mounds represent per-
haps no more than a first impr()vement
on the simple egg-pit, elevating the pits
for drainage and for safety from the tide.
In dense jungle, however, where little
sun reaches the ground, the mound will
be almost entirely vegetable, and much
heat is generated by fermentation. Be-
tween these two extremes are many
mounds of intermediate composition. 1
find it remarkable that a bird is able to
estimate the amount of organic matter
it must add to a heap of soil so that the
heat generated by fermentation is just
enough to bridge the gap between the
soil temperature and the temperature
necessary for incubation. It almost sug-
gests that these birds understand some
chemistry.

Another group of megapodes, the
brush turkeys, live in the dense, steamy
rain forests of Australia and New Guinea,
where the sun seldom penetrates. These
birds find no difficulty in generating heat
by fermentation, and depend on it en-
tirely. The brush turkeys’ mounds are
heaps of rotting leaves 12 to 15 feet in
diameter, scratched up from the forest
floor with practically no soil. The mound
is built in spring and, when it is wet with
the summer rains, ferments so vigor-
ously that, as we shall see, the birds
are obliged to take active steps to con-
tro] the heat.

’I‘he jungle fowl on their sunny

- beaches near the Equator, and the
brush turkeys with masses of organic
matter at hand, have no great difficulty
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finding sufficient heat for purposes of in-
cubation. With the mallee fowl it is quite
different.

This bird inhabits inland Australia,
a region of semideserts and arid scrub
with an annual rainfall of as little as
eight inches. The hard, dry leaves do
not rot where they fall. Instead, they are
eaten by termites or they wither and
blow away, and there is practically no
leaf litter on the ground. Even if leaves
are heaped up, they do not ferment but
remain dry and are eventually burned
by a brush fire or swept away by the
wind. Clearly a bird wanting to generate
heat by fermentation here has formida-
ble obstacles to overcome.

Nor is solar heat dependable in this
landscape. The air temperature ranges
from 112 degrees F. to as low as 17 de-
grees. The days are blazing hot and the
nights may be freezing cold. The tem-
perature of the soil near the surface
fluctuates madly, and the temperature
deeper in the soil is only 60 degrees.

The ingenious mallee fowl is equal to
the problem. It is the male bird that
takes charge, building the incubator
mound, tending it constantly and sel-
dom going more than 200 yards away.
He induces the leaf litter to ferment by
burying it in the ground during the win-
ter, when it is moist. The work begins
in May (the Australian “November”),
when he digs a hole 15 feet in diameter
and three to four feet deep. Through the
winter he rakes in the leaf litter from
30 to 40 yards around, piling it in the
hole. Then, in August, he covers the
heap with soil up to two feet thick. The
organic matter is usually moist from the
few winter showers and, sealed off from
the dry air and sun, soon begins to fer-
ment, raising the temperature in the
mound. If it has been a dry winter and
the leaves do not ferment, the birds
abandon the mound and do not breed in
that year.

The female is an egg-producing ma-
chine. She lays the first egg in mid-
September and the last egg in late Feb-
ruary or early March. She weighs only
3.5 pounds, but she justifies Careri’s
report of her by laying a half-pound
egg and valiantly laying one every four
to eight days for a total of as many as
35 in a season. Since an egg needs seven
weeks to hatch, many of the chicks have
already hatched and taken off long be-
fore the last eggs are laid—true assembly-
line production.

During the whole time that eggs are
in the mound the male carefully regu-
lates the temperature. Many birds aim
at exactly 92 degrees F., though others
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permit fluctuation between 90 and 95
degrees. When the last egg hatches, the
mound is dug out and prepared for a
new charge of organic matter.

'I‘() use natural heat and to regulate it

- so closely, the birds must have a
highly developed sense of temperature.
In 1952 I set out to learn how the mallee
fowl goes about it.

I found that the mound temperature
will rise to 115 degrees F. in the spring
if the male is kept away from it. The
heat then quickly leaves as the fermenta-
tion burns itself out. I built mounds with-
out organic matter and found that the
temperature rises very slowly when heat
comes only from the sun, and never
reaches 92 degrees. When the internal
temperature in a normal undisturbed
mound rises to 92 degrees, the male goes
to work and keeps it from going higher.
Later in the season he must reverse his
strategy and work to maintain the tem-
perature in the mound above the de-
clining temperature of the soil. He does
so by balancing the heat from his two
sources: fermentation and sun. The tem-
perature of the eggs seldom fluctuates
more than one degree during the whole
season.

The male actually varies his activity
from day to day according to the weath-
er, but in general he follows three suc-
cessive routines as conditions change
during the breeding season. In the spring
he must reduce the amount of fermenta-
tion heat reaching the eggs. He visits
the mound before dawn each day and
digs rapidly until he nears the egg
chamber. After allowing just enough
heat to escape he refills the hole with
cool sand.

Later in the summer the sun gets very
hot, and much heat moves by conduc-
tion from the surface of the mound to
the egg chamber. Some heat still moves

SEVEN MEGAPODE SPECIES are depicted
on the opposite page. They are: (1) Alec-
tura lathami of eastern Australia; (2)
Megapodius freycinet, spread throughout
the South Pacific area; (3) Aepypodius ar-
fakianus, which lives in New Guinea areas
above 3,000 feet; (4) Leipoa ocellata, the
mallee fowl of southern Australia; (5) Tal-
legallus jobiensis of New Guinea; (6) Euli-
poa wallacei of the Moluccas, and (7) Mega-
cephalon maleo of the Celebes Islands.
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up also from the organic matter, though
fermentation is slowing by this time.
The eggs thus tend to overheat, and
the bird must do something to reduce
the temperature. There is little he can
do to slow the fermentation rate, but
he does lower the rate of solar conduc-
tion. Daily he adds more soil to the
mound. As the mound grows higher and
higher, the eggs for a while are more
thoroughly insulated from the sun. After

a time, apparently, the bird can build
the mound no higher, and a wave of
heat begins to go down toward the eggs
again. Now the male bird visits the
mound each week or so in the early
morning, removes all the soil and scat-
ters it in the cool morning air. When
it is cool, he collects it and restores
it to the mound. This is strenuous work,
but effective in destroying the heat wave
in the incubator. The temperature in

the egg chamber remains steady at 92
degrees.

When autumn comes, the bird is faced
with the opposite problem: falling tem-
perature in the mound. The mound no
longer generates fermentation heat, and
the daily input of solar heat is declin-
ing. The bird now changes his activities
to meet the challenge. Whereas he had
scratched and scattered the sand to cool
it in the early morning, often before
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MEGAPODE HABITATS cover much of the South Pacific area,
as shown on this map. Megapodius freycinet, the most widespread

56

© 1959 SCIENTIFIC AMERICAN, INC

of all, varies its incubator-building habits with location. Leipoa
ocellata, the mallee fowl of southern Australia, is the hardest work-



dawn, he now comes to the mound each
day at about 10 a.m., when the sun is
shining on it. He digs almost all the soil
away and spreads it out so that the
mound resembles a large saucer, with
the eggs only a few inches below the
surface. This thin layer of soil, exposed
to the midday sun, absorbs some heat,
but not enough to maintain the tempera-
ture throughout the night. The saucer

must be refilled with heated sand.
180
= it |
R e — L
NORTHIPACIFIC :
OCEAN
', MARSHALL o
T . ISLANDS
+* GILBERT
: .ISLANDS “ 0
;‘:.'. |
10

EBRIDES
- 4
N i
EDONIA # ‘ ¢
: '
SOUT H| PACIFIC
OCEAN
R _ i — 30
= ' E
& :
- - j/ﬁ’; ! — 40
Y7 A
[/ A
y ,«; ZEAL! N;i
N |t|m :

ing, because it lives in arid country where it
is very difficult to get leaves to ferment.

Throughout the hottest part of the day
the bird scratches over the sand he has
removed from the mound, exposing all
of it to the sun. As each layer gets hot,
he returns it to the mound. He times the
work so that the incubator is restored
with layers of heated sand bv 4 p.m.,,
when the sun is getting low.

\ 7e thought it possible that all this

temperature-control work could be
merely part of a fixed behavior pattern
evolved by natural selection to suit the
seasons. But the birds, while changing
their work with the season, make day-
to-day adjustments. On an exceptional-
ly hot spring day they do not open a
mound; instead they pile more sand on
top, presumably to insulate the eggs
from the sun. Similarly, during a series
of dull days in autumn, the birds build
a mound up higher to conserve the in-
terior heat, rather than scooping it out
to spread the sand at midday. Our obser-
vations suggested that the birds know
what is happening inside the mound and
vary their activity deliberately. We de-
cided to see whether the birds could de-
tect unusual temperatures in the mound
and cope with them.

In one case we sabotaged an actively
fermenting mound by removing all the
organic material. The internal tempera-
ture quickly fell from 92 to 60 degrees.
‘The male bird had been visiting the
mound daily to release heat. On his next
visit he detected the fall in temperature.
Although it was October, he immediate-
Iy began his autumn type of digging
and opened the mound in the heat of
the day to warm it. He did this every
day, but the spring sun was not strong
enough. He only managed to get the
mound to 80 degrees by midsummer.
In December this male was slaving away
warming his mound, while all the others
were busy cooling theirs. Obviously he
was aware that something was afoot.

In another series of experiments we
installed heating elements in a mound
so that we could control its tempera-
ture. By switching the heat on or off
we were able to keep the male on the
jump, making him change from working
to warm the mound to striving to cool
it. He always detected our trickery and
was so efficient that our thermostats and
our 240-volt generator could barely cope
with his efforts. He almost won the strug-
gle to keep the eggs at 92 degrees.

We have no doubt that the broad
pattern of activity—the time of day a
bird comes to the mound, whether he
opens it on a given dav, and so on—is
determined by the weather. But our ob-
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servations and experiments show that
the work actually done on the mound in
the course of a particular day is de-
termined by its internal temperature.
This implies that the birds can actual-
ly measure temperature. How else could
they detect the variations we had caused
inside the mound with our heating ele-
ments?

When a bird is working, he frequent-
ly pauses and buries his bill in the
mound, withdrawing it filled with sand,
which then trickles out. The work that
follows is clearly influenced by the re-
sults of this probing. We have little
doubt that this is the temperature-
measuring action and that the bird’s
“thermometer” is inside the bill; it may
be either the tongue or soft palate.

The temperature-taking is particular-
ly significant during egg-laying. The
male mallee fowl opens the mound, a
job that takes an hour or more. The
female then comes out of the scrub and
probes the place in the egg chamber
that he has exposed. If she is not satis-
fied, she goes off and sits under a bush,
and the male must refill the hole and
dig another one. This may happen three
or four times before she is satisfied that
her egg will be placed in a suitably
warm spot.

The brush turkeys measure the tem-

perature in the same manner, but
their temperature-control work is neither
so prolonged nor so precise. The male
brush turkey is also in charge of the
mound, and he savagely drives off the
female except when she wishes to lay
eggs. After the mound is built, in August,
the male daily turns over the fermenting
material while clouds of steam rise from
it. He thus keeps it well aerated until
the first burst of fierce heat from the
rapid fermentation has passed. Then he
allows the female to lay, and for the
rest of the season watches over the
mound. When fermentation lags he
scratches small amounts of fresh ma-
terial onto the mound, and when it gets
too hot he digs out the center to cool it.

The jungle fowl’s task is even sim-
pler. Those that lay in warm sand
simply choose a spot with exactly the
right temperature. Those that build
fermentation mounds do not attempt to
control them, as the mallee fowl does,
apart from judging the initial composi-
tion. They do, however, select the spot
for the eggs. As the season advances
they scrape additional material onto the
mounds, starting new cycles of fermenta-
tion in successive layers. It seems prob-

able that for each egg the jungle fowl
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choose the layer that is in the appro-
priate state of fermentation. They probe
their mounds with their bills, just as
the other megapodes do, no doubt to
help decide where to place each egg.

All of this egg-laying, egg-burying,
mound-building and temperature-con-
trol work is directed, of course, to only
one end: the production of offspring. But
the birds’ preoccupation with eggs keeps
them so busy that they have no time
tor their chicks. As a result young mega-
podes are probably more precocious than
the nestlings of any other bird.

'l‘he mallee chick hatches three feet

beneath the soil; we have watched
them do so behind glass. The egg bursts
and the chick immediately begins his
struggle, moving slowly and spasmodi-
cally upward. The journey can take 15
to 20 hours. At last its head comes
through; it breathes fresh air and takes
stock of the situation. The outlook must
be grim. Alone and defenseless, the in-
fant is exposed to any predator that hap-
pens along; there is little food and no
water.

The chick at last works free of the
mound, tumbles down the side, and
struggles to the nearest bush for shelter.
Here it rests for a couple of hours and
then moves purposefully off into the
world. It is already able to run swiftly
and soon can fly up to a limb to roost
in safety. Throughout its early life it re-
mains solitary and flees from anything
that moves, including other mallee fowl.

The egg that yields a mallee fowl that
grows up in turn to tend its own mound
in the bush is one of a small minority.

The incubator system is not particularly
efficient, discounting the unremitting
toil it involves for the bird. Many eggs
fail to hatch because of mishaps to the
mound, the commonest one being thun-
derstorms that catch the mound open
and drench its interior. Foxes and other
predators dig out and eat large num-
bers of the oversized eggs. The chicks
that do hatch often suffocate before they
escape. All in all, the megapodes are no
more successful in breeding than other
ground-nesting birds.

How, then, did they come to possess
the mound-building habit? Some observ-
ers believe it is a survival from birds’
reptilian ancestors. As the prehistoric
reptiles began to develop wings and
feathers, so the story goes, one group
retained the habit of burying its eggs,
as do turtles, crocodiles and many rep-
tiles of today. Having watched the la-
bors of the male mallee fowl and the
less spectacular but equally precise work
of the brush turkeys, however, I refuse
to believe that it is a primitive char-
acteristic. Every observation suggests
that the incubation process is very high-
ly developed and specialized.

It is more likely that the ancestors of

the present-day megapodes were
ground-nesting birds that developed the
habit of covering their eggs with sand
or leaves when leaving the nest, as a
protection against predators. Several
present-day birds, in fact, do this. Nat-
ural selection favored these individuals,
perhaps because the covering tended to
prevent severe fluctuations in the egg
temperature and even, by accidental

fermentation, provided some extra heat.
The use of fermentation heat could have
increased as the birds extended their
range from the sunny beaches into the
dense, shady forests.

To explain the temperature-control
work of the mallee fowl we need only
consider Australia’s climatic history.
Originally the interior of the continent
was well watered and supported rain
forests. It is probable that the ancestors
of the mallee fowl ranged the forests
building large leafy mounds like those
of the present-day brush turkeys. In the
Pleistocene epoch an arid cycle began,
and deserts and scrub gradually replaced
the forests. The birds then adopted the
habit of covering the mound with sand
to conserve its moisture and absorb the
heat of the sun.

While the course of evolution that
selected the mound-building habit may
have helped the megapodes to survive,
it certainly did not give them an easy
way of life. It is strange to see a mallee
fowl panting heavily, out in a clearing
under the blazing desert sun, grimly
digging in a huge pile of sand. When
everything else in the bush is still and
resting, the mallee fowl works. One
early observer wrote: “Its actions are
suggestive of melancholy, for it has none
of the liveliness that characterizes al-
most all other birds, but stalks along
in a solemn manner as if the dreary
nature of its surroundings and its soli-
tary life weighed heavily on its spirits.”

Although I have a deep personal in-
terest in these birds, I must admit that
is a fair comment. They do seem to have
little to live for.

MALLEE FOWL MOUND cross section shows pit in

which bird places rotting organic matter, with egg
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chamber on it. Heaped over eggs and compost is
sandy soil. Lumps at side of pit are old soil from hole.



___Kodak reports on:

clear, competitive vision in the 2-8. region of the infrared ... an occasional dunk for the new oscillography
.. why it pays to be patient with the scientific mind ... what $34.30 will fetch the gas chromatographer

“Irtran”’ —ask for it by name

By dint of perseverance, knowledge, in-
spiration, judgment, experience, ambi-
tion, ingenuity, and the concentrated
power of many clear heads and skillful
hands, we have learned how to mold,
grind, and polish a certain substance
to make rugged, optically precise win-
dows and domes that transmit effi-
ciently the 2-8u region of the infrared.

Around this whole package of tech-
nology we put a convenient string and
tag it with a new trademark, “Irtran.”
Immediately—so robust is the Ameri-
can economy—we find ourselves in
competition with some excellent fel-
lows who also possess the above-
named qualities and who make a most
excellent infrared-transmitting optical
material—a gem, synthetic but true,
with a gem’s name. To spell that name
out would be as unmannerly as it is
unnecessary for those caught up with
infrared-actuated swords and plow-
shares.

Rather, we want such cognoscenti to
spell out Kodak Irtran Optics, Type
AB-1.

They cost a lot less than the gem
makers have a right to ask.

They see clearly through the 3-5.5u
windows of the atmosphere.

WAVELENGTH IN MICRONS

They stay clear to at least 800°C in-
stead of permitting Herr Kirchoft’s law
to blind them by their own emissivity.

They have a refractive index of only
1.301 at 6.7u, paying scant tribute to
M. Fresnel’s celebrated equation about
reflection losses.

They survive all the high tempera-
ture, thermal shock, weathering, hu-
midity, and abrasion that the current
tests for swords require.

Type AB-1 is only the beginning of
the Irtran business, we suspect. Quartz
was fine when lead sulfide was the
practical detector; PbS quits at 4u.
Now the longer wavelength sensitivity

of cooled lead selenide, lead telluride,
and indium antimonide has outrun
the transparency of good old quartz.
Soon the boys will be banging on the
8 to 13u window of the atmosphere.
For lenses with optical power they’ll
want infrared-transmitting material of
higher refractive index. Type AB-1 may
be only the beginning.

With what excitement the specifications
for us to quote on will be drawn up and shot

off to Eastman Kodak Company, Special
Products Division, Rochester 4, N. Y.!

To permanize the unusual

Three good instrument manufacturers
have been pushing for all they are
worth a type of oscillograph that puts
out a visible record instantly without
chemical processing. Maybe you have
one or a bank of them. They’re terrific.
They use Kodak Linagraph Direct
Print Paper.

Occasionally—maybe often—you get
a record that you wish had the long
life that chemical processing gives.
Now you can have your cake and eat it.

To offset such an old saw (an in-
felicitous one, moreover, to employ
in discussing a prepared powder which
so readily dissolves in a gallon of hot
water), we have gone to the trouble of
manufacturing a new word, ‘“Perma-
nize,” as in Kodak Linagraph Perma-
nizing Developer. Dunk as directed, fix,
wash, and dry. No darkroom needed.

If your usual source of Kodak Linagraph
Papers cannot supply it, drop a sharp note
of reproof to Eastman Kodak Company,

Photo Recording Methods Division, Roch-
ester 4, N. Y.

Color film, fast but good

Has anything big come out of the
Kodak Research Laboratories lately?
Sure—Kodak High Speed Ektachrome
Film,

now on sale at thousands of film count-
ers in 20-exposure 135 magazines,

an outcome worth all the soothing of
temperaments, all the technical con-
ferences, all the writing and reading
of reports,

a film with an Exposure Index of 160
in Daylight Type and 125 in the Type
B (for 3200°K),

admitting no impairment of definition
in return for speed,

asking little more light than fast black-
and-white film in return for full color,

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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in slides that look right even if the
photographer has not fussed much
about the frigidity of his film storage
cabinet or the color balance of his
illumination,

and awfully near right at twice the
official Exposure Index with three
minutes more in the first developer.
Your dealer can arrange to have this film
processed by Kodak or any other labora-
tory offering this service. You can also do
it yourself with the Kodak Ektachrome Pro-
cessing Kit, Process E-2, Improved Type.

Sorting out the vapors

Though these lines were written on a
chilly evening in April, they are very
likely being read when it’s too hot for
tedious ruminations on gas chromatog-
raphy. All we want to do is hop on the
bandwagon. Many a laboratory which
had no gas chromatograph in April
had one by July.

Should we be dismayed that 30¢-a-
quart motor oil on ground firebrick
can exhibit a differential in delay time
for the components of a vapor mix-
ture? That corn flakes or one of the
popular four-letter household deter-
gents can work? Can any serious gas
chromatographer, mindful of the need
for breadth of choice in stationary-
phase liquids to fit instantly the largest
variety of chromatographic occasions,
doubt the wisdom of at once ordering

929 Benzyl Ether

3035 2-(Benzyloxy)ethanol
4738 Bis(2-ethoxyethyl) Ether

P4739 Bis[2-(2-methoxyethoxy)-

ethyl] Ether

P6447 Di-n-decyl Phthalate
1968 N,N-Diethylformamide
5870 N,N-Dimethylformamide
2627 n-Propyl Sulfone
7311 Squalane
5404 Tetra-iso-butylene

P4770 Tri-iso-butylene

T4420 Tritolyl Phosphate L7

He can, but he shouldn’t. A purchase
order for $34.30 would fetch him the
whole group, including enough of even
the more expensive ones to treat a col-
umn of packing.

Have it made out to Distillation Products
Industries, Rochester 3, N. Y. (Division of
Eastman Kodak Company). Whoever wants
to fuss around looking up individual items
among more than 3700 Eastman Organic

Chemicals should write to the same address
for List No. 41.

Price is subject to
change without notice.

‘odak
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FOR SUPER-FINE
CUTTING OF

HARD, BRITTLE

MATERIALS...

the cfithhive
Industrial Airbrasive® Unit

We don’t recommend slicing up the family’s
fine Limoge China, but this does illustrate
the precisely controlled cutting action of the
S. S. White Airbrasive Unit. Note how clean
the edge is, and how the delicate ceramic
decoration is unharmed.

The secret of the Airbrasive is an accurate
stream of non-toxic abrasive, gas-propelled
through a small, easy-to-use nozzle. The result
is a completely cool and shockless cutting or
abrading of even the most fragile hard
materials.

Airbrasive has amazing flexibility of opera-
tion in the lab or on an automated production
line. Use the same tool to frost a large area
or to make a cut as fine as .008”!...printed
circuits...shaping and drilling of germanium
and other crystals...deburring fine needles...
cleaning off oxide coatings... wire-stripping
potentiometers...engraving glass, minerals,
ceramics. Jobs that were previously thought
impossible are now being done at less cost!

Send us samples and specs on your difficult
jobs and let us test them for you. For further
information write Dept. SA.

WRITE or CALL COLLECT

it

®

S. S. White Industrial Division
Dept. SA, 10 East 40th Street o
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West. Off.: 1839 West Pico Blvd., Los Angeles 6, Calif.
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Biggest Dish

radio telescope far larger than
A any now in existence is under

construction in the mountains of
West Virginia. Its saucer-shaped “dish”
reflector will be 600 feet in diameter:
roughly the size of Yankee Stadium in
New York. Its theoretical range of 38
billion light-years—19 times that of the
200-inch telescope on Palomar Moun-
tain—may exceed the size of the ob-
servable universe. The data it will pro-
vide on the distribution and velocities of
distant galaxies should answer some of
the most basic questions of cosmology,
concerning the size, age and history of
the universe.

The huge instrument, which is being
built by the Naval Research Laboratory,
was authorized in 1954 after five years
of preliminary studies. The project was
kept secret until recently because the
telescope will have military as well as
scientific applications. Work on its foun-
dations began early this year; the instru-
ment is expected to go into operation in
1962. It will be more than four times
the size of the National Science Founda-
tion radio telescope which is now under
construction only 30 miles away, and
more than twice as large as the 250-foot
Jodrell Bank telescope in England, at
present the world’s largest. The U.S.S.R.
is said to be planning a 350-foot tele-
scope.

The giant instrument may finally set-
tle the debate between proponents of the
“evolutionary” and “steady-state” uni-
verses. The evolutionary theory holds
that the universe originated in the ex-
plosion of a cloud of superdense matter
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some five billion years ago. On this as-
sumption, distant galaxies should be
more densely distributed than nearby
ones; because of the finite velocity of
light we see the distant galaxies at an
earlier phase of their expansion. Ac-
cording to the steady-state theory, the
distribution of galaxies should not
change with distance, despite the ex-
pansion of the universe, because new
galaxies are constantly being created.

The telescope may make possible an-
other test of the two theories by measur-
ing the velocities of distant galaxies.
Galaxies outside our own recede at a
velocity proportional to their distance.
The evolutionary theory implies that
very distant galaxies are moving even
more rapidly than their distance requires.
This effect is measurable, however, only
at the extreme range of the 200-inch
telescope. The new radio telescope will
carry observation beyond this range to
the distance at which galaxies may be
unobservable. Most astronomers believe
that galaxies at a distance of about 10
billion light-years are receding from
our own at the speed of light. To an ob-
server on earth, light (or radio waves)
from these galaxies would be undetect-
able because its energy would be zero.

The new instrument should also pro-
vide an independent test of the validity
of both theories. The evolutionary and
the steady-state cosmologies both postu-
late that the universe contains much
more matter than can be accounted for by
the observed concentration of galaxies.
The remaining matter presumably con-
sists of hydrogen in intergalactic space.
The new telescope, which is especially
sensitive to the radio emissions of
hydrogen, should establish whether the
density of the element in intergalactic
space reaches the postulated figure. If
it does not, both theories will require
fundamental revision.

The telescope will also be able to pick
up complex signals from rockets explor-
ing the solar system. Its designers esti-
mate that it will make possible television
reception from rockets near Saturn.

The design of the 600-foot reflector
poses some knotty engineering problems.
To ensure accurate reception the ele-
ments of the dish and the 100-foot an-
tenna at its center must maintain their
alignment within a fraction of an inch.
However, the dish will be subject to
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powerful distorting forces from wind
pressure and from the heat of the sun.
The design therefore embodies an intri-
cate series of servomotors that will
compensate for the distortions by shift-
ing sections of the reflector. The tele-
scope will be aimed automatically at any
point in the heavens by means of an
inertial guidance system resembling that
used in ballistic missiles.

The Test Conference

;&S it began the second year of talks on

+ X stopping nuclear tests, the Geneva
Conference had before it new technical
data on the sorest point under discus-
sion: the detection of underground ex-
plosions. The report of the U. S. Panel
on Seismic Improvement was transmit-
ted last month to the delegates of the
three participating nations: Great Brit-
ain, the U. S. and the U.S.S.R.

Appointed by President Eisenhower
and under the chairmanship of geo-
physicist Lloyd V. Berkner, the Panel
had addressed itself to three main prob-
lems: (1) whether presently available
techniques can increase the efficiency of
the 180-station detection network pro-
posed by a group of experts at Geneva
last summer; (2) whether research in
seismology could lead to further im-
provements; (3) whether it is possible
to muflle underground explosions, in-
creasing the difficulty of distinguishing
them from earthquakes.

In their original proposal the experts
at Geneva relied chiefly on “first mo-
tion” to separate explosions from earth-
quakes. The first deep traveling-wave
emitted by a quake is a compression in
some directions and a rarefaction in
others; an explosion produces compres-
sion in all directions. Thus if both
rarefactions and compressions were
picked up by a net of seismic stations,
the source could be identified as an
earthquake. The experts estimated that
there would be only 20 to 100 quakes per
year with an energy equivalent to that of
5,000 or more tons of TNT that could
not be positively identified. However,
according to U. S. authorities last fall’s
tests in Nevada indicated that these fig-
ures are far too low. The probable num-
ber was said to be several thousand.

The Panel’s report suggests two im-
provements on the original Geneva
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DATA SYSTEMS IN
UNDERWATER RESEARCH

Work is expanding at IBM on the design of new information-han-
dling techniques required to explore the depths of the ocean.
These investigations in oceanography are expected to have far-
reaching scientific and military implications. They will require
major contributions from many fields. Original and basic work will
be needed in acoustics, information theory, advanced network
theory, delay lines and cross-correlation techniques. Work will
include systems design, real-time data processing, analysis of
experimental equipment, and hybrid analog-digital techniques in
unique data processing configurations. All phases of these varied
projects will provide excellent career opportunities for qualified
engineers and scientists.

IBM is now interviewing personnel for the following specialties:

M.S. or Ph.D. in Physics or Engineering Science with strong math back-
ground. Navy experience in digital techniques for solution of real-time con-
trol problems is required. Must be capable of making mathematical analy-
ses of fire and navigational control systems plus math analyses of beam
formation, ray tracing and signal cross correlation.

M.S. or Ph.D. in Physics or E.E. Should have extensive experience in Navy
sonar systems analysis and design. Experience desired in signal data proc-
essing instrumentation, correlation analysis, propagation studies, beam
formation and signal analysis.

M.S. or Ph.D. in E.E. Navy experience in one or more of these specialties is
desired: sonar, fire control, ASW, navigational systems or in applying in-
formation theory concepts to signal processing. Experience desirable in
signal cross-correlation techniques, statistical data processing, sampled-
data control theory, analog-digital data processing techniques, signal prop-
agation and beam formation.

You will enjoy unusual professional freedom and the support of a
wealth of systems knowledge. Comprehensive education pro-
grams are available— plus the assistance of specialists of many
disciplines.

Working independently or with a small team, your individual con-
tributions are quickly recognized and rewarded. This is a unique
opportunity for a career with a company that has an outstanding
growth record.

Write, outlining your qualifications and experience, to:

Mr. R. L. Lang, Dept. g59H1
IBM Corporation
Owego, New York
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Eastman 910 Adhesive
solves another

production bottleneck

The L. G. Balfour Company, of Attle-
boro, Mass., manufactures trophies,
award placques and fraternal jewelry.

Methods of assembling a wide vari-
ety of materials quickly and simply are
of prime concern in the manufacture of
such products.

Balfour has found an answer in
quick-setting, high-strength Eastman
910 Adhesive.

With this new adhesive, Balfour ob-
tains virtually instantaneous bonds...
eliminates soldering on many items...
cuts up to 15 hours’ processing time to
speed delivery of rush orders.

As for strength, a medallion secured
to an onyx base with one drop of ad-
hesive could not be removed without
pulling away some of the onyx itself.

Eastman 910 Adhesive is making
possible faster, more economical as-
sembly-line operations and new design
approaches for many products. It is
ideal where extreme speed of setting is
important, or where design require-
ments involve joining small surfaces,
complex mechanical fasteners or heat-
sensitive elements.

Eastman 910 Adhesive is simple to
use. No mixing, heat or pressure is re-
quired. Upon spreading into a thin film
between two surfaces, setting begins
immediately. With most materials,
strong bonds are made in minutes.

What production or design problem
can this unique adhesive solve for you?

Bonds Almaost Instantly
... Without Heat,
Pressure or Catalyst

For a trial quantity (Y3-ounce) send five
dollars to Armstrong Cork Company, In-
dustrial Adhesives Division, 9108 Inland
Road, Lancaster, Pa., or to Eastman
Chemical Products, Inc., Chemicals Divi-
sion, Dept. S-8, Kingsport, Tenn.
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system. The first would increase the
number of seismometers at each station

i from 10 to 100; this would make it easier

to distinguish first motion from the back-
ground noise of random vibrations. The
second improvement would involve
using surface waves to help separate the
two types of events. The peak frequency
of horizontal surface-waves is said to be
twice as high for explosions as for earth-
quakes. With these changes, the report
estimates, the network of 180 stations
would have about the same capability
for earthquakes with an energy equiva-
lent of 10,000 tons and over as was
originally estimated for 5,000-ton events.
Furthermore, a supplementary system of
unmanned seismic stations spaced at in-
tervals of 100 miles in earthquake areas
would make it possible to identify 98 per
cent of earthquakes down to 1,000-ton
events.

Seismological research, the Panel be-
lieves, would turn up several ways to in-
crease efficiency of detection. In particu-
lar it mentions placing seismometers in
holes several thousand feet deep to re-
duce background noise. In addition,
computers might be helpful in recon-
structing original wave-forms out of the
disturbed patterns reaching distant
seismic stations. The Panel recommends
setting up a prototype detection-station
where existing techniques could be test-
ed and new ones tried out. Pointing out
that all underground explosions thus far
have been set off at one location, the
group called for tests at other sites, using
both ordinary and nuclear explosives.

According to the report, calculations
show that the energy sent out by previ-
ous explosions can be cut 10-fold or
more. Factors that influence the output
are the location of the explosion, the type
of rock in which it is set off and the de-
sign of the underground chamber. Fur-
ther tests are needed to determine how
effective the muffling can be.

Soviet delegates at Geneva continue
to insist on the original experts’ report
as the basis for an initial agreement.
They have steadily resisted any sugges-
tion for increasing the number of inspec-
tions that would be necessary to estab-
lish the source of unidentified events.

In the opinion of the Federation of
American Scientists, any agreement to
ban nuclear tests will become more dif-
ficult if present U. S. plans for sharing
nuclear weapons with NATO countries
go into effect. Knowledge of the con-
struction of nuclear devices will make
it easier for other countries to undertake
their own programs, the Federation says.
Furthermore, if their armed forces are
reorganized for nuclear warfare, these
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countries will have added incentive to
develop their own weapons.

Hot Planes

Jet aircraft flying through the lower

reaches of the stratosphere have been
picking up patches of radioactive dust
on oily parts of their surfaces. Some of
these “hot spots” have a radiation inten-
sity several hundred times that of the
normal background radiation of the
earth’s surface. However, they do not ap-
pear to endanger the health of crews or
passengers, according to the U. S. Pub-
lic Health Service.

The radioactive patches first showed
up a few years ago on military jets. Since
the beginning of commercial jet flights
last year, they have appeared on civilian
planes, though these appear to be some-
what less affected because they general-
ly fly at lower altitudes. Spectroscopic
analysis has confirmed that the dust
originated in nuclear explosions. Its main
constituent is strontium 90.

The radiation level of the patches
ranges as high as two milliroentgens per
hour, somewhat higher than that of the
average radium-painted wrist-watch dial
(background radiation in the U. S. aver-
ages around .01 milliroentgen). While
this level is well within the permissible
limits specified by the Atomic Energy
Commission, the swallowing or inhaling
of the dust by maintenance crewmen
might cause cumulative radiation poi-
soning. Several aircraft companies that
operate jets have therefore begun to de-
contaminate them after each flight as a
routine measure.

The Public Health Service is currently
investigating radiation levels in the in-
teriors of commercial jets. According to
airline officials, measurements thus far
have in no case exceeded normal back-
ground levels.

Radioiodine in the Thyroid

']‘he biological importance of local
concentrations of radioactive-fallout
isotopes in the body has again been
stressed in a recent study of iodine 131.
This radioactive isotope is a minor and
short-lived constituent of fallout. How-
ever, E. B. Lewis of the California In-
stitute of Technology points out that its
tendency to concentrate in the thyroid
gland may greatly aggravate its capacity
for biological damage. Most official esti-
mates of the effects of fallout have as-
sumed a uniform distribution of radio-
active substances in the body.

Writing in The Proceedings of the
National Academy of Sciences, Lewis
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PROGRESS REPORT

Microwave
wave=guide switches

In the state-of-the-art of wave-guide switches, TaApco Group micro-
wave engineers in 1955 pioneered the perfection of switches capable
of transferring from one band to another under full power, without
shutting down the transmitter by interlocks. This development
involved S and L band switches which operate over their respective
wave-guide frequency ranges with no tuning required. Power tests
have been conducted on these units, unpressurized, with the S band
switch transmitting and switching under 4.6 megawatts peak pulse
power and 4.6 kilowatts average power; and the L band switch trans-
mitting and switching under 9.8 megawatts peak pulse power and 9.8
kilowatts average power. Each of these tests was limited only by the
power source available, and not by the performance of the switch.

An extension of this switching principle has resulted in a unique
wave-guide-switch-and-power-divider unit which, in its present form,
is capable of switching full wave-guide power to either one of two
output wave-guide lines or of dividing the power equally between

these lines.

Other units can be built by the Tapco Group to give any selected
power split between the two output lines up to the crosstalk value of
the basic switch design. Additional possibilities would be a unit capa-
ble of several stepped values of division, or a unit driven at a con-
stant speed and programmed externally to desired power split values.

The first single-pole, two-throw wave-guide switch for double-
ridged wave-guide operating in the frequency band from 4750 to
10,500 mc/s was also developed by Tapco Group microwave engi-
neers. This unit could also handle the full wave-guide power with
insertion VSWR of less than 1.15/1 and crosstalk greater than 70 db.

A unique, single-pole, four-throw wave-guide switch recently
developed by the Tapco Group is probably the first high crosstalk
switch of this type available for microwave systems. It is designed
to carry full X-band peak and average powers over the entire wave-
guide frequency band of 8.2 to 12.4 kmc/s, with more than 90 db

crosstalk rejection and a VSWR of less than 1.06/1.

Other microwave components currently under development at
Tapco Group include microwave electronic counter-measure
antennas; power dividers; non-contacting L-band lobe switches for
long life, service-free IFF systems; and other transmission

line subsystems.

Further information on the capabilities and facilities of the Tarco
Group in the development and production of microwave systems

and components will gladly be sent you on request.

TAPCO GROUP

TRW Thompson Ramo Wooldridge Inc.

N Dept. SA-2859 e Cleveland 17, Ohio
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notes that iodine tends to concentrate in
cow’s milk, a major item in the diet of
infants and children. Most of the iodine
ingested into the human body is taken
up by the thyroid gland. A given amount
of radioiodine ingested appears to de-
liver considerably more radiation to in-
fant thyroids than to those of adults.

Last year a group of investigators
measured the iodine-131 content of milk
in five metropolitan milk sheds in the
U. S. Basing hLis study on these findings,
Lewis calculates that during the past
few years the thyroid glands of U. S. in-
fants and children have received an
average radiation dose from radioactive
iodine at least equal to that from natural
background radiation. A recent state-
ment by the Atomic Energy Commission
estimates that the lifetime dose of fall-
out radiation averaged over the entire
body will approximate a 20th of the
background radiation. Lewis also notes
that there is some evidence that the
thyroids of children are particularly sen-
sitive to the cancer-producing effects of
radiation.

The rapid breakdown of iodine 131
(its half-life is about eight days) makes
it a short-term rather than a long-term
danger. Thus Lewis indicates that in-
fants fed on evaporated milk, which is
consumed weeks or months after it
comes from the cow, received little or
no radioiodine. He also believes that the
radioiodine level, even in fresh milk, has
been insignificant since January because
of the cessation of bomb testing last No-
vember.

Live-Virus Polio Vaccine

x week-long conference at George-
+* town University in Washington,
sponsored by the Pan American and
World health organizations, heard last
month that live-virus polio vaccines have
been administered to five million per-
sons, young and old, in Asia, Europe,
Africa and the Americas. The vaccines
appeared to be safe, and were effective
in inducing polio-antibody formation in
80 to 95 per cent or better of the in-
dividuals to whom they were given.
Three different preparations were de-
scribed, all worked out by well-known
investigators of live-virus vaccines. One
was developed by Albert B. Sabin of the
University of Cincinnati; the second, by

. Hilary Koprowski of the Wistar Insti-

tute; the third and newest, by Herald R.
Cox of Lederle Laboratories.

All three vaccines employ attenuated
strains of virus obtained by many gen-
erations of serial passage through culture
media. Each can contain all three anti-



genic types of polio virus. In the case of
the Sabin and Koprowski preparations,
however, three vaccines—one for each
type—are often given separately, because
interstrain interference has been report-
ed in single doses. According to Cox, in-
terstrain interference has not occurred
with his vaccine, and it can be given in
a single, combined dose.

The largest trials have been carried
out in the U.S.S.R., and involved the
Sabin vaccine. A. A. Smorodintsev of
Leningrad said the Sabin preparation
had been given without “any trouble” to
1.8 million children in Latvia, Byelorus-
sia and Moldavia. M. P. Chumakov of
Moscow reported its use in 1.5 million
persons in other parts of the U.S.S.R.
“with very good results, indicating com-
plete safety, reactivity and high im-
munologic efficiency.” Smaller trials of
the Cox vaccine were reported from
Pearl River, N. Y., and from a married-
student community at the University of
Minnesota; of the Koprowski vaccine,
from the Belgian Congo.

The immediate attraction of live-virus
polio vaccines is low cost and ease of
administration. In contrast to Salk vac-
cine, a killed-virus preparation, live-
virus polio vaccines can be given by
mouth. Moreover, the required dose is
smaller, since virus multiplication takes
place in the patient and only part of the
virus material required to induce immu-
nity need be produced in a factory.
A. M. M. Payne of the World Health
Organization told the conference that
live-virus vaccines would permit polio
immunization in underdeveloped coun-
tries at a 10th of the cost of Salk vaccine.

One school of immunologists is also
convinced that even single doses of live
vaccines can induce stronger, longer-
lasting immunity to polio than the Salk
vaccine does. But immediately after the
conference Surgeon General Leroy E.
Burney indicated that the U. S. Public
Health Service would follow a policy of
caution on live-virus polio vaccines, par-
ticularly in view of the existence of the
Salk vaccine. Further tests would be re-
quired, he said, especially to make sure
that there is no danger of the attenuated
viruses reverting to virulent type, before
a live polio vaccine would be licensed.

Polio-Virus Architecture

rrhe poliomyelitis virus, a sphere three
millionths of a centimeter in diam-
eter, is one of the smallest of all viruses.
Its over-all dimensions were measured
directly only recently. Now British bio-
physicists have begun to discover the
detailed structure of the tiny particle.

IN LOOKING
-TWO WAYS AT ONCE

In looking. ..by radar. And in listening or communicating
... by microwave transmission.

Wave-guide switches developed by the Tapco Group’s
electronics researchers can shift from one receiver or trans-
mitter to another under full power...a very important point
when you’re trying to keep an eye on an “enemy,” or keep
in touch with a “friend,” or do both at the same time.

Many types of unique wave-guide switches and com-
ponents have been developed in the TaApco Group. And
are manufactured by TApco for most of the major suppliers
of aircraft, missile, and communications systems.

If you want to know more about the capabilities and
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J. T. Finch and A. Klug of the Univer-
sity of London study the crystals of polio
virus by means of X-rays. In the pattern
of diffracted rays they can discern not
only the cubic stacking of virus particles
in the crystal, but also something of the
make-up of the individual spheres. Like
all viruses, the polio agent consists of
nucleic acid enclosed in a protein coat.
It is the coat whose structure determines
the X-ray pattern. Finch and Klug, re-
porting their findings in Nature, have
deduced that the coat is made up of ex-
actly 60 small protein molecules, iden-
tical (or nearly so) and about six 10-mil-
lionths of a centimeter across, packed to-
gether to form a spherical shell around
the nucleic-acid core.

Earlier studies of two small plant-
viruses showed that they too contain 60
protein molecules arranged in the same
fashion. According to the London crys-
tallographers the requirements of spatial
symmetry may force this structure on all
small spherical viruses.

Toward the Mohole

f funds become available in time, a first
attempt to drill a hole in the deep-
ocean floor will be made this fall as a
preliminary to the Mohole, the miles-
deep shaft U. S. geophysicists hope to
bore through the earth’s crust to the un-
derlying mantle [see “The Mohole,” by
Willard Bascom; SCIENTIFIC AMERICAN,
April]. The effort is to be made with
Cuss I, the experimental barge of the
Continental-Union-Shell-Superior  off-
shore drilling group, and will be at-
tempted in 3,000 feet of water in the
channel between Catalina Island and the
mainland of southern California. If the
drilling is successful, Cuss I will move to
the other side of Catalina Island and try
another shaft in 6,000 feet of water. If
this is accomplished, the barge will then
go to Guadalupe Island, 200 miles south
of San Diego, for an attempt to sink a
1,000-foot hole in sediments below
12,000 feet of water. The target date for
completion of all three test holes is July
1, 1960.

Plans for the test holes were included
in an outline of the Mohole project pre-
pared by Gordon Lill, chairman, and
Willard Bascom, technical director, of
the National Academy of Sciences’
AMSOC-Mohole Committee. The out-
line was presented late in June to the
oceanography subcommittee of the
House Committee on Merchant Marine
and Fisheries.

The Mohole project, the Lill-Bascom
statement estimated, will cost a total of
$15 million: $3 million for the test holes;
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$9.5 million for design and construction
of the special floating rig that will be re-
quired for the Mohole, and for the drill-
ing of the Mohole itself; and $2.5 mil-
lion for data evaluation. Meanwhile the
National Academy has authorized the
AMSOC-Mohole Committee to accept
from the government or other sources
up to $2.5 million for work on the un-
precedented drilling project.

A detailed survey of one of the areas
under consideration as a possible drill-
ing site—the Outer Ridge area of the
Atlantic 150 miles north of Puerto Rico—
was completed in mid-June by a four-
ship flotilla headed by the Columbia
University research vessel Vema. At the
end of June three Scripps Oceano-
graphic Institution vessels left San Diego
to survey a possible Pacific drilling site to
the east of Guadalupe.

Whatever the outcome of the Mohole
project, the Outer Ridge region of the
Atlantic is now the world’s best explored
oceanic area. During 18 days of day-
and-night seismic shooting, the four
ships in the Outer Ridge survey fired a
record $100,000 worth of explosives to
obtain three 250-mile-long north-south
profiles of the ocean bottom, and many
shorter east-west profiles. Numerous bot-
tom cores were also taken, and magnetic,
bottom-depth, bottom-temperature and.
other studies were carried out.

The object of the drilling-site surveys
is not only to choose a place where the
earth’s crust is thin and drilling condi-
tions generally favorable, but also to
pick a typical geological area for the first
hole to the mantle. A final decision on
the actual Mohole site will be made early
in 1960, after a study of the data from
the Outer Ridge and Pacific surveys.

Aid for Oceanography

S. oceanographers have long had to
carry out the often arduous tasks of
sea research on ships that are generally
small, frequently old and ill adapted te
oceanographic work, and almost always
miserably uncomfortable. A new deal for
oceanographers should commence late
in the summer of 1960, when the first of
a fleet of 18 Navy-built research vessels
is ready for sea.

The ships are to be constructed under
TENOG, a 10-year program for the sup-
port of oceanography drawn up by the
Office of Naval Research. Along with op-
erating funds, the ships will be furnished
to the dozen U. S. institutions engaged
in deep-sea research. Additional grants
are also to be made under TENOC to
double, over the 10-year period, over-all
U. S. oceanographic research facilities.

.
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The adage ‘“‘practice makes perfect” keynotes today’s concept of missile
warfare. Against supersonic targets, there isn’t time for “‘the second barrel”’,
Therefore, extensive operational testing of air defence systems ... and
training programs for personnel who operate them . . . must be conducted
to assure national preparedness.

To accomplish this requirement at minimum cost, Aeronca has developed
two expendable, lightweight, high-performance target systems under the
Design-Tool-Produce envelope concept. These proprietary missile programs,
the P-106 and P-107, are designed for supersonic performance and accurate
scoring at all required altitudes, speeds and ranges. And their production
cost Is projected to be substantially less than any current
target missile system!
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= launched to high altitudes, this target utilizes a radar reflective parachute
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duction capabilities, Aeronca can produce
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or subcontractor levels.

RO NCA manufacturing corporation

1722 GERMANTOWN ROAD e MIDDLETOWN, OHIO

P-106
GROUND LAUNCHED

Operational expansion has created openings for additional senior engineers. Write to W. W. Gordinier, Personnel Manager.

© 1959 SCIENTIFIC AMERICAN, INC



Assoctate M embersbz’p

in the

AMERICAN MUSEUM OF NATURAL HISTORY

Membership in the AMERICAN MUSEUM—a national asset in which every
American can take pride—brings you and your family the cultural and educa-
tional benefits of a world-famous center of learning devoted to man’s better
appreciation of the world in which he lives.

Your Membership brings the Museum to you, wherever you are, and in-
cludes among other privileges a subscription to Natural History, the Mu-
seum’s colorful magazine of wonders in science, exploration and nature. Your
Membership also helps advance the Museum’s continuing program of scien-
tific research, world-wide expeditions, publications, conservation education,
Museum-school programs and other activities.

Associate Membership dues are only $5 annually. If you and your family
would enjoy participation in this distinguished program, you are invited to
write today to Dr. William A. Burns, Membership Secretary.

THE AMERICAN MUSEUM OF NATURAL HISTORY
Central Park West at 79th Street, New York 24, N. Y.

Alexander M. White, PRESIDENT Albert E. Parr, DIRECTOR

VU-GRAPH

Overhead Projector

made transparencies, slides, charts, models,

make your ideas

immediately

In a research meeting, a business conference,
in any group discussion, be sure to get your
point across--fast. The VU-GRAPH enables you
to show the facts clearly on a screen, in a fully
lighted room. You FACE your audience as you

when

do you

make
your next
report ?

and facts
understood

with a new

AMERICA'S

make your presentation! VU-GRAPH projects easily \_{.'.E il i‘ l E 7 . 2

stencils, even your own writing—AS YOU WRITE!

Ask for the

ree brochure: “Get your Point

Across — Fast!” -

CHARLES ﬁ&d&@&ccmpmw

68

EAST ORANGE., NEW JERSEY
FREEPORT, ILL.

PORTABLE LIGHTS

BURGESS BATTERY COMPANY

NIAGARA FALLS, CANADA

© 1959 SCIENTIFIC AMERICAN, INC

Construction of the first of the new
research vessels is called for in the Navy
building program for the fiscal year
1960. It will be 204 feet long and dis-
place about 1,500 tons, a size considered
by most oceanographers as a satisfactory
compromise between the need for op-
erating economy and for a vessel with
adequate laboratory space and capable
of carrying heavy gear.

The most welcome improvement over
existing research vessels, ONR officials
said, will be in the living quarters for the
scientific party. Special features will in-
clude a cruising range of 14,000 miles
and a gas turbine in a vibration-proof
mounting at the top of the funnel to sup-
ply power during “silent ship” (when
engines and other noise-making equip-
ment must be turned off to prevent inter-
ference with listening hydrophones).
The ship, which will cost $4 million, will
be delivered to the institution—not yet
chosen—that is to operate it, complete
with all standard gear, including a heavy
winch for an ocean-bottom corer. Scien-
tific equipment will be installed by the
operating institution.

Designs of the remaining 17 vessels
are not yet fixed, but the majority are
expected to be comparable in size to the
first. All of the vessels are to be com-
pleted by 1965.

Caged Radiokrypton

Some of the dangers inherent in the
industrial use of radioactive isotopes
may be sharply reduced by a new meth-
od of utilizing krypton 85, a radioactive
isotope produced by the fission of urani-
um in nuclear reactors. D. J. Chleck and
C. A. Ziegler of Tracerlab, Inc., have
evolved a technique for trapping kryp-
ton atoms in the crystal lattice of the
coal-tar derivative hydroquinone, much
as other atoms can be trapped in zeolite
“molecular sieves” [see “Molecular
Sieves,” by D. W. Breck and J. V. Smith;
SCIENTIFIC AMERICAN, January].
Krypton 85 is an ideal source of ioniz-
ing radiation for many industrial pur-
poses. Its relatively “soft” beta rays
minimize the need for shielding, and
because krypton is chemically inert it
cannot enter into the metabolic processes
of the human body. Heretofore, how-
ever, the usefulness of the isotope has
been limited by the fact that krypton
is a gas at ordinary temperatures. In
order to use krypton 85 as a reasonably
compact source of beta rays, the gas
must be compressed in thick-walled con-
tainers that absorb much of its radiation.
What Chleck and Ziegler have done
is to make a krypton-hydro-quinone
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“clathrate” (from the Greek word
meaning “lattice”) by heating the two
substances together in a pressure bomb
and cooling them slowly. The resulting
crystals form a stable and almost leak-
proof container for the krypton trapped
within them. They produce radiation
more than 25 times as intense as that
from an equal volume of krypton gas at
atmospheric pressure.

Chleck and Ziegler suggest that their
radioactive clathrates will lend them-
selves well to measuring the thickness of
light materials such as paper. For gaug-
ing heavier materials requiring more
penetrating radiation, they suggest mix-
ing the crystals with substances that
emit X-rays when irradiated by krypton
85. The crystals can also serve to detect
the presence of minute amounts of cer-
tain substances. If these substances dis-
solve or oxidize the clathrate, they will
release krypton; the radiation of the re-
leased gas provides a sensitive measure
of the contaminating substance. An ex-
perimental air-pollution monitor based
on this principle can detect concentra-
tions of sulfur dioxide or ozone as low as
a few parts per billion.

A Jug of Wine
A tide of fermented grape juice may
have helped carry Bronze Age civi-
lization from the Near East and the
Aegean to southern Europe and thence
northward. So suggests the British ar-
chaeologist Stuart Piggott in the journal
Antiquity. Among the artifacts that typi-
fy the period are beaten-bronze vessels—
bowls, buckets, cups, dippers and strain-
ers—which were almost certainly de-
signed for holding, serving and drinking
wine. (The strainers in particular are a
tip-off, Piggott says; the ancients’ habit
of adulterating wine with sea water, salt,
pitch, pounded marble or potter’s earth
made for a sludgy potion.) The contain-
ers were manufactured in the grape-
growing areas of Europe from about
1200 B. C. They are found over much of
the rest of the continent as far north as
Scandinavia. Apparently wine mer-
chants, who presumably carried them
north, are partly responsible for the
spread of Bronze Age technology. “It is
tempting to think,” observes Piggott,
“that the new bronze vessels manu-
factured and traded in continental
Europe from the 12th century B.C. may
not only have had a technical link
with the Aegean or Levantine world
in their mode of manufacture, but
have owed their popularity, at least in
part, to the civilizing qualities of their
content.”



.WRITE AVCO TODAY.

Avco and a Modern Minuteman—Recent work at Avco led to a solution of the missile reentry prob-

lem, and to production of the nose cone for the Air Force Titan ICBM. Now the Air Force announces
a development program for Minuteman, a solid fuel missile that will be capable of instantaneous firing with no

preparatory fueling delays. Its nose cone, too, will come from Avco’s Research and Advanced Development

UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS..

and Lycoming Divisions . . .implementing this modern Minuteman’s vigilant defense of our shores.
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. General Electric moves to
I’ provide a more effective

DEFENSE

Top systems management, technical talent are concen-
trated in Defense Systems Department with a charter

geared to modern defense needs for:

® Systems-oriented management
e Pinpointed authority, responsibility

e Full back-up resources



RICHARD L. SHETLER

General Manager
Defense Systems Department

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

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

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

UNIQUE SYSTEMS ORGANIZATION

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

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

e Systems-oriented program management

e Competent systems engineering

e Continuous program evaluation

e Efficient specification and procurement

These specific capabilities permit the Depart-

KARSH, OTTAWA

SYSTEMS CAPABILITY

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

AUTHORITY, ACCOUNTABILITY

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

OUTSTANDING COMPETITIVE ADVANTAGES

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

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

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

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

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

Progress ls Ovr Most Important Prodvct

GENERAL @3 ELECTRIC
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jetty. Variations in the way the

waves break are caused by contours of the shore and the bottom.

as they pass the end of the lower
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OCEAN WAVES

Men have always been fascinated, and sometimes awed, by the rhythmic

motions of the sea’s surface. A century of observation and experiment

has revealed much about how these waves are generated and propagated

an is by nature a wave-watcher.
\/ I On a ship he finds himself star-
ing vacantly at the constant
swell that flexes its muscles just under
the sea’s surface; on an island he will
spend hours leaning against a palm tree
absently watching the rhythmic breakers
on the beach. He would like to learn the
ways of the waves merely by watching
them, but he cannot, because they set
him dreaming. Try to count a hundred
waves sometime and see.

Waves are not always so hypnotic.
Sometimes they fill us with terror, for
they can be among the most destructive
forces in nature, rising up and over-
whelming a ship at sea or destroying a
town on the shore. Usually we think of
waves as being caused by the wind, be-
cause these waves are by far the most
common. But the most destructive waves
are generated by earthquakes and under-
sea landslides. Other ocean waves, such
as those caused by the gravitational at-
traction of the sun and the moon and by
changes in barometric pressure, are
much more subtle, often being imper-
ceptible to the eye. Even such passive
elements as the contour of the sea bot-
tom, the slope of the beach and the curve
of the shoreline play their parts in wave
action. A wave becomes a breaker, for
example, because as it advances into in-
creasingly shallow water it rises higher
and higher until the wave front grows
too steep and topples forward into foam
and turbulence. Although the causes of
this beautiful spectacle are fairly well
understood, we cannot say the same of
many otheraspects of wave activity. The
questions asked by the wave-watcher are
nonetheless being answered by intensive
studies of the sea and by the examination
of waves in large experimental tanks.
The new knowledge has made it possible
to measure the power and to forecast the

by Willard Bascom

actions of waves for the welfare of those
who live and work on the sea and along
its shores.

Toss a pebble into a pond and watch
the even train of waves go out. Waves
at sea do not look at all like this. They
are confused and irregular, with rough
diamond-shaped hillocks and crooked
valleys. They are so hopelessly complex
that 2,000 years of observation by sea-
farers produced no explanation beyond
the obvious one that waves are somehow
raised by the wind. The description of
the sea surface remained in the province
of the poet who found it “troubled, un-
settled, restless. Purring with ripples un-
der the caress of a breeze, flying into
scattered billows before the torment of
a storm and flung as raging surf against
the land; heaving with tides breathed by
a sleeping giant.”

The motions of the oceans were too
complex for intuitive understanding. The
components had to be sorted out and
dealt with one at a time. So the first the-
oreticians cautiously permitted a perfect
train of waves, each exactly alike, to
travel endlessly across an infinite ocean.
This was an abstraction, but it could at
least be dealt with mathematically.

Early observers noticed that passing
waves move floating objects back and
forth and up and down, but do not trans-
port them horizontally for any great dis-
tance. From the motion of seaweeds the
motion of the water particles could be
deduced. But it was not until 1802 that
Franz Gerstner of Germany constructed
the first wave theory. He showed that
water particles in a wave move in circu-
lar orbits. That is, water at the crest
moves horizontally in the direction the
wave is going, while in the trough it
moves in the opposite direction. Thus
each water particle at the surface traces
a circular orbit, the diameter of which is
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equal to the height of the wave [see illus-
tration on next pagel]. As each wave
passes, the water returns almost to its
original position. Gerstner observed that
the surface trace of a wave is approxi-
mately a trochoid: the curve described
by a point on a circle as it rolls along the
underside of a line. His work was ampli-
fied by Sir George Airy later in the 19th
century, by Horace Lamb of England in
the present century, and by others.

The first wave experimentalists were
Ernst and Wilhelm Weber of Germany,
who in 1825 published a book on studies
employing a wave tank they had in-
vented. Their tank was five feet long, a
foot deep and an inch wide, and it had
glass sides. To make waves in the tank
they sucked up some of the fluid through
a tube at one end of it and allowed the
fluid to drop back. Since the Weber
brothers experimented not only with wa-
ter and mercury but also with brandy,
their persistence in the face of tempta-
tion has been an inspiration to all subse-
quent investigators. They discovered
that waves are reflected without loss of
energy, and they determined the shape
of the wave surface by quickly plunging
in and withdrawing a chalk-dusted slate.
By watching particles suspended in the
water they confirmed the theory that wa-
ter particles move in a circular orbit, the
size of which diminishes with depth. At
the bottom, they observed, these orbits
tend to be flattened.

As increasingly bolder workers con-
tributed ideas in the 20th century, many
of the complexities of natural waves
found their way into equations. How-
ever, these gave only a crude, empirical
answer to the question of how wind en-
ergy is transferred to waves. The neces-
sity for the prediction of waves and surf
for amphibious operations in World War
II attracted the attention of Harald U.
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Sverdrup and Walter Munk of the
Scripps Institution of Oceanography. As
a result of their wartime studies of the
interaction of winds and waves they
were the first investigators to give a rea-
sonably complete quantitative descrip-
tion of how wind gets energy into the
waves. With this description wave stud-
ies seemed to come of age, and anew era
of research was launched.

Let us follow waves as they are gen-
erated at sea by the wind, travel for per-
haps thousands of miles across the ocean
and finally break against the shore. The
effectiveness of the wind in making
waves is due to three factors: its average
velocity, the length of time it blows and
the extent of the open water across which
it blows (called the fetch).

Waves and the Wind

Waves start up when the frictional
drag of a breeze on a calm sea creates
ripples. As the wind continues to blow,
the steep side of each ripple presents a
surface against which the moving air can
press directly. Because winds are by na-
ture turbulent and gusty, wavelets of all
sizes are at first created. The small, steep
ones break, forming whitecaps, releasing
some of their energy in turbulence and
possibly contributing part of it to larger

waves that overtake them. Thus as ener-
gy is added by the wind the smaller
waves continually give way to larger
ones which can store the energy better.
But more small waves are continually
formed, and in the zone where the wind
moves faster than the waves there is a
wide spectrum of wavelengths. This is
the generating area, and in a large storm
it may cover thousands of square miles.
If storm winds apply more force than a
wave can accept, the crest is merely
steepened and blown off, forming a
breaking wave at sea. This happens
when the wave crest becomes a wedge
of less than 120 degrees and the height
of the wave is about a seventh of its
length. Thus a long wave can accept
more energy from the wind and rise
much higher than a short wave passing
under the same wind. When the wind
produces waves of many lengths, the
shortest ones reach maximum height
quickly and then are destroyed, while
the longer ones continue to grow.

A simple, regular wave-train can be
described by its period (the time it takes
two successive crests to pass a point), by
its wavelength (the distance between
crests) and by its height (the vertical
distance between a trough and a suc-
ceeding crest). Usually, however, there
are several trains of waves with different

WAVELENGTH

wavelengths and directions present at
the same time, and their intersection
creates a random or a short-crested dia-
mond pattern. Under these conditions no
meaningful dimensions can be assigned
to wave period and length. Height, how-
ever, is important, at least to ships; sev-
eral crests may coincide and add their
heights to produce a very large wave.
Fortunately crests are much more likely
to coincide with troughs and be canceled
out. There is no reason to believe that
the seventh wave, or some other arbitrar-
ily numbered wave, will be higher than
the rest; that is a myth of the sea.

Since waves in a sea are so infinitely
variable, statistical methods must be em-
ployed to analyze and describe them. A
simple way to describe height, for exam-
ple, is to speak of significant height—the
average height of the highest third of
the waves. Another method, devised in
1952 by Willard J. Pierson, Jr., of New
York University, employs equations like
those that describe random noise in infor-
mation theory to predict the behavior of
ocean waves. Pierson superposes the
regular wave-trains of classical theory in
such a way as to obtain a mathematically
irregular pattern. The result is most con-
veniently described in terms of energy
spectra. This scheme assigns a value for
the square of the wave height to each

CROSS SECTION OF OCEAN WAVE traveling from left to right
shows wavelength as distance between successive crests. The time
it takes two crests to pass a point is the wave period. Circles are
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orbits of water particles in the wave. At the surface their diam-
eter equals the wave height. At a depth of half the wavelength
(left), orbital diameter is only 4 per cent of that at surface.



frequency and direction. Then, by de-
termining the portion of the spectrum in
which most of the energy is concen-
trated, the average periods and lengths
can be obtained for use in wave fore-
casting.

Over a long fetch, and under a strong,
steady wind, the longer waves pre-
dominate. It is in such areas of sea that
the largest wind waves have been re-
corded. The height of the waves in a
train does not, however, bear any simple
relationship to their other two dimen-
sions: the period and the wavelength.
The mariner’s rule of thumb relates wave
height to wind velocity and says that the
height ordinarily will not be greater than
half the wind speed. This means that an
80-mile-per-hour hurricane would pro-
duce waves about 40 feet high.

The question of just how large indi-
vidual waves at sea can actually be is
still unsettled, because observations are
difficult to make and substantiate from
shipboard in the midst of a violent
storm. Vaughan Cornish of England
spent half a century collecting data on
waves, and concluded that storm waves
over 435 feet high are rather common.
Much higher waves have been fairly
well authenticated on at least two oc-
casions.

In October, 1921, Captain Wilson of

the 12,000-ton S.S. Ascanius reported an
extended storm in which the recording
barometer went off the low end of the
scale. When the ship was in a trough on
an even keel, his observation post on the
ship was 60 feet above the water level,
and he was certain that some of the
waves that obscured the horizon were at
least 10 feet higher than he was, ac-
counting for a total height of 70 feet or
more. Commodore Hayes of the S.S. Ma-
jestic reported in February, 1923, that
his ship had experienced winds of hurri-
cane force and waves of 80 feet in
height. Cornish examined the ship, close-
ly interrogated the officers and concluded
that waves 60 to 90 feet high, with an
average height of 75 feet, had indeed
been witnessed.

A wave reported by Lieutenant Com-
mander R. P. Whitemarsh in the Pro-
ceedings of the U. S. Naval Institute tops
all others. On February 7, 1933, the
U.S.S. Ramapo, a Navy tanker 478 feet
long, was en route from Manila to San
Diego when it encountered “a disturb-
ance that was not localized like a
typhoon . . . but permitted an unob-
structed fetch of thousands of miles.”
The barometer fell to 29.29 inches and
the wind gradually rose from 30 to 60
knots over several days. “We were run-
ning directly downwind and with the
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sea. It would have been disastrous to
have steamed on any other course.”
From among a number of separately de-
termined observations, that of the watch
officer on the bridge was selected as the
most accurate. He declared that he “saw
seas astern at a level above the main-
mast crow’s-nest and at the moment of
observation the horizon was hidden from
view by the waves approaching the
stern.” On working out the geometry of
the situation from the ship’s plan, White-
marsh found that this wave must have
been at least 112 feet high [see illustra-
tion at the bottom of the next two pages].
The period of these waves was clocked
at 14.8 seconds and their velocity at 55
knots.

As waves move out from under the
winds that raise them, their character
changes. The crests become lower and
more rounded, the form more symmetri-
cal, and they move in trains of similar
period and height. They are now called
swell, or sometimes ground swell, and in
this form they can travel for thousands
of miles to distant shores. Happily for
mathematicians, swell coincides much
more closely with classical theory than
do the waves in a rough sea, and this re-
news their faith in the basic equations.

Curiously enough, although each
wave moves forward with a velocity

“
’{.‘ - ,"'-- .
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WAVE ADVANCE
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MOVING TRAIN OF WAVES advances at only half the speed of
its individual waves. Attop is a wave train in its first position. At
bottom the train, and its energy, have moved only half as far

are thus
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as wave 2 has. Meanwhile wave 1 has died, but wave 1 has formed
at the rear of the train to replace it. Waves arriving at shore
remote descendants

of waves originally generated.
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DIFFERENT TRAINS OF WAVES, caused by winds of different

directions and strengths,

that corresponds to its length, the energy
of the group moves with a velocity only
half that of the individual waves. This is
because the waves at the front of a group
lose energy to those behind, and gradu-
ally disappear while new waves form at
the rear of the group. Thus the composi-
tion of the group continually changes,
and the swells at a distance are but re-
mote descendants of the waves created
in the storm [see illustration on preced-
ing page]. One can measure the period at
the shore and obtain from this a correct
value for the wave velocity; however,
the energy of the wave train traveled
from the storm at only half that speed.
Waves in a swell in the open ocean
are called surface waves, which are de-
fined as those moving in water deeper
than half the wavelength. Here the bot-
tom has little or no effect on the waves
because the water-particle orbits dimin-
ish so rapidly with depth that at a depth
of half the wavelength the orbits are only
4 per cent as large as those at the surface.
Surface waves move at a speed in miles
per hour roughly equal to 3.5 times the
period in seconds. Thus a wave with a
period of 10 seconds will travel about
35 miles per hour. This is the average
period of the swell reaching U. S. shores,
the period being somewhat longer in the
Pacific than the Atlantic. The simple re-
lationship between period and wave-
length (length=>5.12T2) makes it easy
to calculate that a 10-second wave will
have a deep-water wavelength of about
512 feet. The longest period of swell
ever reported is 22.5 seconds, which cor-
responds to a wavelength of around 2,600
feet and a speed of 78 miles per hour.

Waves and the Shore

As the waves approach shore they
reach water shallower than half their
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make up the surface of a “sea.” The vari-

wavelength. Here their velocity is con-
trolled by the depth of the water, and
they are now called shallow-water waves.
Wavelength decreases, height increases
and speed is reduced; only the period is
unchanged. The shallow bottom greatly
modifies the waves. First, it refracts
them, that is, it bends the wave fronts to
approximate the shapeof the underwater
contours. Second, when the water be-
comes critically shallow, the waves
break [see illustration on page 841.
Even the most casual observer soon
notices the process of refraction. He sees
that the larger waves always come in
nearly parallel to the shoreline, even
though a little way out at sea they seem
to be approaching at an angle. This is
the result of wave refraction, and it has
considerable geological importance be-
cause its effect is to distribute wave
energy in such a way as to straighten
coastlines. Near a headland the part of
the wave front that reaches shallow wa-
ter first is slowed down, and the parts of

ous trains, three of which are represented diagrammatically here,
have a wide spectrum of wavelengths, heights and directions. When

it in relatively deep water continue to
move rapidly. The wave thus bends to
converge on the headland from all sides.
As it does, the energy is concentrated in
less length of crest; consequently the
height of the crest is increased. This ac-
counts for the old sailors” saying: “The
points draw the waves.”

Another segment of the same swell
will enter an embayment and the wave
front will become elongated so that the
height of the waves at any point along
the shore is correspondingly low. This is
why bays make quiet anchorages and
exposed promontories are subject to
wave battering and erosion—all by the
same waves. One can deal quantitatively
with this characteristic of waves and can
plot the advance of any wave across wa-
ters of known depths. Engineers plan-
ning shoreline structures such as jetties
or piers customarily draw refraction dia-
grams to determine in advance the effect
of waves of various periods and direc-
tion. These diagrams show successive

WAVE 112 FEET HIGH, possibly the largest ever measured in the open sea, was en-
countered in the Pacific in 1933 by the U.S.S. Ramapo, a Navy tanker. This diagram shows
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they meet, the result is apparent confusion, represented at far
right by a topographic diagram drawn from actual photographs of

positions of the wave front, partitioned
by orthogonals into zones representing
equal wave energy [see illustration on
next page]. The ratio of the distances be-
tween such zones out at sea and at the
shore is the refraction coefficient, a con-
venient means of comparing energy re-
lationships.

Refraction studies must take into ac-
count surprisingly small underwater ir-
regularities. For example, after the Long
Beach, Calif., breakwater had withstood
wave attack for years, a short segment of
it was suddenly wrecked by waves from
a moderate storm in 1930. The break-
water was repaired, but in 1939 waves
breached it again. A refraction study by
Paul Horrer of the Scripps Institution of
Oceanography revealed that long-period
swell from exactly 165 degrees (south-
southeast), which was present on only
these two occasions, had been focused at
the breach by a small hump on the bot-
tom, 250 feet deep and more than seven
miles out at sea. The hump had acted as

AND HORIZON

O CREST

how the great wave was measured. An observer at A on the bridge
was looking toward the stern and saw the crow’s-nest at B in his

a lens to increase the wave heights to 3.5
times average at the point of damage.

During World War II it was necessary
to determine the depth of water off ene-
my-held beaches against which am-
phibious landings were planned. Our
scientists reversed the normal procedure
for refraction studies; by analyzing a
carefully timed series of aerial photo-
graphs for the changes in length (or
velocity) and direction of waves ap-
proaching a beach, they were able to
map the underwater topography.

The final transformation of normal
swell by shoal or shallow water into a
breaker is an exciting step. The waves
have been shortened and steepened in
the final approach because the bottom
has squeezed the circular orbital motion
of the particles into a tilted ellipse; the
particle velocity in the crest increases
and the waves peak up as they rush land-
ward. Finally the front of the crest is un-
supported and it collapses into the
trough. The wave has broken and the

© 1959 SCIENTIFIC AMERICAN, INC

the sea surface. The pattern becomes so complex that statistical
methods must be used to analyze the waves and predict their height.

orbits exist no more. The result is surf.

If the water continues to get shallow-
er, the broken wave becomes a foam
line, a turbulent mass of aerated water.
However, if the broken wave passes into
deeper water, as it does after breaking
on a bar, it can form again with a lesser
height that represents the loss of energy
in breaking. Then it too will break as it
moves into a depth critical to its new
height.

The depth of water beneath a break-
er, measured down from the still-water
level, is at the moment of breaking about
1.3 times the height of the breaker. To
estimate the height of a breaker even
though it is well offshore, one walks from
the top of the beach down until the crest
of the breaking wave is seen aligned
with the horizon. The vertical distance
between the eye and the lowest point to
which the water retreats on the face of
the beach is then equal to the height of
the wave.

The steepness of the bottom influences

line of sight to crest of wave, which had just come in line with
horizon. From geometry of situation, wave height was calculated.
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the character of the breakers. When a
large swell is forced by an abrupt under-
water slope to give up its energy rapidly,
it forms plunging breakers—violent
waves that curl far over, flinging the
crest into the trough ahead. Sometimes,
the air trapped by the collapsing wave
is compressed and explodes with a great
roar in a geyser of water [see illustration
on opposite page]. However, if the bot-
tom slope is long and gentle, as at
Waikiki in Hawaii, the crest forms a
spilling breaker, a line of foam that tum-
bles down the front of the partly broken
wave as it continues to move shoreward.

Since waves are a very effective mech-
anism for transporting energy against a
coast, they are also effective in doing
great damage. Captain D. D. Gaillard of

A
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the U. S. Army Corps of Engineers de-
voted his career to studying the forces
of waves on engineering structures and
in 1904 reported some remarkable ex-
amples of their destructive power. At
Cherbourg, France, a breakwater was
composed of large rocks and capped
with a wall 20 feet high. Storm waves
hurled 7,000-pound stones over the wall
and moved 65-ton concrete blocks 60
feet. At Tillamook Rock Light off the
Oregon coast, where severe storms are
commonplace, a heavy steel grating now
protects the lighthouse beacon, which is
139 feet above low water. This is neces-
sary because rocks hurled up by the
waves have broken the beacon several
times. On one occasion a rock Weighing
135 pounds was thrown well above the

lighthouse-keeper’s house, the floor of
which is 91 feet above the water, and
fell back through the roof to wreck the
interior.

At Wick, Scotland, the end of the
breakwater was capped by an 800-ton
block of concrete that was secured to the
foundation by iron rods 3.5 inches in
diameter. In a great storm in 1872 the
designer of the breakwater watched in
amazement from a nearby cliff as both
cap and foundation, weighing a total of
1,350 tons, were removed as a unit and
deposited in the water that the wall was
supposed to protect. He rebuilt the
structure and added a larger cap weigh-
ing 2,600 tons, which was treated simi-
larly by a storm a few years later. There
is no record of whether he kept his job

WAVE-REFRACTION DIAGRAM shows how energy of wave
front at A is all concentrated by refraction at A” around small head-
land area. Same energy at B enters a bay but is spread at beach over
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wide area B’. Horizontal lines are wave fronts; vertical lines
divide energy into equal units for purposes of investigation. Such
studies are vital preliminaries to design of shoreline structures.



and tried again. Gaillard’s computations
show that the wave forces must have
been 6,340 pounds per square foot.

Tsunamis

Even more destructive than wind-
generated waves are those generated by
a sudden impulse such as an underwa-
ter earthquake, landslide or volcano. A
man-made variation of the sudden im-
pulse is the explosion of nuclear bombs
at the surface of the sea, which in recent
years have become large enough to be
reckoned with as possible causes of de-
structive waves.

The public knows such waves as tidal
waves, although they are in no way re-
lated to the tides and the implication has
long irritated oceanographers. It was
proposed that the difficulty could be re-
solved by adopting the Japanese word
tsunami. Some time later it was discov-
ered that Japanese oceanographers are
equally irritated by this word; in literal
translation tsunami means tidal wave!
However, tsunami has become the
favored usage for seismic sea waves.

Like the plunger in a wave channel,
the rapid motion or subsidence of a part
of the sea bottom can set a train of waves
in motion. Once started, these waves
travel great distances at high velocity
with little loss of energy. Although their
height in deep water is only a few feet,
on entering shallow water they are able
to rise to great heights to smash and inun-
date shore areas. Their height depends
almost entirely on the configuration of
the coastline and the nearby underwater
contours. Tsunamis have periods of more
than 15 minutes and wavelengths of
several hundred miles. Since the depth
of water is very much less than half the
wavelength, they are regarded as long-
or shallow-water waves, even in the
13,000-foot average depth of the open
ocean, and their velocity is limited by
the depth to something like 450 miles
per hour.

These fast waves of great destructive
potential give no warning except that
the disturbance that causes them can be
detected by a seismograph. The U. S.
Coast Guard operates a tsunami warning
network in the Pacific that tracks all
earthquakes, and when triangulation in-
dicates that a quake has occurred at sea,
it issues alerts. The network also has de-
vices to detect changes in wave period
which may indicate that seismic waves
are passing [see “Tsunamis,” by Joseph
Bernstein; SCIENTIFIC AMERICAN, Aug-
ust, 1954]. Curiously the influence of the
system may not be entirely beneficial.

WAVE-CREATED “GEYSER” results when large breakers smash into a very steep beach.
They curl over and collapse, trapping and compressing air. This compressed air then ex-
plodes as shown here, with spray from a 12-foot breaker leaping 50 feet into the air.

Once when an alert was broadcast at
Honolulu, thousands of people there
dashed down to the beach to see what
luckily turned out to be a very small
wave.

Certain coasts near zones of unrest in
the earth’s crust are particularly prone
to such destructive waves, especially the
shores of the Mediterranean, the Carib-
bean and the west coast of Asia. On the
world-wide scale, they occur more fre-
quently than is generally supposed:
nearly once a year.

A well-known seismic sea wave, thor-
oughly documented by the Royal So-
ciety of London, originated with the
eruption of the volcano Krakatoa in the
East Indies on August 27, 1883. It is not
certain whether the waves were caused
by the submarine explosion, the violent
movements of the sea bottom, the rush
of water into the great cavity, or the
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dropping back into the water of nearly
a cubic mile of rock, but the waves were
monumental. Their period close to the
disturbance was two hours, and at great
distances about one hour. Waves at least
100 feet high swept away the town of
Merak, 33 miles from the volcano; on the
opposite shore the waves carried the
man-of-war Berow 1.8 miles inland and
left it 30 feet above the level of the sea.
Some 36,380 people died by the waves
in a few hours. Tide gauges in South
Africa (4,690 miles from Krakatoa),
Cape Horn (7,820 miles) and Panama
(11,470 miles) clearly traced the prog-
ress of a train of about a dozen waves,
and showed that their speed across the
Indian Ocean had been between 350 and
450 miles per hour.

A tsunami on April 1, 1946, originat-
ing with a landslide in the Aleutian sub-
marine trench, produced similar effects,
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HUNDRED-FOOT “TIDAL WAVE,” or tsunami, wrought impres-
sive destruction at Scotch Cap, Alaska, in 1946. Reinforced concrete
lighthouse that appears in top photograph was demolished, as
shown in lower photograph, which was made from a higher angle.
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Atop the plateau a radio mast, its foundation 103 feet above sea,
was also knocked down. Lighthouse debris was on plateau. Same
tsunami, started by an Aleutian Island earthquake, hit Hawaiian
Islands, South America and islands 4,000 miles away in Oceania.
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fortunately on less-populated shores. It
struck hard at the Hawaiian Islands, kill-
ing several hundred people and damag-
ing property worth millions of dollars.
At Hilo, Hawaii, the tsunami demon-
strated that such waves are virtually in-
visible at sea. The captain of a ship
standing off the port was astonished up-
on looking shoreward to see the harbor
and much of the city being demolished
by waves he had not noticed passing un-
der his ship. The same waves caused
considerable damage throughout the is-
lands of Oceania, 4,000 miles from
epicenter, and on the South American
coast, but they were most spectacular at
Scotch Cap in Alaska. There a two-story
reinforced-concrete lighthouse marked a
channel through the Aleutian Islands.
The building, the base of which was
32 feet above sea level, and a radio mast
100 feet above the sea were reduced to
bare foundations by a wave estimated to
be more than 100 feet high [see illustra-
tion on opposite page].

Uncontrollable geologic disturbances
will cause many more seismic sea waves
in the future, and since the world’s coast-
al population is continuously increasing,
the greatest wave disaster is yet to come.
Within the next century we can expect
that somewhere a wave will at least
equal the one that swept the shores of
the Bay of Bengal in 1876, leaving
200,000 dead.

Tides and Other Waves

The rhythmic rise and fall of the sea
level on a coast indicate the passage of a
true wave we call a tide. This wave is
driven, as almost everyone knows, by the
gravitational influence of the sun and
the moon. As these bodies change their
relative positions the ocean waters are
attracted into a bulge that tends to re-
main facing the moon as the earth turns
under it; a similar bulge travels around
the earth on the opposite side. The wave
period therefore usually corresponds to
half the lunar day.

When the sun and the moon are
aligned with the earth, the tides are
large (spring tides); when the two bod-
ies are at right angles with respect to the
earth, the tides are small (neap tides).
By using astronomical data it is possible
to predict the tides with considerable ac-
curacy. However, the height and time of
the tide at any place not on the open
coast are primarily a function of the
shape and size of the connection to the
ocean.

Still another form of wave is a seiche,
a special case of wave reflection. All en-
closed bodies of water rock with charac-

SYLVANIA ELECTRONIC SYSTEMS...IN SIMULATION

Creating electronic “realities”
in a low-cost manageable package

SIMULATING CONDITIONS of actual
operations for flight trainers, radar
operators, or space travelers is an
experienced and growing facility of
Sylvania Electronic Systems.

Good examples are Sylvania’s par-
ticipation in the Navy’s Universal
Digital Operational Flight Trainer
and “ACTER,” a new Sylvania
development which will add ECM
conditions to existing radar training
gear.

Undoubtedly the simulation of
space travel can be enhanced mater-

Sylvania Electronic Systems

A Division of Sylvania Electric Products Inc.

63 Second Avenue, Waltham, Mass.
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every major area of electronic sys-
tems, Sylvania can assume full re-
sponsibility from system analysis
and management through research
and engineering, product design,
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Sylvania welcomes the opportu-
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capabilities to you or your organiza-
tion personally. Simply address your
inquiry to division headquarters,
address below.
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teristics related to the size of the basin.
The motion is comparable to the slosh-
ing of water in the bathtub when one
gets out quickly. In an attempt to return
to stability the water sways back and
forth with the natural period of the tub
(mine has a period of two seconds).
Similarly a tsunami or a barometric pres-
sure-change will often set the water in a
bay rocking as it passes. In fact, the tsu-
nami itself may reflect back and forth
across the ocean as a sort of super-seiche.

In addition to seiches, tides, tsunamis
and wind waves there are other waves in
the sea. Some travel hundreds of feet be-
neath the surface along the thermocline,
the interface between the cold deep wa-
ter and the relatively warm surface lay-
er. Of course these waves cannot be
seen, but thermometers show that they
are there, moving slowly along the
boundary between the warm layer and
the denser cold water. Their study
awaits proper instrumentation. Certain
very low waves, with periods of several
minutes, issue from storms at sea. These
long-period  “forerunners” may be
caused by the barometric pulsation of
the entire storm against the ocean sur-
face. Since they travel at hundreds of
miles an hour, they could presumably be
used as storm warnings or storm-center
locators. Other waves, much longer than
tides, with periods of days or weeks and
heights of less than an inch, have been
discovered by statistical methods and
are now an object of study.

WAVE BREAKS UP at the beach when swell moves into water
shallower than half the wavelength (1). The shallow bottom raises
wave height and decreases length (2). At a water depth 1.3 times
the wave height, water supply is reduced and the particles of water
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The great advances both in wave the-
ory and in the actual measurement of
waves at sea have not reduced the need
for extensive laboratory studies. The so-
lution of the many complex engineering
problems that involve ships, harbors,
beaches and shoreline structures re-
quires that waves be simulated under
ideal test conditions. Such model studies
in advance of expensive construction
permit much greater confidence in the
designs.

Experimental Tanks

The traditional wave channel in
which an endless train of identical small
waves is created by an oscillating plung-
er is still in use, but some of the new
wave tanks are much more sophisticated.
In some the channel is covered, so that a
high velocity draft of air may simulate
the wind in making waves. In others, like
the Jarge tank at the Stevens Institute of
Technology, Hoboken, N.J. [see cover],
artificial wregular waves approach the
variability of those in the deep ocean.
In such tanks proposed ship designs, like
those of the America’s Cup yacht Colum-
bia, are tested at model size to see how
they will behave at sea.

The ripple tank, now standard appa-
ratus for teaching physics, has its place
in shoreline engineering studies for con-
veniently modeling diffraction and re-
fraction. Even the fast tsunamis and the
very slow waves of the ocean can be

modeled in the laboratory. The trick is to
use layers of two liquids that do not mix,
and create waves on the interface be-
tween them. The speeds of the waves
can be controlled by adjusting the densi-
ties of the liquids.

To reduce the uncertainties in ex-
trapolation from the model to prototype,
some of the new wave tanks are very
large. The tank of the Beach Erosion
Board in Washington, D.C. (630 feet
long and 20 feet deep, with a 500-horse-
power generator), can subject quarter-
scale models of ocean breakwaters to
six-foot breakers. The new maneuvering
tank now under construction at the
David Taylor Model Basin in Carderock,
Md., measures 360 by 240 feet, is 35 feet
deep along one side and will have wave
generators on two sides that can inde-
pendently produce trains of variable
waves. Thus man can almost bring the
ocean indoors for study.

The future of wave research seems to
lie in refinement of the tools for measur-
ing, statistically examining and repro-
ducing in laboratories the familiar wind
waves and swell as well as the more re-
cently discovered varieties. It lies in
completing the solution of the problem
of wave generation. It lies in the search
for forms of ocean waves not yet discov-
ered—some of which may exist only on
rare occasions. Nothing less than the
complete understanding of all forms of
ocean waves must remain the objective
of these studies.
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in the crest have no room to complete their cycles; the wave form
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breaks (3). A foam line forms and water particles, instead of just
the wave form, move forward (4). The low remaining wave runs
up the face of the beach as a gentle wash called the uprush (5).
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Artist’s drawing shows enemy submarine position (white pip indicated by arrow) as it appears on Bendix Sonar viewing scope
in helicopter. It is the first airborne system to provide a visual presentation which pinpoints a target below the surface.

NOW NAVY HELICOPTERS, WITH BENDIX SONAR,
“SEE” ENEMY SUBS UNDERWATER

Prowling enemy submarines will meet a
deadly countermeasure in Bendix* Sonar
equipped seagoing helicopters which have
their own ways of hunting down their prey.

Thisis one phase of the U. S. Navy’s potent
and far reaching Anti-Submarine Warfare
program. A pioneer in underwater detection
and communications, our Bendix-Pacific
Division in North Hollywood, California,
developed this first airborne scanning sonar
system for use in Sikorsky HSS-2 helicopters.
It is the first airborne system to provide a
visual presentation which pinpoints a target
below the surface. In operation, a sending-

A thousand products

receiving transducer is lowered into the water
as the helicopter hovers. Known as *“dunked”
sonar, signals are transmitted through the
water which echo back, somewhat like radar
beams, from objects like submarines. The
fact that the system is a long-range search
and detection device adds greatly to its value.

Bendix produces a number of other sonic
devices. These include the famous depth
sounder or ‘‘fish finder’’; sonic cleaners
for the greatest efficiency in industrial and
medical cleaning and the Cavitron* for the
ultrasonic machining of germanium, glass,

quartz, silicon or ferrite. *REG. US. PAT. OFF.

a million ideas

hy. A

AVIATION CORPORATION
Fisher Bldg., Detroit 2, Mich.
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Advanced land mass simulation concept
demonstrates Pomona Division capability
in realistic simulators for lower-cost training
of America’s air and spacemen.

IN DEVELOPMENT:

A Marquardt-conceived land mass simulation system that shrinks
the map scale factor to 1:3,000,000, while enabling the operator
to distinguish landmarks smaller than a football field from any
altitude! Application today: ground-training airmen for inter-
continental missions at great savings in cost — using a single
8-foot map to realistically simulate the radar reflectivity and
shadow effects of a 4,000-mile mission. Application tomorrow :
training the free world’s first space explorer for his safe return
to earth.

IN PRODUCTION TODAY:

Pomona Division’s AN/GPS-T4 Radar Signal Simulator, a rela-
tively low-cost training system that is simple, compact, flexible
and realistic; producing synthetic target and IFF video infor-
mation for radar display. Current mission: training USAF
aircraft controllers to direct interceptor missions. Ready
adaptability will permit the T4 to simulate missiles, radar
surface targets and sonar targets.

IN THE U.S. DEFENSE INVENTORY:

The USAF’s AN/APQ-T1, AN/APG-T1A, AN/APQ-T2 and
T2A, and AN/APQ-T3 simulator-training systems, plus the
USN’s 15WV-2 AEW /CIC trainer system — all developed and
manufactured by the Pomona Division and its predecessor
companies. Numerous sub-systems, up-dating modification kits,
adapters, spares, and a worldwide field service section add to the
organization’s total experience.

POMONA D/VIS/ION of The Marquardt Corporation is an
able and experienced organization with demonstrated capability
in advanced research, design, development and production. The
result is reliable hardware which provides solutions to the prob-
lems of training military operational personnel.

Drawing on the Corporation’s overall management-engineer-
ing skills, additional facilities and financial support, Pomona
Division now offers industry and the Armed Forces a unique and
proven ability to get the job done—delivering vital simulator-
training system both on-time and at minimum cost.

- [t
T ”’f%r uardt |

Pomona, California

Ouden. Utah POMONA DIVISION CORPORATION
SUBSIDIARY: 2709 No. Garey Avenue, Pomona, Calif.

Cooper Development Engineers and scientists capable of contributing
Corporation, to advances in state-of-the-art are invited to write
Monrovia, California to: Dr. Wendell B. Sell, Vice-President. G-5.
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WHAT’S NEW IN RARE EARTHS

Prompt shipments in tonnage quantities . . . attractive low prices . . . available as oxides,

hydrates, chlorides, oxalates, metals and other forms

New .
still magic word that keynotes in-

. new ...new.It’s the old but

dustrial planning for the products
that may be big profit winners in
the 1960’s.

R&D work, in laboratories from
coast to coast, is happily blessed
with huge budgets for the ever-
continuing search for what is new.
New in processes, in methods, in
materials. Whatever is new that will
contribute to the development of
new products to captivate the pub-
lic fancy and meet the critical needs
of industry.

New plastics. New exotic metals.
New chemicals ... and among them,
the rare earths.

NOT NEW...BUT

You may say the rare earths are not
new. True. We've been working with
the rare earths for more than 50
years. Many industries have known
and used them for years. But they
may be new to you.

What is new in rare earths will
command your attention and in-
trigue the interest of your people
concerned with research and devel-
opment work.

There’s new availability in the
rare earths! Commercial grades can
be shipped promptly by the ton or
carload. High purity grades up to

carrom

a report by LINDSAY

99.99% can be shipped in surpris-
ingly large quantities. It may be
news to you that Lindsay is cur-
rently producing more than 100 rare
earth, yttrium and thorium salts for
R&D work as well as for normal pro-
duction operations.

There’s new low pricing of rare
earths. Costs have tumbled sharply
during recent years. Partly because
of rapidly increasing demand. Partly
because of vastly expanded produc-
tion facilities and improved tech-
niques in refining our materials.
(Which came first—the hen or the
egg?) The important fact is that the
rare earths are priced so low as to
make their use extremely interest-
ing. We are talking, in many cases,
about ¢, not $.

Rare earths now available in metal
form. Interested? You can obtain
rare earth and yttrium in metal
form, primarily as ingots and lumps.
They are presently available in ex-
perimental quantities and offer in-
teresting promise to many industries.

PLEASE ADDRESS INQUIRIES TO

J INDSAY (HEMICAL [)IVISION

There are many new uses for the
rare earths. This obviously is the re-
sult of research and development
work carried on during recent years.
In glass and ceramics. In electronics.
In commercial nuclear energy. In
plastics. In glass polishing. And in
many other fields.

We would be modest indeed if
we failed to hint that much of the
rapid expansion—first in research
and then in actual industrial use of
the rare earths—has been at our
gentle urging.

The facts speak for themselves.
Rare earths have come of age. They
are important production materials:
in a broad cross-section of American
industry.

So if you are thinking new . ..new
ideas, new processes, new materials,
new products . . . look at the rare
earths.

When you do, please remember
these two facts. They are readily
available in the grades, varieties,
forms and quantities you will need.
And they are priced at surprisingly
attractive levels.

Our technical people will be
happy to be helpful to you. We can
supply pertinent data and will
promptly supply detailed informa-
tion if you will indicate your specific
area of interest.

American Potash & Chemical Corporation

264 ANN STREET e WEST CHICAGO, ILLINOIS

OFFICES: CHICAGO ¢ LOS ANGELES ¢ SAN FRANCISCO ¢ NEW YORK ¢ PORTLAND (ORE.) ® ATLANTA ¢ COLUMBUS (0.) ® SHREVEPORT
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Conditioning and Brain Waves

Recent investigations show that learning can change the pattern

of electrical activity in the brain. These studies are beginning

to elucidate the physiological substructure of mental phenomena

I I Yhe complexity of the human mind
is matched and perhaps surpassed
by the intricacy of the human

brain. Most of us take it for granted that

one has something to do with the other.

Until recently, however, physiology and

psychology have had little to say from

the experimental standpoint about trans-
actions between mind and brain.

More than 200 years ago the English
physician and philosopher David Hart-

ley defined the mind-brain problem in a

by Vernon Rowland

manner that can be little improved
upon today. Hartley ascribed mental ac-
tivities to the vibrations of infinitesimal
particles in the nerves and brain. He
reasoned that if these vibrations “can be
shown . . . to attend upon all sensations,
ideas and motions and to be proportional
to them, then we are at liberty either to
make vibrations the exponent of sensa-
tions, ideas and motions or these the ex-
ponents of vibrations.” It might be im-
possible, he cautiously declared, “to

discover in what way vibrations cause
or are connected with sensations,” one
being material and the other mental. Yet
observed parallels between vibrations
and mental events might be true “in a
very useful and practical sense” if not
“in an ultimate and precise one.”

In 1876 the English physiologist Rich-
ard Caton discovered something very
akin to Hartley’s “vibrations” when he
demonstrated the existence of electrical
oscillations in the brain. By the 1930’s

ELECTRODES PERMANENTLY IMPLANTED in the brains of

cats have made possible studies of learned changes in brain waves.

© 1959 SCIENTIFIC AMERICAN, INC

This X-ray photograph shows needle-like deep electrodes (left)
and wires attached to brain surface. The animal feels no discomfort.
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SCHEMATIC DRAWING of cat’s brain shows surface electrodes Deep electrodes measure the output of the “reticular formation”
attached to the association cortex (1) and the auditory cortex (2). (close hatching) within the thalamus (3) and the brain stem (4).
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SECONDS 1 2 3

“SLEEP” AND “ALERT” PATTERNS in brain waves show differ- the slow, high-voltage waves typical of sleep. In B a burst of clicks
ences in conditioned responses to two stimuli. In A the sounding that has become associated with a shock shifts the pattern from
(arrow) of a musical tone that has come to signify safety intensifies sleep to the rapid, low-voltage waves characteristic of the alert state.
90
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these “brain waves”—variations in volt-
age measured and recorded by the elec-
troencephalograph—had become a valu-
able aid in diagnosing such conditions
as epilepsy and brain tumor.

As Hartley anticipated, the waves do
indeed “attend upon all sensations, ideas
and motions.” However, investigators
found them disappointingly constant.
The intermittent changes in the oscilla-
tions apparently reflected little more
than the shift from relaxed reverie to
concentrated attention, or from sleep to
wakefulness [see “The Electrical Ac-
tivity of the Brain,” by W. Grey Walter;
SCIENTIFIC AMERICAN, June, 1954]. The
most characteristic of these changes is
from the “sleep pattern” of slow, high-
voltage waves to the “alert pattern” of
rapid, low-voltage waves [see bottom
illustration on opposite page].

Donald B. Lindsley and Robert W.
Lansing of the University of California
at Los Angeles have suggested an ex-
planation for this difference in rhythm.
Their reasoning leads off from recent
experiments which indicate that brain
waves reflect activity on the input side
of a nerve cell in the brain, as opposed
to the output, or firing, side. The brain
wave may thus be regarded as an excita-
bility cycle. Lindsley and Lansing be-
lieve that brain cells respond to stimuli
only when the cells are passing through
the middle values of the brain-wave
cycle; the cells are insensitive to im-
pulses arriving at the high or low points
of the cycle. The alerted cells of the
awakened brain traverse the voltage
range in which they are sensitive as often
as 40 to 50 times a second; those of the
sleeping brain, only three to five times a
second. The higher voltages of sleep, at
first glance the opposite of what one
would expect, appear to reflect the syn-
chronized fluctuations of large groups of
cells. The lower-voltage alert pattern,
corresponding to the activity of smaller
groups, would thus bespeak a more
elaborate division of labor within the
awakened brain that would enhance the
organ’s capacity to direct complex ac-
tivities.

Such gross changes as these seemed

until recently to exhaust the brain’s
repertory of electrical activity. The en-
cephalograph revealed no kaleidoscopic
display of brain-wave patterns to match
the phantasmagoria of the mind. During
the past few years, however, investi-
gators in several countries have made
substantial inroads on the mind-brain
problem by studying the brain waves of
trained or conditioned animals. They
have established a definite association

between brain-wave patterns and con-
ditioned behavior patterns in these ani-
mals. More subtle electrical changes
seem to reflect different stages in the
process of conditioning. Some of these
studies have cast doubt on the hitherto
accepted notion that the cerebral cortex
—the convoluted roof of the brain—is the
chief seat of learning. The subcortical
regions of the brain appear to play a
role of equal or even greater importance
in the learning process.

Some of these investigations have em-
ployed the classical conditioning pro-
cedures of Ivan Pavlov. The elegant ex-
perimental techniques of the great Rus-
sian physiologist make it possible to
conduct a controlled input-output analy-
sis of the mechanism of behavior. When
the salivating dog learns to associate the
sound of a bell with the taste of food,
some connection between the two sen-
sations must have formed somewhere in
the animal’s brain. Pavlov himself
evolved a detailed theory of how these
connections are established. But he did
little experimental work on the brain it-
self, and most non-Russian psychologists
have viewed his theories as tenuous
speculations. The recent marriage of en-
cephalography and conditioning, how-
ever, has produced some “brain chil-
dren” that appear to vindicate some of
Pavlov’s hypotheses.

The key step in this union was the
development of techniques for perma-
nently implanting electrodes in the
brains of experimental animals. These
procedures permit electrical measure-
ments in the deeper portions of the brain,
as well as on its surface areas, free of the
obfuscating effects of the anesthesia,
drugs and surgery used in traditional
nervous system physiology. Animals
with considerable hardware thus
mobilized within their crania can live
normally and comfortably for years. One
merely has to plug them into the en-
cephalograph amplifiers to have direct
access to their innermost “vibrations.”

Our work on conditioning and brain
waves at Western Reserve University be-
gan in 1954 with a chance laboratory
observation. We were recording the
waves of a sleeping cat during some in-
termittent wall-pounding occasioned by
extensive renovations in the adjoining
room. The animal had long since grown
accustomed to this racket and slept
through it undisturbed with no change
in the encephalograph records. During
a quiet interval one (lay another cat in
the laboratory emitted a soft mew. The
brain waves of our experimental animal
immediately changed from the sleep pat-
tern to the alert pattern. Some 10 sec-

im-
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onds later the animal raised its head and
looked toward the other cat. It had evi-
dently learned to discriminate, even
while asleep, between loud pounding
and a soft mew, as parents learn to sleep
through a thunderstorm yet awaken to
the cry of a child.

rl’o study the nature of such “learned”

4 brain wave responses we conditioned
several cats to associate a brief series of
rapid clicks with a mild electric shock. A
musical tone not associated with any-
thing served as a control stimulus, be-
cause we had to be certain that any
changes in the brain resulted from the
association between sound and shock,
and not from the sound itself. As we ex-
pected, the brain waves soon displayed
the tvpical alert response following the
pain-associated clicks, and showed a
continued sleep pattern following the
tone. Animals that had been exposed
only to the clicks during conditioning
gave the alert response to both sounds
during testing until, after a number of
repetitions, they learned to discriminate
between the two. More subtle discrimi-
nations between two “melodies” (for
example, between the simple melodies
CGC and GCG) produced equally clear
electrical changes.

When we first tested the animals, they
showed visible behavioral signs of wak-
ing soon after the beginning of the alert
pattern. In later trials only the brain
“awoke,” the animals remaining to all
appearances fast asleep. Evidently a
characteristic pattern of activity in the
brain can persist even after the behavior
associated with it has disappeared. Other
investigators have found that the electri-
cal changes sometimes precede behav-
ioral responses. These brain waves di-
vorced from behavior might be said to
reflect “thinking” processes.

In further experiments we found that
the control tone introduced an unforseen
electrical change; it actually intensified
the sleep pattern. Indeed, if an animal
was slow in going to sleep we could
sometimes put it to sleep by sounding
the tone. Evidently this neutral stimulus
had acquired a meaning of its own:
safety.

Henry Gluck of our laboratory then
set out to discover what would happen if
a safety signal were opposed to a “dan-
ger” signal. For the latter he used a
series of clicks lasting two full minutes
before the shock was delivered. To this
signal he added a 20-second tone which
meant that the shock would not be
given; when the safety signal was not
sounded, the animal got the shock on
schedule. Within 10 trials the tone clear-
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ly evoked the sleep pattern despite the
competition of the continuous danger
signal. The animal had evidently learned
to interpret the tone as an “all clear.”
However, the encephalogram did not
simply change from the sleep pattern to
the alert pattern. The two-minute warn-
ing signal ultimately induced a more
complicated response. When the signal
began, the record immediately showed
the alert pattern; within a few seconds,
however, it reverted partially or com-
pletely to the sleep pattern. At about
the end of the first minute it returned
to the alerted state, which endured
through the second minute until the de-
livery of the shock.

Since most of these sleeping animals
showed no behavioral changes, we could
not establish direct parallels between
electrical and behavioral patterns. Oc-
casionally, however, we tested animals
during the periods of grooming (often
annoyingly protracted!) which usually
intervene between eating and sleeping.
The start of the two-minute warning sig-
nal caused the animal to stop grooming
for a few seconds. It then resumed its
grooming during the remainder of the
first minute but stopped again during
the second minute. Thus the animal’s be-
havioral pattern while it was awake com-
pletely paralleled its electrical pattern
while asleep. If we sounded the safe sig-
nal during the second minute, the animal
began grooming again, but stopped
when the safe signal ended, not to re-
sume until after the end of the warning
signal. Here too the brain waves of ac-
tive and sleeping animals showed a simi-
lar pattern of change [see illustration on
these fwo pages].

r[‘he two phases of response following
the first brief arousal—continued
sleep during the first minute, renewed
arousal during the second—recall some
experiments of Pavlov in which he con-
ditioned dogs to salivate a minute or so
after the onset of a prolonged stimulus
instead of immediatelv. These animals
also showed a two-phase response—a
first phase in which salivation was ac-
tively inhibited and a second in which
it was facilitated. In some of these ex-
periments Pavlov observed a brief initial
spurt of salivation similar to our initial
arousal.

The parallel with Pavlov’s observa-
tions suggested to us that going to sleep
and waking may result from a similar
interaction of inhibitory and excitatory
processes. Our observations of the groom-
ing animals strengthened this hypothe-
sis, since the cessation of grooming ap-
peared to result from active inhibition
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PARALLEL CHANGES in behavior and in brain waves show the similar conditioned
responses of a sleeping and a waking cat. Grooming by the awake animal produces rhythmie
patterns in its electrical output (A) due to swaying wires; cessation of grooming terminates
these patterns. The “warning” signal of rhythmic clicks (short colored lines), which fore-
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tells a mild shock, causes the cat to cease grooming, but only for a the end of the warning signal. The sleeping cat shows no behavioral
few seconds. After about a minute of the warning signal, the animal changes, but the same succession of stimuli produces shifts in its
stops grooming again. It resumes grooming when the “safety” signal brain waves from the sleep to the alert pattern and back again
(amusical tone) begins, but stops when it ends, not to resume until which exactly parallel the changes in activity of the awake animal.
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BRAIN AWAKENS PIECEMEAL, as shown by colored arrows, in then spreads to the auditory cortex, which begins to display sharply
response to a conditioned stimulus. Clicks (colored lines) asso- peaked “evoked responses” synchronized with the clicks. The asso-
ciated with a shock first arouse the reticular formation. Arousal ciation cortex is the last brain area to awaken. This pattern is typical

e

SLEEPING AND WAKING appear to result from the interaction in the reticular formation, whence it spreads to other brain areas
of opposed processes in the brain. The alert pattern (color) begins as shown at the top of these pages. The sleep pattern (black) ap-
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pears early in the association cortex and
gradually encompasses the rest of the brain.

rather than passive fatigue. Had they
stopped grooming for the latter reason
they would not have resumed when the
safe tone went on. Moreover, we found
that strengthening the shock curtailed
the first phase of return to sleep, while
weakening it prolonged the sleep pattern
to within a few seconds of the shock. The
stronger shock evidently strengthened
the arousal processes, which normally
dominate the electrical record as they do
behavior. A weaker shock, or a safety
signal, weakened the arousal forces and
allowed the sleep-inducing processes to
take over. From the physiological stand-
point, apparently, we not only passively
“fall” asleep but also actively “go” to
sleep.

Further comparison of the sleeping
and waking animals revealed more in-
tricate brain-behavior parallels. The be-
havior of the grooming animals strongly
suggested that we were dealing with two
different kinds of alerting response. Dur-
ing the first brief alert the animals mere-
ly stopped grooming and perhaps looked
toward the source of the sound; this
seemed to be a sort of orienting or “What
is it?” response. During the later, pro-
tracted alert they not only ceased groom-
ing but also cowered slightly, bracing
themselves against the expected shock
as one braces for the drilling of a tooth.
The brain waves of the sleeping animals
spelled out the neurological nature of
the difference. The first, “orienting”
arousal produced simultaneous alert pat-
terns over all the points of the brain at
which our electrodes were planted, and
thus appeared to waken the entire brain
immediately. The “defensive” arousal
was more gradual; the shift to the alert
pattern at first involved only the “reticu-
lar formation” at the base of the brain,
which is known to play an important role
in alerting the brain [see “The Reticular
Formation,” by J. D. French; ScienTiFic
AneERrICAN, May, 1957]. The pattern
then spread to the areas of the brain in-
volved in hearing. Other areas, notably
the “association cortex,” appeared to re-
sist the change, because they lagged 10
seconds or more after the leading sec-
tions. Thus the animals appeared to
awaken piecemeal as the result of a
struggle between the alerting and sleep-
conserving forces—a struggle familiar to
anyone who relies on an alarm clock.
The reticular formation acted as a pace-
maker for the rest of the brain. In revert-
ing to sleep after the start of the safety
signal the animals displayed a similar
contending pattern. Here, however, the
sleep pattern began in the association
cortex and gradually involved the audi-
tory centers, with the reticular forma-
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tion the last to go under [see illustrations
on these two pages].

These observations fall in neatly with
Pavlov’s views. He ascribed sleep to “ir-
radiation” (i.e., expansion) of inhibition
and “concentration” (i.e., contraction)
of excitation in the brain. To be sure, he
believed that these processes involved
mainly the cortex. Our observations indi-
cate that the irradiation of inhibition be-
gins in the cortex but ultimately involves
the lower brain centers as the excitatory
pattern recedes.

[,_Xll these studies chiefly concern learned

changes in the sequence of the
basic sleep and alert patterns. More sub-
tle “vibrations” may enable us to trace
the learning process itself in the brain.
Thus if an animal is exposed to a series
of clicks, its auditory cortex produces
“evoked responses” in the form of syn-
chronous spiky discharges. Robert Gal-
ambos of the Walter Reed Army Insti-
tute of Research and others have found
that when an animal learns to associate
the clicks with food or a shock, the
evoked responses become larger and
more complex. Some preliminary studies
by Frederic G. Worden and James
Marsh of U.C.L.A. indicate that in later
stages of learning the evoked responses
diminish in intensity. If the experimenter
ceases to “reinforce” the stimulus with
food, the responses enlarge once more.
These changes seemingly parallel the
changes from learning (increasing am-
plitude), to habitual or ingrained re-
sponse (decreasing amplitude), to un-
learning (increasing amplitude). Thev
also point up the fact that, physiological-
ly speaking, unlearning an old response
amounts to learning a new one.

The evoked responses not only change
their character during learning but their
locus of action as well. Michel Jouvet
of the University of Lyons and Raul
Hernandez Peon of the University of
Mexico report that as conditioning pro-
ceeds, the responses spread from the
auditory cortex to other brain areas,
notably those concerned with receiving
the shock and responding to it.

Clearly some connection has formed
between the auditory and “shock-receiv-
ing” regions, but we do not yet know
how or where this junction takes shape.
Henri Gastaut and his colleagues at the
University of Aix-Marseilles have per-
formed an elaborate series of experi-
ments that point to the reticular forma-
tion rather than the cortex as the site of
the junction. Their findings are consist-
ent with the extensive observations by
Horace W. Magoun at U.C.L.A. and
Herbert Jasper at McGill University that
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“EVOKED RESPONSES” change as a cat learns to press a lever when it hears a series of
tones. These records, from experiments by Frederic G. Worden and James Marsh of
U.C.L.A., show that near start of training (1) animal shows no behavioral or electrical re-

sponse. Later the same day (2) it begins to react to the tones, and a

“relay center” in the

brain stem (B) shows evoked rhythmic peaks. On the following day (3) the peaks begin to
show up in a higher relay center (C). Two days later (4). animal is almost perfectly trained;
evoked responses have increased in amplitude and spread to all brain areas being recorded.
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emphasize the importance of the reticu-
lar formation in integrating the brain’s
activities.

Some of our own experiments also
implicate the reticular formation in
learning. When we destroyed the audi-
tory cortex in some of our conditioned
animals, their brain waves showed that
they could still discriminate between the
click and the tone stimuli. However,
when we tested them on the more diffi-
cult “melody” discrimination, they were
aroused by both melodies instead of just
the significant one. The reticular forma-
tion and other lower brain centers can
apparently perform only simple discrim-
inations; more complex decisions must
be referred to the “higher echelons” of
the cortex.

Jasper and his colleagues have found
still other changes in brain waves during
learning. In the early stages of condi-
tioning the alert response involves most
of the brain and is relatively long-lasting.
As learning proceeds, the response be-
comes briefer and more localized. Pre-
sumably the first type of arousal is
triggered by the lower portions of the
reticular formation, which are known to
produce generalized arousal when stimu-
lated electrically; the later, more local-
ized arousal would similarly stem from
higher levels of the formation. Such a
shift is plausible, since it would limit
arousal to the portions of the brain need-
ed for a given response, reflecting the
lessened conscious effort that character-
izes the attainment of a new skill.

The Montreal investigators have even
been able to demonstrate changes in the
function of single nerve cells after con-
ditioning. Using minute electrodes, they
have found that some cells are more like-
ly to fire after conditioning than before.
Other cells show a reduced firing rate
following conditioned inhibition. Er-
win R. John and Keith Killam at
U.C.L.A. have found certain changes in
the brain’s electrical characteristics
which appear to represent the hypotheti-
cal “memory trace” that psychologists
have postulated in the effort to explain
memory and learning.

xll these findings, along with others
“ % based on experimental interruptions
of pathways in the brain, electrical stim-
ulation of various brain regions and brain
changes induced by drugs, are opening
up new horizons in the physiology of be-
havior. We seem to be on the road to
discovering “in what way vibrations
cause or are connected with sensations,”
not only “in a very useful and practical
sense” but also “in an ultimate and pre-
cise one.”
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Charles Lyell

He founded modern historical geology and set the stage for

the achievement of Charles Darwin. Until late in his career,

however, he was reluctant to accept the idea of evolution

(44 feel as if my books,” Charles Dar-
I win once confessed, “came half
out of Sir Charles Lyell's brain.”
The great biologist was admitting to no
more than the simple truth. Sir Charles
Lyell, who remained until late in his
career a reluctant evolutionist, was para-
doxically the ground-breaker for the tri-
umph of the Origin of Species.

Lyell is remembered chiefly as a
founder of modern historical geology.
But he was also a biologist whose studies
form the backbone of the achievement of
Darwin and Alfred Russel Wallace. In
his day he addressed tabernacles in both
England and America full of people
eager to hear the world-shaking views of
the new geology. Today the man in the
street has forgotten him. By a curious
twist of history, Darwin replaced Lyell
as a popular idol. Yet this gaunt-faced
man who ended his days in near-blind-
ness was one of the greatest scientists in
a century of distinguished men.

A generation before Darwin he took a
world of cataclysms, supernatural vio-
lence and mystery, and made of it some-
thing plain, expected and natural. If
today we look upon our planet as fa-
miliar even when its bowels shake and
its volcanoes grumble, it is because Lyell
taught us long ago the simple powers in
the earth.

It was as though we had been unable
to see the earth until we observed it
through the eyes of Lyell. Ralph Waldo
Emerson wrote at mid-century: “Geol-
ogy, a science of forty or fifty sum-
mers, has had the effect to throw an
air of novelty and mushroom speed over
entire history. The oldest empires—what
we called venerable antiquity—now that
we have true measures of duration, show
like creations of yesterday. . . . The old
six thousand years of chronology be-
comes a kitchen clock.”

98

by Loren C. Eiseley

To Darwin and Wallace, Lyell gave
the gift of time. Without that gift there
would have been no Origin of Species.
Geologic time is now so commonplace
that the public forgets it once had to be
fought for with something of the vigor
that was later to be transferred to the
evolutionary debates of the 1860’s.

Lyell was, in modern terms, both
zoologist and geologist. Indeed, he de-
fined geology as that science “which
investigates the successive changes that
have taken place in the organic and
inorganic kingdoms of nature.” Today
the splitting-up of science into numerous
special disciplines has left Lyell one of
the founders of historical geology. The
world has tended to forget that he also
wrote extensively upon zoological sub-
jects, and that he exerted, as an older
friend and influential scholar, a pro-
found effect upon the career of Charles
Darwin. “Lyell,” remarked the great
U. S. evolutionist Asa Gray in the year
of Darwin’s death “is as much the father
of the new mode of thought which now
prevails as is Darwin.”

Yet in the first years of evolutionary
controversy, beginning with Jean Bap-
tiste de Lamarck and extending into the
time of Robert Chambers and Charles
Darwin, Lyell found himself popularly
arrayed with the resistance to evolution.
He was not to alter his public position
until the autumn of his life. To us it may
seem an almost willful rejection of the
new age of science. Oddly enough we
are wrong. Reading history backward is
almost worse than not reading history at
all. One must live both in a given time
and beyond it to appreciate at once its
complexities and its half-veiled insights.

Eel]’s rejection of evolution was one of

the first rational products of the new
geology. A hint as to the nature of the
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situation is to be found in a passage in
Lyell's The Antiquity of Man, published
in 1863. The issue, to our modern eyes,
is obscured by the terms in which it was
argued. Lyell wrote: “It may be thought
almost paradoxical that writers who are
most in favor of transmutation (Mr. C.
Darwin and Dr. J. Hooker, for example)
are nevertheless among those who are
most cautious, and one would say timid,
in their mode of espousing the doctrine
of progression; while on the other hand,
the most zealous advocates of progress
are, oftener than not, very vehement op-
ponents of transmutation. We might
have expected a contrary leaning on the
part of both.”

It is in the words “transmutation” and
“progression,” now unfamiliar, that the
key to this mystery lies. When we come
to know their significance, we will have
learned that the road to the acceptance
of evolution had unexpected turnings
which, as we look backward, seem to
have vanished, but which were real
enough to the men of the 19th century.
Before we can understand Lyell’s posi-
tion, this queer order of events has to be
explored and comprehended.

Charles Lyell was born, the first of 10
children, to well-to-do parents in Scot-
land in 1797. His father possessed a
strong interest in natural history and
may have helped unconsciously to guide
his son’s interests in that direction. As
Charles Darwin and Alfred Russel Wal-
lace were later to do, the young Lyell
collected insects in his boyhood. Absent-
minded but versatile, tree-climber and
chess player, he matriculated at Exeter
College, Oxford, in 1816. Having early
stumbled upon a copy of Robert Bake-
well’s Introduction to Geology in his
father’s library, he sought out Dean
Buckland’s geological lectures at Ox-
ford, and from then on was a haunter of



chalk pits, rock quarries, caves and river
terraces.

In 1818 he made the usual continental
tour with his parents and sisters. The
slow carriage travel of that day pro-
moted leisurely observation, and Charles
made the most of it. He saw the red
snow and glaciers of the high Alps as
well as the treasures that lie open to the
observant in the flints of the common
road. Lyell had not as yet settled upon
a career in geology. He was destined
for the law, and shortly after his gradua-
tion from Oxford he came to London to
prepare himself for the bar.

Even in London, however, Lyell was
soon elected a Fellow of the Geological
Society and joined the Linnean Society.
Two handicaps tended to retard his
legal career. His eyes were weak and
troublesome, and he suffered from a
slight speech difficulty, with which he
was to contend bravely in his years as a
lecturer on the natural sciences. When
he was called to the bar in 1825 he was
already contributing articles on scientific
subjects to the Quarterly Review.

It has sometimes been intimated that
Charles Lyell was “only an armchair
geologist,” that he was scientifically
timid, a rich man’s son who happened
to dabble his way to success in a new
science. But in those days there was
little in the way of public support for
science. Even the great schools were still
largely concentrated upon the classical
education of gentlemen. Only the man
of independent means, like Lyell or
Darwin, could afford to indulge his in-
terest in science. With occasional strug-
gling exceptions such as Wallace, it was
the amateur who laid the foundations
of the science of today. The whole
philosophy of modern biology was estab-
lished by such a “dabbler” as Charles
Darwin, who never at any time held a
professional position in the field. Charles
Lyell and his great precursor, the Scots-
man James Hutton, similarly laid the
foundations of modern geology without
claiming much in the way of formal
institutional ~ connections.  Important
though institutional and government
support has come to be, it has led to a
certain latent snobbery in professional
circles. The amateur has had his day.
But his was the sunrise of science, and it
was a sunrise it ill becomes us to forget.

The charge that Lyell was an arm-
chair worker will not stand against the
facts. But even if the accusation held,
the whole question would turn on what
came out of the armchair. In actuality
Lyell in his younger years made numer-
ous trips to the continent to examine the

evidence of geology at firsthand. Later,
in the 1840’s, he visited America, where
he made similar ventures into the field,
even though he was by then lecturing to
thousands. As his biographer T. G.
Bonney remarks: “Whenever there was
hope of securing any geological infor-
mation or of seeing some remarkable
aspect of nature, Lyell was almost in-
sensible either to heat or to fatigue.” It
is hard to see how a man suffering from
bad eyes could have done more.

In support of the charge of scientific
timidity, it is observed that Lyell op-
posed himself for many years to evolu-
tionary views; it is said that his public
and his private statements upon this
score were vacillating. “How could Sir
Charles Lyell,” wrote one of Darwin’s

contemporaries, “for thirty years read,
write and think on the subject of spe-
cies and their succession, and yet con-
stantly look down the wrong road?”
From the vantage point of a hundred
years this question can be answered.
A whole new theory of life and time is
not built by one man, however able. It
is the product of multitudinous minds,
and as a consequence it is also com-
pounded of the compromises and hesi-
tations of those same minds. Later, when
the new world view comes to be
ascribed, as it generally is, to a single
individual such as Darwin the precursors
of the discoverer begin to seem incred-
ibly slow-witted.

Whatever men may think on this
score, however, the record shows that

LYELL was born in Scotland in 1797 and died in 1875. He prepared for a legal career, but
turned to geology. This photograph is in Portraits of Men of Eminence, published in 1863.
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Lyell was a man of intellectual courage.
He entered the geological domain when
it was a weird, half-lit landscape of
gigantic convulsions, floods and super-
natural creations and extinctions of life.
Distinguished men had lent the power
of their names to these theological
fantasies. Of the young Lyell, the “tim-
id” Lyell who later strained Darwin’s pa-
tience, a contemporary geologist wrote:
“He stood up as a reformer, a radical re-
former, denouncing all the old notions
about paroxysms and solving every geo-
logical question by reference to the
action of constant and existing physical
causes. Never had a revolutionist harder
work to get a sober hearing, or less pros-
pect of overturning the works and con-
clusions of other men.”

Geology at the beginning of the 19th
century was known to many in England
as a dangerous science. As such it both
attracted and repelled the public. A
body of fact and interpretation had
arisen that could only be kept in accord
with the Scriptural interpretation of
earth’s history by the exercise of con-
siderable ingenuity. Theological author-

PRINCIPLES

or

GEOLOGY,

BEING

ity was strong, and there was the
greatest pressure upon geologists to
avoid direct conflict with the church.
Moreover, some of the early geologists
were primarily theologians themselves,
and were understandably anxious to
reconcile geology with their religious
beliefs. By degrees there had thus arisen
a widely accepted view of geological
history known as catastrophism.

This orthodox geological creed was an
uneasy amalgam of the new scientific
facts seen in the flickering, unreal light
of mythological and romantic fantasy.
Unlike the slow evolutionary successions
that we recognize today, the record of
geology was held to contain sudden
catastrophic breaks. Mountain ranges
were thought to be heaved up overnight;
gigantic tidal waves, floods, paroxysms
of the earth’s crust were thought to mark
the end of periods of calm. At such
hours life vanished only to be restored
through renewed divine creation, taking
in the new period a more advanced
form, and pointing steadily on toward
the eventual emergence of man. It may
thus be observed that the students of

catastrophism had become aware of
organic change in the rocks, but they
saw the planet as having been molded
by forces seemingly more powerful than
those at work in the present day, and
thus by implication supernatural.

Awareness of a succession of life-
forms in the strata of the earth had been
slowly increasing since the close of the
18th century. Furthermore, it was seen
that these extinct forms of life showed
an increasing complexity as one ap-
proached the present. Since the record
of the land vertebrates is particularly
incomplete and broken, there arose the
idea that, instead of a genuine continuity
of life from age to age, the breaks in the
geological record were real breaks.
There had been a genuine interruption
between the life of one age and that of
another; each geological period had its
own flora and fauna largely distinct from
that which preceded and followed it.
The slow, grand progression of life was
seen as through a jerky, discontinuous,
ill-run motion picture.

Men still did not understand the real
age of the earth, nor the fact that the
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breaks they found in the records of the
rocks were not world-wide, but rather
only local discontinuities. The imperfec-
tions of the geological record, or the
passages between the discontinuities,
could only be learned through the pil-
ing-up of empirical evidence, a task that
had only begun.

The catastrophic school had a power-
ful religious appeal. It retained both the
creative excess and fury of an Old
Testament Jehovah. “At succeeding
periods,” wrote Adam Sedgwick, one of
Darwin’s geological teachers at Cam-
bridge, “new tribes of beings were called
into existence, not merely as the progeny
of those that had appeared before them,
but as new and living proofs of creative
interference; and though formed on the
same plan, and bearing the same marks
of wise contrivance, oftentimes unlike
those creatures which preceded them,
as if they had been matured in a differ-
ent portion of the universe and cast upon
the earth by the collision of another
planet.”

People thought in terms of a geotheo-
logical drama, a prologue to the emer-
gence of man on the planet, after which
no further organic developments were
contemplated. The theory predicted a
finished world which, in some eyes at
least, could be compressed into the fig-
urative week of the Book of Genesis.
“Never,” commented Lyell, “was there
a dogma more calculated to foster indo-
lence, and to blunt the keen edge of
curiosity, than this assumption of the
discordance between the former and the
existing causes of change.”

In this half-supernatural atmosphere

Sir Charles Lyell in 1830 published
the first volume of his Principles of
Geology. Like most great ideas it was
not totally original with its author. But
to Sir Charles belongs the unquestioned
credit of documenting a then unpalat-
able truth so effectively and formidably
that it could no longer be ignored. In
this respect again his career supplies a
surprising parallel to that of Darwin.
For Darwin too, at a later time, was the
resurrector and documenter of forgotten
and ill-used truths.

Lyell's principal precursor, James
Hutton, died in intellectual eclipse in
1797, the very year that saw the birth of
the man who was to revive his views—so
tenuous and yet so persistent is the slow
growth of scientific ideas. In the 1780’s
Hutton made the first organized and
comprehensive attempt to demonstrate
that the forces that had shaped the plan-
et—its mountains, boulders and conti-
nents—are the same forces that can be

observed in action around us today. |
Hutton had an ear for the work of rain-
drops, an eye for frost crystals splitting
stones, a feel for the leaf fall of innumer-
able autumns. Wind and frost and run-
ning water, given time enough, can
erode continents, ran his argument. Peer-
ing into the depths of the past, he could
see “no vestige of a beginning, no pros-
pect of an end.”

Hutton, though not the first to suspect
the earth’s antiquity, nor the work that
perfectly natural forces can perform,
was the first to write learnedly and ex-
tensively upon the subject. His work fell,
however, into undeserved neglect. He
was criticized as irreligious. In England,
particularly in the conservative reaction
following the French Revolution, the
catastrophism theory, with its grander
scenery and stage effects, had a more
popular appeal. The world of Hutton by
contrast was an unfinished world still
unrolling into an indeterminate future.
Its time depths were immeasurable, and
the public had recoiled from its first
glimpses into that abyss.

Yet this was the domain, and this the
philosophy, upon which Sir Charles
Lyell was to force his colleagues to take
a long second look. He was a more elo-
quent and able writer than Hutton. But
beyond this he had the advantage of al-
most 50 years of additional data, includ-
ing his own personal study of the conti-
nental deposits. “Lyell,” remarks one of
his contemporaries, “was deficient of
power in oral discourse, and was op-
posed by men who were his equals in
knowledge, his superiors in the free de-
livery of their opinions. But in resolute
combats, yielding not an inch to his ad-
versaries, he slowly advanced upon the
ground they abandoned, and became a
conqueror without ever being acknowl-
edged as a leader.”

By degrees the idea of gradual change
(uniformitarianism, as it came to be
called) succeeded the picture of world-
wide catastrophes. Supposition and
quasi-theological imaginings gave place
to a recognition of the work of natural
forces still active and available for study
in the world about us. The disjoined pe-
riods of the catastrophists began to be
seen as one continuous world extending
into a past of awe-inspiring dimensions.
The uniformitarian school began to
dominate the geological horizon. With
the success of the Principles Lyell be-
came one of two or three leading figures
in English natural science until the peak
of Darwin’s fame was achieved with the
publication of the Origin of Species in
1859. It is no wonder that the young
Darwin, just returned from the voyage
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EARTH’S CRUST is depicted in Lyell’s Elements of Geology. It is captioned: “Ideal sec-
tion of . . . the Earth’s crust explaining the theory of the ... origin of the four great clafses
of rocks.” The classes were: aqueous (A), volcanic (B), metamorphic (C) and plutonic (D).

of the Beagle in 1836, gravitated so
quickly to Lyell. It was Lyell’s revision
of geology that was to make Darwin’s
triumph possible.

Sir Charles Lyell had been raised in a
more orthodox home than Charles Dar-
win. In fact, he was to confess in after-
years that it cost him a severe struggle to
renounce his old beliefs. Nevertheless,
in reviving the conception of limitless
time, and in abandoning the notion of
world-wide breaks in the geological rec-
ord as urged by the catastrophists, Lyell
was inevitably forced to confront the
problem of life itself in all its varied
appearances. His great predecessor, Hut-
ton, had been largely able to avoid the
issue because of the lack of paleonto-
logical information. In Lyell’s time, how-
ever, the questions pressed for answer.

rl‘he catastrophist doctrine had given
birth to a kind of romantic evolu-
tionism to explain the increasing com-
plexity of life. This was the doctrine of
“progression” which Lyell opposed in
many of his writings from the time of
the Principles onward. Progressionism
was the product of the new paleontology
which had discovered differences among
the life-forms of successive geological
eras. The theory can be said to have bor-
rowed from Lamarck the conception of
a necessary advance in the complexity
of life as we ascend through the geologi-
cal strata to the present. Instead of es-
tablishing biological continuity (the
actual physical relationship between one
set of forms and their descendants) the
progressionists sought to show only a
continuity or an organic plan in the mind
of God between one age and another.
There was, in other words, no phylo-
genetic relationship on the material
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plane between the animals of one era
and those of a succeeding one.

Progressionism thus implied a kind of
miraculous spiritual evolution which
ceases only when the human level has
been attained. The idea is confusing to
the modern thinker because he tends to
read back into this literature true evolu-
tionary connotations that frequently
were not intended by these early writers.
The doctrine is interesting as a sign of
the compromises being sought between
an advancing science and a still-
powerful religious orthodoxy.

“I shall adopt a different course,”
the young Lyell had written when he
was contending for the uniformitarian
view in geology. “We are not authorized
in the infancy of our science to recur to
extraordinary agents.” The same point of
view led him, in company with T. H.
Huxley, Joseph Hooker and, later, Dar-
win, to reject the claims of progression-
ism. All of these men, Lyell foremost
among them, were uniformitarians in
geology. They believed in the play of
purely natural forces upon the earth.
They refused or were reluctant to accept
the notion of divine interposition of crea-
tive power at various stages of the geo-
logical record. They felt in their bones
that there must be a natural explanation
for organic as well as geological change,
but the method was not easily to be had.
Since Lyell was the immediate parent
of the new geology, and since he was
committed to natural processes, he was
continually embarrassed by those who
said: “You cannot show how nor why
life has altered. Why then should we not
believe that geological changes are
equally the product of mysterious and
unknown forces?”

We are now at the crux of the reason
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why Lyell was dubious about notions of
“transmutation”—the term then reserved
for ideas implying true physical connec-
tion among the successions of species or,
as we would say, “evolution” from one
form to another. Lyell’s attitude toward
evolution was influenced by the antipa-
thy that he felt toward progression, to-
ward the unexplainable. In bracketing
the two together he in effect was indi-
cating the need of a scientific explana-
tion of organic change, if change indeed
was demonstrable.

Beginning with the Principles of
¥ Geology, in which the second vol-
ume and part of the third are devoted to
biological matters, Lyell had sought to
examine the biological realm with an eye
to answering the challenge of the catas-
trophist progressionists. As a conse-
quence he came close to, but missed the
significance of, the natural-selection hy-
pothesis which was to establish the fame
of Charles Darwin. It was here that he
took the wrong turning that led him
away from evolution. Yet ironically
enough, though Lyell failed to compre-
hend the creative importance of natural
selection, he did not miss its existence. In
fact, through a strange series of circum-
stances just discovered in the literature,
it is likely that he was fundamentally in-
strumental in presenting Darwin with
the key to the new biology. He was so
concerned, however, to array the evi-
dence against the doctrine of progres-
sion that he missed the support that the
same evidence gave for a rational ex-
planation of the origin of species.

Against the progressionists’ idea of
mass extinction at each break in the
geological record he cited the imperfec-
tions in that record. “There must,” he
contended, “be a perpetual dying out of
animals and plants, not suddenly and by
whole groups at once, but one after an-
other.” Although not solving the prob-
lem of the emergence of new forms of
life, Lyell by arguing for geological con-
tinuity was bringing the question of ex-
tinction and of the origin of new species
within the domain of scientific investi-
gation.

He countered the progressionist hy-
pothesis with a short-lived “nonprogres-
sionism” in which he argued that the
discovery of higher forms of life in older
strata would demonstrate that the pro-
gressionist doctrine was based solely
upon the fallible geological record. This
retreat from straight evolution on the
part of Lyell was somewhat wavering,
but it continued into the 1850’s. There
is no doubt that it was an attempt philo-
sophically to evade a problem which



threatened to interpose into his system
something miraculous and unexplain-
able that savored of the catastrophist
doctrines he had struggled for so long
to defeat. Only with the triumph of
Darwin would a uniformitarian, a “nat-
uralistic,” explanation for the mutability
of life be available to the uniformitarian
followers of Lyell. It was only then that
Huxley, Hooker and finally Lyell him-
self became converts to evolution, at a
time when it was still being resisted by
such men as Sir Richard Owen and
Louis Agassiz—old-style catastrophists
and progressionists who at first glance
one might think would have eagerly em-
braced the new doctrine of genuine
physical evolution.

Although the question has been ob-
scured by hazy difficulties of termi-
nology, Sir Charles Lyell had already
described before Darwin the struggle
for existence and, up to a certain point,
natural selection. He had not, however,
visualized its creative aspect. Lyell
made the first systematic attempt to
treat the factors affecting the extinction
of species and the effects of climatic
change upon animal life throughout the
long course of ages. “Every species,”
Lyell contended, “which has spread
itself from a small point over a wide
area must have marked its progress by
the diminution or the entire extirpation
of some other, and must maintain its
ground by a successful struggle against
the encroachments of other plants and
animals.” He goes on to speak of “the
tendency of population to increase in a
limited district beyond the means of
subsistence.” Nor was Lyell unaware of
plant and animal variation, although he
believed such variation to be limited.
“The best-authenticated examples of the
extent to which species can be made to
vary may be looked for in the history of
domesticated animals and cultivated
plants,” he wrote, long before Darwin’s
investigations.

But Lyell did more than this. In the
Principles of Geology he marshaled a
powerful attack on the possibility that
new evolutionary forms might be able
thus to maintain or perfect themselves.
Lyell advanced what he called his prin-
ciple of “preoccupancy.” In essence this
principle simply assumes that creatures
or plants already well fitted for occupy-
ing a given ecological zone will keep any
other forms from establishing them-
selves in the new habitat, even assuming
that the competitors are capable of
evolving. “It is idle,” said Lyell, “to dis-
pute about the abstract possibility of the
conversion of one species into another,
when there are known causes so much

more active in their nature which must
always intervene and prevent the actual
accomplishment of such conversions.” |
Using a number of present-day examples |
Lyell sought to show that local altera-
tions, say that from marsh to dry land,
or fresh to brackish water, would never
permit of slow organic change, because
long before the organisms of the older
environment could alter they would die
out in competition with already adapted
forms intruding to take advantage of the
new conditions.

vell, in other words, could see how

—4 time and changing conditions might
alter the percentages of living forms in
given localities or change the whole na-
ture of a flora. He understood that “the
successive destruction of species must
now be part of the regular and constant
order of nature.” What he still failed to
grasp was that he was observing the cut-
ting edge of the natural-selection process
in terms of its normal, short-time effects.
The struggle in nature that had so im-
pressed him he had seen, if anything,
too vividly. There was left no refuge, no
nursing ground, by which the new could
come into existence. The already cre-
ated, the already fit, dominated every
niche and corner of the living world.
Lyell understood ecology before Dar-
win. He saw the web of life, but he saw
it so tightly drawn that nothing new
could emerge from it. As geographical
or climatic conditions altered in the
course of geological time, already exist-
ing forms moved from one area to an-
other; he could see no evidence for a
mechanism to explain the emergence of
new forms.

His vision of the history of life was
not wrong; it was simply incomplete.
Lyell himself realized the complexities
of the problem that beset him: There
was a going-out without an equivalent
coming-in, an attrition without a com-
pensating creation.

“The reader will immediately per-
ceive,” Lyell wrote, “that amidst the
vicissitudes of the earth’s surface, species
cannot be immortal, but must perish one
after the other, like the individuals
which compose them. There is no possi-
bility of escaping this conclusion with-
out resorting to some hypothesis as vio-
lent as that of Lamarck.” Drawing back
from this gulf, Lyell returns again and
again to nonprogressionism. Neverthe-
less, like many naturalists of his day, he
was willing to recognize “a capacity in
all species to accommodate themselves,
to a certain extent, to a change of exter-
nal circumstances, this extent varying
greatly, according to the species.” Lyell ‘
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recognized minor varietal differences of
a seemingly genetic character in some
animals. Beyond this he did not venture.

The term natural selection, introduced
by Darwin and now everywhere re-
garded as the leading mechanism in
evolutionary change, has a peculiar his-
tory. Under other names it was known
earlier within the century, but this is
little realized. Darwin introduced the
principle to his readers under a new
term and with new implications so that
it has been widely assumed that it
originated in his mind. One might say,

without minimizing Darwin’s achieve-
ment, that this widespread impression
is not quite accurate. Charles Darwin
in reality took a previously recognized
biological device and gave it a new and
quite different interpretation. In doing
so he opened the doorway to unlimited
organic change and provided that em-
pirical evolutionary mechanism which
had driven Lyell and other objective
scientists away from the progressionists,
even though the latter had been correct,
in a general sense, about the ascending
complexity of life. Darwin’s achieve-
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ment was an apt illustration of what can
sometimes be done with old principles
when someone looks at them in a new
way and sees some unexpected possi-
bility within them. Darwin altered our
whole conception of the nature of the
world in which we live. He did so by
making use of a principle already known
to Charles Lyell and one other man, a
young zoologist by the name of Edward
Blyth. Essentially it was the principle
that Lyell advanced against the evolu-
tionary arguments of Lamarck in the
1830’s.

“Of all forms of mental activity,” the

historian Herbert Butterfield once
wrote, “the most difficult to induce is
the act of handling the same bundle of
data as before, but placing them in a
new system of relations with one another
by giving them a different framework,
all of which virtually means putting on
a different kind of thinking cap for the
moment.” This is precisely what Charles
Darwin did when he took the older con-
ception of natural selection and by
altering it a hairbreadth created that
region of perpetual change, of toothed
birds, footless serpents and upright
walking apes in which we find our-
selves. Yet difficult as Darwin’s feat
proved to be, he received a hint, a
nudge as it were, which began with
Lyell, was elaborated by young Edward
Blyth and from him was apparently
transferred to Darwin. No clearer se-
quence in the evolution of ideas can be
perceived anywhere in the domain of
science.

Edward Blyth was a man of 25 when
he read Lyell and, impressed by his
ideas, carried them a little further. In the
British Magazine of Natural History in
1835 and again in 1837, the very year
that Darwin opened his first notebook
upon the species question, Blyth dis-
cussed what today we would call both
natural and sexual selection.

“Among animals which procure their
food by means of their agility, strength
or delicacy of sense, the one best organ-
ized must always obtain the greatest
quantity; and must, therefore, become
physically the strongest and be thus en-
abled, by routing its opponents, to trans-
mit its superior qualities to a greater
number of offspring. The same law,
therefore, which was intended by
Providence to keep up the typical quali-
ties of a species can be easily converted
by man, into a means of raising different
varieties.”

This idea young Blyth referred to as
his “localizing principle.” Like Lyell he

saw the conservative aspect of selection,



but he saw it more clearly. He actually |
discussed its genetic aspects. As the
above quotation indicates, however, he
interpreted natural selection as a provi-
dential device eliminating the variant
and unfit and holding each organism to
its divinely appointed place in nature.
Nevertheless in the couwrse of his specu-
lations he draws up short before a
startling thought. “A variety of impor-
tant considerations here crowd upon the
mind,” he confesses, “foremost of which
is the enquiry, that, as man, by removing
species from their appropriate haunts,
superinduces changes on their physical
constitution and adaptations, to what
extent may not the same take place in
wild nature, so that, in a few generations
distinctive characters may be acquired,
such as are recognized as indicative of
specific diversity. . . P May not then a
large proportion of what are considered
species have descended from a common
parentager”

The great question had been asked
again, but this time more definitively,
more perspicaciously, than it had ever
been asked before. Sadly, timidly young
Blyth in the end rejects his own ques-
tion. Like Lyell, from whom he had
drawn much, he found the new world
he had glimpsed too dim, too distant, too
awe-inspiringly new to be quite real.
One rubbed one’s eyes and it was gone.
The safe, constricted world of the
English hedgerows remained—the world
in which everything held its place.

But the year was 1837. Charles Dar-
win was home from the Galapagos,
home from the five-year voyage of the
Beagle, home with turtles and coral,
bird beaks and pampas thistles in his
head. He read the Magazine of Natural
History consistently in this time. We
know it from recently discovered evi-
dence. In fact, Darwin, in a somewhat
cryptic early letter, tells us so: “In such
foreign periodicals as I have seen, there
are no such papers as White or Water-
ton, or some few other naturalists in
Loudon’s and Charlesworth’s Journal
would have written; and a great loss it
has always appeared to me.” Loudon’s
and Charlesworth’s Journal is the Mag-
azine of Natural History. There, to lie
undiscovered for a century, reposed the
hint that seemingly started Darwin along
the road to the Origin. There at last is
the reason for the sudden burgeoning of
his ideas after the return from the voy-
age. Interior evidence in Darwin’s early
essays strongly suggests the relationship.

Later on in the century the two men
became friends. As to whether Edward
Blyth ever saw or grasped the connec-
tion between his youthful thoughts and
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the intellectual revolution that came in
1859, we do not know. After many years
in India, where he devoted himself
largely to ornithology, he was invalided
home and died in 1873.

Passing from Lyell to Blyth to Darwin,
the world faintly glimpsed by a few
thinkers before them—that marred, im-
perfect and yet forever changing world
which brings equally into being butter-
flies and men—dawns fully in our minds.
If there is revealed to us the dark shadow
of tooth and club by which we have
arisen, we are taught also the utter
novelty of life, its unguessed potential-
ities. The lost Eden which, as Francis
Bacon had dreamed, might be repos-
sessed by knowledge lies ahead of us,
but it waits upon moral powers that may

be as necessary to man as learning.

“Man is an ape and a beast,” writes
the pessimist. The true evolutionist will
only say: “Man is a changeling. He is
making himself blindly now, and drag-
ging the dead past forward like a snake’s
cast-off skin whose fragments still bind
him. He is a very young creature, a tick
on Emerson’s kitchen clock. Do not de-
fine him. Let the clock tick once more.
Then we will know.”

Already in Sir Charles Lyell's mind
man’s next hour was striking. As one
surveys the long record of his life, as
one sees his influence upon Edward
Blyth, upon Darwin and upon Alfred
Russel Wallace, as well as upon many
other aspiring workers, one comes to
recognize that to a major degree he set

CATASTROPHIC VIEW of the earth’s history is reflected in this engraving by Albrecht
Diirer. The engraving illustrates the passage in the Bible (The Revelations of Saint John the
Divine, Chapter 6, Verse 13) beginning: “And the stars of heaven fell unto the earth....”
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the scientific tone of the Victorian age.
He brought to bear upon scientific
thought and speculation a mind trained
to the value of legal evidence. He was, on
the whole, dispassionate, clear-headed
and objective. By precept and example
he transmitted that heritage to Darwin.
He emphasized synthesis and logical
generalization from facts. Both men es-
chewed small works and both amassed
great bodies of material to carry their
points. Lyell warned Darwin away from
petty scientific bickering as a waste of
time and nerves. At almost every step
of Darwin’s youthful career Lyell was
an indefatigable guide and counselor.
Then at that critical hour when Darwin
was appalled by the reception of the
news of Wallace’s independent discov-
ery of natural selection, it was Lyell and
Hooker who counseled the simultaneous
publication of the papers of both men.

Darwin and Wallace were Lyell’s in-
tellectual children. Both would have
failed to be what they were without
the Principles of Geology to guide them.
In science there is no such thing as total
independence from one’s forerunners.
1t is an illusion we sometimes like to fos-
ter, but it does not bear close examina-
tion. Even our boasted discoveries are
often in reality a construct of many
minds. We are fortunate if we some-
times succeed in fitting the last brick into
such an edifice. Lyell himself knew this
and tasted its irony.

He died in 1875 at the end of a long,
outwardly uneventful life spent largely
in the company of a beautiful, gracious
and intelligent woman. After his wife’s
death in 1873 the light began to pass
away from Lyell; he did not long survive
her. A few years before, he had written
to Ernst Haeckel: “Most of the zoolo-
gists forget that anything was written
between the time of Lamarck and the
publication of our friend’s Origin of
Species.”

Much indeed had been forgotten. In
this little sigh of regret Lyell was even
then resigning his hold upon the public
which had once idolized him. To the
true historian of science, however, he
remains the kingmaker whose giant
progeny, whether acknowledging their
master by direct word or through the
lines of their books, continue today to
influence those who have never heard
his name.

Of Charles Lyell, Darwin himself said
what is so often remarked in our day of
Darwin: “The great merit of the Princi-
ples was that it altered the whole tone of
one’s mind and, therefore, that when
seeing a thing never seen by Lyell, one
yet saw it partially through his eyes.”
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About the earthly side of the Corporal missile. The Army’'s Corporal mis-
sile is a surface-to-surface mobile artillery weapon. It's operational and it's
in production. Tremendous quantities of materials fabricated into numerous
pieces of ground support equipment operated by Army personnel are required
to launch the Corporal with split-second timing and accuracy. And virtually
all of the steel material required can be purchased from one source — United

States Steel. Whether we're talking about carbon steel, high-strength

low-alloy steel, alloy steel or Stainless Steel, steel fence, electrical cable,

How thin and light can you make the shipping container This Corporal transporter is made of steel. Why? Because
for a rocket, and still have a strong, impact-resistant this has to be a rugged piece of equipment to withstand
shell? The transportation industry specialists in strong, the abuse of moving the missile over all types of rough
lightweight construction have overcome this same prob- terrain.

lem with the help of United States Steel.
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cement or wire rope, United States

Steel maintains the technical serv-
ices to provide the proper assist-
ance to cope with any problem on

these materials for ground support.

<X NC

When a ground support program is
ready for the drawing board, con-

sult United States Steel

USS is a registered trademark

Technicians are carried to the “brain” of the Corporal
missile on a “‘cherry-picker."” Its boom is similar to that of
an industrial crane. United States Steel representatives
are constantly working with the manufacturers of cranes
and power shovels to develop more efficient strength-
weight ratios and better rigging.

- .
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GLAUCOMA

This disease, a major cause of blindness, mainly afflicts people

over 40. It occurs when fluid is secreted into the eye faster than

it can drain out, thus increasing the pressure inside the eyeball

laucoma is probably the major
‘ cause of blindness in this coun-

try. The eye is a precision instru-
ment; its function requires stability of
structure. The light-bending organs in
the front of the eye must be fixed pre-
cisely and steadily to bring the light into
focus on the light-sensing organs at the
back of the eye. But the tissues of the
eye are inherently flexible and elastic.
To give it stability the eyeball is inflated
with fluid under pressure. Normally a
balanced inflow and outflow of fluid
maintains the pressure constant. In cer-
tain eyes, however, anatomical or func-
tional defect blocks the outflow of fluid.
With inflow undiminished, the pressure
rises, sometimes steeply to three or four
times normal. In such cases the onset of
glaucoma is acute; there is intense pain,
vision is fogged and lights are ringed
with haloes. But often the disease is in-
sidious; pressure in the eye rises slowly
over long periods of time, and the symp-
toms are transitory and mild. In either
circumstance prolonged elevation of
pressure destroys the retina and the op-
tic nerve, and blindness follows.

Glaucoma principally affects the
aged, a cruel outcome of normal physio-
logical decline. Anatomy, however, also
plays a part; the markedly farsighted eye
may be more prone to the disease than
the normal or the nearsighted. Glaucoma
can also be incidental to other conditions
(for example, a tumor) that raise pres-
sure in the eyeball. Occasionally it ap-
pears in infants, associated with con-
genital abnormality in the structure of
the eye.

Progress in the diagnosis and treat-
ment of glaucoma achieved during the
last two decades permits the prediction
that the next two decades will see a
marked reduction in the numbers of the
blind. Fulfillment of this hope requires
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by Sidney Lerman

a wider public understanding of the dis-
ease. Laymen and physicians must be
alert to its symptoms and ready to take
countermeasures before it has done irre-
versible harm.

It is in the forward part of the eye-
ball, containing the optical mechanism
of the eye, that the trouble occurs. The
eye has a double lens: the cornea (which
possesses the major light-bending power)
and the ocular lens proper (which is en-
dowed with capacity to change its re-
fractive power by the flexion of its front
surface) . Drawn snugly around the outer
margin of the front surface of the lens is
the colored iris, which by dilating or
constricting controls the volume of light
passing through the pupil to the retina
[see illustration on page 112]. These are
the working parts of the eye concerned
with the physics of vision. Behind the
lens the light enters the large rear cham-
ber of the eye, which is sealed off from
the optical mechanism in front. This
chamber is filled with the vitreous hu-
mor: a perfectly transparent, gel-like
tissue whose major functions are to
maintain the shape of the eye and to
transmit light without any further re-
fraction. At the back of the eye the
points of light focused on the retina are
translated into nerve impulses and re-
layed by the optic nerve to the brain.

rl‘he hydrostatic pressure needed to

- stabilize the whole system is sup-
plied by the aqueous humor, a thin,
watery fluid that fills the forward part
of the eye. It is secreted behind the iris
by the ciliary body at the rate of ap-
proximately three cubic millimeters per
minute. The fluid first fills the posterior
chamber, an annular space between the
iris and the lens. From here, the inflow
pressure forces the fluid out through the
pupillary aperture of the iris into the
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anterior chamber between the iris and
the cornea. Since the two chambers to-
gether have a capacity of only 125 to
150 cubic millimeters, it is clear that the
fluid must turn over every 40 to 50 min-
utes. The functioning of the outflow
system is therefore of critical impor-
tance.

A simple but effective structure pro-
vides for drainage of the aqueous humor
from the anterior chamber. It surrounds
the periphery of the chamber just in the
angle between the cornea and the iris.
A spongy meshwork of fibers, lined by
a single layer of cells, the so-called tra-
becular meshwork, affords a series of tiny
canals, with small openings about one
half the diameter of a red blood cell, to
receive the fluid from the chamber.
These canals in turn drain into a larg-
er collecting vessel called Schlemm’s
canal, which finally returns the fluid to
the veins in the “white” or scleral tis-
sue of the eye. Strips of fine muscle-tis-
sue, intertwined with the fibers of the
trabecular meshwork and surrounding
Schlemm’s canal, promote the percola-
tion of the fluid through this system by
rhythmic contractions that exert a “milk-
ing” action.

The operation of the outflow system
is so delicately adjusted to the inflow of
fluid that the pressure in the normal eye-
ball varies little throughout a lifetime.
In the population as a whole the pres-
sure may range between 14 and 25
millimeters of mercury in the eyes of
healthy individuals. But in any one in-
dividual it does not vary more than one
or two millimeters. Just how the balance
of inflow and outflow is maintained no
one knows. According to one theory the
pressure regulates itself via a neural and
chemical feedback linkage.

A small but statistically significant
percentage of our adult population un-



SECTION OF THE EYE where the cornea (top) joins the iris humor into the eyeball. This fluid drains out of the eye through
(below open area at left) is enlarged some 120 diameters. Knobby structures at the edge of the cornea (see photograph below). Both
protrusions are part of the ciliary body, which secretes aqueous photographs were made by R. L. Carpenter of Tufts University.

-

DRAINAGE MECHANISM, here enlarged about 460 diameters, through tiny pores and then filters through tiny canals composed of
consists of Schlemm’s canal (elongated hole) and the trabecular fibers lined with a single layer of cells. These canals empty into
meshwork (below hole). Aqueous humor enters the meshwork Schlemm’s canal, which in turn is drained by a system of veins.
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CORNEA

ANTERIOR CHAMBER
IRIS

CONJUNCTIVA g POSTERIOR CHAMBER

SCLERA CIUARY BODY

RETINA

CHORQOID

OPTIC NERVE

MAIN STRUCTURES OF THE EYE are labeled in this diagram of The sclera and conjunctiva are protective tissues. The choroid is

a section of the eyeball. The cornea and lens bend light rays so that composed mainly of blood vessels. The ciliary body secretes aque-
they focus on the retina, which sends impulses to the brain via the ous humor, which fills both the anterior and posterior chambers.
optic nerve. The iris regulates the amount of light entering the eye. The space behind the lens is filled with the vitreous humor, a gel.
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knowingly harbors a tendency toward
developing an acute type of glaucoma:
the “angle-closure” glaucoma. These
people have eyes with shallow anterior
chambers—that is, the distance between
the cornea and iris is significantly smaller
than in the average individual—and the
angle where the two come together is
abnormally acute. Their eyes are some-
times actually smaller in diameter from
front to back than the average. In such
an individual the space between the iris
and cornea becomes smaller with ad-
vancing age, decreasing the volume of
the anterior chamber still further and
making the angle between the comea
and iris even more acute. Since the
trabecular meshwork is located in this
angle, its tiny intake pores begin to be
dangerously confined. Now when the
pupil of the eye opens to its fullest, the
iris bunches up on itself. If the angle
between the iris and cornea is very nar-
row, the thickened iris may push against
the trabecular meshwork, plug its pores
and stop the outflow of fluid. The pres-
sure in the eye rises rapidly, and the
victim experiences a sudden attack of
glaucoma. Since the pupil opens to its
fullest in prolonged darkness, it is not
surprising that many persons suffer their
first attacks of this type of glaucoma at
the theater. Emotional disturbances or
pain may also initiate an attack by caus-
ing the pupils to dilate or by producing
swelling (edema) in the iris and other
eye tissues.

Within an hour of the blockage the

pressure in the eye may reach three
or four times the normal value. Fortu-
nately the elevated pressure eventually
inhibits the secretion of aqueous humor,
otherwise the eye would rupture. As it
is, the eye feels “hard as a marble” to
the touch and appears grossly red and
inflamed. If the pressure remains ele-
vated for a while, fluid is taken up by
the cornea, causing it to become water-
logged; it loses its transparency and ap-
pears steamy both to the observer and
to the patient, who may complain of see-
ing rainbows and haloes around lights,
due to a prism effect caused by drop-
lets of water accumulating between the
corneal fibers. The pain in and about the
eye and the severe headache that attend
these attacks may cause further and
more prolonged dilation of the pupil,
thereby aggravating the condition; fre-
quently the patient may also suffer from
nausea and vomiting.

Although the immediate consequences
of this sudden rise in intraocular pres-
sure are dramatic and distressing, per-
manent damage can be averted by

prompt diagnosis and treatment. Should
the high pressure persist for more than
36 to 48 hours, however, the eye may
be severely damaged and even blinded.
An attack of this kind should therefore
be handled as a true medical emergency.
If there is any doubt, the diagnosis can
be substantiated by simply pressing
gently on the eye and comparing its con-
sistency with that of the unaffected eye.
For a more precise estimate of the intra-
ocular pressure the ophthalmologist uses

CEPEELELEP VLRIV IR P ELEEEEP P2 0893

SAVE 959,
ON PERIODICAL

an instrument called the tonometer, |

which measures the degree to which the
cornea can be indented by the pressure
of a known weight on its surface.

Treatment to bring down the pressure
should begin at once. Since iris tissue
has been pushed into the outflow pores
by dilation of the pupil, the obvious
thing to do is to make the pupil constrict.
Fortunately there are several drugs
(such as eserine and pilocarpine) that
rapidly induce this effect when they are
instilled into the eye in the form of drops
or ointment. These drugs act directly on
the sphincter muscle within the iris, and
pull the iris tissue away from the trabec-
ular area. The fluid once again drains
out of the eye, and the intraocular pres-
sure falls.

STORAGE SPACE

SCIENTIFIC AMERICAN and
over seven hundred and fifty
other leading periodicals are
now available on microfilm —
cost about equal to library bind-
ing. Microfilms of issues from

May, 1948 [first issue of new

As is apparent, it should also be pos-

sible to relieve the pressure by reducing
the secretion of fluid. A new drug called
Diamox has this effect, cutting down the
inflow of aqueous humor from about
three cubic millimeters per minute to

SCIENTIFIC AMERICAN ]| may be
secured.

Addressing inquiries to

one cubic millimeter. This drug can be |

administered orally, but it is more effec-
tive when it is given intravenously.
When the reduction of inflow is com-
bined with the freeing of the outflow
channel, the pressure drops within min-
utes, and the eye resumes its normal
state, appearance and function. But the
degree of recovery depends to a great
extent on the length of time the eye has
had to endure high pressure.

If the iris tissue remains too long in
contact with the trabecular meshwork,
fibrous tissue eventually forms between
them. These “adhesions,” composed of
a dense material, close off the trabecular
pores permanently and render the drain-
age mechanism functionless. Continued
high pressure leads to the atrophy and
degeneration of the nerve fibers within
the retina and in the optic-nerve head.
Since nerve tissue emanating directly
from the brain does not regenerate, the
eye loses its sight.

rF hough serious consequences may be

averted in the initial attack, the pa-
tient stands in grave peril of a recur-
rence. With each succeeding attack the
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SEGMENT OF THE EYEBALL between the lens and the cornea is
drawn in three dimensions. The iris partly separates the two cham-
bers. Schlemm’s canal, a cross section of which appears at the cut

risk of damage and visual impairment
increases. Furthermore, the other eye
may be afflicted; it too harbors the same
anatomical defect, that is, a narrow an-
gle between cornea and iris. The cus-
tomary preventive is to instill a pupil-
constricting drug into the eyes at speci-
fied times each day; in most cases the
patient must keep up the treatment for
the remainder of his life.

Within the last decade or two it has
actually become possible in many cases
to cure this form of glaucoma and free
the patient from a life of continuous
treatment. The treatment consists of a
relatively simple operation, in which a
small piece of tissue is removed from
the outer edge of the iris disk. The suc-
cess of this procedure depends on the
fact that under normal conditions the
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pressure in the posterior chamber, where
the aqueous humor is produced, is slight-
ly higher than that in the anterior cham-
ber, into which the fluid flows through
the pupil. The difference in pressure
tends to bulge the iris in the direction
of the cornea. Cutting a hole in the iris
permits the aqueous humor to flow di-
rectly into the anterior chamber. With
the pressure equilibrated in the two
chambers, the iris is no longer bowed
toward the cornea; the anterior chamber
deepens, and the widening of the angle
between the iris and the cornea frees the
outflow pores. If the operation is done
before adhesions have closed the pores,
it often produces excellent results. The
tiny hole is hardly discernible among the
natural striations of the eye. Because the
operation is relatively simple, results in
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surface, extends all the way around the edge of the anterior
chamber. The canal is covered by the trabecular meshwork, the
pores of which are visible in the intact wall of the chamber.

practically no disfigurement of the eye
and is so frequently successtul, many
ophthalmologists advocate treatment of
both the affected eye and its fellow.

It adhesions have already formed, the
chances of success depend on the degree
to which they obstruct the drainage sys-
tem. Until recently it was difficult to
estimate the damage. In some cases the
ophthalmologist could determine the ex-
tent of the adhesions by visual inspec-
tion with an instrument known as the
gonioscope. It is now possible, however,
to measure the performance of the dam-
aged system directly, by means of a con-
tinuously recording tonometer, or tono-
graph, held on the cornea for several
minutes. Because the cornea is indented
during this procedure, the volume of the
eye is decreased and a corresponding



amount of aqueous humor is squeezed
out of the eye. In the case of a healthy
eye the readings will show a decline in
intraocular pressure since aqueous hu-
mor is ﬂowing out at an increased rate.
In the glaucomatous eye, however, the
pressure decreases much more slowly.
From the readings of this test a series of
computations yields a measure of the
functional ability of the drainage mecha-
nism. The ophthalmologist can then de-
cide on the course of therapy.

If the test indicates that the drainage
mechanism is no longer capable of func-
tioning, surgery of the iris obviously of-
fers no relief. In such a case surgery
must be aimed at building a new drain-
age mechanism for the eye. By a variety
of procedures the surgeon undertakes to
open a new channel between the ante-
rior chamber and the tissues containing
the collecting veins. Unfortunately the
results of these operations are uncertain,
and much research is now directed to-
ward their improvement.

A less dramatic but far more wide-
spread disease is the chronic form of
glaucoma. It is known as open-angle
glaucoma, and, as the name implies, the
drainage angle between the iris and the
cornea offers no obstruction to the flow
of fluid. The trouble lies within the
drainage system itself. Just how open-
angle glaucoma starts is not clear. It
probably results from a disturbance in
the mechanism that controls intraocular
pressure. The disturbance brings a dimi-
nution in the size of the trabecular pores
and thus slows the outflow of aqueous
humor. Another cause of open-angle
glaucoma may be the gradual thickening
and sclerosis of the trabecular fibers with
increasing age. These are normal proc-
esses which usually proceed so slowly
that they do not interfere perceptibly
with aqueous drainage during the aver-
age lifetime. In some persons, however,
they develop early enough in life to
bring trouble.

\ "hatever the cause, the clogging of

the drainage mechanism proceeds
at a gradual pace. Since intraocular pres-
sure builds up over a long period of
time, the eye has time to adapt itself,
remaining white, giving no pain and
otherwise showing no warning symptom.
Many victims therefore remain unaware
that the disease is in progress until it
actually impairs their vision by destruc-
tion of the optic-nerve fibers. The occa-
sional headache and the sensation of
rainbows and haloes around lights, aris-
ing from intermittent corneal edema, do
not cause sufficient distress to suggest
the need for medical attention.

Once the condition is discovered, the
intraocular pressure can often be ade-
quately controlled by medication alone.
Drugs like Diamox which decrease the
input of fluid obviously are of help. The
pupil-constricting drugs such as eserine
may also be beneficial in this condition
because they stimulate the muscles of
the ciliary body to open up the narrowed
pores and in general improve the drain-
age. Ophthalmologists usually do not

st

advise surgery so long as the intraocu-
lar pressure responds to the drugs and
there is no further visual loss. When
necessary, surgery may be attempted to
develop an artificial drainage route.

In the rare appearance of glaucoma
in infants the symptoms may be some-
what different from those in adults. The
young growing eye, unlike the adult eye,
is capable of being stretched and en-
larged by an abnormally high internal

GLAUCOMA RESULTS from the failure of aqueous fluid to drain properly. In angle-
closure glaucoma (top) iris tissue closes off the angle of the eye and clogs the trabecular
pores; the flow of aqueous humor (arrows) is therefore blocked. In open-angle glaucoma
(bottom) the pores and canals inside the trabecular meshwork are narrowed or clogged,
cutting down the rate of flow (broken line) into Schlemm’s canal and the collecting veins.
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PERIPHERAL IRIDECTOMY, the cutting out of a tiny piece from the edge of the iris
(top), corrects the condition which leads to angle-closure glaucoma. Before the operation
aqueous humor flows in a roundabout way (broken line in lower diagram) ; this causes the
pressure in the posterior chamber to be slightly higher than that in the anterior chamber
and pushes the iris forward. After the operation aqueous humor flows more directly (solid
line) and the pressure in the two chambers is equalized. Since the iris is no longer pushed
forward by unequal pressure, the space between the iris and the cornea increases in depth.

| pressure. The consequent bulging of the

eye gives the condition the name buph-
thalmos, meaning ox-eye. Unfortunately,
since the infant is unable to complain of
any specific symptoms, diagnosis is usu-
ally delayed until the eye becomes quite
obviously enlarged and the cornea ap-
pears steamy as a consequence of being
waterlogged. Though glaucoma may ap-
pear in infants as a secondary disorder,
caused for example by an intraocular
tumor, it may also be due to congenital
defect in the development of the front
part of the eyeball. In the embryo the
anterior chamber is filled with mesoder-
mal tissue which, as development pro-
ceeds, regresses and splits away to form
the drainage mechanism and the anterior
structure of the iris. If this process does
not go to completion, the drainage mech-
anism may be malformed or plugged by
iris tissue that has failed to regress. The
plug can sometimes be cut away. An-
other type of congenital glaucoma is
caused by abnormal arrangement and
performance of the muscle strands that
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actuate the trabecular fibers and
Schlemm’s canal; the muscles close off
the canals when they constrict instead
of promoting the flow. This condition
can be treated with specific drugs that
act to prevent the ciliary muscle from
contracting.

From the standpoint of public health

the larger problem is the chronic form
of glaucoma in the aging adult. Too
often by the time a patient experiences
enough discomfort or loss of sight to
seek diagnosis of the condition, the
amount of irreversible damage is consid-
erable. Yet ophthalmologists can now de-
tect this disease in its earliest stages by
means of the simple tonographic test.
The obvious solution is to encourage in-
dividuals over the age of 40 to seek a
proper eye examination by a qualified
ophthalmologist at yearly intervals. This
will bring to light many hitherto unde-
tected and early cases which, with prop-
er treatment, can be arrested before
there is great visual loss.
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The Enzyme-Substrate Complex

The fleeting union of the enzyme and the substance on which it

acts holds a kev to our understanding of life processes. Many

ingenious techniques are in use todav to isolate it for studv

We seek him here, we seek him there,
Those Frenchies seek him everywhere.
Is he in heaven?—Is he in hell?

That demmed, elusive Pimpernel?

iochemists have an elusive Pimper-
B nel in the enzyme-substrate com-
plex: the transitory combination

of the enzyme and the substance upon
which it acts. Like the protean hero of
Baroness Orczy’s romantic novel, it turns
up here, there and everywhere in the
chemical reactions of life, acts its deci-
sive part and then disappears. For 30
years the complex was more than elu-
sive; it was a figment of the biochemist’s
imagination. Nevertheless many bio-
chemists believed an enzyme could
work only by joining briefly with its sub-
strate. Two decades ago they demon-
strated that the complex exists, but they
could not isolate it; its existence is too
fleeting. Today they are closing in on
the quarry; capture appears imminent.
Without enzymes biochemical proc-
esses would be far too slow to carry on
what we know as life. Enzymes are cata-
lysts: substances that accelerate reac-
tions without themselves being chemi-

by Earl Frieden

cally changed. All the enzymes isolated
thus far are proteins: huge molecules
made up of chains of amino acid units.
Most enzymes are highly specific, acting
either on a single substrate, on a group
of closely related substrates, or on a
characteristic region in various substrate
molecules. But just how does the enzyme
act upon the substrate? The momentary
union of enzyme and substrate conceals
the answer. If one could trap the com-
plex long enough to elucidate its struc-
ture, one might hope to understand how
an enzyme promotes the transformation
of the substrate into its end product.
The systematic study of enzymes be-
gan in 1835, when the Swedish chemist
Jons Jakob Berzelius included biological
reactions among the chemical changes he
termed “catalytic.” The fact that a mix-
ture of enzymes from potatoes breaks
down starch faster than sulfuric acid
does made a great impression on Ber-
zelius. With remarkable insight he pre-
dicted that it would eventually be found
that all substances in living organisms
aremadeunder the influence of catalysts.
A century later chemists were still mak-
ing discoveries that confirmed his pre-

diction, and were finding enzymes where
one might think them unnecessary.

For example, few chemical reactions
are as rapid as the decomposition of car-
bonic acid into carbon dioxide and wa-
ter. This reaction is what we see when-
ever we open a bottle of carbonated bev-
erage. Indeed, it occurs in our lungs
every time we exhale. In 1928 O. M.
Henriques of Denmark observed that the
unaided reaction is not fast enough to
account for the evolution of carbon di-
oxide in the lungs. He deduced that
some enzyme in the blood must catalyze
this reaction. In 1932 two British bio-
chemists, N. U. Meldrum and F. J. W.
Roughton, found the enzyme (named
carbonic anhydrase) in red blood cells,
again verifying Berzelius’s prediction.

Despite the contention of Berzelius,

many chemists doubted that en-
zymes were catalysts. Some doubted
their very existence, even after James B.
Sumner of Cornell University succeeded
in crystallizing the enzyme urease in
1926. For one thing, enzymes seemed to
disobey the chemical law of mass action,
which states that the velocity of a chem-

ENZYME, INHIBITOR AND COMPOUND of the two are seen in
these photomicrographs. At left are crystals of the enzyme trypsin.
In center are those of a substance that inhibits or stops the action
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of trypsin by combining with it. At right are crystals of the com-
pound. Moses Kunitz and John H. Northrop at the Rockefeller In-
stitute isolated enzyme and inhibitor from beef pancreas extract.
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ical change is proportional to the active
masses, or molecular concentrations, of
the reacting substances. The speed of an
enzyme reaction is proportional to the
amount of substrate only at very low
substrate concentrations; higher con-
centrations do not affect its rate. Fur-
thermore, it was observed that a tiny
amount of enzyme transforms an unbe-
lievably large quantity of substrate.

On the other hand, the enzyme con-
cept found support in the mainstream of
chemical theory and in a growing body
of experimental evidence. Before the
end of the 19th century chemists under-
stood that a molecule must obtain extra
energy from another molecule before it
can react. This may happen when one
molecule collides with another (a fre-
quent occurrence in gases and liquids,
made more frequent by heat). The
molecules with extra energy are said to
be “activated.” Thus in a reaction that
converts substrate molecules (S) to
product (P) the molecules must be in
the activated state (designated S*) in
order to yield P. The more S* molecules
there are, the faster the reaction will go.
In 1888 the Swedish chemist Svante
Arrhenius published a simple equation
for calculating the activation energy for
a given reaction.

How do catalysts fit into this scheme?
Arrhenius himself suggested that the
most sensible way to explain the action
of any catalyst is to suppose that it forms
an intermediate compound with its sub-
strate. From this intermediate the re-

PROTECTION OF AN ENZYME against heat is effected by a
substrate. At top left a bit of the helical enzyme molecule is shown.
its active site hatched in color. Heat damages the helix and inacti-
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action proceeds at a lower energy of ac-
tivation. The catalyst contributes no en-
ergy, but alters the reaction path so that
S goes to P by a different route. With an
enzyme (E) the reactionis E + § =
ES®*—E + P. As this equation shows,
the catalyst is regenerated unchanged
and can participate in the reaction again
and again. Thus a small amount of en-
zyme can cause reaction in a prodigious
volume of substrate.

Of course not all catalysts are en-
zymes. But enzymes generally reduce
activation energies far more eHectively
than inorganic catalysts do, and they
permit reactions to take place at lower
temperatures. For example, to decom-
pose hydrogen peroxide into water and
oxygen requires an activation energy of
18,000 calories per gram molecule of hv-
drogen peroxide. Catalytic iron brings
this figure down to 13,000 calories;
platinum, to 12,000. But the liver en-
zyme catalase reduces the activation
energy to less than 5,000 calories.

As early as two years after Arrhenius
had proposed the existence of a catalyst-
substrate complex, Cornelius O’Sullivan
and F. W. Tompson of England found
evidence for it in a reaction involving an
enzyme. They employed a stratagem
still used today to protect an enzyme
when separating it from other protein.
To a solution containing the yeast en-
zyme invertase they added its substrate,
sugar. When the solution was heated,
the unwanted proteins coagulated and
precipitated, leaving the invertase to be

HEAT

HEAT
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recovered intact. The addition of the
substrate had apparently protected the
enzvme from the effects of heat. O’Sul-
livan and Tompson believed this was
evidence for the existence of an enzvme-
substrate complex. We have since
learned that enzvmes can be stabilized
against heat by other combining sub-
stances, such as coenzymes and inhibi-
tors. The degree of stabilization cor-
relates well with the protective agent’s
affinity for the enzvme.

lg\ the early 1900’s Victor Henri of

France and Adrian J. Brown of
England, presenting the results of in-
dependent studies of invertase action,
proposed the formation of an enzyme-
substrate complex as the best explana-
tion of that enzvme’s action. Historically,
however, the concept of the enzyme-
substrate complex is usually credited to
Leonor Michaelis and Maude Menton
of Berlin. They published a remarkably
clear and complete paper on the subject
in 1913, and we often refer to the com-
plex as the Michaelis complex. Since
then the idea has played a central role
in the interpretation of numerous studies
of the kinetics, or rate. of enzyme reac-
tions. However usefully the enzyme-
substrate complex has served the purpose
of these investigations, the investiga-
tions themselves have yielded no direct
evidence to establish the existence of the
complex. The evanescent compound
must somehow be captured so that we
can examine it, even if only briefly.

vates the site, as at top right. When substrate (S) is present, pre-
sumably attached in a complex at the active site, the same amount
of heat leaves the enzyme and active site intact, as shown at bottom.



The first concrete evidence for the
complex came in 1936, when Kurt Stern,
then at Yale University, and David
Keilin and Thaddeus Mann of the Uni-
versity of Cambridge simultaneously re-
ported that the mixing of certain en-
zymes with their substrates in solution
brought a change of color in the solution.
Stern’s enzyme was catalase, and Keilin
and Mann used peroxidase isolated from
horse-radish. Peroxidase catalyzes the
reaction between hydrogen peroxide (or
simple peroxide derivatives) and many
reducing agents to form water and an
oxidized substance. In doing this it first
joins hydrogen peroxide in a complex;
this enzyme-substrate complex is then
capable of oxidizing a reducing agent
such as ascorbic acid or malachite green.
A solution of peroxidase is brown, but
when hydrogen peroxide or another
substrate is added to the solution, it turns
green. Then, a few seconds later, it turns
red. The addition of ascorbic acid regen-
erates the original brown color of the
free enzyme. Keilin and Mann attributed
the color changes to the formation of a
complex. Their work and Stern’s consti-
tuted the first qualitative capture of the
enzyme-substrate complex.

In a series of brilliant papers begin-
ning in 1940 Britton Chance of the John-
son Foundation at the University of
Pennsylvania gave the complex further
respectability by measuring it quantita-
tively. He took advantage of the fact
that in the peroxidase and catalase re-
actions the enzyme and substrate each
have light-absorbing properties that dif-
fer from those of the complex. Using
very rapid mixing and flow techniques
and a highly sensitive spectrophotom-
eter, he followed the growth and decay
of the enzyme-substrate complex by
reading the changes in the color of the
solution. He found that the complex
forms rapidly, reaches a maximum and a
steady state for a brief period and then
declines slowly to zero [see illustration
at right]. Chance’s measurements of the
kinetics agree so closely with theoretical
predictions that we presently accept his
work as the most convincing proof of the
existence of the union of enzyme and
substrate.

In addition to studying the complex
directly, we can investigate analogous
combinations. For example, certain en-
zymes are formed by the more or less
temporary combination of an apoenzyme
(a protein molecule) and a coenzyme (a
small nonprotein molecule) ; the activity
characteristic of the enzyme appears
only when the two are combined. Some
of these combinations are structurally

Pl
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SUBSTRATE REACTION PATH is changed by an enzyme. Solid line represents reaction
path without the enzyme. where high energy of activation (A) is required. The path with
an enzyme present (broken line) shows lower activation energy (B) due to complex at C.
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LIGHT-ABSORPTION CURVES provided first demonstration of a complex. Absorption
by the enzyme peroxidase gives rise to brown color (gray line), but complex of the enzyme
and the substrate hydrogen peroxide is green (broken line). Change to red color (black
line) quickly follows. The complete visible spectrum of these compounds is not shown.
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similar to the enzyme-substrate complex.
In 1951 Hugo Theorell and Roger K.
Bonnichsen of Sweden investigated the
complex formed by the protein and the
coenzyme that together comprise alcohol
dehydrogenase, a liver enzyme that cata-
lyzes the oxidation of alcohol. They
found that a significant change in the ab-
sorption of light—a shift of the point of
maximum absorption 30 millimicrons
toward the ultraviolet—attends the com-
bination of the coenzyme and the pro-
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tein. As in the case of the colored en-
zymes, the close correspondence of the
kinetic and spectral data confirms the
presence of the elusive protein-coen-
zyme complex. Helmut Beinert of the
Institute for Enzyme Research in Madi-
son, Wis., has observed very rapid color
changes in several enzymes containing
the bright yellow vitamin riboflavin,
a coenzyme. The transient intermedi-
ate that appears during enzymic ac-

tivity probably represents a highly
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ULTRACENTRIFUGE SEDIMENTATION traps the complex. This drawing shows tubes
from ultracentrifuge, at left before application of forces 100,000 times gravity, at right

after spinning in the machine. At top substrate molecules (dots) do not sediment. At

bottom, with enzyme (circles), some substrate is held in complex in sediment after spin-
ning. Comparison of substrate in solutions (top and bottom right) gives quantity of complex.
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reactive or free-radical form of the
coenzyme.

To trap the intermediate of a sub-
strate or a coenzyme Sidney F. Velick
of the Washington University Medical
School devised the unique method of
mixing the protein of alcohol dehy-
drogenase with its coenzyme or a sub-
strate, and spinning them at 60,000
revolutions per minute in an ultracen-
trifuge. The heavy protein concentrates
at the bottom of the centrifuge cell,
along with any complex, while the light-
er coenzyme or substrate molecules not
combined with the protein remain above
in the solution [see illustration at left].
Upon measuring the amounts of co-
enzyme or substrate carried to the bot-
tom of the cell in transitory combination
with the protein, Velick found them to
be in full accord with the Michaelis-
Menton equations.

xlother substitute for the substrate that

+ 3 may be employed to form stable
complexes with enzymes are enzyme in-
hibitors. These are substances that block
the normal activity of the enzyme with-
out destroying its chemical integrity; the
enzyme can be regenerated intact from
the combination with its inhibitor. We
believe that the inhibitor becomes at-
tached to the enzyme at its “active” site,
that is, at the very section of the molecu-
lar chain which forms the transitory
bond with the substrate. The enzyme-
inhibitor complex thus provides an ex-
cellent analogy with the enzyme-sub-
strate complex.

David G. Doherty and Fred Vaslow
have conducted a fruitful investigation
on this line at the Oak Ridge National
Laboratory. They have employed dialy-
sis, one of the older techniques of bio-
chemistry, to detect the enzyme-inhibi-
tor complex. When a solution containing
small and large molecules is placed in a
bag permeable only to the small mole-
cules, the small molecules tend to mi-
grate into the fluid outside the bag until
an osmotic equilibrium is reached [see
illustration on opposite page]. Ideally, in
the detection of the enzyme-substrate
complex, the concentration of small sub-
strate molecules showing up outside the
bag would provide an indication of the
concentration of free substrate remain-
ing inside. Unfortunately a true sub-
strate is always changing to product, and
the system does not reach equilibrium.
Accordingly Doherty and Vaslow used
an inhibitor instead of a substrate. They
labeled the inhibitor with radioactive
atoms, calculated the amount of enzyme
that formed a complex with one mole-
cule of inhibitor, and showed that there
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EQUILIBRIUM DIALYSIS with inhibitor molecules alone in permeable dialysis bag
(upper left) ends with inhibitor distributed uniformly in the solution inside and outside
the bag (upper right). Enzyme molecules (circles in bag at lower right) attach to inhibitor,
retaining a larger number of its molecules inside the dialysis bag at the end (loiwcer left).

is only one active site on each enzyme
molecule. By repeating the dialysis at
different temperatures and calculating
the heat given off during the formation
of complex they deduced some important
predictions about the behavior of
this enzyme. They were even able to
conceive of a brand-new substrate
and to show that the enzyme would act
upon it.

The use of inhibitors to identify the
active site in the structure of various en-
zymes now constitutes a major line of
attack in the field of enzyme chemistry.
Biochemists frequently employ the so-
called nerve gases for this purpose be-
cause they form some of the most inter-
esting complexes. The nerve gas diiso-
propylfluorophosphate (DFP) combines
with nerve enzyme cholinesterase to
yield a “DFP-enzyme” and release hy-
drogen fluoride. The gas is lethal be-

cause, by this reaction, it inhibits cho-
linesterase and thus prevents the trans-
mission of nerve impulses. Antidotes to
the nerve gas free the enzyme because
they form compounds more readily with
the DFP molecule.

DFP is a good research tool because
it joins the enzyme at its active site. The
chemist must purify the DFP-enzyme
compound and obtain it, if possible, in
crystalline form. He then gently breaks
down the compound with other enzymes
and uses paper chromatography to sepa-
rate the resulting pieces of the molecule.
From the fragments he determines the
order in which the amino acids are
linked up in the intact molecule and es-
tablishes the site at which the DFP mole-
cule is attached. The DFP is labeled
with radioactive phosphorus for easy de-
tection. This technique has been em-
ployed by J. A. Cohen of the Netherlands
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Man’s infinite capacity to think
and to understand opens the
way to infinite accomplish-
ments. At Link Aviation, Inc.,
the atmosphere in the R & D
laboratory at Palo Alto, on the
San Francisco Peninsula, is con-
ducive to such endeavors.

Pioneers and world leaders in
flight simulation, Link is an im-
portant systems designer in
many fields, especially in analog
and digital computers.

There are immediate open-
ings at all levels for engineers
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analog computer systems
radar simulation
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THREE TYPES OF ENZYME reaction are depicted
in these diagrams. In the top diagram an enzyme (E)
and a substrate (S) form a complex at a hydroxyl
(oxygen and hydrogen atoms) active site of the en-
zyme, then yield the enzyme and the product (P). In
the middle diagram a competitive inhibitor (I) forms
a complex with an enzyme. If a substrate were pres-
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ent, the inhibitor would slow but not stop the enzyme-
substrate reaction. In the bottom diagram the nerve
gas diisopropylfluorophosphate (DFP) forms a com-
plex with an enzyme, liberating hydrogen fluoride
(hydrogen and fluorine atoms) and ending the cataly-
tic activity of the enzyme. The letter R denotes radi-
cals, or groups of atoms, on the DFP molecule.
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SEQUENCE OF AMINO ACID UNITS in the vicinity of the active
site is identical in four enzymes. An inhibitor, the nerve gas DFP
(labeled R), was used to discover this. Here it is attached to active
site. To left of the broken line the enzymes have the same sequence:

124

glycine-aspartic acid-serine-glycine. The active site of the DFP re-
action is at the serine. The enzymes chymotrypsin and phosphoglu-
comutase both have the glutamic acid-alanine-valine sequence shown
to the right of the line; trypsin and cholinesterase differ on the right.

© 1959 SCIENTIFIC AMERICAN, INC



with the enzyme chymotrypsin, by Hans
Neurath of the University of Washing-
ton with trypsin, by Daniel E. Koshland,
Jr., of Brookhaven National Laboratory
with phosphoglucomutase, and by Rob-
ert Schaffer of the Army Chemical Cen-
ter with cholinesterase.

All of these workers find that DFP
reacts with the amino acid serine in the
structure of all four enzymes. They have
made an even more remarkable discov-
ery. All four enzymes seem to have the
same amino acids in exactly the same
order at the DFP-reactive site: glycine-
aspartic acid-serine-glycine. The se-
quence beyond the serine-glycine group
is glutamic acid-valine-alanine for chy-
motrypsin and phosphoglucomutase, but
it is proline-valine for trypsin. The find-
ing that enzymes with such different
catalytic activities have such closely re-
lated active sites suggests that the spe-
cificity of their action must depend upon
the molecular structure adjacent to the
active site, rather than only upon the
small active area. We are only at the
threshold of this realm of study.

\,[any enzymes have built-in markers
= at their active site, and it is not
necessary to use DFP or some other in-
hibitor to detect it. At Florida State Uni-
versity we are trying to isolate the active
site in a group of copper-protein en-
zymes. We know that copper is involved
in the catalytic activity because the en-
zyme becomes inactive when we remove
it. We can restore the activity by adding
more copper ion. The identification of
the copper-containing amino acid groups
separated from these enzymes should
lead to the pin-pointing of the active
sites.

Though the theory that enzymes
function by means of an active site is
now backed by considerable experimen-
tal evidence, biochemists still do not
know whether the full catalytic activity
of an enzyme resides in the structure as
a whole or in a small part associated with
the active site. The molecules of certain
enzymes have been trimmed down to
somewhat smaller size without appreci-
able loss in catalytic activity. For
example, the red respiratory enzyme
cytochrome C has been considerably de-
graded, and the resulting smaller mole-
cule has retained some of the catalytic
properties of the original enzyme. The
enzyme ribonuclease loses little of its
activity when its molecule is partially
degraded. The molecule has also been
broken into a large part and a small part
that are inactive separately but become
active when they are put into solution
together.

Yet the effort to locate the catalytic
activity of enzymes at a small spot on a
large protein molecule may be doomed
to failure. The extraordinary success of
proteins as selective catalysts may de-
pend on much more than the simple or-
der of the amino acid units of which they
are made. The chains of these units are
arranged in helixes folded in various and
intricate ways. The geometrical relation-
ship of one helix to others may be crucial
to catalytic activity. Heat or other rela-
tively mild treatment easily inactivates
many enzymes, though the effect of heat
must be limited to changing the three-
dimensional orientation of the chains
and could not affect the basic order of
amino acid units. Some chemists have
suggested that, when the enzyme and
substrate form their complex, the en-
zyme structure changes extensively be-
fore it exerts any catalytic activity. It is
difficult to imagine such gross spatial
changes in simple chains of a limited
number of amino acid units.

We may find, nonetheless, that the
catalytic activity of some enzymes does
depend »1pon a relatively simple section
of the long chain of the molecule. We
are now discovering numerous examples
of short-chain molecules that resemble a
section of an enzyme molecule and have
specific biological activity. Vincent du
Vigneaud of the Cornell University Med-
ical College has determined the structure
of two peptide hormones of the pituitary
gland: oxytocin and vasopressin. Each
hormone has nine amino acid units in

a chain, and differs from the other in
only two of its component units. Other
active short-chain molecules are the
antibiotics gramicidin and tyrocidin and
the growth factor streptogenin. As our
knowledge of these smaller active mole-
cules increases, we may learn a great
deal from them about the formation of
complexes.

What will the capture of the enzyme-
substrate complex mean? Consider the
part that enzymic catalysis plays in the
processes of life. The many thousands of
biological reactions are mediated by vir-
tually an equal number of highly spe-
cific enzymes. The reactions vary from
relatively simple ones, such as the de-
composition of hydrogen peroxide or
carbonic acid, to the complicated, step-
by-step synthesis of huge molecules like
the nucleic acids that control heredity.
Yet all this variety of activity resides in
essentially one type of molecule, assisted
in some cases by other substances of low
molecular weight. The versatility of en-
zymes is a source of wonder to the
chemist.

As the biochemist Ernest Borek has
written: “We live because we have en-
zymes. Everything we do—walking,
thinking, reading these lines—is done
with some enzymic process.” Life is es-
sentially a system of cooperating enzyme
reactions. A unifying theme in all this
diversity may be discovered with the
help of a close look at the enzyme-sub-
strate complex, now that it is no longer
so elusive.

ACTIVE SITE OF ENZYME MOLECULES may be confined to limited area of the helix,
as in color hatching at upper left. It may overlap several coils of the helix, as at lower left.
Or perhaps two or more helixes of the enzyme, as at right, would have to be intact in order
to preserve the active site of the molecule in its proper three-dimensional relationship.
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HOW VITON BEATS THE HEAT

FIRST STEP in fabrication of “Hustler” fire
seal is creating the pattern. White paint is
sprayed through pattern onto asbestos fabric
— white areas are then cut out.

AFTER STITCHING with asbestoswire
thread, assembled parts are coated
with ViTon cement and the fire seal
is ready for installation in wing.
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FIRE SEAL IS FASTENED to wing tunnel by
3/16"” bolts. Since it must be bent and
pulled into position, the fire seal becomes
dirty and must be cleaned with solvent.



AT MACH 2

Ashestos coated with new fluoroelastomer takes 500° F.

temperatures in fire zone seals for B-58 “Hustler”

This new Convair B-58 “Hustler” flies twice as fast as
sound, cruises faster than the top speed of previous
American bombers. It is the world’s first supersonic
bomber and represents a completely new concept in
aircraft design.

""Hustler’’ fights fire with rubber

High operating temperatures encountered at Mach II
speeds presented a number of design challenges in the
B-58. For instance, the delta wing is crammed full of
tanks, lines and equipment. Consequently, access
tunnels for ground maintenance work are required.
These are compartmentalized with fire seals to stop
accidental fire from spreading through the wing. The
fire seals must resist heat, ozone, jet fuels, fumes and
corona . . . and they must be flexible.

Convair pioneered the use of rubber coated asbestos
fire seals in the B-36 bomber. But the synthetic rubber
coating on those fire seals was good for a top operat-
ing temperature of only 250° E—not nearly high
enough for the supersonic B-58.

New Du Pont ViToN synthetic rubber solved the problem.

ey ‘, A T
EQUIPMENT LINES (air conditioning, hydraulic, fuel and
electrical) are pushed through openings and securely
clamped. Installed Viton-coated seal will withstand flight
temperatures of 500° F.

New fabric equals stainless steel

High-temperature VITON meets government specifica-
tion MIL R25897 for a high-temperature, fluid-resist-
ant synthetic rubber for aeronautical application. It
steps up the top operating temperature of B-58 fire
seals to 500° F. . . . resists pressure and vibration . . .
prevents wicking of fuel and oil through the asbestos
. . . keeps asbestos from losing its tensile strength. The
ViTon-coated fabric actually performs better than
aluminum would. According to Civil Aeronautics Ad-
ministration specifications, it is equivalent to stainless
steel in fireproofing qualities.

Versatile VITON

DuPont ViToN synthetic rubber has withstood tem-
peratures as high as 600° F. in certain applications.
In addition, it resists an extremely wide range of oils,
fuels, solvents and corrosive chemicals. It has good
resistance to compression set, even at elevated tem-
peratures. Current applications for ViToN include
seals, O-rings, gaskets, hose and tubing, diaphragms,
and a host of molded parts for engines, instruments,
transmissions. If you can use VITON’S unique com-
bination of properties, write for complete information
to: E. I. du Pont de Nemours & Co. (Inc.), Elastomer
Chemicals Department SA-8, Wilmington 98, Delaware.
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MATHEMATICAL GAMES

About phi, an irrational number that has

some remarkable geometrical expressions

by Martin Gardner

i, the ratio of the circumference of
P a circle to its diameter, is the best

known of all irrational numbers;
that is, numbers with decimal expansions
that are unending and nonrepeating. The
irrational number phi (¢) is not so well
known, but it expresses a fundamental
ratio that is almost as ubiquitous as pi,
and it has the same amusing habit of
popping up where least expected.

A glance at the line at the bottom of
this page will make the geometrical
meaning of phi clear. The line has been
divided into what is commonly called
the “golden ratio.” The length of the line
is to segment A as the length of segment
A is to segment B. In each case the ratio
is phi. If the length of B is unity, we can
compute the value of phi easily from the
following equation:

This can be written as the simple
quadratic A> — A — 1 = 0, for which
A has the positive value:

This is the length of A and the val-
ue of phi. Its decimal expansion is
1.61803398 . . . If the length of A is taken
as unity, then B will be the reciprocal
of phi (1/¢). Curiously, this value turns
out to be .61803398 . . . Phi is the only
number that becomes its own reciprocal
by subtracting 1.

Like pi, phi can be expressed in many
ways as the sum of an infinite series. The
extreme simplicity of the following two
examples underscores phi’s fundamental
character:

1
P = 1+4
1+1
1+1
1+1
1+..
§ | mm—
N1 v 1 - _
Voi+...
The ancient Greeks were familiar

with the golden ratio; there is little
doubt that it was consciously used by
some Greek architects and sculptors,
particularly in the structure of the Par-
thenon. The U. S. mathematician Mark
Barr had this in mind 50 years ago when
he gave the ratio the name of phi. It is
the first Greek letter in the name of
Phidias, the famous Greek sculptor who
used the golden proportion frequently in
his work. Perhaps one reason why the
Pythagorean brotherhood chose the pen-
tagram or five-pointed star as the symbol
of their order is the fact that every seg-
ment in this figure is in golden ratio to
the next smallest segment.

Many medieval and Renaissancemath-
ematicians, especially confirmed occult-
ists such as Kepler, became intrigued by
phi almost to the point of obsession.
They called it the “divine proportion”
(the term “golden section” did not come
into use until the 19th century). A 1509
treatise by Luca Pacioli, entitled De
Divina Proportione and illustrated Dby
Leonardo da Vinci (a handsome edition
was published in Milan in 1956), is a
fascinating compendium of phi’s ap-

The golden ratio: AistoBas A 4+ Bisto A
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pearances in various plane and solid fig-
ures. It is, for example, the ratio of the
radius of a circle to the side of an in-
scribed regular decagon. And if we place
three golden rectangles (rectangles with
sides in golden ratio) so that they inter-
sect each other symmetrically, each per-
pendicular to the other two, the corners
of the rectangles will mark the 12 cor-
ners of a regular icosahedron as well as
the centers of the 12 sides of a regular
dodecahedron.

The golden rectangle has many un-
usual properties. If we cut a square from
one end, the remaining figure will be a
smaller golden rectangle. We can keep
snipping off squares, leaving smaller and
smaller golden rectangles, as shown in
the top illustration on page 130. Succes-
sive points marking the division of sides
into golden ratio lie on a logarithmic
spiral that coils inward to infinity, its
pole Dbeing the intersection of the
two dotted diagonals. Of course these
“whirling squares,” as they have been
called, can also be whirled outward to
infinity by drawing larger and larger
squares.

The logarithmic spiral is traceable in
many other constructions involving phi.
An elegant one makes use of an isosceles
triangle that has sides in golden ratio to
its base [see bottom illustration on page
130]. Each base angle is 72 degrees,
which is twice the top angle of 36 de-
grees. This is the golden triangle in-
volved in the construction of the penta-
gram. If we bisect a base angle, the
bisector cuts the opposite side in golden
ratio to produce two smaller golden tri-
angles, one of which is similar to the
original. This triangle can in turn be di-
vided by a base-angle bisector, and the
process can be continued endlessly to
generate a series of whirling triangles
which, like whirling squares, also stake
out a logarithmic spiral. The pole of this
spiral lies at the intersection of the two
medians shown as broken lines.

The logarithmic spiral is the only type
of spiral that does not alter in shape as
it grows, a fact that explains why it is
so often found in nature. For example,
as the mollusk inside a chambered nau-
tilus grows in size, the shell enlarges
along a logarithmic spiral so that it al-
ways remains an identical home. The
center of a logarithmic spiral, viewed
through a microscope, would look ex-
actly like the spiral you would see if you
continued the curve until it was as large
as a galaxy and then viewed it from a
vast distance.

The logarithmic spiral is intimately
related to the Fibonacci series (1, 1, 2,



3, 5,8, 13,21, 34...), in which every
term is the sum of the two preceding
terms. Biological growth often exhibits
Fibonacci patterns. Commonly cited ex-
amples concern the spacing of leaves
along a stalk, and the arrangements of
certain flower petals and seeds. Phi is
involved here also, for the ratio between
any two consecutive terms of the Fibo-
nacci series comes closer and closer to
phi as the series increases. Thus 5/3 is
fairly close to phi (a three-by-five file
card is hard to distinguish from a golden
rectangle), but 8/5 is closer, and 21/13
is 1.619, which is closer still. In fact, if
we start with any two numbers what-
ever and form an additive series (e.g.,
7,2,9,11,20...), the same convergence
takes place. The higher the series goes,
the closer the ratio between consecutive
terms approaches phi.

This can be illustrated neatly by
whirling squares. We begin with two
small squares of any size, say the squares
marked A and B in the top illustration on
page 132. The side of square C is the
sum of the sides of A and B. D is the
sum of B and C, E is the sum of C and
D, and so on. Regardless of the sizes of
the two initial squares, the whirling
squares get closer and closer to forming
a golden rectangle.

There is a classic geometrical paradox
that brings out strikingly how phi is
linked to the Fibonacci series. If we dis-
sect a square of 64 unit squares [see bot-
tom illustration on page 132], the four
pieces can be put together again to make
arectangle of 65 square units. The para-
dox is explained by the fact that the
pieces do not fit exactly along the long
diagonal where there is a narrow space
equal to one square unit. Note that the
lengths of line segments in these figures
are terms in a Fibonacci series. In fact,
we can dissect the square so that these
segments are consecutive terms in any
additive series and we will always get a
form of the paradox, though in some
cases the long rectangle will gain in area
and in other cases it will lose area because
of overlapping along the diagonal. This
reflects the fact that consecutive terms
in any additive series have a ratio that
is alternately greater or less than phi.
The only way to cut the square so that
there is no loss or gain of area in the
rectangle is to cut it with segment
lengths taken from the additive series
1,g, 9+ 1,29 + 1,3¢ + 2... Another
way to write this series is 1, ¢, ¢, ¢
¢*. .. It is the only additive series in
which the ratio between any two con-
secutive terms is constant. (The ratio is
of course phi.) It is the golden series

The corners of three golden rectangles coincide with the corners of an icosahedron

The corners of the same rectangles coincide with the centers of the sides of a dodecahedron
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A logarithmic spiral indicated by “whirling squares”

130

A logarithmic spiral indicated by “iwchirling triangles”
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that all additive series strive vainly to
become.

In recent times an enormous litera-
ture has developed around phi and re-
lated topics that is almost as eccentric
as the circle-squaring literature revolv-
ing about pi. The classic is a 457-page
German work, Der goldene Schnitt,
written by Adolt Zeising and published
in 1884. Zeising argues that the golden
ratio is the most artistically pleasing of
all proportions and the key to the un-
derstanding of all morphology (includ-
ing human anatomy), art, architecture
and even music. Less crankish but com-
parable are Samuel Colman’s Nature’s
Harmonic Unity (1913) and Sir Theo-
dore Cook’s The Curves of Life (1914).

Experimental esthetics may Dbe said
to have started with Gustav Fechner’s
attempts to give empirical support to
Zeising’s views. The great German psy-
chologist measured thousands of win-
dows, picture frames, playing cards,
books and other rectangles, and checked
the points at which graveyard crosses
were divided. He found the average ra-
tio close to phi. He also devised many
ingenious tests in which subjects picked
the most pleasing rectangle from a
group, drew the most pleasing rectangle,
placed the bar of a cross at the spot they
liked best, and so on. Again, he found
that preferences averaged close to phi.
But his pioneer experiments were crude,
and more recent work along similar lines
has vielded only the cloudy conclusion
that most people prefer a rectangle
somewhere between a square and a rec-
tangle that is twice as long as it is wide.

The American Jay Hambidge, who
died in 1924, wrote many books defend-
ing what he called “dynamic symmetry,”
an application of geometry (with phi in
a leading role) to art, architecture, fur-
niture design and even type fonts. Few
todav take his work seriously, though
occasi()nally a prominent painter or ar-
chitect will make deliberate use of the
golden ratio in some way.

More recently Frank A. Lonc of New
York has given considerable thought to
phi. His booklets are obtainable from
Tiffany Thayer’s Fortean Society, which
also sells a German slide rule on which
phi appears. Lonc has confirmed one of
Zeising’s pet theories by measuring the
heights of 65 women and comparing
these figures to the heights of their
navels, finding the ratio to average
1.618+. He calls this the Lonc Rela-
tivity Constant. “Subjects whose meas-
urements did not fall within this ratio,”
he writes, “testified to hip-injuries or
other deforming accidents in childhood.”
Lonc denies that the decimal expansion
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Squares show the convergence toward phi between consecutive terms in any additive series

of piis 3.14159 . . ., as is widely be-
lieved. He has computed it more accu-
rately by squaring phi, multiplying the
result by 6, then dividing by 5 to get
3.14164078644620550.

I close with an interesting problem

| involving phi and the emblem made

familiar by Charles de Gaulle, the two-
beamed cross depicted in the illustration

on page 134. The cross is here formed
of 13 unit squares. The problem is to
draw a straight line through point A so
that the total area on the shaded side
of the line equals the area on the other
side. Exactly how long is BC if the line
is accurately placed? (In the illustration
the diagonal is incorrectly drawn so as to
give no clue to its correct position.) The

A paradox based on the properties of any additive series
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symbol of a superior Navy

The United States Navy has traditionally been proud
of its fighting men and superior weapons. The Eagle
Missile System is a concept which will continue this
tradition into the future.

The Eagle Missile System is an advanced long-
range air-to-air weapon for fleet air defense and
intercept missions. It is truly a second generation
missile concept in which the performance is built into
the missile itself rather than the carrier aircraft.
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long-range Eagle missiles are launched. This long-
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This is Questar with one of several suitable 35 mm. cameras attached. The
telescope’s 89 mm. aperture is always used wide open, since stopping down
would only decrease the sharpness of this optical system.

This photograph of a sunspot group succeeds in resolving the elusive solar
granulations, the largest of which are only some two seconds of arc in diameter.
For such work, larger telescopes are usually employed at the highest possible
altitudes, to obtain the best seeing through the least amount of air. A Questar
owner took this picture in his own back yard at sea level, through our entire
atmosphere in the full heat of midday. The scale of the negative shows that the
focal length used exceeded fifty feet. Since this is one hundred times the six-inch
separation of Questar’s lens and mirror, we submit that such performance borders
on the miraculous.

Questar costs only $995 postpaid, complete in English fitted leather case.
Terms are available. May we send you our 32-page booklet?

CITY ART MUSEUM OF ST. LOUIS,
SEPT. 14 TO OCT. 25, 1959.
BOX 20 - NEW HOPE - PENNSYLVANIA THE MINNEAPOLIS INSTITUTE OF

ARTS, NOV. 23 TO JAN. 3, 1960.

QUESTAR MAY BE SEEN IN THE
TRAVELING EXHIBITION CALLED
\ "'20TH CENTURY DESIGN: U. S. A"
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Houw long is the line BC?

answer, as well as a simple method of
constructing the line with compass and
straightedge, will appear in this depart-
ment next month.

ast month’s paper-folding problem is

— best handled as a maxima-minima
problem in calculus. If x be the djstance
from corner A (the corner that is folded
over) to where the crease strikes the
bottom edge, then 8 — x will be the
distance remaining on the bottom edge.
The distance from the lower left corner
to the point where corner A touches the
left edge will be 4\/x — 4, the distance
from the corner A to the spot where
the crease strikes the right edge will be
2x/ \/x — 4, and the crease itself will
be \/x'/\/x — 4. If the derivative of

| this last function is equated to zero, x

will have a value of 6. The corner there-
fore touches the side edge at a point
4\/2 above the bottom, and the crease
will be 61/3 or a little more than 10.392
inches.

The interesting feature of this prob-
lem is that, regardless of the paper’s
width, the minimum crease intersecting
the bottom edge is obtained by folding
so that x is exactly three fourths of
the paper’s width. This three-quarter
length multiplied by the square root
of three gives the length of the
crease. If the value to be minimized is
the area of the part folded over, then x
is always two thirds of the paper’s
width.

The crease in the simpler problem (in
which the paper’s width is 7.68 and the
corner is folded to a point 5.76 above
the base) is exactly 10 inches long.
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available in ingot, stick, foil, sheet,and wire

Indium is a silvery white metal,

non-tarnishable, very soft, malleable,

ductile and crystaﬂine. It is diamagnetic.

PHYSICAL CONSTANTS

Atomic number ..... . iiiiiiiiiiiiiiiiiiiiee 49
Atomic weight ...l 114.76
Boiling point ....................... 2000°C (3632°F)
Crystal structure.............. Face-centered tetragonal
Density at 20°C (68°F)

0 PN 731

Ibs/cu. in. coviiiiiiiiiiii ittt 0.264

troy 028./CU. iN. cvvvveiiiiiiiiiiieieiiiinnnnnnns 3.85
Electrical resistivity (microhm-cm)

(solid) 20°C (68°F) .....ciiuiiniiiininnennennnnns 9

(at melting point) 156°C (313°F)................ 29
Electrochemical equivalent

In +++ (mg/coulomb).........eoiiinnnn. 0.39641
Electrode reduction potential

In+++ (H:=00volt) ..oovvveirenrenncennanns 0.34
Latent heat of fusion (cal/g)..........cceevvennn.. 6.8
Latent heat of vaporization (cal/g)................ 468

Linear coefficient of thermal expansion/1°C...33 x 10-6

Mechanical properties:
Tensile strength, psi ..ccivveiiiiiieeennccennnns 380
Elongation (% in 1”) ceeeeiiiiiiieieeeneiiecnnnns 22

Brinell hardness ....cocviiiiiiiiiiiiiiiieninnnns 0.9

Modulus of elasticity, psi....ccoovveueeinnn. 1,570,000
Melting point ........... 156.17 = .05°C (313.1 = .1°F)
Nuclear Data

Stable Isotopes (113,115) ...cciunniinnninnnnnaannn. 2

Thermal neutron cross section (2200 m/s)

Absorption (barns) ................. ... 190 = 10
Scattering (barns) ...................... 22 *+ 05

Solidification shrinkage ...................o.o.. 2.5%
Specific heat (cal/g/°C)

(solid) 20°C..cueiinniiniiiiiiieiiiinienennns 0.057
Specific volume (cc/g)

20°C (68°F) ..vuiiiiiiiiiiiiiinirnanacnnnns 0.136
Thermal conductivity (cal/sq. em/em/°C/sec)

20°C teiieiiiiie ettt e 0.057
Valence..eeeeeeeeiuenenenn. Usually 3, but also 2 and 1
Vapor press. (mm Hg)

1249°C (2280°F) ...vviinieinoinrennnenncancannns 1

1466°C (2671°F) .. .oiueiiniiiniinnenneeneannanns 10

1756°C (3193°F) ...eiiiiiiiiiiiiiiiennnnnns 100

1863°C (3385°F) ..vinniiiiiiiiiiiiininniennnnns 200

1982°C (3600°F) ¢.ccveeeseeocesccnccasccnccanae 400

For further information on ASARCO High Purity Elements, write on your company letterhead.
WRITE: AMERICAN SMELTING AND REFINING COMPANY, 120 BROADWAY, NEW YORK 5, N. Y.
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AN ASW SYSTEM...DISPLAY/AIRBORNE RECEIVER/SONOBUOYS

Anti-submarine warfare equipment designed,
developed and produced by The Magnavox
Company, in conjunction with the Navy De-
partment, provides patrol aircraft with eyes
that see underwater by day and by night. The
AN/ASA-16 Display System, together with
SONOBUOYS, AN/ARR-26 Receiver systems
and other associated equipment provide air-
craft with a clear picture of the ocean-depths
below them. They are part of the continuing
contributions of The Magnavox Company in
aiding the U.S. Navy to combat the growing
submarine menace.

MAGNAVOX capabilities are in The Fields Of Air-

borne Radar, ASW, Communications, Navigation PRODUCTS
Equipments, Fusing and Data Handling . . . your THAT SEE BY
inquiries are invited. THEMSELVES

GIVES EYES TO NAVY ANTI-SUBMARINE WARFARE UNITS!

COMMUNICATIONS RADAR DATA HANDLING ASW

THE MAGNAVOX CO. ¢« DEPT. 101 ¢ Government and Industrial Division ¢« FORT WAYNE, IND.
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Conducted by C. L. Stong
hy is it that a man who owns a
\-K perfectly good watch and sev-
eral clocks will buy or build a
sundial? It is not enough to say that a
sundial makes a pleasant ornament in
the garden. A deeper answer is that there
is considerable intellectual charm in a
device which, though it is motionless,
converts the constantly changing motion
of the sun into accurate time.

Of course a sundial that tells the time
with any real accuracy is exceedingly
rare. The problem is that the earth
moves faster along its orbit in January
than it does in July, and that the height
of the sun’s path across the sky changes
every day. These difficulties account for
the exceptional interest of a sundial con-
structed recently by Richard M. Sutton,
professor of physics at the California In-
stitute of Technology.

“If you leave a tennis ball undisturbed
in the closet for a week,” writes Sutton,
“it turns completely around in space
seven times! This simple fact, which or-
dinarily escapes notice, can be put to
good use. Most people would say that
the ball has not moved at all, yet they
would admit the intellectual fact that the
earth turns on its axis. The ball is turned
by the earth around an axis parallel to
that of the earth, and at just the rate at
which the earth turns: 15 degrees per
hour.

“If we combine the fact that the ball
turns completely around once a day with
an equally simple fact, we can convert
any globe of the earth into a remarkable
universal sundial that tells more about
sunlight, the earth’s motions in space and
the conditions of sunlight in distant lands
than might be supposed. The second
fact is that the light falling on the earth
from the sun comes in a flood of sub-
stantially parallel rays. Because of the
great distance of the sun (some 93 mil-

THE AMATEUR SGIENTIST

A sundial that shows how any spot

on earth is lit by the sun at any time

lion miles), even the extremes of a diam-
eter of the earth are struck by rays that
diverge by only .005 degree. This
means that the angle subtended by a
line 8,000 miles long seen at a distance
of 93 million miles is about 1/200 of a
degree. The significance of this fact will
be apparent below.

“The rules for setting up the globe are
simple and easily followed. It is rigidly
oriented as an exact copy of the earth in
space, with its polar axis parallel to the
earth’s axis, and with your own home
town (or state) right ‘on the top of the
world” (where most of us like to think
we belong anyway!) . First turn the globe
until its axis lies in your local meridian,
in the true north and south plane that
may be found by observing the shadow
of a vertical object at local noon, by ob-
serving the pole star on a clear night,
or by consulting a magnetic compass (if
you know the local variation of the com-
pass). Next turn the globe on its axis
until the circle of longitude through your
home locality lies in the meridian just
found. Finally tilt the axis around an
east-west horizontal line until your home
town stands at the very top of the world.
If you have followed these three steps,
then your meridian circle (connecting
the poles of your globe) will lie verti-
cally in the north-south plane, and a
line drawn from the center of the globe
to your own local zenith will pass directly
through your home spot on the map.
Now lock the globe in this position and
let the rotation of the earth do the rest.
This takes patience, for in your eagerness
to see all that the globe can tell you, you
may be tempted to turn it at a rate
greater than that of the turning of the
earth. But it will take a year for the sun
to tell you all it can before it begins to
repeat its story.

“When you look at the globe sitting
in this proper orientation—‘rectified’ and
immobile—you will of course see half of
it lighted by the sun and half of it in
shadow. These are the very halves of the
earth in light or darkness at that mo-
ment. An hour later the circle separating
light from shadow has turned westward,
its intersections with the Equator hav-
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ing moved 15 degrees to the west. On
the side of the circle west of you, the
sun is rising; on the side east of you, the
sun is setting. You can ‘count up the
hours” along the Equator between your
home meridian and the sunset line and
estimate closely how many hours of sun-
light still remain for you that day; or you
can look to the west of you and see how
soon the sun will rise, say, in Japan. As
you watch the globe day after day, you
will become aware of the slow turning of
the circle northward or southward, de-
pending upon the time of vear.

“Let us take an imaginative look at
the globe as it sits in the sun. Suppose
it is during those days in June when the
sun stands near the zenith in our new
state of Hawaii. The globe dial shows
that it is still sunlight at 9:30 p.m. in
Iceland, that the midnight sun is shin-
ing on the North Cape of Norway. It is
between late and early afternoon on the
U. S. mainland, being about 6 p.m. in
New York and 3 p.m. in San Francisco.
The eastern half of South America is al-
ready in the darkness of its longer win-
ter nights. The sun has recently risen
next day in New Zealand and the east-
ern half of Australia, and most of China
and Siberia are in early-morning light,
whereas in Japan the sun is already four
hours high in the sky. Alaska is enjoying
the middle of a long summer day with
the sun as high in the sky as it ever gets.
Seattle is in early afternoon about two
sun-hours ahead of Honolulu in the
midst of a 16-hour day, while Sydney,
Australia, is just starting a day with only
10 hours of sunlight.

“Now you don’t have to be in Hono-
lulu to see all this happening. Your own
globe tells it to you. The same is true for
persons who set up their globes in Fair-
banks, Honolulu, Tokyo, Caracas, Ha-
vana or anywhere else. They will all see
exactly the same story at the same time
if in each place they have taken the
small trouble to set up their globes for
their own home towns as directed. If we
choose, we can follow the progress of the
circle of light and dark through the year.
Three months later, for example, when
the sun has returned close to the celes-
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tial equator, and when it passes day by
day close to the zenith along our own
Equator, we will see the circle between
light and dark apparently hinged on the
polar axis of our globe. This is the time
of the equinoxes, when every spot on
earth has 12 hours of light and 12 hours
of darkness. On December 21 the sun
will have gone to its position farthest
south, now failing to light any spot with-
in the Arctic Circle but lighting the re-
gion within the Antarctic Circle com-
pletely (as you may see by stooping and
looking at the lower part of your globe).

“From its position farthest south, the
sun starts its way north again at a rate
that may seem painfully slow for those
in northern latitudes who wait for spring.
By March 21 it has again reached the
Equator, and we find it at the vernal
equinox, the astronomers’ principal land-
mark. Through the centuries this was the
time for the beginning of the year. Only
as recently as 1752 did December cease
to be the 10th month of the year, as its
name implies. January 1, 1752, was the
first time that the calendar year began
in January in England and the American
colonies! At the vernal equinox in March
there is a sunrise lasting 24 hours at the
North Pole, and a sunset lasting 24 hours
at the South Pole. Now, as the months
advance, we will find that on June 21

sun on your
meridian

o

Avctic
Circle

E

sunset
line

this circle of light has advanced to its
position farthest north. Sunlight does not
enter the Antarctic Circle on the bottom
side of your globe at all, but it extends
clear over the North Polar region to the
Arctic Circle beyond. At noon in your
garden on this day you will see how
people living on the meridian 180 de-
grees from your home are enjoying the
midnight sun, provided they live within
the Arctic Circle. Thus in imagination
we have made a complete trip around
the earth’s orbit and have watched the
progress of sunlight during the 365 or
366 intervening days—all right in the
garden.

“It is not easy to appreciate the fact
that the sun’s rays are parallel as they
fall on the earth. Let me suggest a sim-
ple experiment. On a bright morning
take a piece of pipe or a cardboard tube
and point it at the sun so that it casts a
small, ring-shaped shadow. Now if at
the very same moment someone 120 de-
grees east of you—one third the way
around the world—were to perform the
same experiment, he would point his
tube westward at the afternoon sun. Yet
his tube and yours would necessarily be
parallel to within a very small fraction
of a degree. If you point the tube at the
sun in the afternoon, and someone far to
the west simultaneously does the same in

yoour zenith

subsolar point

sunvyise
line

The global sundial, showing the North Pole on June 21
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his morning, his tube will again be auto-
matically parallel to yours. This experi-
ment will help explain how it is that,
when our globes are properly set up,
people all over the world who are in sun-
light will see them illuminated in just the
same way.

“How easy it is, with this global dial,
to imagine oneself in a distant land, see-
ing the sun in that sky at that time of
day. A pin held at any point on the globe
immediately shows the direction of the
shadow of a man standing at that spot.
Your globe has become a ‘terrella,” a lit-
tle earth that shows what the big earth
is doing in space.

“It was from long experimenting with
a precision sundial drawn on the floor of
my office at Haverford College that I
slowly came to the idea of this dial. I
had developed that dial to the point
where I could tell the time within five
seconds. But the global dial is more ex-
citing. When it came to me, I was en-
thralled by its simplicity and profundity:
to be able to see at a glance everything
about sunlight all over the world without
budging from my own garden or office.
However, I had a strong feeling that an
idea so simple and universal could not
have escaped intelligent people at other
times and other places. I have now
learned that it was recognized some 300
years ago, when globes were playthings
of the wealthy. People were then re-
garding their world with new under-
standing, made much richer by the great
sailing explorations and the increasing
recognition of the earth’s sphericity. To
be sure, the early Greeks had seen that
the earth must be a sphere. For exam-
ple, Archimedes based his great works
on floating bodies on a proposition that
reads: ‘The free surface of any body of
liquid at rest is part of a sphere whose
center is the center of the earth.” Imagine
that for 200 B.C.! There is much evi-
dence in the writings of the Greek math-
ematicians that they appreciated this
fact. Their estimates of the earth’s size
were correct in principle and not bad in
actual result, but men seem to have ig-
nored their observations and the reason-
ing behind them until the great age of
exploration which we date from Colum-
bus and the discovery of the New
World.

“In a book on sundials by Joseph
Moxon, first published in 1668, there is
a description of ‘the English globe, be-
ing a stabil and immobil one, performing
what ordinary globes do, and much
more.” Moxon, who was hydrographer
to Charles II (and whose book was
dedicated to Samuel Pepys, Principal
Officer of the Navy), ascribes this globe
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The illumination of the global sundial in

to the Earl of Castlemaine. It seems cer-
tain that the globe existed in London by
1665. In 1756 another global sundial
was described by Charles Leadbetter.
Consider the delightful title of Lead-
better’s book: MECHANICK DIAL-
LING, or the New Art of Shadows,
freed from the Obscurities, Superfluities,
and Errors of former writers upon the
Subject—the whole laid down after so
plain a method that any person (tho” a
Stranger to the Art) with a Pair of Com-
passes and Common Ruller onlv, may
make a Dial upon any Plane for anv
place in the World, as well as those who
have attained to the greatest Knowledge
and Perfection in the Mathematics. A
work not only usefull for Artificers but
very entertaining for Gentlemen, and
those Student at the Universities that
would understand Dialling without the
Fatigue of going through a Course of
Mathematics.” They knew how to make
tull use of a title page in those days!
“Leadbetter tells how to erect an im-
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mobile stone sphere and inscribe a map
on it. He says: “According to their true
latitudes and longitudes (for various
spots on earth) you may discover any
moment when the Sun shines upon the
same, by the illuminated parts thereof,
what Places on Earth are enlightened,
and what Places are in darkness. . . . The
Extremity of the Shadow shows like-
wise what Places the Sun is Rising or
Setting at; and what Places have long
Days; these with many more curious
Problems are seen at one View, too many
to be enumerated in this place. The dial
is the most natural of all others because
it resembles the Earth itself, and the
exact manner of the Sun’s shining there-

1. Leadbetter suggests that a pin be
placed at each pole in order to use the
global sundial to tell time. Around each
pin are 24 marks—one every 15 degrees—
corresponding to the hours; the time is
read by noting the position of the pin’s
shadow with respect to the marks. I, too,
have used this system. Leadbetter adds:
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‘As you see, that [pin] at the North Pole
will give the hour in summer, that at the
South Pole the hour in Winter.”

“There is no spot on earth with which
we do not at some time during the year
share the light from the sun. One might
object that surely the nadir, that spot
directly beneath our feet on the other
side of the earth, has no sunlight while
we ourselves have it; but atmospheric
refraction keeps the sun in the sky longer
than geometry alone predicts, making
every sunrise about two minutes early
and every sunset about two minutes late.

“It is easy to tell from the global sun-
dial just how many hours of sunlight any
latitude (including your own) will en-
joy on any particular day. All you need
to do is to count the number of 15-degree
longitudinal divisions that lie within the
lighted circle at the desired latitude.
Thus at 40 degrees north latitude in
summer the circle may cover 225 de-
grees of longitude along the 40th paral-
lel, representing 15 divisions or 15 hours
of sunlight. But in winter the circle may
cover only 135 degrees, representing
nine divisions or nine hours. As soon as
the lighted circle passes beyond either

apparvent
motion
of sun

<

subsolar int
Pe h/’

Janeiro /
3 pr'n '

March z1st
at noon
Chicago time
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London y
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pole, that pole has 24 hours of sunlight
a day, and the opposite pole is in dark-
ness.

“One or two other concepts may make
the dial even more useful. First, we can
answer the question: Where is the sun
in the zenith right now? Can we find the
spot on earth where men find their
shadows right at their feet? Easily. Hold
the end of a pencil at the surface of the
globe and move it until its shadow is
reduced to its own cross section. When
the pencil points from the center of the
sun to the center of the globe, the spot
on the map where its end rests corre-
sponds to the point immediately be-
neath the sun. Better still, if you use a
small tube instead of a pencil, you can
let the sunlight pass down the tube to
cast a ring-shaped shadow at the point
beneath the sun. This point is important,
because it gives the latitude and longi-
tude of the sun at that moment and
locates the center of the great circle of
daylight. Ninety degrees around the
globe in any direction from that point is
a point where the sun appears on the
horizon, either rising or setting. At the
north and south extremes of the circle

Los Angeles
10 a.m.

—
Hovnolulu
7:30 a.m.

Frpertayward

Rectified globes anywhere on earth show the same lighted part at any time
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DINADOAR

Dyna-Soar (for dynamic soaring) is a joint
project between the Air Force and the NASA,
and is an attempt to solve the technical prob-
lems of manned flight in the sub-orbital regions.
Advance knowledge on the project indicates
how a boost-glide vehicle can operate from the
outer fringes of the atmosphere where it can
maneuver and be recovered undamaged. Studies
show that by varying the original rocket boost,

Tmkls) ®

and thus the velocity, and with the control
available to the pilot, the Dyna-Soar aircraft
can circumnavigate the earth, followed by a
normal and controlled landing. Boeing Airplane
Company, one of the competing companies for
the development contract for the complete
boost-glide system, has delegated to RCA the
responsibility for the development of important
electronic components of Dyna-Soar.

RADIO CORPORATION of AMERICA

DEFENSE ELECTRONIC PRODUCTS
CAMDEN, N.J.

© 1959 SCIENTIFIC AMERICAN, INC



Three
Important
Openings

exist within our new Elec-

§ tronics Applied Research
Laboratories for Space Sys- |
¥ tems — a company-spon-
% sored facility.

COMPONENTS

* Molecular and Atomic Elec- §
} tronics

* Thin Films * Vacuum
Deposition
Surface Physics * Solar and
Thermionic Energy Converters

* Electroluminescence

SYSTEM
TECHNIQUES
* Threshold Reduction *

PR width Compression * Sampling

and Quantization * Long-Range

® Tracking and Communication °

144

Data Handling and Processing &
| * Automation * Information En-

hancing and Interpretation *

§ Infra-red Space Filtering *+ Ap- {8
& plication of Statistical Theory of §

Noise and Information Theory.

INSTRUMENTATION

* Attitude Stabilization * Bio-
technical Transducers *
naissance Surveillance * Geo-
Astrophysical Transducers for
Space Probes

Advanced degrees, while highly

desirable, are not requisite if
adequate experience is apparent.
We invite your inquiry. Address
T. W. Wills, Engineering Per-
sonnel Administrator, Dept.
130-90

CONVAIR
ASTRONAUTICS

Convair Division of

GENERAL
DYNAMICS

5537 Kearny Villa Road
San Diego, California
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Triangular fixture for locating the subsolar point

between light and darkness are ‘the
points where sunrise and sunset meet. In
June, for example, the southern point
shows where the sun barely rises and
then promptly sets in Antarctica, and the
northern point (beyond the North Pole)
shows where the midnight sun dips to
the horizon and immediately rises again.

“To find the point directly beneath
the sun still more accurately, vou can
construct a simple cardboard tripod. Just
cut three identical pieces of cardboard
and fasten them together with gummed
paper as shown in the accompanying il-
lustration [above]. When the tripod
stands on a level table, the line joining
the three vanes is vertical. When the
tripod rests on the surface of your globe,
the line extends outward along a radius
of the globe. If vou move the tripod
about until the shadow of its three vanes
disappears into three lines, you find the
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subsolar point at the junction of these
lines. Once vou have found the subsolar
point, and hence the exact location of the
sun in our svstem of coordinates, it is a
simple matter to count off the hours since
or untilyourlocal noon, to tell your local
sun-time, to forecast the time until sun-
set and to tell how long it is since sun-
rise. You can also determine these things
for locations other than vour own.

“Perhaps this little sundial, so simply
set up, will clarify the apparent motions
of the sun, caused of course by the
earth’s daily rotation on its axis and its
annual revolution around the sun. Sure-
ly it is fun to bring so much of the system
of the world into your garden. The glob-
al dial can give one a fuller appreciation
of the sunlight on which all men depend.
If it thereby strengthens your feeling of
kinship for people far away, the instru-
ment will have served you well.”



NEW DESIGNS IN MARLEX

PLAX selects MARLEX"
for new, featherweight 1-gallon plastic bottle

® Saves weight ... 2% Ibs. lighter than glass jugs of equal volume!
® Saves shipping space...37% less bulk!
@ Safe for most liquids—from shampoos to corrosive chemicals!

i =)
'm 1 The most exciting new container
fige |} in the field of bulk liquids ship-
g - ment is this unique, square 1-gal-
= -\ lon bottle, blow-molded from
oS MARLEX by PLAX Corp., Hart-
# . ford, Connez:’ticut. &
V4 By using MARLEX rigid poly-

ethylene, PLAX obtains an ultra-

lightweight bottle, with extra-

3 strong, thin walls. This new bottle
is unbreakable and resistant tocor-

oz- rosion and permeation by most
chemicals. It can be frozen or

sterilized. It is so inexpensive that

itis used as a throwuway container!

45 oz. The new PLAX gallon bottle
uses 37% less warehouse, truck and

(Bottle Weight) carload space . . . weighs only
3 oz.—1/15th the weight of com-
parable glass bottles! Thinner cor-
rugated with less tare weight can
be used with these MARLEX “gal-
lons”, because they are lighter and
do not risk breaking.

This new PLAX *‘gallon” is suit-
able for a wide variety of liguids,
including. shampoo, vanilla ex-
tract, pool chlorifiers, defoliant,
paint primer solvent, arsenic acid,
hydrofluoric acid, sulfuric acid,
muriatic acid, hydrochloric acid,
disinfectants, cleaning agents, and
windshield washer fluid. The L. S.
Public Health Service has adopted
it for shipment of pharmaceuticals.

Ifyouare packaging with molded
containers, transparent film or
blown bottles, you should know
more about MARLEX. Write for
new technical brochure today!

(Bottle Weight)

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

PHILLIPS CHEMICAL COMPANY, Bartlesville, Oklahoma &
A subsidiary of Phillips Petroleum Company MARlEX
PLASTICS DIVISION OFFICES
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Checking Einstein with
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Purity Plus — Hughes Products Division engineer checks
semiconductor materials to insure purity.

Exit cones capable of withstanding temperatures of 6000° F.
represent one example of advanced engineering being performed
by the Hughes Plastics Laboratory.

an atomic clock in orbit

To test Einstein’s general theory of relativity, scien-
tists at the Hughes research laboratories are devel-
oping a thirty pound atomic maser clock (see photo
at left) under contract to the National Aeronautics
and Space Administration. Orbiting in a satellite,
a maser clock would be compared with another
on the ground to check Einstein’s proposition that
time flows faster as gravitational pull decreases.

Working from the new research center in Malibu,
California, Hughes engineers will develop a MASER
(Microwave Amplification through Simulated Emis-
sion of Radiation) clock so accurate that it will
neither gain nor lose a single second in 1000 years.
This clock, one of three types contracted for by
NASA, will measure time directly from the vibra-
tions of the atoms in ammonia molecules.

Before launching, an atomic clock will be syn-
chronized with another on the ground. Each
clock would generate a highly stable current with
a frequency of billions of cycles per second. Elec-
tronic circuitry would reduce the rapid oscillations
to a slower rate in order to make precise laboratory
measurements. The time “ticks” from the orbiting
clock would then be transmitted by radio to com-
pare with the time of the clock on earth. By meas-
uring the difference, scientists will be able to check
Einstein’s theories.

In other engineering activities at Hughes, research
and development work is being performed on such

projects as advanced airborne systems, advanced
data handling and display systems, global and spa-
tial communications systems, nuclear electronics,
advanced radar systems, infrared devices, ballistic
missile systems...just to name a few.

The variety and advanced nature of the projects at
Hughes provides an ideal environment for the engi-
neer or scientist who wishes to increase his profes-
sional stature.

Newly instituted programs at Hughes have created immedi-
ate openings for engineers experienced in the following areas:

Communications
Thin Films
Electron Tubes

Environmental Engineering
Logical Design

Radar Circuit Design

Field Engineering Material & Component Eng.
Semiconductors Systems Analysis

Test Equipment Eng. Nuclear Electronics

Write in confidence to Mr. Don Eikner,
Hughes General Offices, Bldg. 6-H8, Culver City, Calif.
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The West’s leader in advanced ELECTRONICS

HUGHES AIRCRAFT COMPANY

Culver City, El Segundo, Fullerton, Newport Beach,
Malibu and Los Angeles, California;

Tucson, Arizona
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Glass offers unique sets of properties to constructions like these electronic resistors, capacitors, and printed
circuit boards. Write Corning Electronic Components, 549 High Street, Bradford, Pa., for technical data.

Why glass is a dielectric nonpareil

You can cover glass with dirt. Freeze
it. Boil it. Bounce it. Take it up ten
thousand miles where the air is rare.
Bury it deep in a salted sea. And still
it remains itself . . . with a set of elec-
trical properties you can count on to
stay fixed.

When you know its secrets well, you
can put a metallic coating on glass, cut
spirals in it, and come up with a rugged
resistor. You can seal layers of alumi-

num between strips of glass and achieve
a compact, reliable capacitor. You can
make printed circuit boards on glass,
and other components to the tightest
specs.

Many are the marvels of glass. There
are pipes of glass that combine trans-
parency with unsurpassed resistance to
acids and harsh organics. There are
optically ingenious street lights and sig-
nals that make roads and railroads safer.

“This Is Glass” will acquaint you
better with this material, help you spot
applications in your own field. For a
free copy of this brochure, write Corn-
ing Glass Works, 49 Crystal Street,
Corning, N. Y.

CORNING GLASS WORKS

CORNING MEANS RESEARCH IN GLASS

CORNING CAN DO ALMOST ANYTHING WITH GLASS m
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by James R. Newman

Lupwic WITTGENSTEIN: A MEMOIR, by
Norman Malcolm. Oxford University
Press ($2). THE BLUE axD Brown
Books, by Ludwig Wittgenstein.
Harper & Brothers ($6).

D arkly wise and a riddle: a strange
man and a stranger philosophy,
each unmistakably touched with
genius. Wittgenstein died in 1951, ac-
knowledged as one of the most influen-
tial philosophers of the century. His
famous work, the Tractatus logico-
philosophicus, appeared soon after the
First World War and founded a move-
ment. Two volumes of his papers have
been translated and published since his
death (Gilbert Ryle reviewed one of
them, Philosophical Remarks on the
Foundations of Mathematics, in this
magazine in 1957), and most recently
his celebrated Blue and Brown Books,
dictated in English to his students be-
tween 1933 and 1935 and long in circu-
lation in mimeographed form, have been
reissued. No full-scale biography has yet
appeared, and perhaps none will for a
long time, but the Malcolm memoir pro-
vides an intriguing entry into the life of
this extraordinary thinker, and its inter-
est and value are enhanced by an excel-
lent prefatory biographical sketch writ-
ten by Georg Henrik von Wright of the
University of Helsingfors.

Ludwig Josef Johann Wittgenstein
was born in Vienna in 1889. His family,
which had migrated from Saxony to
Austria, was of Jewish descent, but his
grandfather had been converted to Prot-
estantism; Ludwig was baptized a
Catholic, the religion of his mother. It
was a wealthy and cultured home. His
father was an engineer prominent in the
steel and iron industry, and both parents
were artistically and intellectually in-
clined, with a deep interest in music.
Johannes Brahms was a close friend of

the family.

BOORD

The tortured life of an influential modern
philosopher: the late Ludwig Wittgenstein

Ludwig was the youngest of five
brothers and three sisters. Deep instabili-
ty as well as talent marked the children:
three of his brothers were later to com-
mit suicide. He lived always “on the
border of mental illness,” fearful of be-
ing driven across it; but it would be
wrong, says von Wright, to think of him
as morbid. He was strikingly original,
often difficult to follow and certainly
given to eccentricity; his later work suf-
fered from an almost wayward obscurity,
but his earlier labors had, in von Wright’s
view, “the same naturalness, frankness
and freedom from all artificiality that
was characteristic of him.”

Until he was 14 Wittgenstein was
educated at home. Thereafter he attend-
ed school in Linz in upper Austria and
a technical high school in Berlin. At first
he intended to study physics under Lud-
wig Boltzmann in Vienna, but the latter’s
death put an end to this wish and Witt-
genstein turned to engineering. (Ma-
chines continued to fascinate him
throughout his life. Even in his last years
he could spend a whole day with “his
beloved steam engine” in the South
Kensington Museum, and there are anec-
dotes about his serving as a mechanic
when some contraption got out of or-
der.) In 1908 he went to England and
registered as a research student in engi-
neering at the University of Manchester.
For three years he focused his attention
on aeronautics, studying jet engines, ex-
perimenting with kites, working on pro-
peller design. The mathematical aspect
of propeller design absorbed him, and
by that route he came to pure math-
ematics and the foundations of the sub-
ject. He had been unhappy and restless
in his engineering researches, but in the
new world of abstractions he found deep
and growing satisfaction. He read Ber-
trand Russell’s Principles of Mathemat-
ics, which was a revelation, and Gottlob
Frege’s writings on symbolic logic; this
was the “gateway” through which he en-
tered philosophy. On the advice of
Frege, whom he visited in Jena, he en-
tered the University of Cambridge to
study with Russell.
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During 1912 and 1913 he was at
Trinity College, working as an advanced
student in philosophy and psychology.
This was a great period in the intellec-
tual life of the university; Wittgenstein
thrived on the rich ferment of ideas. He
became friendly with John Maynard
Keynes, G. H. Hardy and the logician
W. E. Johnson; he was very close to
David Pinsent, a young mathematician
who fell in the war (the Tractatus is
dedicated to his memory) ; he saw much
of G. E. Moore and Alfred North White-
head. With Bertrand Russell he formed
an intimate relationship, and each man
was to have a profound influence upon
the thought of the other. At first Russell
had difficulty in appraising this queer
fish. Was he a genius or merely an ec-
centric? At the end of Wittgenstein’s first
term at Cambridge he came to Russell
(who tells the story) and said: *“ “Will
you please tell me whether I am a com-
plete idiot or not?” I replied, My dear
fellow, I don’t know. Why are you ask-
ing me?” He said, ‘Because, if I am a
complete idiot, I shall become an aero-
naut; but if not, I shall become a philoso-
pher. I told him to write me something
during the vacation and I would then
tell him whether he was a complete idiot
or not. At the beginning of the following
term he brought me the fulfillment of
this suggestion. After reading only one
sentence, I said to him, “No, you must not
become an aeronaut.”” They took long
walks together; Wittgenstein would fre-
quently come to Russell’s rooms at mid-
night and for hours “would walk back-
ward and forward like a caged tiger.”
Wittgenstein would announce that when
he left he would commit suicide. “On
one such evening, after an hour or two
of dead silence, I said to him [Russell
writes]: ‘Wittgenstein, are you thinking
about logic or about your sins?” ‘Both,’
he said, and then reverted to silence.”
He must have been trying, but enor-
mously stimulating too. “Getting to know
Wittgenstein,” Russell said in a memo-
rial article, “was one of the most exciting
intellectual adventures of my life.”

Wittgenstein entered the Austrian
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army as a volunteer at the outbreak of
the First World War. At the beginning
he fought on the eastern front, but in
1918 he was transferred to the southern;
when the Austro-Hungarian army sur-
rendered, he was taken prisoner by the
Italians. Men of passionate intellect take
their work with them everywhere, and
Wittgenstein, like Descartes, did not find
soldiering an insuperable obstacle to cre-
ative thinking. When he was captured
he had in his rucksack the manuscript of
the Tractatus which he had completed
on a leave of absence in Vienna in Aug-
ust, 1918. He had thought about its logi-
cal questions before the war and had
formed certain of his major conclusions,
but the idea of language as a picture of
reality occurred to him, as he told von
Wright, one day in a trench on the east-
ern front while he was reading a maga-
zine in which there was a picture of the
possible sequence of events in an auto-
mobile accident. The picture, he said,
served as a proposition whose parts cor-
responded to things in reality; and so he
conceived the idea that a verbal propo-
sition is in effect a picture, “by virtue of a
similar correspondence between its parts
and the world.” In other words, the struc-
ture of the proposition “depicts a possi-
ble combination of elements in reality, a
possible state of affairs.” The Tractatus,
as von Wright observes, may be called
a synthesis of theory-of-truth functions
and the idea that language is a picture
of reality, giving rise to the doctrine “of
that which cannot be said, only shown.”

While still a prisoner at Monte Cas-
sino, Wittgenstein was able, through the
intervention of his friend Keynes, to send
the manuscript of the Tractatus to Rus-
sell and a copy to Frege. Before the war
Wittgenstein had given Russell a short
typescript consisting of notes on various
logical points; these, together with what
Russell had gained from their many con-
versations, strongly affected his think-
ing. The manuscript of the Tractatus
stirred him even more profoundly. Writ-
ing in a British magazine the early part
of this year, Russell said: “I do not feel
sure that either then [1914] or later, the
views which I believed myself to have
derived from him [Wittgenstein] were
in fact his views,” adding that Wittgen-
stein always “vehemently repudiated ex-
positions of his doctrines by others, even
when those others were ardent disci-
ples.” Yet whether or not the Tractatus,
at times a distressingly aphoristic and
Delphic piece of writing, successfully
communicated its author’s meaning, or
whether its influence (as Russell now
questions) was “wholly good,” there can
be no doubt of its dominating effect on
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the British philosophical world. It cut a
new channel for 20th-century thought.

Though he was able, despite the mor-
tal uncertainties and confusion of the
time, to complete the Tractatus, it can-
not be imagined that the war gave Witt-
genstein ease of mind. He became ac-
quainted during this period with the
ethical and religious writings of Leo
Tolstoy, which had a strong influence on
his view of life and also led him to study
the Gospels. After his release as a war
prisoner, Wittgenstein entered a Vien-
nese college for elementary-school teach-
ers. He took a two-year course, then for
six years served as a schoolmaster in
various remote Austrian villages. He had
no private means because, though his
father had in 1912 left him a great for-
tune, immediately after the war he gave
all his money away and practiced a Tol-
stoyan simplicity and frugality. His se-
cluded life as a schoolteacher suited his
mood but not his temperament. He was
in “constant friction” with the people
around him, and finally, after a serious
crisis, resigned his post. For a time he
worked as a gardener’s assistant in a
monastery near Vienna and even consid-
ered becoming a monk. In the autumn
of 1926 he tried his hand at architec-
ture. He built a mansion in Vienna for
one of his sisters. Von Wright describes
it as a work “highly characteristic of its
creator down to the smallest detail . . .
free from all decoration and marked by
a severe exactitude in measure and pro-
portion.” The materials were concrete,
glass and steel; the house had horizontal
roofs and its beauty was “of the same
simple and static kind that belongs to
the sentences of the Tractatus.” He also
did sculpture, but along more classical
lines than those he followed in architec-
ture; one of his creations is “the head of
a girl or an elf.”

It was evident that he was restless,
troubled, uncertain of his course. He had
written his book, it said all he had to
say, and he saw no reason to continue in
philosophy. “I am of the opinion,” he
wrote in the preface to the Tractatus,
“that the problems have in essentials
been fully solved.” He had turned philos-
opher, as John Passmore remarks, “in
his engineer’s way, in order to drain
what seemed to him a swamp. The task
was completed; there was no more to be
said.” However, the actual publication
of the Tractatus in 1922 had not been a
joy either to him or to Russell. The cir-
cumstances were typical. Russell went to
Holland to discuss the manuscript with
him. It was hard to find a publisher, but
Russell succeeded, and then wrote an
introduction that Wittgenstein strongly
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disapproved. Finally he turned his back
on the whole undertaking. But of course
he was not through with philosophy.
While he was still a schoolteacher the
brilliant young philosopher Frank Ram-
sey, who had assisted in the translation
of the Tractatus and had written an ad-
mirablereview of it for the journal Mind,
sought out Wittgenstein in Austria and
tried to persuade him to return to Eng-
land. These conversations with Ramsey,
Wittgenstein says, woke him from his
dogmatic slumber. With the help of
Keynes, who raised the money, Wittgen-
stein visited his English friends in 1925.
Another of his philosophical contacts
during this period was the Austrian
Moritz Schlick (who was to become
founder and leader of the famous Vienna
Circle), who had seen the Tractatus and
esteemed it a first-class work.

In 1928 Wittgenstein heard the Dutch
mathematician L. E. ]. Brouwer, founder
of the intuitionist school of mathematical
philosophy, lecture in Vienna on the
foundations of mathematics. This was
the spark, it is said, that revived Witt-
genstein’s interest in philosophy. He now
felt that he could again do creative work.
In 1929 he returned to Cambridge as a
research student, and the following year
he was elected a fellow of Trinity Col-
lege. During the next three or four years
he wrote a good deal on the philosophy
of mathematics, but published only a
single article (on logical form). Those
who had access to his manuscripts were
impressed with his ideas, but he was
evidently in a transitional stage of de-
velopment and “fighting his way out of
the Tractatus.” The break with the past
occurred about 1933. “There came to him
at this time,” says von Wright, “those
basicideas whose development and clar-
ification absorbed him for the rest of his
life.” Frege and Russell had contributed
much to the shaping of the ideas in the
Tractatus; their views were undoubted-
ly, as Passmore has observed, Wittgen-
stein’s point of departure, but the philo-
sophical ancestry of his later views, of
which so many echoes can be heard in
the writings of the Vienna Circle, is less
clear. It has been said that the influence
of G. E. Moore is plainly visible, but von
Wright dismisses this suggestion, argu-
ing instead that the “impression of re-
semblance” between the views of both
men is due to the influence both had on
the trend known as analytic or linguistic
philosophy. Norman Campbell’s Physics
and William James’s Principles of Psy-
chology—for a time James’s work was
the only one visible on Wittgenstein’s
bookshelf—have been mentioned as play-
ing a part in the growth of his “new”



Introducing the Young Adults’ Division, a program of unique firsthand
experiences in science for gifted young people, aged 12-16

The Library of Science offers
your child | Free | either of these
valuable science materials

MICROSCOPE KIT

A superior beginner’s
microscope — with spe-
cially written, 32-page
manual, Your Micro-
scope and How to Use
It, containing 38 experi-
ments and projects. Kit
includes extra eyepiece
for total magnification
range of 25-300X, elec-
tric illuminator, sturdy
wooden carrying case, 12
prepared and 25 blank
slides. Ages 12-16.
RETAIL PRICE $17.50
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ORIGINALLY CREATED for the children of 50,000 working
scientists and educators enrolled in The Library of
Science, the Young Adults’ Division is now open for the first
time to other gifted young people whose parents wish them
to share in a unique educational program.

To this select group of 12 to 16 year old boys and girls,
The Library of Science systematically offers the finest science
materials — Kkits, instruments, equipment, books — all pre-
tested, age-graded and carefully balanced to place equal
emphasis on the basic areas of science from astronomy to
mathematics, from nature to weather study.

Selections are made from the products of hundreds of
manufacturers after thorough testing — usually under actual
classroom conditions, in cooperation with The Association of
Childhood Education International. All testing is supervised
by our educational director, H. Ruchlis, former president of
the N. Y. Federation of Science Teachers.

To introduce your gifted young adult to the benefits of
this program, you are invited to choose as his Free Member-
ship Gift either of the valuable sets illustrated. Your only
obligation as a sponsor is to take 3 of the monthly Selections
at reduced Member’s Prices (often as low as $3.95) — one
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THESE PRE-TESTED, AGE-GRADED SCIENTIFIC SELECTIONS

CALCULO
Analog Computer Kit
Set dials and observe
meter for a continuous
picture of the change
that takes place in one
given quantity as one or
more others are altered.
Solves problems in
square and cube roots,
index of refraction, trig-
onometric functions,
rates of growth, etc. 36-
page explanatory book-
let includes 30 typical
problems. Ages 12-16.
RETAIL PRICE $16.95

Selection to be chosen now from the 4 listed below, and the
other 2 at any time during the next 12 months. Money-back
guarantee on all Selections.

ALSO FREE to Y. A.D. members — Tomorrow's Scientists
magazine for young people, issued 8 times yearly by the
National Science Teachers Association. Contains articles by
eminent scientists; science news for young readers; stimulat-
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| philosophy. In any case he now came to

repudiate some of the fundamental
thoughts of the Tractatus, thoughts that
had been strongly criticized by Ramsey,
and by another of Wittgenstein’s friends,
the Italian economist Piero Sraffa. (He
said that his discussions with Sraffa,
when he taught at Cambridge, “made
him feel like a tree from which all
branches had been cut.”)

For the rest of his life, with some in-
terruptions, Wittgenstein lived in Eng-
land, teaching for many years at Cam-
bridge. When the Germans swallowed
Austria, he became a British subject, but
for all the years he lived in England, for
all the freedom and security and intel-
lectual nourishment it gave him, it never
became his country. He could not get
used to English ways of life and he dis-
liked the academic atmosphere at Cam-
bridge. In 1935, when his Trinity fellow-
ship expired, he planned to settle in the
U.S.S.R., and a visit there with a friend
pleased him. Events of the middle
1930’s, however, contributed to the
abandonment of this plan. For a year
(1936) he lived in solitude in a hut he
owned in Norway, where he began to
write the Philosophical Investigations.
In 1937 he returned to Cambridge and
two years later succeeded to Moore’s
chair in philosophy.

Malcolm, an American student hold-
ing a Harvard fellowship at Cambridge,
met Wittgenstein in 1938. The Memoir
gives a vivid impression of him at that
time. Though he was 49 years old, he
looked about 35. He was some five feet
six inches in height, slender, with curly
brown hair. His face was lean and
brown, his profile aquiline and “striking-
ly beautiful,” and he had deep eyes that
were often “fierce” in expression. The
effect was of a commanding, even “im-
perial,” personality that instantly drew
attention at any gathering. Sometimes he
was hesitant and would stammer, but
usually he was emphatic and expressive,
though obviously deeply immersed in his
thoughts and desperately anxious, as one

. would expect from the bone and blood

of his philosophical creed, to convey his
exact meaning. He spoke excellent Eng-
lish, “although occasional Germanisms
would appear in his constructions.”

In contrast to his manner, his dress
was extremely simple. “He always wore
light grey flannel trousers, a flannel shirt
open at the throat, a woolen lumber
jacket or a leather jacket. Out of doors,
in wet weather, he wore a tweed cap
and a tan raincoat. He nearly always
walked with a light cane. One could not
imagine Wittgenstein in a suit, necktie
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or hat. His clothes, except the raincoat,
were always extremely clean and his
shoes polished.”

Twice a week he met his class for two
hours from five to seven. Students
brought their own folding chairs, and if
someone came a little late this involved
a disruption, because chairs already
placed in the crowded room had to be
moved. Tardiness made Wittgenstein
very angry; the late-comer had to face
his formidable glare. His rooms were
austerely furnished. There was no easy
chair or reading lamp. The walls were
bare. He slept on a canvas cot, and in
the living room were two canvas chairs
and a plain wooden chair, with an old-
fashioned iron stove to provide heat. The
only adornment was flowers in a win-
dow box and in a couple of pots. He did
his writing on a card table and kept his
manuscripts in a metal safe.

During class Wittgenstein sat on his
wooden chair in the center of the room.
“Here he carried on a visible struggle
with his thoughts.” This often led him
to feel that he was confused; he would
say, “I am a fool,” or, “You have a dread-
ful teacher.” He thought about certain
problems as he went along; his classes
were more conversation than lectures.
When he was wrestling with an idea, he
would “with a peremptory motion of the
hand” prohibit further discussion, so that
there were frequent and prolonged pe-
riods of silence “with only an occasional
mutter from Wittgenstein, and the still-
est attention from the others.”

It is easy to imagine that he fright-
ened his students. He was impatient,
irritable, insulting. He drove himself,
scourged himself to achieve understand-
ing, and was no less sparing of his class.
They respected his passionate honesty,
and if not petrified were spurred to hard
mental exertion; but two hours of such
severe and tense probing exhausted both
teacher and pupils. When it was over,
Wittgenstein, full of self-reproach,
would eagerly seek relief from his or-
deal. Often he- would “rush off to a
cinema immediately after the class end-
ed,” taking a friend with him. He would
buy a bun or an execrable English cold
pork-pie and munch it while he watched
the film. He insisted on sitting in the
front row so that the screen “would oc-
cupy his entire field of vision, and his
mind would be turned away from the
thoughts of the lecture and his feelings
of revulsion.” No matter how wretched
the picture he became totally absorbed
in it. He liked U. S. films and detested
British ones—part of his distaste for Eng-
lish culture; Carmen Miranda and Betty
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Hutton were two of his favorite actresses.

It was important to Wittgenstein to
make friends with members of his class-
es. Philosophy went better, he felt, with
friends, and he was stimulated by the
sight of “friendly faces.” He liked to
make jokes to illustrate a point, and to
laugh at his own cleverness, but if a
member of the class laughed Wittgen-
stein would reprove him. Facetiousness
had no place in philosophical discus-
sions, at least the facetiousness of others.

He would invite students individually
for tea, but no small talk was permitted.
As in class the conversation was inter-
spersed with long silences. Though a
teacher of philosophy, he would try to
persuade students to give up the sub-
ject. This was not so much because he
felt they had no useful contribution to
make as that he hated academic life in
general and professional philosophers in
particular. A normal human being, he
believed, could not be a university
teacher and also an honest and a serious
person. He could not stand the society
of academic colleagues; he would not
dine in the Hall of his college, “being re-
volted by the artificiality of the conver-
sation.”

Wittgenstein argued with Malcolm to
abandon philosophy and take a manual
job. When it became clear that Malcolm
intended to follow the less honest but
more mental career, Wittgenstein gave
him money so that he could continue his
studies at Cambridge. They became
good friends and saw much of each
other. They would take long walks,
which were apt to be exhausting. The
tempo was in fits and starts. Wittgen-
stein would walk rapidly in spurts,
would stop suddenly to look into Mal-
colm’s eyes with a “piercing gaze” and
then would trot off again, all the while
expounding the most serious and even
gloomy thoughts, erratically punctuated
with “jests” which he alone was per-
mitted to laugh at. He was exquisitely
touchy. Once on a walk in 1939 Witt-
genstein and Malcolm saw a news ven-

! dor’s sign which announced that the

German Government accused the British
Government of instigating an attempt to
assassinate Hitler. Wittgenstein suggest-
ed the German claim might be true;
Malcolm repudiated the idea on the
grounds the British were “too decent” to

| attempt anything so underhanded, and
| that it was against their “national char-

acter.” Wittgenstein became extremely
angry, told Malcolm that he was stupid
and that he had evidently learned noth-
ing from the philosophical training Witt-
genstein was trying to give him. When
Malcolm refused to back down, Witt-
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genstein would not talk to him any more;
soon afterward they parted. Wittgen-
stein came no more for his walks and,
although the friendship was resumed
later, the episode was never forgotten.
Wittgenstein managed to be enraged
even by G. E. Moore. Having read one
of Moore’s papers with which he dis-
agreed, he went to Moore’s home and for
two hours furiously harangued him, giv-
ing him no chance to reply. Later, when
Moore told him he had been rude, he
made a “stiff and reluctant apology.”

In February, 1940, Malcolm returned
to the U. S. He had been ill just before
his departure, and Wittgenstein came to
see him as a gesture of reconciliation. He
fussed over the patient and said he was
sorry about the assassination argument.
He also gave the sound advice: “What-
ever else you do, I hope that you won't
marry a lady philosopher!” The two men
kept up a correspondence. Wittgenstein
was an avid reader of detective maga-
zines, and as a connoisseur preferred
those of Street & Smith; these being un-
obtainable in England during the war,
Malcolm would send him bundles of
them from time to time. Wittgenstein
said he could not understand why any-
one would read Mind, “with all its im-
potence and bankruptcy, when they
could read Street & Smith magazines.”
In at least one case a story so entranced
him that he wanted to write the author
and thank him. “If,” he wrote Malcolm,
“this is nuts, don’t be surprised, for so
am I” When Malcolm got his Ph.D.,
Wittgenstein congratulated him and
wrote: “I wish you good, not necessarily
clever, thoughts, and decency that won't
come out in the wash.” On another oc-
casion Wittgenstein wrote to Malcolm:
“I wish you could live quietly, in a sense,
and be in a position to be kind and un-
derstanding to all sorts of human beings
who need it! Because we all need this
sort of thing very badly.”

For part of the war Wittgenstein
worked as an orderly in Guy’s Hospital
in London; later he worked in an in-
firmary and in a clinical research labora-
tory. He could not do philosophy and he
was “tired and sad.” In 1944 he was
back at Trinity, writing Philosophical In-
vestigations. He thought it was “pretty
lousy” but felt he couldn’t improve on it
if he tried “for another 100 years.” He
was reading Samuel Johnson’s Life of
Pope, also his Prayers and Meditations,
which he liked very much. He com-
mented that Freud was both “charm-
ing” and “full of fishy thinking,” but that
this did not detract from his “extraordi-
nary scientific achievement.” In 1946
his lectures went pretty well, but at the
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| end of the term he said he felt his brain
| was “burnt out, as though only the four

walls were left standing, and some
charred remains.” The same year Mal-
colm returned to Cambridge, which
gave Wittgenstein the opportunity to
meet his wife. At first he was suspicious
of her, as he was of all “don’s wives,” but
he got over this and became a frequent
visitor. After supper he often insisted on
washing the dishes, a feat performed in
characteristic style with great thorough-
ness in the bathtub.

There are many more anecdotes in
Malcolm’s memoir. They reinforce the
impression of Wittgenstein’s complex
and difficult personality. He was terribly
hard on his friends, and just as hard on
himself. His suspicions and fears,
amounting almost to mania, kept dis-
rupting his relationships. But people put
up with him not alone because of his ex-
traordinary gifts, but also because of his
ruthless honesty and sincerity. When he
was charming, or gracious or kind—as he
could be—his purity shone through.

In the fall of 1947, after a trip to Aus-
tria, he resigned his Cambridge profes-
sorship. He was not finished with phi-
losophy, but he had reached the end of
his tether in the academic world. He
spent some time in Ireland. He was de-
pressed, ill in body and mind. In a lonely
cottage on the west coast right on the
sea, seeing nobody except the man who
brought his milk, he dreamt, brooded,
walked, watched the sea birds, worked a
little. He didn’t miss conversations, he
said, but “only someone to smile at oc-
casionally.” Malcolm’s shipment of de-
tective magazines put him in better spir-
its. The concern of the Malcolms for this
sad, proud, fading man was touching.
They invited him for a long visit to Cor-
nell University. He envisaged all sorts of
difficulties, but he was eager to come
and the matter was arranged. Malcolm
met him when the Queen Mary docked.
He came “striding down the ramp with
a pack on his back, a heavy suitcase in
one hand, cane in the other.” He seemed
vigorous and in excellent spirits. At
Ithaca he was nearly his old self, taking
long walks, worrying linguistic prob-
lems, indulging in small tyrannies and
eccentricities. Even his diversions were
intellectual. For example, on one walk
he decided to measure the heights of the
trees. The procedure was that he would
place himself at a distance from the tree,
sight along his arm and cane at the top
of the tree, his arm at about a 45-degree
angle from the horizontal; then Malcolm
would pace off the distance to the foot of
the tree and Pythagoras would provide
the approximate height. Wittgenstein di-
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rected this activity with “real zest.” Mal-
colm’s wife once gave Wittgenstein
some Swiss cheese and rye bread for
lunch, which he greatly liked. Therc-
after he asked for this combination at all
meals, largely ignoring the various
dishes that Mrs. Malcolm had prepared.
He explained this by saying “it did not
much matter to him what he ate, so long
as it was always the same.”

Wittgenstein met with Malcolm’s col-
leagues and graduate students to discuss
philosophy. At these sessions there were
signs of his old fire, but illness gradually
encroached upon him and he had to
forego attendance. He was not too ill to
be insulting. When he suggested that the
Philosophical Investigations might be
mimeographed, and Malcolm disparaged
the idea, Wittgenstein was angered and
accused him of being reluctant to see the
work made public “because people
would then know where my own [Mal-
colm’s] philosophical ideas came from.”
Malcolm had merely meant that it was
not fitting that a book of such impor-
tance should be distributed in mimeo-
graphed form: “It should be bound in
leather and gold.” One more anecdote
catches the great logician at work. It was
a hot summer, and Wittgenstein’s room
at the Malcolms’ was often stuffy. He
suggested removing the window screens
to permit freer circulation of the air.
Malcolm pointed out that the insects
would be worse than the heat. Wittgen-
stein doubted this, and referred to the
fact that screens were rare in England
and on the Continent; Malcolm an-
swered that we had more insects, which
Wittgenstein didn’t believe. He went
out for a walk to see whether other
houses had screens or whether this was
simply one of Malcolm’s peculiarities.
On finding that all other windows had
screens he inferred not that there must
be a good reason for it, but (“with some
irritation”) that “Americans were the
victims of widespread and unthinking
prejudice as to the necessity of window
screens.”

In October he returned to England.
The latter part of his stay had been
wretched because of illness. He was sure
he had cancer, and while he was quite
prepared to die he was afraid he would
be kept at the hospital for surgery. He
didn’t want to die in America. “I am a
European—I want to die in Europe,” he
said to Malcolm in a frenzy. He had his
wish. In December he wrote the Mal-
colms from Cambridge that he had can-
cer of the prostate. Medication allevi-
ated the symptoms of the disease; he was
able to go about, even to visit Vienna.
He read various odds and ends and was
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not depressed. For a few months he
lived in Oxford, then he went to Norway
for a month. In 1951 he returned to
Cambridge to stay in the home of his
physician. He even resumed work. He
died very suddenly in April. Though
much of his life had been spent in un-
happiness, even torment, his last words
to the wife of his host were: “Tell them
I've had a wonderful life.”

Short Reviews

DETERMINISM AND FREEDOM IN THE

AGE oF MODERN SCIENCE. A philo-
sophical symposium edited by Sidney
Hook. New York University Press ($5).
This volume contains papers presented
by 10 philosophers and physicists at the
first annual New York University Insti-
tute of Philosophy held in 1957. Also in-
cluded are 17 briefer comments by par-
ticipants in the conference on issues
raised by the main speakers. The gen-
eral intellectual level of the proceedings
is high, despite considerable variation in
the quality of the contributions, some of
which are rubbish. In their stimulating
papers, P. W. Bridgman and Alfred
Landé accept the currently orthodox
view that quantum theory supports the
claim that subatomic processes are radi-
cally indeterministic; but they also main-
tain that an element of objective inde-
terminism is present even in familiar
macroscopic phenomena. However, as
Milton Munitz points out in his excellent
analysis, these claims are based on the
dubious assumption that a physical the-
ory is an adequate instrument for scien-
tific research only if it provides informa-
tion about the supposedly “ultimate”
traits shared by all things. Moreover, the
claims also overlook the fact that the in-
determinism recognized in  quantum
mechanics is not something capable of
direct observation. On the contrary, the
data of observation are inherently neith-
er deterministic nor indeterministic, and
can be so characterized only on the basis
of a theoretical interpretation of what is
observed. Max Black illustrates the
efficacy of the linguistic method in phi-
losophy in his defense of the use of
causal language in ordinary affairs of
life. He shows beyond doubt that,
though the introduction of such causal
notions into theoretical physics gener-
ates serious difficulties, it is both insin-
cere and foolish to deny that in contexts
involving human action there are causal-

| ly determined occurrences. Nevertheless

the relevance of Black’s discussion to
any of the issues generated by modern
science is at best highly tenuous. With
one exception, the papers dealing with
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determinism and human responsibility
are threadbare performances. The ex-
ception is H. L. A. Hart’s illuminating
analysis of the conditions under which
the imputation of criminal responsibility
is compatible with a belief in determin-
ism, and is at the same time both rational
and moral.

rrHE SociaL HisTory oF LIGHTING, by
- William T. O’Dea. The Macmillan
Company ($8.50). This is a most en-
gaging book. The author, keeper of the
Science Museum in London, tells the
story of lighting from prehistoric times
to the present. Fires and firebrands were
the first sources of light; stone and shell
lamps were in use about 15,000 years
ago and lit the walls for the Lascaux cave
painters. By the third millennium B.C.
alabaster and gold lamps hung in the
wealthier homes of Ur of the Chaldees,
copper lamps were common in Egypt,
tow wicks in bowls lit the streets of
Babylon at festivals, pottery lamps were
in wide use in the centers of the ancient
world. Thereafter, for four or more mil-
lennia, there was little improvement in
lighting. “The night cometh, when no
man can work” was the Biblical descrip-
tion of the general attitude to the hours
of darkness. Toward the end of the 18th
century came the first revolutionary ad-
vance in lamp design since prehistoric
times: Argand’s lamp, with its cotton
wick bent into a tubular form so that air
could be drawn up through the center to
assist the peripheral currents in effecting
complete combustion. Soon glass chim-
neys were added, and there was a 10-
fold increase in illumination capacity.
O’Dea’s survey describes the different
lighting instruments for the traveler,
from carriage lamps and traffic signals (a
gaslit red and green light stanchion with
semaphore arms was installed outside
Parliament in London in 1868 to safe-
guard members of Parliament as they
crossed the street) to arc-light towers to
illuminate whole cities. Other chapters
are devoted to mine lighting, lights for
military operations and for surgical thea-
ters, shop lighting, the lighting of art
galleries, theater and motion-picture
production lighting, light for gaiety,
sports, and great occasions (such as the
funeral of the Duke of Wellington, when
blacked-out St. Paul’s Cathedral was lit
by thousands of gas jets), the immense
machinery of lighthouses, the materials
used for light, the various means of strik-
ing a light. A sampling of oddments: the
illumination of billiard tables in the 18th
century by means of candles set in large
square frames hanging over the table;

the lighting of 4,000 candles in less than
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a minute at the crowning of George II of
England (the candles were linked up by
trains of flax impregnated with gun-
powder) ; the custom of lighthouse-keep-
ers at the Isles Sanguinaires in Corsica of
reading Plutarch aloud to each other to
keep awake during the monotonous
vigil; the use of the stormy petrel as a
lamp (by threading a fiber wick into the
bird); the complaint of the kindly in-
habitants of Lizard Point in Cornwall in
1619, when a lighthouse was erected
there, that the structure took away
“God’s Grace from them,” by which they
meant that they would receive no more
benefit from shipwreck, and that the
profits they had reaped from the calami-
ties of the ruin of shipping were so long
established that they should be regarded
as “hereditary.” Excellent illustrations.

HE Way THiNGs ARre, by P. W.

Bridgman. Harvard University Press.
(85.75). P. W. Bridgman, as everyone
knows, is more than a first-class physi-
cist; he is a lively, penetrating, honest,
tough-minded individualist, interested
in many things from social ethics to
transfinite mathematics. This book is a
summing-up of conclusions he has
reached over the years on a wide variety
of subjects, among them probability
theory, gasoline taxes, quantum mechan-
ics, democracy, scientific method, Marx-
ism, the uses of language, psychology,
war, extrasensory perception, grammar,
time, Franklin D. Roosevelt. It is, in oth-
er words, a report on how things are for
Bridgman. The work is of course dis-
cursive, yet a central theme confers a
certain unity upon it: Bridgman the in-
dividualist stresses the precious and es-
sential role of individuality. All creative
activities, he says, are private activities.
What the individual sees through his
own eyes, interprets for himself, proves
to his own satisfaction counts, but noth-
ing else; for in the last analysis he can
prove nothing to others nor accept their
proof on anything as final. Only through
such individuality is creative science
possible. We may agree, to be sure, that
this qualified solipsism is neither a pro-
found nor a novel idea, but in following
through its implications Bridgman feels
that he has gained fresh insights that
help to clarify critical problems of sci-
ence and human relations and that re-
quire a fundamental revision of outlook.
Godel’s proof, which in effect says that
a system cannot deal with itself without
running into trouble, is for Bridgman the
paradigm of his generalizations. In com-
mon-sense terms, one cannot get away
from oneself, yet in the refined intellec-
tual processes of science one acts as if
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this were possible, as if complete objec-
tivity could be attained through emanci-
pation from self. Inevitably one gets en-
tangled. It is because we refuse to admit
certain inescapable limitations on under-
standing, or pretend to do so, but then
smuggle in ambitions we have re-
nounced, that some of the major para-
doxes of modern science—of causality,
determinism, consciousness, free will,
logic and probability—have arisen. For
example, because we are the size we are
and have to rely upon sensory organs of
given dimensions and range, ours is nec-
essarily a world of macroscopic experi-
ence. This is the way things are for us; it
is on that level that our meanings must
be found. (Fleas or viruses might have a
different kind of physics.) Now in deal-
ing with the microscopic world we must
make certain transformations and adjust-
ments, a necessarily awkward process in
the course of which we cannot dispense
with macroscopic apparatus, manipula-
tions and ways of thinking. This means
trouble. Quantum theorists pay lip serv-
ice to this limitation, as Bridgman points
out, yet in stating flatly that ordinary
concepts fail when they are pushed into
the microscopic domain, the theorists
claim to have arrived at new truths in-
stead of admitting that like Alice, with-
out her magic drink-me bottle, they sim-
ply cannot shrink enough to get through
the keyhole to see what is on the other
side of the door. A successful experiment
requires the operation of isolation; the
object or event to be described must be
enclosed so as to make sure that nothing
crosses the boundaries from the outside
to muddle the measurements. But the
operation fails, says Bridgman, when we
attempt to execute it in the microscopic
world, and this failure may well be the
root of all the revolutionary aspects of
the quantum theory. We have not yet
found the right way to deal with the tiny
things on this level, and until we do we
are in no position to assert that the con-
cepts of causality and determinism valid
for ordinary-size things or on the com-
mon-sense level of daily life are inapplic-
able in the quantum sphere. Bridgman
has sharp and leavening opinions about
other branches of science; his discussion
of the so-called statistical corroboration
of E.S.P., for example, is a delight. But
his salty, Yankee, no-nonsense-and-
above-all-no-metaphysics approach is
not always successful. Certain of his
methodological critiques and his ap-
praisals of fundamental mathematical
ideas are quite superficial; often they ap-
pear to dispel confusion when in fact
they merely replace a grandiose idea
with a breezy epigram. Bridgman is a
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Evasive ma-

Project Mercury Space Capsule.

The continuing advances in all
areas of Radioplane activity are
the result of the proper utiliza-
tion of creative talent. Scientists
and engineers are urged to de-
velop new ideas and techniques
in the missile, drone and space
recovery fields. Radioplane pro-
vides the facilities and the in-
house programs that encourage
creativity. Growth opportunities
are limited only by the ingenuity
and capacity of the individual.

Current papers by Northrop
scientists and engineers include:

“High-Performance Digital
Computers” — Richard Keppel
“Digital Conversion Techniques”
— Stanley Grief

For copies of these papers
and additional information
about Northrop Corporation,
write:

NORTHROP
CORPORATION
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stimulating conversation-by-mail with a
University instructor. Begin at any time . . .
study at your convenience, AT HOME . . .
earn academic credit. For full information,
write for the Home-Study ANNOUNCE-
MENTS; no obligation, of course.

% &l TheHome-Study Dept.

UNIVERSITY OF CHICAGO
Box SA-89 Chicago 37, IlI.

LINGUAPHONE

MAKES IT EASY TO
LISTEN and LEARN to

American

SPANISH (e ) » FRENCH
ITALIANGERMAN<RUSSIAN«JAPANESE

ICELANDIC e  MODERN GREEK
—anyof 34 languages available AT HOME

With LINGUAPHONE The World’s Standard Conversa-
tional Method—You Start to SPEAK another language
TOMORROW or IT COSTS YOU NOTHING!
In just 20 minutes a day, you and your family can
learn another language while relaxed AT HOME—
the same easy, natural way you learned to speak
English long before you went to school.

Only LINGUAPHONE brings 8 to 12 of the world’s
best native language teachers into your home. You
hear both men and women converse about up-to-
date, everyday matters in their native tongue. YOU
listen—YOU understand—YOU SPEAK correctly
as they do. It’s like living in another land.
That’s why Linguaphone is used 'round the world
by scientists, educators, governments and business
firms. Over a million home-study students of all
ages have learned to speak another language this
ideal, conversational way.

Free booklet ''Passport To A New World," fully de-
scribes the Conversational Method: also gives details
on how you may obtain a COMPLETE Course-unit
in the language you choose on FREE TRIAL. Mail
Coupon NOW.

Linguaphone Institute, T-3089 Radio City, N. Y. 20.

LINGUAPHONE INSTITUTE
T-3089 Radio City, New York 20, N. Y.
Please send me: [] FREE Book.

[0 Details on FREE Trial. No obligation, of course.
My language interest i

Name
Address

o

e e e e e e e e e e e e e e e}

facile and witty writer, a skill which
sometimes leads him into misleading
analogies and glib solutions. The chap-
ter on social relations contains a good
deal of distressing nonsense: for instance,
his statement that the possible extinction
of the human race, as an alternative to
“intellectual stultification,” is no longer
a matter of “such supreme and absolute
importance” nor so shocking as it might
have been 20 years ago, now that astron-
omers are talking seriously of the possi-
bility that life occurs in billions of other
places in the sidereal universe. “I am

| kings" advocates, soldiers,

willing to let the human race perish,” he
writes, “if its survival must be purchased
at the price of not freely using its mind.”
This is the kind of unfeeling, oracular
rubbish that has been heard recently
from the Archbishop of Canterbury, but
one does not expect it from Bridgman.
It remains, of course, that he is an ad-
mirable man, blunt and unafraid, and
that his book has more than enough good
to outweigh its blunderbuss aberrations.

' B rps oF CYPRUS, by David A. Banner-

man and W. Mary Bannerman.
Oliver and Boyd (63 shillings) . Because
of its geographical position, the island of
Cyprus has long been of special interest
to ornithologists. It lies at the extreme
eastern corner of the Mediterranean al-
most due north of Suez and of the delta
of the Nile, “that great artery to the
heart of Africa by which countless mi-
gratory birds from Europe and Asia pass
annually on their way to and from their
winter quarters.” Records of Cyprian
bird life go back to the 14th century: In
1336 a Westphalian cleric reports that a
nobleman at court keeps 11 falconers; in
1394 King Jacques I kept 300 hawks of
all kinds; in 1533 “doves and very fat
partridges delight the heart of a priest of
Brie”; in 1533 an Englishman, John
Locke, notices the trade in pickled bec-
caficos, ‘1200 jarres’ being sent to
Venice. A tribe of indefatigable record-
ers, among whom are high-court judges,
surgeons,
sportsmen and all varieties of British
civil servants on duty in Cyprus has in
six centuries observed some 333 species
of birds, only a small proportion of
which are permanent residents of the is-
land. Typical examples of summer visi-
tors are the black-headed bunting and
the Cyprus chat; winter visitors include
Finsch’s chat, a great number of water
birds (swans, ducks and geese), star-
lings and larks; but the passage migrants
make by far the largest group. The 14

endemic races of Cyprus consist, among

others, of the Cyprus hooded crow, Cy-
| prus jackdaw, Cyprus jay, Cyprus great
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tit, Cyprus warbler, Guillemard’s cross-
bill, Cyprus scops owl, Cyprus warbler,
Cyprian chukor. The distinguished Brit-
ish ornithologist David Bannerman and
his wife, who were invited in 1952 to
make a survey of Cyprian birds, present
in this most enjoyable volume the results
of their study. They visited nearly every
accessible part of the island—this despite
the tense, emergency conditions that
prevailed during their second visit—and
personally identified two thirds of the
total bird population. As one expects
from the Bannermans, their book is sci-
entifically accurate, comprehensive and
a delight. The contents comprise a sys-
tematic list of species, a history of Cy-
prian ornithology, a compendium of the
ornithologists who have built up knowl-
edge of the island’s birds, information on
topography, vegetation, climate and
temperature (the extreme heat and cold
of Cyprus have a great bearing on the
status and distribution of the bird popu-
lation) and descriptions of each species,
covering appearance, distribution, mi-
gration and breeding habits. The little
life sketches are uncommonly good. Ban-
nerman’s  inexhaustible enthusiasm,
enormous range of knowledge and sure
feeling for vivid details and small anec-
dotes, enliven all he writes, even the
most matter-of-fact synopses. The book
is illustrated by 16 color plates by D. M.
Reid-Henry and Roland Green, 15 half-
tone plates, many excellent line draw-
ings and a fine folding map of Cyprus.
The entire production is a joy, and the
price, of less than $9, is incredibly
modest.

\/ ACMILLAN EvVERYMAN's EncycrLo-
- pEDIA, edited by E. F. Bozman.
The Macmillan Company ($59.95).
What used to be called simply Every-
man’s Encyclopedia, and was well
known as a compact, dependable British
reference work, now appears in a fourth
edition under the title given above, re-
vised, updated and adapted for the use
of U. S. readers. There are 50,000 arti-
cles in 9,292 pages (almost nine million
words) and 2,500 illustrations; the 12
volumes are 5% by 8% inches, durably
made, printed in rather small but per-
fectly legible type, and are accompanied
by a sturdy desk rack (no extra charge).
It is as easy as knocking over ninepins
for a reviewer to skim through a work of
this kind and find omissions, distorted
allocations of space and other more-or-
less obvious shortcomings. But this is
only to say that critical readers and edi-
tors are bound to disagree as to the prop-
er scope and emphasis of any reference
compendium, especially an abbreviated
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MITRE, organized under the sponsorship of the Massachusetts In-
stitute of Technology with a staff nucleus composed of the men
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air defense.
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This set of books is the authorita-
tive reference library of the en-
thralling hobby of amateur tele-
scope making. Through these
books thousands have discovered
afascinating mechanical artcom-
bined with a great science.

Book One

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

Book Two

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

Book Three

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

Send postcard

for descriptive circular
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one. Nevertheless certain brief com-
ments about the new Everyman’s are in
order. The main point perhaps is that it
remains, though Americanized, essen-
tially British in its orientation. This is
evident in the treatment of, among other
things, history, politics, biography, social
institutions, government, contemporary
affairs. To give one example, the articles
on atomic energy and nuclear power
contain not a single reference to Oak
Ridge, Los Alamos, Hanford or any oth-
er Atomic Energy Commission installa-
tion, do not describe U. S. military or
peaceful programs, but devote several
paragraphs to the accomplishments at
Harwell and Calder Hall. A second point
is that Everyman’s is not at its best as a
reference source in science. The bread-
and-butter articles on physics and math-
ematics are accurate but rarely achieve
the lucidity that the average user craves
and needs. It is no good telling him what
he cannot understand even if it is cor-
rect, and the fact that someone who
knows the subject finds the discussion
satisfactory is irrelevant. This is an old
ailment of encyclopedias, and Every-
man’s editors have found no cure for it.
Also, despite updating, Everyman’s is
substantially behind the times in scien-
tific coverage and bibliography: among
conspicuous omissions are information
theory, half-life, parity, plasma, cyber-
netics, feedback, game theory, program-
ming, David Hilbert, magnetohydro-
dynamics, einsteinium. Everyman’s is, of
course, not intended as a substitute for
the Britannica or Americana; nor is it de-
signed to meet the needs of youngsters,
as is, say, the World Book. It is, how-
ever, a sound, modestly priced, quick-
reference tool for the high-school student
or general reader who is not primarily
interested in science, does not have
much shelf space and cannot afford one
of the larger and more expensive ency-
clopedias.

orLD RaiLways, 1958-1959, edited

and compiled by Henry Sampson.
Simmons-Boardman Books ($20). Rail-
ways may be growing steadily less prof-
itable, but this form of transportation is
still vigorously expanding. The number
of steam locomotives continues to dwin-
dle but electrics and Diesels are replac-
ing them; new lines are being opened
up, most of them electrified, in Africa,
Asia, Australia, the U.S.S.R. and else-
where; there are new subway systems in
Leningrad and Nagoya; advances are
being made in the mechanization of mar-
shaling yards and centralized traffic con-
trol; there are such innovations as “pig-

| gyback” (highway trailers carried on flat
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cars) and door-to-door service by con-
tainers which can be loaded at the con-
signer’s plant, taken to the nearest rail
point, transferred to a train, carried to
another depot, reloaded on a truck and
delivered to the consignee.

’]‘ HE SCIENCE OF CULTURE, by Leslie
- A. White. Grove Press, Inc. ($1.95).
This paper-back reprint of a book pub-
lished in 1949 consists of a number of
stimulating essays by a University of
Michigan anthropologist. Whether or
not one agrees with the author’s general
diagnosis of the dynamics and diseases
of culture, and recognizing that “cul-
turology” (coined by the chemist Wil-
helm Ostwald) is one of the most un-
attractive and unnecessary words ever
coined, even by a German savant, there
is no doubt that White is a perceptive,
courageous, often exciting analyst.

USTRALIA'S ABORIGINES, by Frederick
+ X D. McCarTHY. W. S. Heinman
(820). A lavishly illustrated, authori-
tative account of the life of the aborig-
ines, with chapters on their origin, physi-
cal characteristics, economic life, tech-
nology, social life, religion, magic and
art, and the historical background of
their culture. The author, who is curator
of anthropology of the Australian Muse-
um in Sydney, has written a skillful, at-
tractive introduction to the study of
these people whom many of his fellow
countrymen have done their best to rob,
mistreat and exterminate—a chapter on
human inhumanity which has parallels
but has not been outdone.

Notes

ScHIZOPHRENIA: A REVIEW OF THE
SynproME, edited by Leopold Bellak.
Logos Press ($14.75). A comprehensive
survey consisting of papers on schizo-
phrenia based on a review of more than
4,000 contemporary studies: vital statis-
tics of the disease, etiology, pathogenesis
and pathology, diagnosis and symptoma-
tology, physiological and psychological
studies, psychoanalytic aspects, general
psychotherapy, insulin-shock treatment,
electric shock, tranquilizers, psycho-
surgery, prognosis, childhood schizo-
phrenia, sociocultural factors.

SpeEciAL RELATIVITY FOR PHYSICISTS,
by G. Stephenson and C. W. Kilmister.
Longmans, Green and Co., Inc. ($3.75).
An up-to-date account of the special
theory of relativity, containing a large
number of applications of interest to the
research physicist and engineer, includ-
ing particle accelerators, classical meson
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in your present position?

D Space-age assignments.

Boeing’s space-age orientation, its advanced
research and test facilities, and its wide weapon
systems management experience have already
laid the foundation for continuing growth and
leadership in the future. Underway are com-
pany projects probing the very frontiers of
knowledge—including orbital, lunar and inter-
planetary systems.

I:‘ Advanced research facilities.

Boeing’s research, development and engineer-
ing facilities are among the most varied, exten-
sive and complete in the industry. If your field
is design, you'll get the answers you want, in a
hurry. If you’re in research or development,
you’ll be working with equipment as modern
as this minute. Backed by extensive research
laboratories covering a tremendous range of
engineering fields and the sciences, you’ll make
more progress—faster. And you’ll work with
men who have literally “written the book” on
the state-of-the-art.

D Opportunity for advancement.

Boeing takes steps to see that you don’t get
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grated teams where initiative and ability get
plenty of visibility. A personal merit review
every six months assures you a continuing
opportunity for individual recognition and ad-
vancement. In addition, you are eligible for
advancement to higher level positions at any
time. Since its very beginning, Boeing has
recognized the desirability of developing per-
sonnel for added responsibilities.

BOEING
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|:| Better family living.

There’s a real bonus of better living in the
heart of the evergreen Puget Sound area.
Dramatic sea-and-mountain scenery and year-
round outdoor recreation are unsurpassed.
Your surroundings are air-conditioned by
nature—four full seasons, yet moderate, com-
fortable. Average minimum temperature is
46.3°. Sea-level and ski-level are only an hour
apart. Per capita ownership of sail and power
boats is America’s highest. You play your best,
and work your best—because both career and
living conditions are ideal.

There is more to getting ahead in engineering and science
than one’s own ability. Of almost equal importance is
the environment in which you work. If, in your mind,
there is any lingering doubt that your present surround-
ings do not meet all the requirements for achieving your
fullest professional growth, it will pay you to check the
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theory, particle-decay schemes and mag-
netohydrodynamics.

THE BLackrFEET, by John C. Ewers.
University of Oklahoma Press ($5.75).
The 49th volume in the Civilization of
the American Indian Series is a detailed
history of the individual and tribal life
of the famous raiders on the northwest-
ern plains who had a reputation for sav-
age and relentless warfare, horse-stealing
and other depredations from their bases
in Canada and Montana, but who gradu-
ally lost ground late in the 19th century
as the buffaloes were exterminated, and
are now moving toward complete as-
similation in the white cultures that
overwhelmed theirs.

MASTERS OF MODERN ARCHITECTURE,
by John Peter. George Braziller, Inc.
($15). More than 200 excellent photo-
graphs depict the structures of the lead-
ing modern architects, including Louis
Sullivan, Frank Lloyd Wright, Le Cor-
busier, Mies Van Der Rohe, Walter
Gropius, Richard Neutra, Eduardo Tor-
roja; also a brief text and notes about
each of the buildings. An enjoyable
parade.

A COMPENDIUM OF MATIHENATICS
axp PHysics, by Dorothy S. Meyler and
O. G. Sutton. D. Van Nostrand Compa-
ny, Inc. ($5). A well-designed compila-
tion, in handy form, of frequently used
formulae of mathematics and physics.
The scope of the book makes it suitable
for students and research workers who
are familiar with the calculus and ele-
mentary statistics.

CoMPTES RENDUS DU CONGRES INTER-
NATIONAL DE PHYSIQUE NUCLEAIRE: Ix-
TERACTIONS NUCLEAIRES AUX BASSES
ENERGIES ET STRUCTURE DES NOYAUX,
edited by P. Gugenberger. Dunod
(9,500 francs). This thick volume pre-
sents the proceedings of an international
congress on nuclear physics held in Paris
in July, 1958. The results of theoretical
and experimental research on low-en-
ergy nuclear reactions and the structure
of the nucleus are reported in many pa-
pers by physicists from all parts of the
world.

LAw AND ADMINISTRATION: PROGRESS
ix NucLear ENERGY, Series X, Vor. 1,
edited by Herbert S. Marks. Pergamon
Press ($26.50). There are collected in
this volume articles on various aspects
of atomic-energy laws and agencies in
the U. S., United Kingdom and else-
where, and a number of organic docu-
ments presenting laws, decrees and

166

agreements of some 25 countries from |
Argentina and Australia to Uruguay and
Yugoslavia. A useful compilation.

ARrisTOTLE, by W. D. Ross. Meridian
Books, Inc. ($1.45). This paperback is
areprint of the fifth edition (1953) of a
noted British scholar’s exposition of
Aristotle’s works and thought: his theo-
ries of logic, physics, biology, psycholo-
gy and metaphysics, his doctrines of
ethics, politics, rhetoric and poetics.

HisTory BEGINS AT SUMER, by Samuel
Noah Kramer. Anchor Books ($1.45). A
paper-back reprint of this vivid story of
one of the world’s oldest societies: edu-
cation, government, social reform, the
law, medicine, agriculture, literature,
war, everyday life. An attractive, well-
illustrated book.

History oF THE PERrsiaN EnPIRE, by
A. T. Olmstead. University of Chicago
Press ($2.95). An unabridged paper-
back reprint of the late A. T. Olmstead’s
admirable presentation of the history of
the Persian Empire from Cyprus’s ex-
tension of Persian rule to Greece to the
burning of Persepolis by Alexander the
Great. Eighty plates and maps.

Hypersoxic FLow THEORY, by Wal-
lace D. Hayes and Ronald F. Probstein.
Academic Press, Inc. ($11.50). An ad-
vanced monograph on the fundamental
concepts of a branch of the science of
fluid mechanics. The book covers the
original work of the authors as well as
researches by others.

BioGraPHICAL MEMOIRS, NATIONAL
AcapeEny ofF Sciexces: Vor. XXXIII.
Columbia University Press ($5). Among
the scientists whose biographies appear
are the botanist Albert Francis Blakes-
lee, the geographer Isaiah Bowman, the
entomologist Leland Howard, the math-
ematician Dunham Jackson, the geolo-
gist C. K. Leith, the physicist R. A. Mil-
likan, the biologist T. H. Morgan, the
bacteriologist F. G. Novy, the philoso-
pher Josiah Royce (this éloge is 43 years
delayed), the psychologist Lewis M.
Terman, the pharmacologist Horatio C.
Wood, Jr. (elected to the Academy the
same year as Willard Gibbs).

TrEES OF Britalx, by Robert Gurney.
Faber and Faber (30 shillings). An at-
tractive guide describing the common
trees of Britain, wild and cultivated. The
text contains interesting and informative
sidelights, and the author’s numerous
line drawings and a number of beautiful |
photographs illustrate the book. |
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TECHNOLOGICAL LEADERSHIP IN SEMICONDUCTORS

Revolutionary/COLD CRUCIBLE/concept
improves Sylvania semiconductors

Sylvania scientists have developed a revolution- inherent disadvantage of ordinary purification
ary “Cold Wall” doping process that achieves a processes, through its unique water-cooled crucible.
new uniformity and purity in silicon. They have Its “Cold Walls” prevent crucible material from
solved the basic problem of crucible contamina- adhering to the white-hot silicon ingot. This is the
tion, by melting silicon at 1420°C in a crucible = way Sylvania produces uniform silicon, key to
with cold walls. The result: silicon for microwave higher quality semiconductors.

diodes of greater uniformity than previously pos-

sible. This uniformity can determine, more than 4 7 7

any other single factor, the basic quality of the

A At Syl ia, technological achievements like “Cold
finished semiconductor device. yvama, tec 8! ! S

Wall” are in progress every day. Always, the
“Cold Wall” produces more uniformly doped  objective is to produce the best possible semicon-
silicon and prevents crucible contamination, an ductors at the lowest possible cost.

(@y AN l A SyLvaNia ELecTric Propucts INc,
l IJ ~ Semiconductor Division

Subsidiary of 100 Sylvan Rd., Woburn, Mass.
GENERAL TELEPHONE & ELECTRONICS

169
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MATHEMATICS

170

At Los Alamos applied mathematics finds its
proper role as an essential tool of scientific in-
quiry. Problems range over such challenging
areas as hydrodynamics, stochastic procedures,
numerical analysis and the logical design of com-
puters. And mathematics is only one of the
many scientific activities in which trained men
and women with imagination find stimulating
opportunities in the Laboratory of the future.

information write to:
Personnel Director
Division 59-80

) For employment

alamos

scientific laboratory

OF THE UNIVERSITY OF CALIFORNIA
L0S ALAMOS, NEW MEXICO

los
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...the instrument with the TAPE-SLIDEWIRE!

Why not have

highest accuracy...

L K]

700
101

The TA’PoT® is the fundamental

component of these B & H Instruments:

AUTOTEMP™, AUTOTAK™,
MILLI-V-METER™,
JETCAL Analyzer®, TEMPCAL®

For particulars write or telephone
(EDison 6-7243)...

TA'POT is the registered trade mark of Howell Instrument Company

Sales-Engineering Offices: ATLANTA, GA., COMPTON, CAL., DAYTON, OHIO, VALLEY STREAM, L., N.Y., WICHITA, KAN.,

TORONTO. ONT.{George Kelk L#d.3, MITCHAM, SURREY, ENGLAND (Bryons Aeroquipment Lid.}

if it costs no more???

The basic accuracy of the Ta’Pot® results
from its designed built-in correction for
variations in wire diameter, structure or
mechanical arrangement. Calibration is
simply represented by punched holes in
tape (for gearing to an in-line counter)
or by printed scale markings on the tape.
B & H Instruments incorporating the
Ta’Pot have a normal accuracy of 0.1%
and higher accuracy is available.

NO MANUAL TAPPING or PADDING
is PERFORMED or NECESSARY.

LOW COST and HIGH ACCURACY
are the SIMPLE and
NATURAL ATTRIBUTES of the DESIGN!

IT CANNOT BE MADE LESS ACCURATE!
—

BaH INSTRUMENT Co,, INC.

3479 West Vickery Blvd,, Forl Worth 7, Texas
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MYLAR?® helps improve product performance... cut costs

MOTOR MANUFACTURERS REPORT...

Tough, thin Du Pont MYLAR" helps cut size ...
improve performance. ... increase life

“MYLAR” HAS HIGH DIELECTRIC STRENGTH.
4,000 volts per mil for 1 mil film (per ASTM-
D-149) —is one of many outstanding prop-
erties offered by ‘“Mylar”.

172

Manufacturers of electric motors are con-
stantly seeking ways to reduce size and
weight while improving motor perform-
ance. At the same time, industry demands
for cost reductions have been mounting.

Alert motor manufacturers are answer-
ing the needs of industry by replacing
heavier, conventional insulating mate-
rials with Du Pont ‘“Mylar’’* polyester
film . . . often with savings in materials
costs. Toughness of ‘“Mylar’”’ in thin
gauges permits manufacturers to design
lighter, smaller motors . . . stability and
moisture resistance of ‘““Mylar’’ helps ex-
tend motor life.

REG. U. 5. PAT.OF -

BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY
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of electric motors

This is but one of the many ways
“Mylar’’ is helping industry improve
product performance, develop new prod-
ucts or lower costs. Magnetic recording
tape, for example, is tougher and thinner.
Drafting film of ““Mylar’’ is more durable,
resists rough handling.

For helpful information on how you
can improve product performance and
lower costs with ‘“Mylar’’, write today
for our new booklet. E. I. du Pont de
Nemours & Co. (Inc.), Film Dept., Room
S-8, Wilmington 98, Del.

*“Mylar” is Du Pont’s registered trademark for its brand
of polyester film.

DU PONT

MYLAR

POLYESTER FILM




Bomarc receptlon commlttee SPLASH ONE...ENEMY AIRCRAFT DESTROYED

f or th e ... Safely out from our heartland, intruding aircraft
. will be knocked out of the skies by this Air Force long
en my Il’ltl’uder range, pilotless interceptor. Launched at command
from an electronic control center, the Boeing Bomarc

seeks out its target at supersonic speeds. It unleashes its

destruction at a precise instant determined by a highly
educated radar proximity fuze developed and manufac-
tured by Collins Radio Company under the direction of
the Army’s Diamond Ordnance Fuze Laboratories.

-
1
ﬁi@lﬁg

COLLINS RADIO COMPANY . CEDAR RAPIDS, IOWA . DALLAS, TEXAS . BURBANK, CALIFORNIA
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Convair

and the ages

we live in
JET AGE » MISSILE AGE
SPACE AGE*"ATOMIC AGE

In this era that probes beyond all
scientific horizons, the Convair
division of General Dynamics
Corporation has attained famous
firsts in all four areas. JET AGE: B-58,
first supersonic bomber. MISSILE AGE:
Atlas, our first Intercontinental
Ballistic Missile. SPACE AGE: The
world's first ICBM to be placed
in orbit. ATOMIC AGE: Convair
was first to make tests on
a nuclear reactor carried in flight.
Convair, as a member of the
General Dynamics industrial family,
is assisting to assure world peace
and expanded scientific
knowledge in the four ages we
live in—an era unequalled
in all of history!

f

.\

CONVAIR
aovision o GENERAL DYNAMICS CORPORATION
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