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How's this for a surefire success? 

This thimble-size shield works inside an automobile 

engine. It clings to a pulsing valve stem, prevents 

excessive loss of engine oil -yet allows enough oil to 

properly lubricate the stem. Obviously, a tough job 

for a tiny part. 

To do this critical job, rubber seemed the likely choice. 

But it would have to be a very special kind of rubber. 

It would have to withstand constant contact with oil, 

intense vibration and compression, wide temperature 

extremes and great tension. 

Material selected: CHEMIGUM, the synthetic rubber 

that maintains its dimensional stability under blister

ing-hot oil attack and the most demanding conditions. 

Hundreds of thousands of these valve stem shields are 

now in use - meeting every operational requirement. 

And the constant uniformity plus the easy process

ability of CHEMIGUM make their production practical 

and profitable. 

What can CHEMIGUM do for your product? For full 

details and technical assistance on CHEMIGUM-and a 

complete line of rubber chemicals and synthetic ruh

bers-write Goodyear, Chemical Division, Dept. G-9457, 
Akron 16, Ohio. 

CHEMICAL DIVISION 
Chemi�lIm -T. M. The Goodycar Tire & Hubbcr Company, Akron, Ohio 
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motors for commercial applications 

HIGHEST TORQUE FOR SMALLEST SPACES 
Missile designers are well acquainted with the extremely high torque available 
from a planetary geared precision miniature Globe motor. Units similar to 
the one pictured can produce up to 150 inch pounds of torque! 

And more and more designers are finding that these motors offer out· 
standin& advantages for commercial applications as well. Universal, a.c., or 
d.c. types are available from Ya" to 2%" in diameter. They can replace 
larger, ordinary motors at competitive cost, and deliver important bonuses 
too. They perform reliably under conditions that would soon ruin ordinary 
motors-high humidity and temperature, jarring shock and vibration, dust 
and fume·laden atmospheres. 

Globe speed reduced motors are engineered to fit your specific appli· 
cation as no "off the shelf" motor can. Standard component design is the 
secret; for example, 83 even ratio planetary reducers are available to give 
the speed and torque you need. Many parts are inventoried. Design and 
production efficiency will save you money. If you have a commercial 
application that demands a smaller, more powerful, more reliable and com· 
petitively priced motor, then consult Globe first. Write for Bulletin ACG. 
Globe Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. 

GLOBE INDUSTRIES, INC. 
PRECISION MINIATURE A.C. 8: D.C, MOTORS. ACTUA.TORS, 

TIMERS. GYROS, STEPPERS. BLOWERS, MOTORIZED DEVICES 
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FROM ONE EXTREME TO ANOTHER 

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 B liss 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 a ircraft, 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 {han Ii name 
... if's a guarantee 

E. W. B LISS COMPANY 
C_nton. Ohio 

�lL�SS 
SINCE 1857 ® 
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LARGE SCREEN OSCILLOSCOPES 
W hy squint at a conventional 5" scope when an ITT Large Screen 

Oscilloscope can assure you faster and more accurate observation 

and measurement without operator fatigue? 

Use of magnetic deflection systems makes large-screen display 

practicable and permits close control over linearity and orthogonal
ity. T he large display provides vernier readability that increases 

speed of operation, reduces reading errors and operator eye strain, 

and permits observation of minute details that might remain 

unnoticed on a conventional scope. 

APPLICATIONS 
ITT Large Screen Oscilloscopes are precision engineered for effec

tive use in such operations as Telemetering, Production Testing, 
Waveform Analysis, Computer Readout, X-Y Plotting, Data Plot

ting, and Medical Observation. T heil' large screen size makes them 

ideally suited for teaching, demonstration, or exhibition. 

CHOICE OF MODELS AND SIZES 
ITT Large Screen Oscilloscopes are available in either 17-inch or 

21-inch rectangular tube models, cabinet or rack mounted. Models 

are also available without sweep and sync circuits for monitoring. 

Write, Wire, or Phone for complete technical data and price inf01'

mation on Large Screen Oscilloscopes as well as other products of 
ITT Industrial Products Division, including Swept F1'equency 

Gene1'ators, Stm'age Tube Scopes, Test Instntments, Custom Power 

Equipment, and Closed-Circuit Television. 

THE COVER 
The photograph on the cover is a 
cutaway view of the burrow of a 
wasp in a sand dune (see "The Life 
of a Sand Dune," page 91). The 
wasp is a member of a group called 
velvet ants because of a superficial 
resemblance to ants. The wingless 
females travel about the un shaded 
sUlface of the sand dune, preying 
upon other insects, at temperatures 
up to 120 degrees Fahrenheit. 
Above that temperature they sur
vive by seeking the shade of plants. 
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Gren Institute 
Bunji Tagawa 
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Robert D. Allen 
James Egleson 
Roger Hayward 
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Unwanted water may ruin your product or process unless you 

mix imaginatlon wlth Alcoa Actlvated Aluminas 
Water you can't remove is a sure bet to destroy the efficiency of a process or the quality of a product, or corrode the 
equipment. But you can count on drying up the last drop of unwanted water when you mix imagination and engineer
ing with ALCOA@ Activated Alumina. Here is the oldest, most thoroughly proved drying agent available. It makes 
possible dew points to minus 100°F and below. And because it can be saturated and reacti
vated almost endlessly without loss of capacity, it cuts drying costs substantially. See how 
quickly it can solve your dehydration problems. You'll join the thousands who've discovered 
it pays to mix imagination with Alcoa Aluminas . . . to make a new product or process possible, 
an old product or process better. To get product details, outline your desiccant application in 
a letter to ALUMINUM COMPANY OF AMERICA, CHEMICALS DIVISION, 701-G Alcoa Building, 
Pittsburgh 19, Pennsylvania. 

For finer products • • •  let Alcoa add new dimension to your creative thinking 

For exciting drama, watch IIAlcoa 
Presents" every Tuesday, ABC·TV, 
and UEmmy Award" winning"Alcoa 
Theatre" alternate Mondays, NBC· TV 
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THE SOUND • • •  

The quiet, solid feeling inside 
the 1959 Oldsmobile results from 
patient testing by a highly spe
cialized "jury"-experts in the 
field of sound analysis. 

Unlike most other phases of auto
motive engineering, there are no 
instruments which measure the 
"annoyance" factor of sounds inside 
an automobile. Subjective, personal 
evaluation known as the "jury sys
tem" is the most important means of 
determining how quiet it is inside 
an Oldsmobile. 

With the "jury system", several ex
perienced engineers assemble in an 
acoustically treated room and listen 
to binaural tape recordings made 
inside a test car. Careful editing of 
the tape recording allows rapid side
by-side comparison between two 
different test conditions and elimi
nates reliance on memory since con
siderable time may elapse between 
actual tests. By pushing a button, 
each engineer casts a secret "vote" 
and then the tabu lation of the results 
determines which test condition is 
superior. 

For the greatest possible accuracy, 
considerable care is taken making 
the recordings. Special microphones 
are placed at points corresponding 
to the passengers' ears. The recording 
equipment is in a specially equipped 

AND THE dURY 

vehicle which follows the test car 
over a "ride road" that is carefully 
constructed to excite the vibrations 
and sounds that occur under normal 
driving conditions. 

Quality, like quietness, is not acci
dental. It is the deliberate effort by 
Oldsmobile engineers to design quality 

into every automobile they produce. 
You'll like the 1959 Oldsmobile
with its solid Body by Fisher
it's the quietest car built! Experience 
this quality for yourself by visiting 
your local Authorized Oldsmobile 
Quality Dealer as soon as possible. 

OLDSMOBILE DIVISION 
GENERAL MOTORS CORPORATION 

OLDSIVIOElILE>- Where Quality is Standard Equipment! 
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It has a 

storage capacity 

of 8,000 instructions 

• . .  and it's 

low-p'riced 

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. 17, 

3584 Wilshire Boulevard, Los Angeles 5, California. 

This engineer learned to program Recomp in two days 

Digital computers by Autonetics � 
A DIVISION OF NORTH AMERICAN AVIATiON, INC. 

Other offices: Dayton, Ohio; Washington, D. C. 
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TI Semiconductor Solid Circuitry ... 

30,000,000 components per cubic foot! 

ACTUAL SIZE: 1/4" x 1/8" x 1/32" 

The Semiconductor Solid Circuit shown above 
is a complete multivibrator containing two dif
fused-base transistors, two capacitors, and eight 
resistors ... all formed from a single silicon wafer! 

A new order of electronic miniaturization' has been achieved 
with TI Semiconductor Solid Circuits. These new solid cir
cuits will enable missiles, satellites, space vehicles, and com
puters to be built within a new magnitude Qf miniaturization, 
while greatly enhancing systems reliability. 

Production of Semiconductor Solid Circuits follow� process 
steps similar to those of diffused-base germanium and silicon 
transistors now being mass produced by TI for military 'and 
commercial users. Through the selection and shaping of 
conduction paths upon and through single-crystal semi
conductor wafers by diffusion, metallic evaporation and 
similar processes, TI produces basic electronic functions 
such as amplification, oscillation, counting, and switching. 

Only advanced facilities can produce advanced components. 

The advancement and realization of the Semiconductor Solid 
Circuit concept by Texas Instruments evolved from a broad 
background of semiconductor materials and processes. This 
trend of developments indicates the bold, forward thinking 
of TI scientists that brings you semiconductors and other 
components of unsurpassed performance and reliability. 

Write on your company letterhead for new Semiconductor Solid Circuit brochure. 

TEXAS 
THE WORLD'S LARGEST SEMICONDUCTOR PLANT 

INSTRUMENTS 
INCORPOR ATE D 
SEMICONDUCTOR·COMPONENTS DIVISION 

DALLAS. TEXAS 
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STEPS IN THE RACE TO OUTER SPACE 

Nuclear Rocketship 
Despite the sky-high transportation costs, 

Lunar manufacturing should prove eco

nomically viable_ With unlimited Solar 

power, controlled atmospheres and ad

vanced automation, a considerable com

merce could be realized in delicate in

struments, rare minerals, reactor cores 

and other items that might be more ef

ficiently processed or produced in the 

Moon's perfect vacuum_ 

To supply the Moon colonists, and to 

carry their production back to Earth, 

special rocketships will be developed_ 

Nuclear energy is the most promising 

source of propellant power. The ship 

shown here utilizes nuclear fission for 

heat and hydrogen gas as a working 

fuel. From pressurized tanks, the gas is 

fed through a heat exchanger, expanded, 

and expelled for the motive thrust. 

When the craft leaves Earth, it carries 

only enough gas for a one-way trip. For, 

by extracting hydrogen and oxygen from 

Lunar rocks, Moon settlers will be able to 

refuel the rocketship for the return voy

age. This will permit smaller fuel tanks 

on the craft and larger payloads. 

Inertial navigation systems will play an 

increasing role in the exploration of outer 

space. AR"'A is actively su pporting the 

Air Force's program in long range mis

siles and is in the vanguard of the race to 

outer space. AR"'A, Garden City, N. Y. 
A Division of American Bosch Arma Corp. 

AJWERICAN BOSCH ARIWA CORPORATION 
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FOR'THE FREE 

Vitro International offers to free world industry and government 
nearly twenty years of unmatched experience in nuclear energy. 

From offices in Switzerland and Italy, this experience is now being 
applied to the design, engineering and construction of facilities in 
Europe for nuclear power, nuclear research, and reactor materials 
production. 

VITRO's architectural engineering experience includes: 

• Raw and Feed Materials • Nuclear Power Stations 

• Reactor Materials • Fuel Reprocessing and Separation 

• Reactor Studies • Radiological Laboratories 

• Fuel Preparation • Irradiation Test Facilities 

• Waste Disposal • Space and Process Heat Plants 

As a special service, Vitro International assists overseas clients in the 
complex arrangements for overall financing, special nuclear materials, 
and spent fuel reprocessing. 

In addition, the facilities of Vitro's research laboratories in the 
United States are available to overseas clients for chemical, metal
lurgical and nuclear research and process development. 

Vitro makes ·tomorrow's technology available today 

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

64 Rue de Stand, Geneva, Switzerland 

Piazza Repubblica 12, Milan, Italy 

LETTERS 
Sirs: 

In his article "How vVater Freezes" 
[SCIENTIFIC AMERICAN, February 1 Bruce 
Chalmers asserts that "Water is appar
ently unique among substances in that 
it expands in volume during the last few 
degrees as it approaches freezing." Many 
men in the printing and the silversmith
ing industries will be surprised by this 
statement. Type metal is a special alloy 
that expands upon freezing, tightly Ril
ing every nook and cranny of the mold. 
The same is true of sterling silver alloys, 
which are often cast into intricate de
signs, particularly for the handles of 
tableware. Perhaps if Dr. Chalmers 
would clarify the word "substance" my 
objection could be overruled. 

VVILLIAM E. VVATERS 

Electronics Hesearch Laboratory 
Stanford University 
Stanford, Calif. 

Sirs: 
In the article "How vVater Freezes" 

[SCIENTIFIC AMERICAN, February 1 the 
author suggests that the anomalous 
freezing of ice at the bottom of a lake 
(rather than at the top) occurs because, 
on clear nights, "the bottom radiates far 
more heat than the water" due to the 
bottom's having a higher emissivity than 
the water. I had not previously heard of 
the phenomenon of bottom-freezing, but 
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s-c 2000 

BRIGHT DISPLAYS FOR CONSOLE 

OR LARGE SCREEN PROJECTION 
Bright, fail-safe, flicker-free display of alpha- ' 

numeric, symbolic and graphic data at high 

speed ... simultaneously with PPI-type radar 

presentations , .. is now provided by S-C 2000 

Bright Displays. Displayed data may be viewed 

in normal ambient light directly on the screen of 

the S-C 2000 console, or may be projected for I 

group viewing on a large theatre-type screen. 

For air traffic control and military applications, 

maps may be displayed concurrently with radar 

targets and their identifying symbols, assisting 

the operator in geographic orientation. The fail

safe feature of S-C 2000 Bright Displays results 

from use of the xerographic process which allows 

the last frame displayed to be retained perman

ently, even in event of complete power failure. 

Send for more complete information concerning 

SC-2000 Bright Displays. Ask for Bulletin 7-J. 

Write today: Stromberg-Carlson - San Diego, 

1895 Hancock Street, San Diego 12, California. 

GENERAL DYNAMICS 
STROMBERG·CARLSON DIVISION 

II 
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Tubexperience in action 

Superior Tubing Survives Rigors 

of Preparation for Outer Space 

Thin-wall nickel tubing, used in the 
fabrication of thrust chambers for the 
Atlas, Thor and Jupiter missiles, meels 
exacting design requirements and 
survives extremely severe fabrication, 

test and operational conditions 

The thrust chambers of the Rocketdyne 
engines that propel the Atlas, Thor and 
Jupiter missiles into outer space are 
composed of over 200 pieces of Superior 
tubing formed and shaped into the thrust 
chamber configuration. Grade "A" 
Nickel tubing satisfies all requirements 
for its important mission. The tubing 
must be amenable to the most exacting 
and intricate forming and fabrication 
practices. The finished parts are sub

jected to tests that must insure the 
required reliability. The following will 
give some indication of the unusually 
extreme conditions to which this tubing 
is exposed in preparation for its final 
spatial use. 

o Each tubing length, in several design 
configurations, is placed in the cavity of a 
die in a special press, and the press is closed 
under pressures up to 600 psi. The tube, 
now held securely in the die, is then 
stretched to fill the die cavity by intro
ducing hydraulic pressure (up to 20,000 
psi) into the tube. Over the length of the 
tube the cross-section shape varies from 
round through rectangular to octagonal. 
Following years of collaboration with 
Rocketdyne, Superior has so standardized 
its routine of manufacture that the re
jection rate after this severe forming is 
less than 1 %. 

o After forming tubes are placed side by 
side in a jig that duplicates the internal 
shape of the finished chamber. They are 
then subjected to as many as 15 heating 
and cooling cycles at approximately 1200°F 
during brazing operations. 

o Each finished chamber is test fired for 
durations far in excess of its required tacti
cal maximum. During these tests, the only 
material between the coolant in the tubes 
and the combustion gases (approximately 
5000°F at high pressures) is a very thin 
wall of Superior tubing. 

Only the highest quality tubing, pro
duced and fabricated with master skills, 
can be good enough for the thrust 
chambers in which Superior tubing 
serves. That is why Rocketdyne Division 
of North American Aviation, Inc., de
pends on Superior for much of its tubing 
needs. Superior had the honor of supply
ing the tubing for the first tubular wall 
thrust chamber engine made by this 
organization and has continued to sup
ply quality tubing for subsequent 
Rocketdyne engines having thrust rat
ings from 5000 lb. to more than 300,000 
lb. A r e c e n t  contract awarded t o  
Rocketdyne for the development o f  a 
single chamber rocket engine of 
1,500,000 lb. thrust will require even 
more stringent controls on tubing qual
ity, but nevertheless within the produc
tion capabilities of Superior. 

The tubing sizes regularly used by 
Rocketdyne Division in the fabrication 
of the thrust chambers are as follows: 
.450 in. OD x .012 in. wall, .350 in. 
OD x .012 in. wall, .250 in. OD x .012 
in. wall, .312 in. 00 x .010 in. wall and 
.187 in. OD x .015 in. wall. 

Superior's experience in the nuclear and 
missile tubing field is extensive. As a 
result, more than 120 analyses in a wide 
range of ID, 00 and wall thicknesses 
are now available. The various analyses 
and their characteristics, with produc
tion sizes, are given in Bulletin 41. Write 

for a copy today. And if there is some 
tubing problem with which we could 
possibly help, tell us about it and let's 
see what we can do. Superior Tube 
Company, 2052 Germantown Ave., 
Norristown, Pa. 

S��������e 
NORRISTOWN, PA. 

All analyses .010 in. to Ys ill. OD-cerlain analyses in light walls lip to 2V2 in. 00 

West Coast: Pacific Tube Company, Los Angeles, California 0 FIRST STEEL TUBE MILL IN THE WEST 
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if it does occur, it can scarcely be due to 
the suggested radiative mechanism. In 
connection with a meteorological prob
lem in infrared transfer, I happen to 
have computed, just a few weeks ago, 
the transmission of black-body radiation 
from sources at atmospheric tempera
tures through very thin layers of water. 
The absorption data were taken from 
recent work by E. K. Plyler and N. 
Acquista at the National Bureau of 
Standards. The results indicate that of 
all the radiation emitted in the wave
length interval from four to 80 microns 
by an ideal black body (bottom muds 
would closely approximate this) at zero 
degrees centigrade, fully 97 per cent is 
already absorbed by a water layer a mere 
50 microns thick, and only .4 per cent is 
transmitted through a layer .1 millimeter 
thick. By extrapolation one sees that an 
ordinary lakeful of water will surely not 
permit any significant amount of the ra
diation originating from the bottom 
muds to escape into the atmosphere. 
Hence selective chilling of a lake bottom 
cannot, I believe, take place by the 
mechanism envisaged by the author. 

TAMES E. McDONALD 

University of Arizona 
Tucson, Ariz. 

Sirs: 
In reply to Mr. 'Vaters, it is necessary 

to distinguish carefully between expan
sion during the process of freezing and 
expansion of the liquid before solidifica
tion begins. Mr. Waters is quite right in 
stating that certain alloys expand during 
freezing. This is also true of silicon and 
germanium. However, as far as I am 
aware, these substances do not expand 
on cooling in the absence of solidifica
tion. 

Regarding Mr. McDonald's letter, the 
data he quotes are interesting and, I 
must confess, new to me. It follows from 
this data that the explanation I advanced 
for bottom-freezing cannot be the right 
one. The only alternative explanation 
that seems feasible is that nucleation can 
take place heterogeneously at the bot
tom with less supercooling than else
where. I do not know of any other evi
dence of nucleation occurring under 
these conditions. 

BHUCE CUALMEHS 

Division of Engineering and 
Applied Physics 

Harvard University 
Cambridge, Mass. 
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WASP 

THESE MEN DO ALMOST NOTHING BUT THINK 

Unique new group helps Westinghouse anticipate 
and plan for future military needs 

It's harder than ever to stay out front in defense. 
Weapons systems are now fantastically complex. 

New innovations-like thermoelectricity and mole
cular electronics-threaten to make key subsystems 
obsolete overnight. New developments may sud
denly reduce the tactical usefulness of a U. S. 
weapons system. 

Westinghouse, like many other firms, has been 
concerned about how to meet this problem-and how 
to organize its many R&D and manufacturing oper
ations to more effectively support America's increas
ingly complex defense needs. It seemed that the 
organization which had worked fine in the past simply 
wasn't adequate for anticipated future demands. 

So things were completely reorganized in February, 
1958. A new Defense Products Group was estab
lished, centralizing control of all defense-oriented 
activities within the company. 

But a most interesting-and promising-part of 
this new organization, the new Westinghouse Ad
vanced Systems Planning Group (now commonly 
called WASP), wasn't announced publicly until 
August. 

This was a significant development. Since tech
nology is moving faster than ever before, there's a 
real need to effectively anticipate what will be needed 
in 5 or 10 years. If this can be done, longer-lived 
defense systems can be developed more quickly and 
substantial sums can be saved. WASP should be able 
to provide the advance thinking needed by Westing
house to meet this need. 

Staffed with hand-picked engineers and scientists
specialists in electronics, outer space, atomic power, 
ASW, operations research, etc.-and headed by Allan 
Chilton (top center photo above), WASP operates on 
a unique charter: to concern itself primarily with 

CONTINUED 
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WAS P CONTINUED 

MA TCHING NAVAL REQUIREMENTS with Westinghouse 
copobilities, Leonard Dow, a professional career specialist in 
naval strategy, tactics, and weapons systems, is associating 
advanced technology to future naval systems. 

"The idea is sound, but how can we keep it 
from burning up? Present insulations won't 
work. How about ablative heat sinks? No
they won't work either in this case." 

complete advanced weapons systems, to deal with 
the "whole" instead of "parts". 

This is not just a "blue-sky thinking" assignment. 
Westinghouse believes future defense needs will be 
so complex that only a full-time team of specialists
like WASP-will be capable of the kind of conceptual 
planning and guidance needed. 

There's another reason why defense planners will 
be interested in WASP. This new group gives them a 
single point of contact within one of America's 
largest and most versatile industrial firms to which 
they can take' immediate and long-range defense 
problems. No longer will it be necessary for someone 

" .  son, it circles the earth at 18,000 
miles an hour." Space consultant, K. 
Satyendra, a Ph.D. from India, keeps 
W ASP and other company scientists 
abreast of space needs. He is an author
ity in mission, trajectory, and communi
cation concepts. 

TOP ENGINEER AT WASP, 
Rein Kroon joined Westinghouse 
in 1931. Among other accom
plishments, he headed the en
gineering group responsible for 
the design of the first American. 
turboiet engine for aircraft. 
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"What's the best way ta destroy an enemy reconnaissance satellite? 
Attack it from earth? Or fram another satellite? How would we go 
about either method?" 

to try to guess which Westinghouse division is best 
equipped to tackle a given job. 

This is a bigger advantage than might be apparent. 
A newly-published capabilities chart*, for example, 
lists 29 different Westinghouse facilities and, for each, 
indicates specific study, design, or manufacturing 
capabilities in 33 different areas (infra-red, rocket 
powerplants, torpedoes, missile base equipment, etc.). 
This same chart lists 16 Westinghouse facilities which 
can handle system analysis and 7 capable of complete 
system management. 

* Available to qualified individuals and firms upon 
request. 

"Could we deflect enemy ICBM's by sending them false signals at the 
time of launching? If so, could this be done from distant transmitters? 
Could this be done automatically from remote un-manned stations?" 

M AN ON THE MOVE, Bill Robinson has his sights on tomorrow's 
systems and provides guidance for WASP in planning for future 
Department of Defense needs. 

Westinghouse 
DEFENSE PRODUCTS 

1000 CONNECTICUT AVE., NW, WASHINGTON 6, D.C. 

YOU CAN BE � ... IF ITS Westinghouse 
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MAXWELL GAVE US THE EQUATIONS" , 

to give you 100g shock resistant relays. James Clerk Maxwell set out the sign·posts in 1873 

when he published his brilliant treatise on magnetism. Following his trail, our engineers recently 

developed entirely new micro-miniature relays. These relays employ permanent magnets; withstand 

100g shock, 30g vibration to 2000 cps. Reliable performance in extreme environments has put them in 

most missile programs. 

An ability to synthesize basic engineering knowledge and bold design concepts characterizes P&B 
engineers. These men, working daily in the highly specialized field of relays and their applications, 

can lend valuable assistance on your projects. Write or call Zeke R. Smith, Vice President, Engineering, 

or your nearest P&B sales engineer. 

SC (conventional) and SL (latching) 

relays are only .890" high, .795' wide. 

They are manufactured under our 

Intensified Control and Reliability 

program to highest quality standards. 

�POTTER" BRUMFIELD 
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DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 

IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUElPH, ONTARIO 
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Electron.ic Creativity 

is a tiI'neless quest 

The search for solutions to sophisticated 
electronic problems linked to the nation's 

space exploration and defense involves end
less scientific probing. Melpar capability 
in conception, design, and production is 

expanding through continuing research
along many provocative lines of inquiry. Our 

growing technological electrocraft is 
dedicated to the creation and production of 

advanced electronic equipment for world-wide 
military, industrial and space application. 

MELPAR� 

For details on provocative job openings in advanced scientific 
engineering areas. write to: Professional Employment Supervisor 

3607 Arlington Boulevard, Falls Church, Virginia 
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LOW-COST 
Van de Gral.ll® 

for 
RADIATION 

PROCESSING • Under $20,000 
per kilowatt 
of ionizing 
radiation 
del ivered to 
the produGt 

Rated for 
industrial use 

at 2.5 kilowatts 

THE MODEL GS Van de Graaff is well suited to investi

gation of both the favorable and the damaging effects of radia

tion on electronic components, semi-conductor materials, and 

electrical insulation. 

This low-capital-cost accelerator is sturdily constructed 

for processing, but has the characteristics necessary for precise 

research with electrons or x-rays. 

Write our Technical Sales Department for descriptive 

brochure or application information. 

� HIGH VOLTAGE ENGINEERING 
--------- CORPORATION 

BURLINGTON MASSACHUSETTS 

50 AND tOO 

YEARS AGO 

JULY, 1909: "One of the principal 
problems considered by the Internation
al Meteorological Conference in London 
last week was the question of wireless 
marine weather reports. Prof. Willis L. 
Moore, representing the U. S., urged the 
necessity of adopting regulations that 
will compel a ship beyond a certain ton
nage to carry wireless instruments and 
operators and to take at noon Green
wich time a daily observation of the 
weather. Observations received by a ship 
would be transmitted to other vessels so 
that by means of such relays the weather 
conditions over the entire ocean would 
in a few minutes reach the central mete
orological offices in the U. S., England, 
France, Germany and other interested 
nations. Forecasts would then be made 
and distributed to the vessels by wireless 
telegraphy." 

"There are a great many things to be 
said in favor of, and a few against, the 
proposal to advance the clock by one 
hour during the summer months. Al
though the suggested change is startling, 
there is in it nothing of the ludicrous or 
farcical, as some of its critics have sug
gested. The principal object of the move
ment is to apportion a larger part of the 
period of daylight to evening rest and 
recreation than is now possible. The 
proposed arrangement, as advocated by 
the National Daylight Association in this 
country is that from and after 2 o'clock 
in the morning of the first day of May in 
each year, until 2 o'clock on the morning 
of the first day of October, the standard 
time shall be one hour in advance of the 
standard time now in use." 

"The final plans for the locks of the 
Panama Canal have just been adopted. 
They are to be constructed wholly of 
that newest of building mediums, con
crete, and it is extremely doubtful 
whether the great waterway would have 
been designed upon its present ambi
tious lines had not concrete gained the 
powerful prestige as a building material 
which it now holds. A number of other 
giant structures, such as the Gatun spill-
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In Arizona, the telephone company faced a problem. How 

could it supply more telephone service between Phoenix 

and Flagstaff-through 135 miles of difficult mountain 

territory? 

Radio offered the economical answer: a new micro

wave radio-relay system recently created at Bell Tele

phone Laboratories. Operating at 11,000 megacycles, it 

was just right for the distance, and the number of con

versations that had to be carried. 

But first other problems had to be solved: how to 

house the complex electronic equipment; how to assemble 

and test it at hard-to-reach relay stations way up in the 

mountains; and how to do it economically. 

On-the-spot telephone company engineers had some 

ideas. They worked them out with engineers at the 

American Telephone and Telegraph Company and at 

Bell Telephone Laboratories. The result: a packaged unit. 

The electronic equipment was assembled in trailer

like containers at convenient locations and thoroughly 

checked out. The complete units were then trucked up 

the mountains and lifted into position. 

The system, now operating, keeps a watch on itself. 

When equipment falters, a relay station switches in stand

by equipment, then calls for help over its own beam. 

The new Phoenix-Flagstaff link illustrates again how 

Bell System engineers work together to improve tele

phone service. Back of their efforts is the constant de

velopment of new communications systems at Bell 

Telephone Laboratories. 

BElL TElEPHONE LABORATORIES World center of communications research and development 
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ALL ,BRUNING 
NEW. COPYFLEX 

435 

IT HAS EVERYTHING , EXCEPT A HIGH PRICE. 

Here, without question, is the greatest value in reproduction today! 

Bruning's CopyAex 435 is a completely new medium-volume machine that 
offers you all the conveniences of most big-production machines but at 
on amazing low price! 

It has a spacious 42" printing width, powerful 3,000* watt lamp, and 
a mechanical speed of 40 feet per minute, , . plus a host of such con
veniences as automatic separation, a foot lever for releasing incorrectly 
fed stock, adjustable front print tray, automatic tracing stacker, new 
air filtering system that assures cleaner prints, alJd a pressure-roller 
developer system that provides positive print development at all speeds, 
The 435 is fully equipped for roll stock. It provides selective front or 

rear print delivery. 

Like all CopyAex machines, the 435 is odor-free, requires no venting, 
plumbing, or auxiliary equipment. Built by Bruning, it offers the dur
ability and dependability that Bruning machines are famous for. You 
have everything to gain by investigating now the whiteprinter that 

gives you everything at the lowest price ever! 

(BRUNIN� 
��� 

*4,000 walt lamp oplional, 

low Cos! Diazo Reproduction 01 It',Selt! 

The Bruning Man 
is your expert on 
diazo reproduction. 
He's backed by a 
company with over 
CSO years' experience. 

Charles Bruning Company, Inc. Dept. 7-TT 

1800 Central Rd., Mt. Prospect, Illinois 

Offices in Principal U. S. Cities 
In Canada: 103 Church St" Toronto 1, anI. 

Please send me more information on the new Copyflex Model 435. 

Name ____________ Title ______ _ 

Company __________________ ___ 

Address ___________________ _ 

way, and various dams, culverts, diver
sion tunnels, etc., are being carried out in 
this medium; but the most interesting of 
all will be the mammoth locks. They will 
be by far the largest and longest con
crete structures of the kind in the world." 

"The success of the electrically illumi
nated baseball grounds in Cincinnati, 
Ohio, has been so pronounced that it is 
now proposed to have football games, as 
well, on the illuminated field. Football is 
too strenuous to be played under the 
summer sun, but no such objection can 
be raised to it in the cool of the evening." 

"Prof. Simon Newcomb died on July 
11th in Washington at the age of 74. His 
death has removed not only the most dis
tinguished astronomer that America ever 
produced, but a man who is honored the 
world over for his achievements." 

"Pipe-line connections have been com
pleted by which it is possible to pipe 
oil from Oklahoma wells to New York 
harbor. Oil has been started on the long 
journey of 1,500 miles. This is the 
longest pipe line in the world. It is not 
probable that much oil from the mid-
continent district will be brought to the 
seaboard at present, and the completion 
of the line seems to be more in the nature 
of a provision for the future. Oklahoma. 
has the most active oil field in the coun
try at present, moreover its production is 
increasing, while that of Pennsylvania 
and West Virginia is decreasing. It may 
not be long before the western wells will. 
be called upon to supply the seaboard 
and export demand." 

JULY, 1859: "The achievements of 
our young countryman, Paul Morphy, in 
vanquishing the most distinguished 
chess players of Europe, have excited in 
our people a very pardonable degree of 
national pride; hence they have ex
hibited a strong exultant feeling in wel
coming him back to his native land as the 
Chess Champion of the World. He has 
been received with high demonstrations 
in several cities, and public testimonials 
of great value have been presented to
him; while at the same time poets have 
sung and sages have delivered orations 
in his praise." 

"When we consider the vast number 
Cily ___ �----Caunty--------Slal.--- of persons who comprise what may be 
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part of the picture on front page projects of today . 

••• ON A SPACE-HIGH PEDESTAL 

Qualified engineers who are seeking rewarding 
opportunities for their talents in this and 

related fields are invited to get in touch with us. 

Reeves has pioneered in the development of extremely high 

precision two- and three-axis antenna pedestals for 

fire control, guidance and tracking systems. Reeves-engineered 

pedestals and related electronic assemblies, including 

servo systems and computers, are production-ready in types 

for both land-based and shipboard applications. The 

pedestals provide continuous rotation in azimuth, with angular 

travel in the remaining two axes designed to meet particular 

requirements. Accuracies in the order of 0.1 milliradians can be 

achieved, with rates of 10 degrees per second, or higher. 

REEVES INSTRUMENT CORPORATION 
A Subsicliary of Dynamics Corporation of America 

Roosevelt Field, Garden City, New York 

Front page projects of tomorrow are part of the picture at 

6RV59 
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SYLVANIA SYSTEMS . . .  IN COMMUNICATIONS 

Plasma, �onization, .Breakdown Effects, Deionization and Propagation 
studIes are addmg new strength to space communication systems. 

Forging new electronic links 

to outer space 

Sylvania Electronic Systems is now 

applying important new knowledge 

and experience to the formidable 

problems of space communica

tions. 

NEW TECHNIQUES have been devel

oped as a result of depth studies in 

plasma energy transfer, electro-mag

netic breakdown, and ionization and 

deionization phenomena. Greater 

understanding of these phenomena 

is producing vital links essential to 

stronger communication chains. 

This applies equally whether in

formation exchange is between satel-

Sylvania Electronic Systems 
A Division of Sylvania Electric Products Inc. 

63 Second Ave., Waltham, Mass. 

22 

lite and earth, control center and 

drone, or any air to air, ground to air, 

or ground to ground system; from ship 

or land, UHF or VHF, voice or data. 

In space communications, as in 

every major area of communications 

and electronic systems, Sylvania can 

assume full responsibility for program 

management from system analysis to 

research and engineering, product 

design, and through production. 

Sylvania welcomes the opportu

nity to outline its special talents and 

capabilities to you or your organiza

tion personally. Simply address your 

inquiry to the address below. 

�SYLVANIA 
Subsidiary of GENIERAL 

GENERAL TELEPHONE & ELECTRONICS � 

called the letter-writing community, we 
shall at once appreciate the great waste 
of time which occurs in carrying letters 
from distant parts of a city, singly or in 
small bundles, to the central post office. 
We have the pleasure of calling the 
public attention to an improvement 
which has been adopted by the Postal 
Department in Philadelphia, where they 
have over 300 letter boxes attached to 
lamp posts throughout the city, thus 
bringing the post office to the door." 

"The veteran aeronaut, Mr. John 
Wise, has long entertained the idea that 
a successful balloon voyage across the 
Atlantic may be accomplished with a 

very large balloon. For this purpose the 
monster balloon, Atlantic, was built by 
Mr. La Mountain, at Lansingburgh, 
N.Y., and carried to St. Louis in order to 
make the experimental voyage from that 
city to New York, prior to making a 

grand atmospheric journey across the 
ocean to Europe. On the Rrst instant the 
balloon was inflated with 60,000 feet of 
coal gas. At 20 minutes past seven, p.m. 
Mr. Wise ascended into the basket, and 
Messrs. La Mountain, Gager and Hyde 
took their places in the life-boat. The 
signal was then given for the stay-ropes 
to be cut, when the mighty mass shot up 
like a rocket amid the plaudits of the 
multitude. Having ascended to an eleva
tion where the thermometer fell to 42 
degrees, a strong eastward current was 
met and away they floated toward New 
York. At Rve o'clock next morning they 
were at the upper end of Lake Erie. It 
was resolved to land at Rochester and let 
out Messrs. Hyde and Gager, after 
which, Messrs. Wise and La Mountain 
were to prosecute the voyage, hoping to 
reach Boston, knowing they were too far 
north now to reach New York. In order 
to catTy on this conclusion they gradually 
descended toward term firma, where 
they met with a terriRc gale of wind 
which frustrated all their plans and 
nearly cost them their lives. The balloon 
went crushing through the tops of the 
trees, smashing them like pipe-stems, 
and continued thus for about one mile, 
until its progress was arrested by a tall 
oak; and, we are happy to state, although 
the boat, basket and balloon were much 
injured, a kind providence preserved the 
lives of the daring aerial voyagers, who 
escaped with only a few bruises. Thus 
ended the longest balloon journey on 
record: The distance traveled was 1,150 
miles; the time occupied, 19 hours; a 
speed compared with which that of the 
locomotive is that of a donkey to a deer. 
The highest pOint attained was a little 
over two miles." 
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Space age research gets a new headquarters-One of the largest and best·equipped research 

facilities in the nation is the new 16·million·dollar Avco Research Center at Wilmington, Massachusetts. Here. 

research and development in space age technology is already being conducted in areas ranging from missile 

re·entry to satellite design. From work such as this-and equally important work at the nearby Avco Research 

Laboratory-will come further contributions to national security and the conquest of space. 

Avco 

a 
5 
� 
" 
. 
" 
z 
" 

AVCO MAKES THINGS BETTER FOR AMERICA / AVCO CORPORATION / 750 THIRD AVENUE, NEW YORK 17. N. Y. 
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dead 

center 

Kelsey-Hayes thrust vectoring 
systems give missiles proper 

directional controL 

Kelsey-Hayes is contributing 

substantially to the design, 

development and production of 

new thrust vector control systems 

for solid fuel propulsion. 

For example Kelsey-Hayes, in a 

recent crash program, designed 

and fabricated a movable nozzle 

control that passed static firing 

tests for one of the newest 

sophisticated missile systems. 

The swivel nozzle control is just 
one of the latest developments by 

Kelsey-Hayes as a subcontractor 
of propulsion subsystems, flight 

componentry and high performance 

materials. Spearheading Kelsey
Hayes activities is the Advanced 

Design Group, a flexible team of 
experienced design specialists. 

Kelsey-Hayes Company, 
Detroit 32, Michigan. 

KELSEY 
HAVES 
©©[N]�m!:mw 
Automotive, Aviation and Agricultural Paris 
Hand Tools for I ndustry and Home 

18 PLANTS: Detroit and Jackson, Michigan; 
Los Angeles; Philadelphia and McKeesport, 
Pennsylvania; Springfield, Ohio; New Hartford 
and Utica, New York; Davenport, Iowa; 
Windsor, Ontario, Canada. 
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The Legendary Firebird, the Phoenix, rose young and strong again and again from flames ... This is the Norton Firebird - symbol 

for the exciting new fused materials made in Norton's electric furnaces. 

BORIDES: gifts of the Firebird 

Modern magic that matches the legend 

of the Phoenix is the birth of NORTON 

Borides in high temperature electric fur

naces. Here borides of CHROMIUM, TI

TANIUM, and ZIRCONIUM develop elec

trical conductivity equal to, and wear 

resistance superior to, many rIletals . . . 

also exceptional heat resistance, and the 

ability to absorb neutrons. 

These are the borides used extensively 

by industry in grain form as metallur

gical additives and chemical source ma

terials and as shapes and coatings for 

refractory and electrical conductor appli

cations. 

Here too are born NORTON Borides of 

CALCIUM, HAFNIUM, MAGNESIUM, MOLYB

DENUM, TANTALUM, and VANADIUM -

available to industry in laboratory quan

tities for research and development. 

Find out how these versatile, economi

cal NORTON Borides can improve your 
processing efficiency and product quality. 

Send for the informative booklet Norton 
Electro-Chemicals ... Gifts of the Firebird. 
Write NORTON COMPANY, Electro-Chem-

ical Division, 546 New Bond Street 

Worcester 6, Massachusetts. 

ELECTROCHEMICALS 
Gifts of the Firebird: compounds of 

silicon • zirconium . boron · aluminum 

• magnesium • titanium · chromium 

. .. including many 

borides • carbides • nitrides �. oxides 

MAKING BETTER PRODUCTS. _ .  TO MAKE YOUR PRODUCTS BETTER 
NORTON PROOUCTS: Abrasives . Grindin, Wheels . Grindin, Machines · Relr"tori" • Electro·Chemic.ls - BEHR·MANNING DtYISIDN: Coated Abrasives · Sharpeni" Stones • Pressure·Sensitive Tapes 
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PRECISION-ON GIANT DIMENSIONS 

Custom built by Torrington, this bearing is 

57.500 inches in diameter assembled. Inner race 

runout is only 0.0005 inch. Its 344 rollers are 

uniform in diameter within 0.00005 inch and 

are alternately positioned in a one-piece, fully 

machined bronze cage for precise guidance. 

Torrington is unique in its ability to manu-

facture large bearings, as well as small, to ultra

precision tolerances. Perfection is the rule. 

Such precision is made possible by highly 

specialized equipment and skilled workman

ship. It is representative of Torrington's con

stant effort to improve bearings in design, 

material, manufacture and performance. 

THE TORRINGTON COMPANY 
Torrington, Conn . •  South Bend 21, Ind. 

RESEARCH FOR PROGRESS IN BEARING DESIGN AND PERFORMANCE 
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A. Some of their toughest problems have been solved by advances in chemical research and 
production pioneered by Merck. Ultra-Pure Silicon crystals produced by Merck play a major role in 
improving performance of rectifiers and other semiconductor devices used in missile systems. 
Similarly, Merck research in the food processing field led to Neo-Cebitate®, a new, low-cost 
reducing agent that shortens curing time and vastly improves eye appeal of all processed meats. 

Neo-Cebitate and Ultra-Pure Silicon are representative of chemical progress by Merck that 
actively helps hundreds of leading manufacturers improve the performance of their products, 
cut production costs, and explore new fields. For technical information bulletins on Ultra-Pure 
Silicon or Neo-Cebitate write to Department SA-2, 

MERCK & CO., INC. • Chemical Division • Rahway, New Jersey 

C Merck & Co .. Inc. ® MERCK & CO., INC. for sodium isoascorbate. 
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Andrew J. Syska, 
Hayes Research & Development 

Engineer Reports • • • 

KNOW-HOW IS VITAL 

I IN GAS AND 

�. LIQUID DRYING � 11.� � � 
� 

� 
� t-

� 
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When we developed the Molecu- i 
Dryer®-a unit specially designed '" 
to take advantage of the remarkable :j 
drying, sweetening, and purifying � 
capabilities of Linde Company's ' y 
Molecular Sieves-our chief inter- ... 
est was in drying protective atmos- � 
pheres (hydrogen, dissociated am- '; , 
monia, etc.) for metallurgical work 
-to dewpoints well below -lOO°F. 
A natural outgrowth of the Molecu
Dryer was the Nitro-Gen':'-an au
tomatic cycling generator which 
produces low cost, high purity ni
trogen for blanketing, purging, pro
tecting. Our engineering people have 
also explored whole new worlds of 
gas, liquid, and atmosphere drying 
and separating problems. 

NEW DRYING NEEDS 
APPEAR DAILY 

In manufacturing transistors, for 
e:xample, the Molecu-Dryer has 
been able to effect big economies by 
supplying moisture-free air in place 
of tank nitrogen to protect tran
sistor assembling and 3ealing opera
tions. Other current projects: in
strument air drying, gaseous C02 
drying, gas separating . . .  also dry

ing and separating of liquid or 
gaseous hydrocarbons. 

EQUIPMENT DESIGN 
IS DYNAMIC! 

Each new area of work has ne.. � 
cessitated engineered application of 
standard or special Molecu-Dryer 
models, to provide optimum ad
sorption efficiency, top capacity at 
minimum equipment cost, job-coor
dinated cycle times, and fast desorp
tion and cooling. 

1l0Llli.-.!'!.!�! For a com pre-
-- hensive picture of 

the Molecu
Dryer, write for 
Bulletin 5703. 

·HayesTM 

e.l. HAYES, INC. 
83S Wellington Avenu'e • Cranston 10, R. I. 

Established 1905 

THE AUTHORS 
GILBERT N. PLASS ("Carbon Diox

ide and Climate") is a senior staff mem
ber of the Office of Advanced Research 
of Aeronutronic Systems, Inc. A physics 
graduate of Harvard College in 1941, he 
joined in early studies of nuclear re
actors for the Manhattan Project at the 
University of Chicago's Metallurgical 
Laboratory during World War II, then 
acquired a Ph.D. from Princeton Univer
sity and taught physics at Johns Hopkins 
University. "I spent several years," he 
says, "studying the dependence of in
h'ared radiation in the atmosphere upon 
water vapor, carbon dioxide and ozone. 
This naturally led me to re-examine the 
old carbon dioxide theory of climatic 
change. It soon became evident that 
the usual textbook objections to this the
ory were invalid. My long-standing in
terest in geology, biology and chemistry 
helped me to synthesize the new carbon 
dioxide theory from these diverse fields." 

ROBERT P. KRAFT ("Pulsating Stars 
and Cosmic Distances") is currently as
sistant professor of astronomy at the 
Yerkes Observatory of the University of 
Chicago. Next year he will become a staff 
member of the Mount Wilson and Palo
mar Observatories, After receiving B.S. 
and M.S. degrees in mathematics from 
the University of Washington, Kraft 
joined the faculty of Whittier College 
in California. "There are two kinds of 
astronomers," he remarks: "those who 
are born to it-who want to do astronomy 
from the time they are 10 years old and 
grind their first mirror-and those who 
come into it later on from some other 
field, as in my own case. What prompted 
me was an interest that developed dur
ing my stay at Whittier in the philosophy 
of the physical sciences. This led me to 
turn from pure mathematics to a truly 
empirical science, in which theory really 
meets the test of experience." Aided by 
National Science Foundation fellow
ships, Kraft earned a Ph.D. in astronomy 
from the University of California in 
1955 and went on to postdoctoral re
search at Mount Wilson and Palomar. 

HANS WALLACH ("The Perception 
of Motion") is professor of psychology 
at Swarthmore College. He writes: "I 
was born and raised in Berlin. Originally 
my interest was in physical sciences, 
and I was starting out in chemistry when 
I learned about the delights of working 

in a young science where the unknown 
territory begins, so to speak, at the 
doorstep." At the University of Berlin 
Wallach became a disciple of Wolfgang 
Kohler, the well-known exponent of 
Gestalt psychology and author of The 
Mentality of Apes. In 1935 Kohler re
signed his Berlin professorship. Wallach, 
then a newly minted Ph.D., followed 
Kohler to Swarthmore in 1936 and has 
remained there ever since, except for 
three years on leave as a Guggenheim 
Fellow, as a professor on the graduate 
faculty of the New School for Social Re
search, and as a member of the Institute 
for Advanced Study in Princeton, N. J. 

GEORGE GAMOW ("The Exclusion 
Principle") is professor of physics at the 
University of Colorado. He was born 
in Odessa, Russia, in 1904, and studied 
nuclear physics at the University of 
Leningrad, where he received his doc
toral degree in 1928; at the University 
of Copenhagen under Niels Bohr; and 
at the University of Cambridge under 
Ernest Rutherford. In 1934 Gamow 
emigrated to the U. S., where he served 
for over 20 years as professor of physics 
at George Washington University. Dur
ing this period Gamow found his in
terest turning from the atomic nucleus 
to astrophysics, the theory of the ex
panding universe and later to funda
mental problems of biology, including 
molecular genetics and the synthesis of 
proteins. In 1938 he began to write and 
illustrate a series of popular articles for 
the British magazine Discovel'Y concern
ing the macro- and microcosmic adven
tures of "Mr. Tompkins," whose explOits 
have since appeared in three books (the 
latest: M1'. Tom pkins Leams the Facts 
of Life) and in 19 languages. "The 
Exclusion Principle" is the lOth article 
GamO\v has written for SCIENTIFIC 
AMERICAN. 

WILLIAM H. AMOS ("The Life of 
a Sand Dune") is chairman of the 
science department at St. Andrew's 
School in Delaware and, in addition, 
serves as a research associate of the 
University of Delaware Marine Labora
tories. At the Laboratories he edits a 
publication entitled EstuaTine Bulletin 
and heads an ecological survey of the 
estuary of the Delaware River. In April 
and May he took leave from both jobs to 
serve as ecologist with the Smithsonian
Bredin expedition to the West Indies. 
Amos has engaged in biological research 
in the Philippine Islands, Japan and 
Hawaii and has been an associate of the 
:\1.ount Desert Island Biological Labora-
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AT RAYTHEON-

Scientific imagination 
focuses on 
MICROWAVE POWER 

Modern defensive systems and commer
cial air traffic control networks demand 
radars of ever-increasing range. Yet to 
double its range, a radar's output power 
must be increased sixteen-fold. Thus the 
need for microwave amplifiers of immense 
power and high efficiency. 

To meet these requirements, Raytheon 
scientists developed a unique microwave 
device - the Amplitron. Typical models 
weighing 90 lbs; generate five million watts 
peak power - 15 kilowatts average. The 
Amplitron achieves unprecedented effi
ciency of as high as 80%. Conventional 
amplifiers of comparable output would 
weigh almost 1,000 lbs., operate at 40% 
efficiency. 

Potentially, 100 megawatts peak power is 
available from the Amplitron. Uses: space 
communication, super-power radar, energy 
sources to hold aloft "sky stations"-plat
forms situated miles above the earth. 

The Amplitron is typical of the contribu
tions to scientific progress made by such 
Raytheon men as W. C. Brown, Manager, 
,Advanced Development Laboratory and 
his associates at Microwave and Power 
Tube Division. 

RAYTHEON COMPANY, Waltham, Mass. 
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AQUEOUS EMULSION 

RELEASE FOR MOLDED 

SYNTHETIC RUBBER 

The range of silicone release agents for 
molded products marketed by UNION 
CARBIDE has been further widened. 
Latest is a silicone oil·in·water ernul· 
sion with excellent compatibility for 
organic materials. This property of the 
new non· methyl emulsion is in the com· 
patibility area between that of dimethyl 
silicone oils (very low) and that of 
organo.substituted silicones (high). 

Outstanding among the features of 
the silicone emulsion are its inertness 
and ease of removal (any common sol· 
vent can be used) from mold and prod· 
uct. These advantages permit use of the 
emulsion in reactive systems without 
risk of harmful side effects, and elim· 
i nate the difficulties of subsequent 
painting or labeling. The silicone ernul· 
sion itself is nonionic, stable, 
no nlOre corrosive than wa· 
ter, and has a pleasant odor. 
The term "Union Carbide" is a registered 

traJe·murk of Union Carbide Corporation. 
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Manufacturers of automohile mats 
and home floor tiles have discovered 
that the silicone emulsion speeds pro
duction and gives a clean product. In 
emulsion·type waxes and polishes, the 
emulsion is added in trace amounts to 
increase mar and scuff resistance. 

LOW-HEAT CURE FOR 

HIGH-HEAT VARNISH 

A new silicone varnish, developed by 
UNION CARBIDE, requires only relative· 
ly low curing temperatures in ordinary 
ovens and regular drying equipment. 
Baking ovens capable of 2750 F. or 
higher temperatures can be utilized, 
following routine procedures for var· 
nish dip and bake. 

The new silicone dipping varnish is 
approved for electrical insulation, Class 
H applications-as in transformer coils, 
motors, generators, and other equip. 
ment. It is equally effective for high 
temperature andlor heavy duty, con· 
tinuous service, in large or small appa· 
ratus. 

Silicone varnish with low tempera· 
ture curing properties provides a non· 
tacky surface with less weight loss than 
other silicone varnishes. It gives high 
huild and gloss, with good impregnat· 
ing and honding. 

In addition to heat resistance, the new 
varnish is resistant to humid and cor· 
rosive atmospheres - important causes 
of insulation failure. No additional 
water repellents or chemical·resistant 
coatings are needed to obtain full pro· 
tection. 

PREVENTING SURFACE 

OXIDATION OF MOLTEN METALS 

A high·boiling silicone oil, floated on 
the surface of molten metal used to heat. 
treat nylon cords and yarns, is helping 
British textile processors to prevent at· 
mospheric oxidation of the metal bath. 
The temperature of the metallic mixture 
ranges from 160 to 2400 C., and the 
method has heen patented. 

This is a practical example of the 
heat·resistance of films formed by sili· 
cone oils. 

The Silicones Man is accustomed to 
helping solve problems like these . . •  

and he may be able to help you, too. 
For background information on these 
and other applications, write Dept. GF· 
0903, Silicones Division, Union Carbide 
Corporation, 30 East 42nd Street, New 
York 17, N. Y. 

SILICONES 

torv, the Department of Biophotography 
at Rutgers Universit�" and the New 
York Zoological Societv. "I am fortunate 
in having published 10 short books in 
the field of ecology, in addition to a 
number of papers," he says. "�1y interest 
in dunes is continuallv reinvigorated 
through the visits of biologists who had 
been unaware of these inland sand 
waves. Field ecological studies are often 
carried on in uncomfortable situations. 
Certainly a sand dune baking in the 
midday sun is no exception, but the 
clarity, the simplicity and the stark 
nature of biotic relationships on the 
dunes more than compensate for any 
discomfort. I am not sure that others 
will agree with me, but I find it com
pletely refreshing to spend days in these 
bright, arid sand hills." 

MACHTELD J. �1ELLINK ("The 
City of �idas") is chairman of the de
partment of classical and Near Eastern 
archaeology at Bryn �awr College. 
Born in the Netherlands, she studied 
classical languages and archaeology at 
the universities of Amsterdam and 
Utrecht, acquiring her doctorate from 
the latter institution in 1943. Her dis
sertation, entitled H yakil1thos, was a 
study of survivals in Greece of pre
Greek religion. After World War II Miss 
�1ellink continued her studies at Bryn 
Mawr and the University of Chicago; 
from 1947 to 1949 she was a staff mem
ber of an expedition, headed by Hetty 
Goldman of the Institute for Advanced 
Study, to ancient Tarsus. Since 1950 she 
has been engaged in the University of 
Pennsylvania's diggings at Gordion, de
scribed in her article. 

TREVOR ROBINSON ("Alkaloids") 
teaches in the department of bacteri
ology and botany at Svracuse University. 
"I received my A.B. 'at Harvard in 
1950," he says, "majoring in a hodge
podge field called 'biochemical sci
ences'-a smattering of courses on a 
number of scientific subjects. As I in
tended to be a high-school teacher, I 
stayed on at Harvard for an A.M. in 
science education. Despite the supposed 
need for science teachers nobody want
ed to hire me, so I took some more ad
vanced courses at the University of 
�1assachusetts. There I became so inter
ested in biochemical research that I gave 
up the idea of high-school teaching and 
took an M.S. in chemistry. Next I went 
to the deprutment of biochemistry at 
Cornell University, taking my Ph.D. in 
1956. While at Cornell I became en
tranced by the fantastic array of pe-
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AIRCRAFT MODIFICATION 

ALPHA MODIFICATION CENTER OFFERS COMPLETE 

SYSTEMS MANAGEMENT RESPONSIBILITY 

One of the time-saving, packaged systems project 
services offered by Alpha Corporation is tip-to-tail 
modification of aircraft for both industry and gov
ernment ... in this country and abroad. 
Whether you require the addition of simple or 
complex electronic equipment ... or complete redesign 
and overhaul, including custom interior, Alpha 
Corporation Modification Center specialists will deliv
er a flight-tested, turnkey job to your specifications. 
A notable example in the aircraft modification field is 

"Project Shirley" . . . a contract awarded Collins 
Radio Company by the United States Army Signal 
Corps. Starting with six surplus R4D aircraft (Navy 
versions of DC-3 's) the airframes were reconstructed to 
meet exacting requirements imposed by the installation 
of extra complex electronic assemblies. Further, 
interiors were redesigned for extreme flexibility ... 
including :>,ccQmmodation of. seating or extensive 

airborne test equipment. These versatile "flying 
laboratories" exemplify the kind of complete, turnkey 
jobs Alpha handles at its Air Modification Center. I 
Further, Alpha fabricates specialized equipment and 
installs it on client aircraft all over the free world .. 
Alpha was formed to extend and broaden the types of 

systems management work done for years by Collins 
Radio Company. This includes design, engineering 
and installation of space age communication systems 
complete with related roads, buildings and towers. The 
best available equipment from industry is used. 
Alpha trains client personnel or furnishes skilled 
crews for finished projects where needed. 
Alpha ... with its highly specialized organization oC 

designers, engineers, scientists and constructors ... is 
the sound, dependable answer to the need for proven skill 
with complete systems management responsibility.' 

CORPORATION 
A SUBSIDIARY OF COLLINS RADIO COMPANY 

DESI6NUS. ENGI NE ERS , CONSTRUCTORS, WORLD-WIDE. RICttARDSON, TEXAS. TElEPHONE DAlLAS ADa m s  5-2323 • CABLE A D DR E SS : AlPHA DAllAS 

Alpha capabilities include technical systems management in all fields, with special emphasis on: • Space vehicle tracking and communication 

Test range instrumentation and communications • Voice, teletype and data Iransmission • Aircraft modification and overhaut 

Integrated shipborne, airborne, and ground communications • High capability remote conlrol and switching 
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PORT OF EMBARKATION 
Tn the llecade of missilery ahecul,pl'ime contl'llctol' 

capability mtlst go fCll' beyoncl the 1'equil'ements 

of hal'clww'e clesign and 1'Ywnnfacttwe. New 

expel'ience ancl facilities cwe now l'eqtlil'ecl in the 

incl'easingly cl'iticcll launching ph((se -j I'om 

grouncl h((nclling ((ncl testing to conntclown 

((ncl clata contl'ol. 

]}Jw,tin's GOCOCl Division is the jil'st organization 

of its kincl devoted excltlsively to this 

specializecl a1'ea, Accomplishments Iwve 

all'eady establishecl new opel'((tional stctndal'cls 

at Cape Ganave1'Ctl, one of the two U, S, P01'ts 

of emba1'kation f01' the majol' space events 

of the clec((de ((head. 

An ex((mple of the latest clevelopment 

in electronic fail-safe lcmnching equipment 

is the new ]}Jwl'tin ]laster Ope1'ations 

Contl'ol []}JOG] system, which cmtom((ticcllly 

mon'itol's count-clown pl'oceelw'es in the 

test ji'l'ing of'l'esut1'ch ancl clevelopment-type 

TITAN missiles, With equipment such 

as this, TITAN 1(mnching8 have achieved 

nnhea1'd-of pel/ol'mance 1'eliability. 
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The Cocoa Division 
is one of the 

seven divisi(ms 
of The Martin Company 

SALTIMORE'DENVER'ORLANDO 

culiar compounds found in plants. In 
addition to alkaloids I have studied 
plant tannins, another peculiar class of 
materials. In quite a different vein, I 
have been carrying on research on the 
inactivation of dilute enzyme solutions 
by ionizing radiation." 

ROBERT D. ALLEN ("The Moment 
of Fertilization") is associate professor 
of biology at Princeton University. He 
graduated from Brown University and 
acquired a University of Pennsylvania 
Ph.D. in 1953. At Pennsylvania Allen 
was inspired by John Runnstrom, a visit
ing professor of zoology from the Uni
versity of Stockholm, to study fertiliza
tion. Allen acquired a U. S. Public 
Health Service Postdoctoral Fellowship 
which enabled him to continue his asso
ciation with Runnstrom for 15 months 
in Stockholm, Naples, and at Kristine
berg on the west coast of Sweden. "In 
my early youth I wanted to be a concert 
cellist," Allen writes, "but I was forced 
to give up the instrument for a while 
after an injury to one hand. I still give 
informal concerts for my friends at the 
Marine Biological Laboratory in Woods 
Hole, Mass. In the summers there I also 
enjoy bike trips and skin diving for edi
ble fish. My wife and I always manage 
to save about two weeks of the year for 
hiking and mountaineering-we have 
climbed in the Swiss and Tirolese Alps, 
the Apennines and in Lapland." 

V. S. PRITCHETT, who reviews 
Pearl S. Buck's novel Command the 
Morning in this issue, is a British novel
ist, short-story writer and literary critic. 
He was born at Ipswich, England, in 
1900, attended Alleyn's School in Lon
don, and entered the leather trade. 
Later he became a commercial traveler 
and shop assistant in France and a news
paper reporter in France, Spain and 
North Africa. After World War II he 
was literary editor of the weekly New 
Statesman and Nation for two years. In 
England he is well known for his talks 
on the British Broadcasting Corpora
tion's "Third Programme." Pritchett has 
lived in Ireland and the U. S. as well as 
in France and the Mediterranean coun
tries. He has reviewed many books for 
the Sunday edition of The New York 
Times and during 1953-1954 delivered 
a course of lectures in the Christian 
Gauss Seminar at Princeton University. 
His books include The Spanish Temper, 
a character study of Spain; the novels 
Dead Man Leading and Mr. Beluncle; 
and three critical works, entitled In My 
Good Books, The Living Novel and 
Books in Gel1eml. 

3 3  
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Philco Ground-Space Communications System 
commands and tracks DISCOVERER satellite 
DISCOVERER ... the United States' newest earth 
satellite ... is opening new vistas on the frontier of 
outer space. And Philco is proud to play an important 
role in this renowned achievement as a part of the 
Discoverer Team ... in conjunction with the Lock
heed Aircraft Corporation and the Air Force at the 
direction of the Advanced Research Projects Agency 
of the Department of Defense. 

As the subcontractor for Discoverer's entire com
munications system, Philco designed and developed 
the vast complexity of ground-space communica
tions, tracking, commanding and data gathering and 
processing systems. 

The Philco-designed and equipped system ob
serves and commands Discoverer through a series of 

five tracking and data collection stations in Alaska, 
California, Hawaii and a specially equipped ship at 
sea. Philco continues its participation in the Discoverer 
Progtam by assisting in the actual operation and 
maintenance of the communications and data han
dling network. 

Philco's part in the Discoverer Program is typical 
of the many and diverse advanced research and 
development activities being conducted in our lab
oratories on the East and West Coasts where outstand
ing career opportunities abound for Engineers, 
Mathematicians, and Physicists. 

In the wonder-world of advanced electronics, look 
to the leader. Look ahead ... and you'll choose Philco ! 

GOVERNMENT AND INDUSTRIAL DIVISION 
WESTERN DEVELOPMENT LABORATORIES 

PHILADELPHIA, PENNSYLVANIA PALO ALTO, CALIFORNIA 
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Instrument Boll Bearings Help 
Missiles Along A Bright Poth Of Precision.' 

CUSTOMER PROBLEM: 
Missile guidance system manufacturers require 
a dependable source for super precise instru
ment ball bearings. When used in spin axis and 
gimbal applications, for example, these ball 
bearings help restrict vitally important drift, 
through extremely close tolerances and high 
precision uniformity. 

SOLUTION: 
New Departure research, development and 
production facilities were applied to solving 
the vital problem. Visual evidence of New 
Departure's success is the bright path of pre
cision written across the skies by Sperry, 

DIVISION OF 

AChiever and other guidance systems used in 
many of the most advanced missiles and space 
craft. In the case of Sperry's gyrosyn guid
ance system, for example, New Departure 
instrument ball bearings are credited with a 
remarkable 1200% gain in gyro accuracy. 
Proof enough that New Departure has the 
know-how and facilities to solve tomorrow's 
instrument/miniature ball bearing design prob
lems in missile and space exploration. 

What's more, these New Departure facilities 
are available for your design development right 
now! Call or write Department B-7. 

CONN . 
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BENDIX RADAR PROTECTS YOU DAY AND NIGHT
WATCHES OVER 25 MILLION SQUARE MILES 

Free men bent on remaining free are 
using Bendix® Radar as a keen and 
tireless eye to safeguard them from 
surprise attack. From Arctic wastes, 
to "Texas Towers" at sea, to many 
distant lands, Bendix radar stations 
keep constant watch on 25 million 
square miles-or more than one
eighth of the globe's surface. 

Bendix has had much to do with 
the development of radar and is one 
of the largest producers of many dif
ferent types of radar. 

Bendix Radar safeguards the air 
traveler in many ways. Our airborne 
weather radar, used by more airlines 
and business aircraft than any other 
type, "sees" storms as much as 150 

miles ahead and helps pilots avoid 
them. A new Bendix Doppler radar 
n a v i g a t i o n  s y s t e m ,  c o n t a i n e d  
entirely within the plane and not 
dependent on any external beams or 
signals, gives pilots precise informa
tion on ground speed and position. 
Surveillance radar helps control air
port traffic, and G. C. A. (Ground 
Controlled Approach) radar is used 
to "talk pilots down" for landings in 
bad weather. 

In addition to military plane 
radar, we make radar proximity fuses 
which trigger the warheads of some 
of our missiles, and radar beacons 
which help identify the planes or 
missiles in which they are located. 

A new radar system has just been 
developed for use on military heli
copters. This electronic" eye", which 
can also be installed on liaison and 
cargo aircraft, is designed for night 
and bad weather operations and for 
navigating between mountains and 
in canyons. It shows the distance to 
any terrain obstacle and can also be 
used for ground mapping. 

In the marine field, vessels of all 
types from ocean liners to 35-foot 
family cruisers use economical 
Bendix Radar. Leading TV stations, 
too, now use Bendix Radar to show 
their audiences the "weather" by 
actually picturing the size, intensity 
and exact positions of storm activity. 

A thousand products a million ideas 
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THIS IS GLASS 
A BULLETIN OF PRACTICAL NEW IDEAS FROM CORNING 

NEW PICTURE WINDOWS FOR 
NAVY'S NUCLEAR REACTORS 
In the "older" models of the Navy's 
nuclear subs, a periscope was used for 
checking reactor operation. 

Not so in today's subs. Now you'll find 
giant peepholes-windows that let you 
look directly into nuclear compartments. 

These windows are made from a com
bination of Corning high-lead-content 
glass and a plastic. The latter shields 
against neutron bombardment. The high 
density glass (6.2 cc, the equal of iron for 
shielding) protects against gamma rays. 

Just for the record, seagoing radiation 
windows are only one part of a rather 
extensive line that Corning makes. 

To date, for example, we've handled 
the shielding window problems of some 
200 "hot" cells. Such windows often ap
proach Gargantuan proportions ... like 
the five-foot-thick, nine-ton job we fin
ished recently. 

The big advantage for you, the user, 
in all this ... aside from the fact that 
you can get any combination of three 
very special glasses we make for shielding 
. . . is simplicity. You just tell us your 
energy level, wall thickness, and the 
viewing area you need. We do the rest 
... ship you a window that's ready to 
install. It's as easy as that. 

Added incentive: The most recent design 
change we've come up with involves a 
more pronounced taper than was pre
viously used. This makes for less weight, 
easier installation, better fit. 

Delve further into this subject by 
checking the box in the coupon, labeled 
"Radiation Shielding Windows." This 
will bring you a detailed booklet. Or 
drop a note outlining what's on your 
mind to Plant Equipment Sales Depart
ment. 

THE HEART OF THE MATTER 
During certain operations involving the 
heart, both the heart and lungs are given 
a rest. 

But the functions of these organs still 
must go on. So ingenious machines take 
over. Like the Kay-Cross rotating disc 
oxygenator that does the work of the 
lungs, controlling the CO2 and putting 
in pure oxygen. 

The main component of this oxygena
tor is a series of discs, so designed that 
blood spreads out without foaming or 
bubbling. 

Comes the commercial. These metal 
discs must be enclosed in a container. 
And the people who make the oxygena
tor, Pemco, Inc., chose a PYREX brand 
glass to hold the discs. 

For good reasons. First off, this PYREX 
brand glass lets you keep careful watch 
over the color and flow of the blood, both 
very vital considerations to the medical 
men who use this machine. 

Then, this PYREX brand glass is inert 
chemically. It does not add to or take 
from the blood in any way. There is no 
pickup, no side effects. 

And, because this glass has a low co
efficient of thermal expansion, 32 x 
1O'7in/in;oC., the entire machine can be 
steam sterilized without any fear of danger 
from thermal shock. 

While this particular application may 
be far afield from your work, one of the 
PYREX brand glasses may still turn out 
to be the answer to one of the tough de
sign problems you are now facing. 

You'll find that this transparent, corro
sion- and thermal-shock-resistant glass is 

available in rod, tubing and flat glass. 
And it can be worked into a wide variety 
of special shapes by automatic pressing 
and blowing machinery. 

Perhaps the best approach for you is 
to avail yourself of two well-detailed 
reference folders, B-83, "Properties of 
Selected Commercial Glasses," and IZ-I , 
"Designing with Glass for Industrial, 
Commercial and Consumer Applica
tions." Use the coupon. 

YOU CAN MAKE GLASS BREAK 
THE WAY YOU WANT WHEN 
YOU WANT 
Tempered glass breaks in a very special way 
-we call it "dicing"-and that has led 
to some very special uses: 

-

Rupture discs-Say you're holding a 
liquid or a gas in a container and at some 
precise moment you want to release it 
suddenly and smoothly. You can insert 
a tempered glass disc in your container, 
a disc that has been prepared to disinte
grate at a given pressure. 

The pressure can be applied by the 
fluid or by a small charge attached to the 
disc. When you want it to go, the glass 
will shatter instantaneously and homo
geneously into small pieces. 

Probable uses for this include safety 
valves on process equipment and as a sub
stitute for intricate valving on fuel injec
tion systems. Using PYREX brand Glass 
No. 7740, you can cross corrosion off as 
an inhibiting factor on valves. Pressure 
ranges run from 100 to 1000 psi. 

Metal samples and billiard balls-Glass is 
also being used in the form of tubes to 
remove samples from molten metals ... 
the glass crazes but holds together long 
enough for your sample to cool into a 
smooth cast; then you strip off the glass 
and you're ready for analysis. The plas
tics people are using glass molds where 
they want smooth surfaces ... billiard 
balls, for example; when the plastic cools 
you just chip away the glass. 

'Vant glass that breaks how and when 
you want it? Write to our Industrial 
Components Sales Department, spelling 
out your problem. 

_ C ORNING MEANS RESEARCH IN GLASS 

&:II CORNING GLASS WORKS 49-7 Crystal Street, Corning, N.Y. 

Please send me: 0 "Radiation Shielding Windows"; O Bulletin B-83; 0 Bulletin IZ-1 

Name __________________ Title ________ _ 

Company' ___________________________ _ 

Street: _______________________ _____ _ 

City Zone __ State _____ _ 

____________________________________ J 
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THE SKETCH 
THAT HELPED 

WIN A WAR 

This sketch, drawn in 1937 by Dr. Russell Varian, Founder and 
Board Chairman of Varian Associates, led to the development of the 
klystron - and mobile radar. Dr. Varian's achievement played a 
vital role in the successful air defense of Great Britain and the ultimate 
air superiority of the Allies during World War II. 
Less than a decade after this historic first practical use of radar, 
Varian Associates was established to manufacture klystrons and continue the 
development and improvement of this important new device which is 
acknowledged to be the foundation of microwave electronics. Today, as the 
largest manufacturer of klystrons, Varian produces more than 100 types 
and sizes for a vast variety of commercial and military uses. 

The creativity and technical excellence responsible for this 
accomplishment has found expression in other Varian developments and 
products, such as NMR and EPR Spectrometers, free-precession 
magnetometers, graphic recorders, laboratory magnets, Vaclon® High 
Vacuum Pumps, traveling wave tubes and linear accelerators. 

At Varian, the inventive process, creative initiative and the 
"science of practicality" in volume production combine to produce 
ever-greater quantities of components, instruments and systems 
of unexcelled performance and reliability. 

VARIAN associates 
611 HANSEN WAY. PALO ALTO. CALIFORNIA 

BOMAC LABORATORIES, INC., BEVERLY. MASSACHuSms / YARIAN ASSOCIATES OF CANADA, LTD., GEORGETOWN, CANAOA 
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Tomorrow's dialing will be out of this world 
Global telephone calls via satellites brought nearer by a new ITT electron tube 

From the nation-wide resources of ITT 
Laboratories has come the ultimate de
velopment in a unique electronic ampli
fying device called the traveling wave tube. 

A four-foot version pioneered by ITT 
for the Armed Forces can transmit as 
many as 100,000 telephone messages 
simultaneously! 

Telephone Exchanges in the Sky 
Now a miniaturized type is to be pro
duced by ITT Components Division
small enough for satellites, where its 
amazing message capacity could be 
utilized to relay thousands of dial tele
phone calls to points around the globe. 

ITT traveling wave tubes of many 
sizes are already in use in major areas of 
telecommunications, and in radar, mis-

sile guidance, electronic countermeas
ures, microwave radio, and television. 

Pioneers in Electron Tubes 
ITT Components Division, backed by 
experience almost as old as the electron 
tube industry itself, also manufactures 
Iatron® tubes that can display informa
tion, store it for days, erase it at will; 
photo multiplier tubes that convert light 
into an electrical signal and amplify it 
millions of times; image converter tubes 
for infrared applications, and tubes 
that give sharp eyes to our radar warn
ing systems. 

Other ITT tubes include types for 
industrial power, rectification, and 
radio-TV broadcast transmission. 

In the free world today, nine ITT 

System companies are developing and 
building electron tubes for hundreds of 
essential and sophisticated tasks-in 
laboratories, industry, global communi
cations, and national defense. For infor
mation, write ITT Components Divi
sion, Clifton, New Jersey. 

. . . 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 8c RADIO 

CORPORATION · FEDERAL ELECTRIC CORPORATION . ITT COMMUNICATION SYSTEMS, INC . • INTERNATIONAL ELECTRIC CORPORATION . INTERNATIONAl. 

STANDARD ELECTRIC CORPORATION . LABORATORIES AND MANUFACTURING PLANTS IN 20 FREE·WORLD COUNTRIES 
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Pierre SiIllon Laplace ... on the store of higher l�nowledge 
"Astronomy conside re d in its e ntirety is the fine st monu

me nt of the human mind, the noblest e ssay of its intelli

ge nce . Se duce d by the illusions of the se nse s and of 

se lf-pride , for a long time man conside re d himself as the 

ce ntre of the moveme nt of the stars; his vainglory has 

be e n  punishe d by the te rrors which its own ide as have 

inspire d. At last the e fforts of se ve ral ce nturie s brushe d 

aside the ve il which conce ale d the syste m of the world. 

We discove r ourse lve s upon a planet, itself almost imper

ce ptible in the vast e xte nt of the solar syste m, which in 

its turn is only an inse nsible point in the immensity of 

space . The sublime re sults to which this discove ry has le d 

should console us for our e xtreme little ne ss, and the rank 

which it assigns to the e arth. Le t us tre asure with solici

tude , let us add to as we may, this store of highe r knowl

e dge , the most e xquisite treasure of thinking be ings." 

-Exposition du Sysleme du Monde, 1796. 

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 
A nonprofit organization engaged in research on problems related to national sccur_ity and the public interest 
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Carbon Dioxide and Climate 

A CLUTPnt theory postulates thrtt carbon dioxide regulates the 

temperature of the earth. This raises an interesting question: 

HO(I' do l1�an's activities il�fluence the clilnate of the future? 

T
he theories that explain world
wide climate change are almost as 
varied as the weather. The more 

familiar ones attribute changes of cli
mate to Olympian forces that range from 
geological upheavals and dust-belching 
volcanoes to long-term variations in the 
radiation of the sun and eccentricities 
in the orbit of the earth. Only the so
called carbon dioxide theory takes ac
count of the possibility that human activ
ities may have some effect on climate. 
This theory suggests that in the present 
century man is unwittingly raising the 
temperature of the earth by his indus
trial and agricultural activities. 

Even the carbon dioxide theory is not 
new; the basic idea was first precisely 
stated in 1861 by the noted British phys
icist John Tyndall. He attributed cli
matic temperature-changes to variations 
in the amount of carbon dioxide in the 
atmosphere. According to the theory, 
carbon dioxide controls temperature be
cause the carbon dioxide molecules in 
the air absorb infrared radiation. The 
carbon dioxide and other gases in the 
atmosphere are virtually transparent to 
the visible radiation that delivers the 
sun's energy to the earth. But the earth 
in turn reradiates much of the energy 
in the invisible infrared region of the 
spectrum. This radiation is most intense 
at wavelengths very close to the princi
pal absorption band (13 to 17 microns) 
of the carbon dioxide spectrum. When 
the carbon dioxide concentration is suffi
ciently high, even its weaker absorption 
bands become effective, and a greater 

by Gilbert K. Pla�� 

amount of infrared radiation is absorbed 
[see illustration on next pagel. Because 
the carbon dioxide blanket prevents its 
escape into space, the trapped radiation 
warms up the atmosphere. 

A familiar instance of this "green
house" effect is the heating-up of a 
closed automobile when it stands for a 
while in the summer sun. Like the 
atmosphere, the car's windows are trans
parent to the sun's visible radiation, 
which warms the upholstery and metal 
inside the car; these materials in turn 
re-emit some of their heat as infrared 
radiation. Glass, like carbon dioxide, 
absorbs some of this radiation and thus 
traps the heat, and the temperature in
side the car rises. 

Water vapor and ozone, as well as 
carbon dioxide, have this effect because 
they too absorb energy in the infrared 
region. But the climatic effects due to 
carbon dioxide are almost entirely inde
pendent of the amount of these other 
two gases. For the most part their ab
sorption bands occur in different regions 
of the spectrum. In addition, nearly all 
water vapor remains close to the ground, 
while carbon dioxide diffuses more 
evenly through the atmosphere. Thus 
throughout most of the atmosphere 
carbon dioxide is the main factor de
termining changes in the radiation flux. 

The 2.3 X 1012 (2,300 billion) tons 
of carbon dioxide in the earth's pres

ent atmosphere constitute some .03 per 
cent of its total mass. The quantity of 
carbon dioxide in the atmosphere is de-

termined by the amounts supplied and 
withdrawn from three other great reser
voirs: oceans, rocks and living organ
isms. The oceans contain some 1.3 X 
1014 tons of carbon dioxide-about 50 
times as much as the air. Some of the 
gas is dissolved in the water, but most of 
it is present in carbonate compounds. 
The oceans exchange about 200 billion 
tons of carbon dioxide with the atmos
phere each year. When the equilibrium 
is disturbed, the oceans may engulf or 
disgorge billions of additional tons of 
carbon dioxide. This puts a damper on 
the fluctuations in the carbon dioxide 
content of the atmosphere: when the 
atmospheric concentration rises, the 
oceans tend to absorb much of the ex
cess; when it faIls, the oceanic reservoir 
replenishes it. 

Both the atmosphere and the oceans 
continuously exchange carbon dioxide 
with rocks and with living organisms. 
They gain carbon dioxide from the 
volcanic activity that releases gases from 
the earth's interior and from the respira
tion and decay of organisms; they lose 
carbon dioxide to the weathering of 
rock and the photosynthesis of plants. 
As these processes change pace, the con
tent of carbon dioxide in the atmosphere 
also changes, shifting the radiation bal
ance and raising or lowering the earth's 
temperature. 

Of course during any particular geo
logic era other factors may influence 
climate. Nonetheless let us examine 
some of the known facts of geological 
history and see how many can be ex-
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plained in terms of variation in the car
bon dioxide content of the atmosphere. 

Studies of rock strata reveal that for 
the past billion years most of the world 
has had a tropical climate. Every 250 
million years or so this tropical spell 
is broken by relatively short glacial peri
ods which bury a substantial portion 
of the earth under ice sheets. These 
cool periods last several million years, 
during which the glaciers retreat and 
advance many times as the temperature 
rises and falls. During the last 620,000 
years of the current glacial epoch, for 
example, deep ocean sediments show 10 
distinct temperature cycles. The carbon 
dioxide theory may well account for 
these temperature fluctuations. 

A decline in the carbon dioxide con
centration in the atmosphere-ocean sys
tem-and a period of decline in world
wide temperature-may be induced by 
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a number of developments. The rate of 
volcanic activity could slow down as the 
rate of rock weathering increased, or an 
especially flourishing mantle of vegeta
tion could take up huge quantities of 
carbon dioxide and form new coal beds 
and other organic deposits in marshy 
areas. After a geologically short time, 
the adjustment of the atmosphere-ocean 
equilibrium to the leaner supply of car
bon dioxide could bring the atmospheric 
concentration down to .0 15 per cent, 
half its present value. Calculations show 
that a 50-per-cent decrease in the 
amount of carbon dioxide in the air will 
lower the average temperature of the 
earth 6.9 degrees Fahrenheit. 

We can be reasonably sure that such 
a sharp drop in temperature would cause 
glaciers to spread across the earth. As the 
ice sheets grow, the oceans shrink; at the 
height of glacial periods ice sheets con-

tain 5 to 10 per cent of the oceans' wa
ters. The glaciers contain little carbon 
dioxide, however, because ice can hold 
very small amounts of carbonates com
pared to the same volume of sea water. 
The shrunken oceans thus accumulate 
an excess of carbon dioxide which they 
must release to the atmosphere in order 
to return to equilibrium. And so the cy
cle draws to a close: As carbon dioxide 
returns to the atmosphere, the earth's 
temperature rises and the ice melts 
away. The oceans fill to their former 
levels, reabsorb the carbon dioxide they 
had released, and a new glacial epoch 
begins. 

So long as the total amount of carbon 
dioxide in the atmosphere-ocean system 
does not change, such a cycle of tem
perature oscillation will tend to repeat 
itself. The period of the complete cycle 
would be determined primarily by the 

I i 

I ! , 
i 

;l����������������� 

2 4 6 8 10 12 14 16 18 20 22 
WAVELENGTH [MICRONS) 

INFRARED ABSORBERS in the earth's atmosphere include car· 

bon dioxide (lOp) water vapor (center) and ozone (bottom). Spec· 

tral charts of their absorption in the infrared region show that these 

gases warnl the earlh by preventing its infrared radiation fronl 
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escaping into space. Carbon dioxide influences climate because it 

has a broad absorption band at wavelengths 113 to 17 microns) 

near the wavelengths at which the earth's infrared radiation is 

111051 intense. Water vapor and ozone can also influence clilnate. 
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time required for an ice sheet to form, 
grow to maximum size and melt away. 
Estimates indicate that this should take 
about 50,000 years, in agreement with 
the observed time for the cycle. Other 
time factors in the cycle, such as the 
period required for the ocean-atmos
phere system to come to equilibrium 
after a change in its carbon dioxide con
centration, are probably much shorter. 
The system never quite reaches equilib
rium, however, because the freezing and 
melting of glaciers is out of phase with 
the fluctuation of carbon dioxide in the 
atmosphere. Glaciers are slow to form 
and slow to melt, so for thousands of 
years during the earth's recovery from 
an ice age the cold winds from melting 
glaciers continue to chill the earth. 

T he mechanism here proposed to ex-
plain the cycle of glaciation does not 

depend in any way upon the particular 
numbers assumed for illustrative pur
poses. Such oscillations will occur when
ever the temperature during one phase 
of the cycle falls low enough to cause 
ice sheets to grow and during another 
phase rises high enough to cause them 
to melt. A change in the comparatively 
small volume of carbon dioxide in the 
atmosphere provides ample leeway to 
swing the temperature past either ex
treme. The oscillation is reinforced by 
the accompanying change in the earth's 
humidity. A colder atmosphere holds 
less water vapor, and so further reduces 
the atmospheric absorption of infrared 
radiation emitted by the earth's surface. 
At the same time, however, the earth's 
cloud cover thickens and precipitation 
increases despite the reduction in the 
water-vapor burden of the atmosphere. 
The top of a cloud is cooled by the radia
tion of heat into space; when there is less 
carbon dioxide in the atmosphere, cloud 
tops lose more heat energy and thus be
come colder. With a steeper temperature 
gradient there is increased convection 
within the cloud. The result is larger 
clouds and more precipitation. More
over, since the cloud cover reflects the 
sun's visible radiation back into space, 
less solar energy reaches the earth, and 
the temperature falls still lower. 

The geological record indicates that 
the huge capacity of the biosphere to 
store and turn over carbon dioxide has 
also had its effect upon climatic change. 
We know that plants borrow 60 billion 
tons of carbon dioxide yearly for pho
tosynthesis. Under present conditions 
the organic world repays nearly all of 
this debt each year via respiration and 
decay. The formation of new fossil fuel 
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deposits withholds at most only 100 mil
lion tons of carbon dioxide, or less than 
.2 per cent of the annual amount used 
for photosynthesis. At one time, how
ever, the withdrawals were much larger. 
During the Carboniferous period, when 
most of the coal and oil deposits were 
formed, about 1014 tons of carbon diox
ide were withdrawn from the atmos
phere-ocean system. This staggering loss 
must have dropped the earth's tempera
ture to chilly levels indeed; it is not sur
prising that the gigantic glaciers that 
moved across the earth after this period 
were perhaps the most extensive in his
tory. 

The present capacity of plants to con
sume carbon dioxide in photosynthesis 
gives us an interesting clue to the carbon 
dioxide content of the atmosphere in by
gone ages. Plants are almost perfectly 
adapted to the spectral range and in
tensity of the light they receive, yet they 
grow far more rapidly and luxuriantly 
in an atmosphere that contains five to 10 
times the present carbon dioxide concen
tration; in fact, florists sometimes release 
tankfuls of carbon dioxide in green
houses to promote plant growth. The 
present carbon dioxide concentration in 
the atmosphere must therefore be un
usually low. Apparently plant evolution 
was keyed to some much higher concen
tration in the atmosphere of the geologic 
past. This hypothesis is also supported 
by the known fact that the earth's cli
mate was warmer during most of geo
logic time; presumably the atmosphere 
then contained a much higher percent
age of carbon dioxide. 

Much of the carbon dioxide in the at-
mospheres of past geologic epochs 

now lies buried in the carbon dioxide 
reservoir of the earth itself. The earth's 
hot springs and volcanoes pour about 
100 million tons of carbon dioxide back 
into the atmosphere per year. The earth 
in turn recaptures approximately the 
same amount each year by the weather
ing of rocks. But this equilibrium is up
set during periods of mountain-building. 
In fact, the carbon dioxide theory pro
vides an essential link to explain the tim
ing of the last two glacial epochs with 
respect to the mountain-building periods 
that preceded them. 

At least several million years inter
vened between the climax of these 
mountain-building episodes and the 
formation of the great ice sheets. If 
glaciation was brought on only by the 
elevation of the land or by the slight 
darkening of the sky with the dust of 
volcanoes, there should have been no 
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dioxide being used in that process eaeh year. Vast quantIties of 

carbon dioxide are stored in the three great natural reservoirs: 

the earth, the oceans and the biosphere. These reservoirs can hoard 

carbon dioxide or release it to the atmosphere, depending on equi

librium conditions. The black arrows indicate the artificial proc

esses hy which man adds carbon dioxide to the atmosphere_ 
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two billion tons more, Grain fields and 
pastures store much smaller quantities 
of carbon dioxide than the forests they 
replace, and the cultivation of the soil 
permits the vast quantities of carbon 
dioxide produced by bacteria to escape 
into the air. 

Not all of this eight billion tons of 
surplus carbon dioxide remains in the 
atmosphere, Plants remove some of it. 
When the atmospheric' concentration 
rises, plants use more carbon dioxide for 
photosynthesis. In a few years, however, 
the increase in the rate of photosynthesis 
is balanced by advances in the rate of 
respiration and decay processes. The net 
result is only a slight increase in the 
carbon dioxide content of the biosphere. 

]\IIost of the carbon dioxide added to 
the atmosphere by human activi

ties will ultimately be absorbed by the 
oceans, To predict the effect of human 
activities upon climate we must calcu
late just how rapidly this happens. Re
cent studies make it appear that the u 1.2 1.3 1.4 1.5 volume of carbon dioxide dissolved in 

CO, IN ATMOSPHERE,OCEAN SYSTEM 110" TONSI 

ATMOSPHERE·OCEAN SYSTEM will change the surface temperature of the earth if its 

equilibrium is disrupted. The three curves here show how this equilibrium shifts when 

the oceans contaiu 100 per cent (solid line), 95 per cent (broken line) and 90 per cent 

(dotted line) of their present volume of water. If the total carbon dioxide content of the 

system drops only 7 per cent, the equilibrium shifts from point A, its present value, to 

point B. Such a change would cut the atmospheric carbon dioxide pressure to half its present 

value, bringing on a possible glacial epoch. As the glaciers grow, the oceans shrink; at the 

height of a glacial period the ice sheets contain from 5 to 10 per cent of the oceans' waters. 

With the oceans reduced to 95 per cent of their present volume, the equilibrium would shift 

to point C, because tbe shrunken oceans would be forced to release some of their carbon 

dioxide to the air. Tben the temperature rises, glaciers melt and the cycle begins anew. 

great time lag before the onset of the 
glaciers, But these upheavals exposed 
large quantities of igneous rock to the 
chemical action of the minute amounts 
of atmospheric carbon dioxide dissolved 
in the rain water that washed over them, 
Over millions of years the weathering of 
the rock trapped vast quantities of car
bon dioxide from the air. With the at
mospheric concentration reduced suffi
ciently, the temperature fell, permitting 
the young mountains to provide natural 
birthplaces for the glaciers that then 
crept across the earth, 

Some periods of mountain-building 
have not produced glaciers, In these pe
riods the output of carbon dioxide from 
volcanoes, which are especially active 
during the early stages of mountain
building, might have balanced the car
bonate consumption of the newly ex
posed rocks, In fact, a landscape teeming 
with active volcanoes could easily re
lease more carbon dioxide than the 
rocks could possibly absorb, so the tem-
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perature of the earth would rise suf
ficiently to prevent the expansion of 
glaciers. 

The geological effects of volcanic ac
tion, coal formation or any other local 
disturbance of the carbon dioxide con
centration are not restricted to the area 
in which they occur, If the amount of 
carbon dioxide in one hemisphere of the 
earth rises or falls sharply, the concen
tration in the other hemisphere changes 
rather quickly, In less than a few dec
ades the concentration in both hemi
spheres becomes identical. According to 
the carbon dioxide theory, this rapid dif
fusion helps to explain the fact that 
glaciers advance and retreat simultane
ously in both hemispheres, 

During the past century a new geo
logical force has begun to exert its effect 
upon the carbon dioxide equilibrium of 
the earth. By burning fossil fuels man 
dumps approximately six billion tons of 
carbon dioxide into the atmosphere each 
year. His agricultural activities release 

the oceans comes to equilibrium with 
the carbon dioxide pressure of the at
mosphere in about 1,000 years, and that 
the oceans take up about half of any 
carbon dioxide added to the air. Over a 
longer period of time, perhaps several 
thousand years, the oceans take up much 
larger additional quantities of carbon 
dioxide in carbonate compounds before 
the system again reaches equilibrium. 
These equilibrium rates are quite sig
nificant, because they will govern the 
temperature of the earth as long as man 
burns large amounts of fossil fuels. 

We have only to extrapolate existing 
records of temperature and fossil-fuel 
consumption to predict the climate of 
the future. Quite accurate records of the 
amount of fossil fuel consumed in the 
world each year show that in the past 
100 years man has added about 360 bil
lion tons of carbon dioxide to the atmos
phere. As a result the atmospheric con
centration has increased by about 13 per 
cent. The carbon dioxide theory predicts 
tl1at such an increase should raise the 
average temperature of the earth one 
degree F, This is almost exactly the aver
age increase recorded all over the world 
during the past century! If fuel con
sumption continues to increase at the 
present rate, we will have sent more than 
a trillion tons of carbon dioxide into the 
air by the year 2000. This should raise 
the earth's average temperature 3.6 de
grees. 

In less than 1,000 years, if consump
tion continues to increase at the current 
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rate, we will have exhausted the cur
rently known reserves of coal and oil. 
By that time we will have multiplied the 
carbon dioxide tonnage of the air 18 
times. When the ocean-atmosphere sys
tem comes back to equilibrium, the con
centration of carbon dioxide in the air 
will be 10 times greater than it is today, 
and the earth will be 22 degrees warm
er. In another few thousand years, when 
the carbonate content of the oceans has 
reached equilibrium, the concentration 
will still be four times greater than it is 
today. The earth's temperature will then 
fall to about 12.5 degrees above its pres
ent average. 

Meanwhile the carbon dioxide con-

tent of the oceans will have doubled. 
This raises an incidental question about 
the welfare of sea organisms. We know 
that an increase in carbon dioxide con
centration increases the acidity of wa
ter, and that many marine animals are 
extremely sensitive to changes in acidity. 
However, if the carbon dioxide content 
of the air were to increase sevenfold, the 
acidity (pH) of sea water would not 
rise more than .5 above its present value. 
Thus changes in carbon dioxide concen
tration, which have such a profound ef
fect on climate, will probably not disturb 
future marine life. Perhaps only man 
will be uncomfortable. 

We shall be able to test the carbon 

dioxide theory against other theories of 
climatic change quite conclusively dur
ing the next half-century. Since we now 
can measure the sun's energy output 
independent of the distorting influence 
of the atmosphere, we shall see whether 
the earth's temperature trend correlates 
with measured fluctuations in solar ra
diation. If volcanic dust is the more im
portant factor, then we may observe the 
earth's temperature following fluctua
tions in the number of large volcanic 
eruptions. But if carbon dioxide is the 
most important factor, long-term tem
perature records will rise continuously 
as long as man consumes the earth's re
serves of fossil fuels. 

MAN UPSETS THE BALANCE of natural processes by adding 

billions of tons of carbon dioxide to the atmosphere each year. 

Most of this carbon dioxide is released by the burning of fossil fuels 

in homes and factories, such as these plants in Youngstown, 

Ohio. Like the smoke in the photograph, the carbon dioxide re

leased in this manner diffuses rapidly throughout the atmosphere. 
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Pulsating Stars 
and Cosmic Distances 

Because the rate at which a cepheid \)ariable star pulsates lS related 

to its luminosity, it ser\)es as an astronomical yardstick. Corrections 

In the yardstick ha\)e again raised estimates of the age of the unwerse 

Our present picture of the universe
its structure, size and age-rests 
to a large extent upon observa

tions of a few pulsating stars. Each of 
these s·tars waxes and wanes as much as 
one full magnitude (2.5 times) in 
brightness according to a fixed rhythm 
ranging in period from less than a day 
to more than 50 days. In general, the 
longer the period, the greater the lu
minosity of the star. Such stars are called 
cepheid variables after their prototype, 
star delta in the constellation Cepheus; 
the most familiar of them is Polaris (the 
pole star) , which brightens and fades in 
a period of 3.97 days. We do not know 
what causes the pulsation of cepheid 
variables, nor what it signifies in the 
biography of a star. Some 40 years ago, 
however, by a bold stroke of invention, 
the variable luminosity of these stars was 
made to furnish a distance scale that 
gives astronomy its reach into the cosmos 
beyond the immediate neighborhood of 
the solar system. 

The new distance-scale at once made 
it possible to locate the center and to 
measure the dimensions of our galaxy. 
A few years later the presence of cepheid 
variables in celestial objects such as the 
Great Nebula in Andromeda helped es
tablish that these "nebulae" are them
selves galaxies-island universes as large 
as our own located at immense distances 
out in space. But in recent years the pro
found usefulness of the cepheid dis
tance-scale has been almost overshad
owed by its defects. Corrections in the 
scale have made it necessary for the di
mensions of the observable universe out
side our galaxy to be doubled, and still 
further revisions may be required. Be-
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cause the age of an expanding and evolv
ing universe can be deduced from its 
distance scale, cosmologists have con
currently had to revise the age of the 
universe upward, from two billion to 
perhaps 10 billion years. These correc
tions and further refinements still in 
progress derive from closer study of the 
cepheids themselves. It now seems safe 
to say that the cosmic distance-scale 
will not again expand so radically, and 
that it is at last ready for secure calibra
tion. 

In all likelihood we shall achieve this 
objective still without understanding 
why the cepheids pulsate. Among the 
15,000 stars listed in the monumental 
new Soviet Variable Star Catalogue, 
edited by B. V. Kukarkin, P. P. Parena
go, Y. Efremov and P. Kholopov, about 
3,000 exhibit the regular pulsation of 
the cepheids. Spectroscopic observation 
shows that the surface temperature of 
these stars varies upward and downward 
in phase with their light. Apparently 
they also expand as they brighten and 
contract as they fade. In the 1920's Sir 
Arthur Eddington was able to show the
oretically that the rate of pulsation must 
be related to the mean density of the 
cepheid (its mass divided by its vol
ume) , much as the period of a pendulum 
on earth is governed by its length. But 
we have no mechanism to explain this 
behavior, and we cannot say why a star 
becomes a cepheid. 

The most important advance in our 
knowledge of the cepheids-and the 

most drastic revision of the distance 
scale-came a decade ago with Walter 
Baade's discovery that the stars of the 

universe may be divided into two major 
populations. To Population I, made up 
of young, hot, short-lived stars, he as
signed the brighter and longer-period 
cepheids that appear in the anTIS of spi
ral galaxies. The fainter and shorter
period cepheids associated with the 
globular clusters that swarm around the 
centers of galaxies Baade placed among 
the older and longer-lived stars of Popu
lation II. vVhile astronomers now believe 
that Baade's two populations represent 
an oversimplification and that stars are 
more continuously graded in age, the 
cepheids seem mostly to belong to the 
extreme ends of the population spread. 

At present we imagine that the young 
Population I cepheids represent a phase 
in the life of any star. If we plot the 
color (that is, the temperature) of stars 
against their absolute luminOSity (their 
intrinsic brightness corrected for dis
tance) , most of them occupy a rather 
well-defined "main sequence" [see illlls
tration on page 54J. To the right of the 
main sequence is a scattering of other 
stars, most of them "red giants." Be
tween the main sequence and the red 
giants is an "instability strip" containing 
the cepheids. We presently conceive that 
a star starts out bright and hot, after a 
very rapid stage of gravitational con
traction; then, after the star has con
sumed a certain amount of its hydrogen 
fuel, it begins to cool. Thus in terms of 
the color-luminosity diagram a star 
spends most of its life on or near the 
main sequence, but eventually evolves 
to tlle right. When it reaches the in
stability strip, it begins to pulsate. As 
the star passes through this strip, in the 
course of a few million years, its puIs a-
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tion slows and lengthens in period. Upon 
reaching the end of the strip it ceases 
to pulsate and becomes a red giant. Ul
timately it dims into the graveyard of 
the white-dwarf stars [see "Dying 
Stars," by Jesse L. Greenstein; SCIEN
TIFIC AMERICAN, January]. 

This hypothetical account does not, 
however, cover the evolution of the old 
Population II cepheids found in globular 
clusters. Perhaps these enter the insta
bility strip by evolving "backward" from 
the red-giant phase instead of from the 
main sequence. Most of the globular
cluster cepheids have very short periods 
of less than a day, but even those having 
longer periods can be clearly distin
guished from Population I stars of simi
lar period. Long-period globular-cluster 
cepheids are on the average 1.5 magni
tudes fainter than the younger long
period cepheids, exhibit quite different 
spectra and have masses only about a 
fourth as large. 

The cepheids are highly luminous 
stars. Polaris, the nearest of them, is not 
a particularly bright cepheid, but it is 
about 600 times brighter than the sun. 
The brightest Population I cepheids are 
more than 10,000 times more luminous 
than the sun! This is a fortunate circum
stance so far as the measurement of ex
tragalactic distances is concerned, be
cause it means that such stars make 
themselves visible at very long range. 

In order to understand how pulsating 
stars can furnish a distance scale, we 
must go back 50 years to the work of 
Solon I. Bailey and Henrietta S. Lea
vitt of the Harvard College Observatory. 
Bailey carried out an extensive investi
gation of the cepheids in globular clus
ters within our own galaxy. He found 
that almost all had periods of less than 
a day, except for a few that had periods 
in the range of 12 to 20 days. Miss Lea
vitt later studied the cepheid variables 
that appeared in great numbers in pho
tographs of the Clouds of Magellan, the 
two small galaxies that are companions 
of our own; she found that most of these 
cepheids had periods of more than a day. 
Even more remarkable was Miss Lea
vitt's discovery that the average appar
ent brightness of the Magellanic Cloud 
cepheids is directly correlated with the 
length of their respective periods of pul
sation. Bailey had found no such de
pendence of luminosity on period in the 
globular-cluster cepheids, at least those 
with a period of less than a day. 

�tronomers soon recognized the prom
ise of Miss Leavitt's finding. It was 

known even then that the Magellanic 

LONG-PERIOD CEPHEIDS are found among young Population I stars such as these in 

the Andromeda Nebula. A small section of one arm of the Nebula was photographed at 

two different times with the 200-inch telescope on Palomar Mountain. The marked star at 

upper left is a cepheid variable; the other star (invisible in bottom picture) is a nova. 

49 

© 1959 SCIENTIFIC AMERICAN, INC



SHORT·PERIOD CEPHEIDS are found in globular clusters of old 

Population II stars. These photographs of M 3, one of the globular 

clusters of the Milky Way, were taken 18 hours and 43 minutes 

apart with the lOO·inch telescope on Mount Wilson. Four of the 

Clouds are distant congregations of stars. 
Thus the cepheids in the Clouds are all 
at virtually the same distance from the 
solar system, and the light of all is at
tenuated to the same extent by its jour
ney to the earth. Miss Leavitt's measure
ments of the varied apparent brightness 
of these stars could therefore be taken 
as indications of their relative absolute 
brightness. Here was a potential yard
stick for measuring really long distances 
in the universe! 

It was obvious that, if the distance of 
the Magellanic Clouds could be ascer
tained, one could determine the abso
lute brightness of the cepheids. Miss 
Leavitt's period-luminosity scale could 
then be used to find the distance to any 
stellar system or subsystem containing 
cepheids by turning the problem 
around: Measure the period of the ceph
eid, read off its absolute luminosity 
from the period-luminosity scale, com
pare this with the observed apparent 
luminosity of the cepheid and find the 
star's distance by applying the law that 
the intensity of light varies inversely 
with the square of the distance. Of 
course the accuracy of such a measuring 
rod depends on the assumption that 
cepheids in all parts of the universe 
obey the same period-luminosity law 
Miss Leavitt had derived from the ceph
eids in the MageJlanic Clouds. This 
turned out to be a pivotal assumption. 
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At the time of Miss Leavitt's discovery 
there was unhappily no way to ascertain 
the distance of the Magellanic Clouds. 
Stellar-distance measurement still de
pended on direct trigonometric parallax, 
which is effective only for nearby stars. 
Against the background of stars distrib
uted in the depth of space at all distances 
from the sun, a nearby star appears to 
shift its position as the earth travels from 
one side of the sun to the other. It is thus 
possible to measure the distances of such 
stars by simple trigonometry [see illus
tration on page 53J. Even these dis
tances are so large that it is convenient 
to describe them with a unit called the 
parsec. We say that a star is at a dis
tance of one parsec if its parallax, that 
is, half its shift of position, equals one 
second of arc. But the nearest star has a 
parallax of slightly less than .8 second 
of arc. This corresponds to a distance 
of slightly more than 1.3 parsecs, or 
25,000 billion miles. Sirius, the brightest 
star in the sky, is 2.7 parsecs away, and 
the parallax of a star at a distance of 100 
parsecs is only .01 second. Such small 
angles cannot be determined very pre
cisely; a distance of about 30 or 40 par
secs is the practical limit for determina
tion by direct trigonometric means. 

The cepheids are so rare in space that 
the nearest of them-Polaris-is 90 par
secs away. It is clear, therefore, that 
trigonometry could not be used to de-

termine the distance of a single cepheid, 
and could yield no information on the 
absolute brightness of even the nearby 
cepheids. 

How, then, could the distance to any 
cepheid be obtained? Before Miss Lea
vitt had made her discovery, astronomers 
had devised a method for measuring 
what might be called the "middle dis
tances" of our galaxy. With so many 
stars on our photographic plates we may 
assume that many stars in any given 
group have the same absolute bright
ness. We may also assume that the 
motions of these stars, either radially in 
the line of sight or transversely across the 
sky, will be at random. Now with the 
spectrograph we can determine the ac
tual radial velocity of any observable 
star, independent of its distance from 
us. The spectrum is shifted toward the 
violet if the star is approaching and to
ward the red if it is receding, and the 
extent of shift gives us the velocity of its 
motion. On the other hand, the apparent 
transverse motion across the line of sight 
(called the proper motion) does depend 
on distance. If the stars of our given 
group move, on the average, with the 
same actual velocities independent of 
distance, then the proper motions of 
these stars will appear to get smaller 
with distance. Of course relatively few 
stars are near enough to the sun to have 
exhibited any proper motion during the 
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more than 200 cepheids in the cluster are marked by pairs of 

horizontal lines. On comparing the marked stars in the two photo· 

graphs, one can see a small but perceptible change in their lu· 
minosity. The star at top right, for example, becomes brighter. 

first century of photographic astronomy. 
But when we have determined the sta
tistical spread of the radial velocities, it 
is reasonable to suppose that the proper 
motions vary in the same range. Since 
the distribution of proper motions does 
decrease with distance, the identification 
of the spread in radial velocities with 
the spread in proper motions indicates 
the average distance to the group of 
stars under consideration. 

With the mean distance obtained in 
this way, one can correct the mean 

apparent magnitude of the stars for the 
effect of distance and get the average 
absolute magnitude. From studies of this 
sort in 1913 Ejnar Hertzsprung of Den
mark found an average absolute magni
tude of -2.3 for a cepheid with a pe
riod of 6.6 days. (On the magnitude 
scale the lower number refers to the 
brighter star; stars brighter than the first 
magnitude have negative magnitudes.) 
Hertzsprung's result was based on only 
13 nearby cepheids for which the proper 
motions were known. But astronomers 
now had the absolute luminosity value 
needed to convert the apparent luminos
ity of any cepheid to absolute luminosity 
by reference to Miss Leavitt's period
luminosity scale. 

In 1918 Harlow Shapley of the Har
vard College Observatory saw how the 
scale could be applied to determine the 

distances of the globular clusters in our 
galaxy. He fitted the long-period ceph
eids (periods of 12 to 20 days) of the 
globular clusters to the period-luminos
ity scale for the cepheids of the Magel
lanic Clouds. From this he determined 
the absolute luminosity and hence the 
distance of the long-period cluster stars. 
Using this determination of the distance 
to the clusters, he deduced that the mean 
absolute magnitude of the numerous 
fainter cepheids in the clusters with pe
riods of less than a day was a little 
brighter than zero (i.e., some 100 times 
brighter than the sun) . Shapley then had 
a scale to measure the distance to the 
clusters that contain only faint, short
period cepheids. From the globular-clus
ter distances thus derived, he deduced 
that the globular-cluster system was cen
tered on a point about 16,000 parsecs 
from the sun in the direction of the con
stellation of Sagittarius. It seemed rea
sonable to identify this point with the 
center of our galaxy. Shapley had ob
tained the first good estimate of the size 
of any galaxy. Later determination of 
the luminosities of these shorter-period 
cluster cepheids, obtained by proper-mo
tion and radial-velocity studies, have 
verified Shapley's deduction and shown 
his estimate to be of the right order. 

The period-luminosity scale could 
also be used to estimate the distances to 
any nearby galaxy that contains ceph-

eids. Edwin P. Hubble and his associates 
at the Mount Wilson Observatory soon 
ruled off the distance to the Magellanic 
Clouds and to the Great Nebula in An
dromeda. By the comparison of apparent 
to absolute magnitude thus effected for 
these and other more distant galaxies, 
the cepheid distance-scale made it pos
sible to calibrate the spectrographic shift 
toward the red for the measurement of 
distances to the throngs of even more 
distant galaxies so faint and tiny that the 
cepheids and other stars in their popu
lations cannot be resolved. Cosmologists 
working from these data were able to 
estimate the size of the universe and its 
age from the time of its initial expan
sion. All this extrapolated from the ob
servation of the peculiar process of ceph
eid pulsation that we do not yet fully 
understand! 

I n the next 25 years, however, astrono-
mers and cosmologists encountered 

numerous difficulties that cast increasing 
suspicion on the period-luminosity rela
tionship upon which the whole edifice 
was built. All other galaxies, as meas
ured by the cepheid distance-scale, were 
smaller in size than our own, a peculiar
ly self-aggrandizing result. As nuclear 
physicists succeeded in calibrating the 
rate at which uranium and thorium have 
been decaying to lead in the rocks of the 
earth, their "clocks" made the earth ap-
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CYCLE OF A TYPICAL CEPHEID includes changes in color 

(top), light (middle) and radial velocity (bottom). Maximum 

light coincides with the bluest color (yellow-green), that is, with 

the highest surface temperature. The fluctuations in radial veloci

ty are probably the result of changes in the size of the star 

such that its radius is largest (large yellow disk) midway be

tween maximum and minimum light, and smallest (small yellow 

disk) in the opposite part of the cycle when the light is increasing. 

The relative sizes have been exaggerated in the drawing for pur

poses of clarity; the change in radius is never more than 20 per cent. 
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pear considerably more ancient than the 
universe. There was difficulty also in 
reconciling Eddington's calculation of 
the mean density of the cepheids with 
density estimates derived from the rela
tionship of the observed luminosity of 
these stars to their rate of pulsation. 

An observation by Hubble and Baade 
finally opened the way to a test of these 
suspicions. They pointed out that, if the 
distance to the Andromeda Nebula had 
been correctly measured, then the 
brightest stars of the globular clusters 
surrounding its central region appeared 
to be too faint compared to the brightest 
stars in the globular clusters of our own 
galaxy. If these bright stars in the An
dromeda Nebula were assigned the same 
absolute brightness as the corresponding 
stars in our galaxy, then the cepheids 
visible in the Andromeda Nebula and 
many of the longer-period cepheids in 
our own system would also have to be 
assigned a higher absolute magnitude 
with respect to the shorter-period ceph
eids of the globular clusters that had 
formed the basis of Shapley's scale. 
Could it be that the globular-cluster 
cepheids obeyed a period-luminosity law 
different from that observed for other 
cepheids? 

Such a possibility was foreshadowed 
in 1940 by an observation made by Al
fred H. Joy at the Mount Wilson Obser
vatory. He found a marked difference 
between the spectrum of a 15-day ceph
eid in the vicinity of the solar system 
and a 15-day cepheid in a globular clus
ter. Then, during the war years, Baade 
was able to devote the 100-inch tele
scope on Mount Wilson almost full time 
to his study of the stellar populations in 
the Andromeda Nebula. In dividing all 
stars into two populations he also found 
a basis for classifying the cepheids into 
two species. 

With the 200-inch telescope in opera
tion on Palomar Mountain shortly after 
the end of the war, Baade set out to ob
serve the two types of stars "side by 
side," that is, at the same distance. Un
fortunately not even the 200-inch tele
scope can resolve the faint short-period 
cepheids in the globular clusters of the 
Andromeda Nebula. But Baade was able 
to measure the Population I cepheids of 
that galaxy with great accuracy against 
the brightest globular-cluster stars, for 
which absolute magnitude had been es
tablished with the help of the Population 
II cepheids in our galaxy. Shapley had 
set the absolute magnitude of these stars 
at -1.5, based upon his determination 
that the shorter-period cluster cepheids 
have an absolute magnitude of zero. The 

distance to the Andromeda Nebula, cal
culated from its Population I cepheids in 
accord with the established period-lu
minosity scale, predicted that the bright 
globular-cluster stars should have an ap
parent magnitude of 20.9. Baade found 
that these stars were actually magnitude 
22.4. In other words, they were 1.5 mag
nitudes fainter. 

This demonstrated that the estimate of 
the distance to Andromeda was too 

small by a factor of about two. It also 
showed that the absolute brightness of 
the Population I cepheids in the Andro
meda Nebula was 1.5 magnitudes bright
er than had been indicated by the period
luminosity scale. They have a lower ap
parent magnitude because they are far
ther away than had been supposed. With 
distance to the Andromeda Nebula dou
bled, its size also doubled, bringing it 
into line with the size of our own galaxy. 
These results were dramatically con
firmed when A. D. Thackeray and A. J. 
Wesselink of the Radcliffe Observatory 
in South Africa discovered short-period 
cepheids in the Large Magellanic Cloud 
at exactly the magnitude predicted by 
Baade. 

Hindsight now fully explains the dis
crepancy in the period-luminosity scale. 
With the Population I cepheids ad
vanced 1.5 magnitudes in luminosity, 
there is a discontinuity in the scale that 
clearly divides the cepheids into two 
types. We also understand why this dis
tinction was missed in the early part of 
this century. The young Population I 
stars in the arms of our spiral galaxy lie 
close to its central plane; the brighter 
light of these stars is accordingly 
dimmed by the clouds of dust and gas 
in which stars are formed. The older 
Population II stars, which resemble the 
stars in globular clusters, have had time 
to drift above and below the galactic 
plane, so their dimmer light reaches us 
without obscuration. By a remarkable 
coincidence the interstellar absorption 
of the light from the Population I 
cepheids almost exactly equals the dif
ference in the actual brightness of Popu
lation I and Population II cepheids, that 
is, 1.5 magnitudes. No such obscuration 
dims the light of Population I cepheids 
in the Andromeda Nebula or the Magel
lanie Clouds; their lower apparent mag
nitude is now correctly attributed to 
their greater distance. Thanks to this 
combination of circumstances Shapley 
was able to fit the long-period cepheids 
in globular clusters to Miss Leavitt's 
period-luminosity curve for the cepheids 
in the Magellanic Clouds. He could not 

PARALLAX is used to measure the dis· 

tance of nearby stars. As the earth moves 

around the sun (bottom) a nearby star 

(5) appears to change its position (open 

circles) in relation to stars much farther 

away. When the parallactic angle p is one 

second of arc, the star's distance from 

the sun is 19,000 billion miles, 01' 3.26 light

years, or one parsec. Here the change in 

the apparent position is much exaggerated. 
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SURFACE TEMPERATURE 

GAttACTIC CLUSTERS OF THE MILKY WAY are plotted by de· 

termining the absolute magnitude and the intrinsic color of their 

stars. In this diagram the colors have been converted to approxi. 

mately equivalent surface temperatures in degrees Kelvin. Galactic 

clusters are identified by their names or numbers; fine hatching 
marks those that contain long·period Population I cepheids. Five 

cepheids of the galactic clusters are shown in the "cepheid domain" 

which is marked off according to the length of the period in 
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days. The broken line is the evolutionary track 01 a cepheid of 
NGC 6664. Originally the star was located among NGC 6664 stars 

on the main sequence, but about 100 million years ago it increased 

in luminosity about one magnitude and began to decrease in sur· 

face temperature, so that it moved horizontally across the dia· 

gram toward the cepheid "instability strip." Later it will become a 

red giant with a very large radius and a surface temperature of 

ahout 4,000 degrees K., like the present NGC 6664 red·giant stars. 
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have known that the two types of stars 
are quite different objects. 

From the time of Miss Leavitt's first 
observations the distinction between the 
two species of cepheids had also been 
obscured by a scatter of about one mag
nitude in the positions of the stars along 
the mean line of the period-luminosity 
curve. For many years this was attrib
uted to observational error and possibly 
to internal absorption within the Magel
lanic Clouds. But the scatter could also 
result from a bona fide physical depar
ture of a given star from the mean line. 
This is a point of more than academic 
interest; such uncertainty in the magni
tude of a particular star corresponds to a 
factor of 50 per cent in the computation 
of its distance. The range of error is too 
great if the objective is to measure the 
distance to a galaxy in which only one 
or two cepheids are available. Accurate 
determination of distances to individual 
cepheids has also assumed new impor
tance in the study of our own galaxy. 
Population I cepheids might be expected 
to outline the spiral arms of our galaxy 
and, being very luminous, to carry our 
knowledge of the spiral structure to con
siderable distances from tbe sun. 

,,y e are now certain that the scatter 
is real. Highly accurate photoelectric 
measurements of cepheids in the Small 
Magellanic Cloud by Halton C. Arp of 
the Mount vVilson and Palomar Ob
servatories have established that the 
scatter is very much larger than the er
rors of observation. Allan R. Sandage of 
the same observatories has offered an 
explanation. Sandage predicts from the 
theoretical period-density relation that 
the period-luminosity law must be 
amended to take account of a third vari
able. This variable is the surface tem
perature of the star. 

Observations of certain cepheids for 
which highly accurate surface tem

peratures and absolute magnitudes can 
be derived seem to confirm Sandage's 
theory. These stars are members of loose 
clusterings of very young Population 
I stars in our galaxy called open or 
galactic clusters. The first two were 
found by John B. Irwin in 1955 at the 
Radcliffe Observatory. Others were lo
cated by Sydney van den Bergh and 
myself, and the number of such cepheids 
is now about 10. Their colors (hence 
surface temperatures) and absolute 
luminosities are obtained by yet another 
method for determining distances to 
stars. vVe may expect stars that are close 
together on the color-luminosity dia-
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PERIOD-LUMINOSITY RELATION used by Harlow Shapley fitted all cepheids into one 

curve (blllck), with the short-pedod duster variables at the lower end. The period-luminos

ity relation of Walter Baade divides the cepheids into Population I (solid color) and 

Population II (broken line) _ The latter stars are fainter than Population I stat·s of the same 

pedod. On magnitude scale, brightness increases by a factor of 2.5 from -1 to -2, and so on. 

gram, and thus are similar in color and 
spectral characteristics, to have the same 
absolute brightness. By matching some 
of the stars of a cluster to similar stars 
for which the distance is known, we can 
derive the distance to the cluster. We 
can then determine the luminosity of 
the other stars in the cluster. Unfortu
nately most of the galactic clusters are 
obscured by interstellar material. This 
material not only absorbs light, but also 
reddens it, making the surface tempera
ture of a star seem lower. By observing 
these stars in several colors, however, 
it is possible to derive intrinsic colors 
and surface temperatures. 

With Sandage's period-luminosity
surface temperature relationship appar
ently well sustained, we can now de
termine the distance of a single cepheid 
if we know its surface temperature and 
period. The procedure may be demon
strated by reference to the color-luminos
ity diagram on the opposite page. On 
this diagram the cepheid variables oc
cupy a band that, at a given position, 

reaches horizontally across a tempera
ture range of about 1,000 degrees abso
lute and vertically over a factor of about 
six in absolute magnitude. Sandage 
has computed the lines of constant peri
od, which slope down diagonally to the 
right on the diagram. To use the dia
gram, we locate a given cepheid (not 
necessarily from a galactic cluster) on 
its appropriate period line. We then 
draw a vertical line from the base of 
the diagram corresponding to the tem
perature of the star. The intersection 
of this line with the period line gives us 
the luminosity with high precision. We 
can then obtain the distance to the star 
with what is hoped to be an error of 
less than 10 per cent. 

The final result of these studies of 
cepheids in galactic clusters should be 
a useful and accurate period-luminosity
surface temperature chart for the ceph
eid variables. Astronomers may expect 
soon to have a much more reliable scale 
for measurement of long distances in
side our own galaxy and beyond. 
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THE PERCEPTION OF MOTION 

Relativity of nlotion furnishes the chief clues to the perception 

of it, yet \ve ascribe nl0tion to objects as if they had acquired 

an absolute quality. This ,vay of perceiving plays strange tricks 

Most of u� have had the experi
ence of staring from a waiting 
train at a train on an adjacent 

track and sensing momentarily and mis
takenly that it was our train that had 
started to move forward. Alternativel y 
we have idly gazed at a branch reaching 
upward from a running stream and have 
seen the branch apparently drift up
stream. Or we have looked at the moon 
through wind-swept, broken clouds, 
framed in treetops, and have wondered 
as the moon appeared to sail through 
the sky against the motion of the clouds. 

These are familiar instances of a pe
culiar aspect of our visual perception of 
motion. As strictly defined by the physi
cist, motion is the displacement of one 
object relative to other objects. But the 
physicist does not help us to clarjfy 
our perception of motion, for he will add 
that motion is a matter of definition. 
Which object is displaced and which 
serves as the frame of reference is an 
arbitrary choice. Visually perceived, 
however, motion has no such relative 
aspect; it is an attribute of the moving 
object, even if only a temporary one. 
We say that an object is at rest when this 
property is absent. Thus, in experience, 
motion and rest are absolutes, inherent 
in the object perceived. \lVe sense this 
absolute quality of motion especially 
when we must correct a first impression. 
Though we can certainly make ourselves 
aware of the displacement of a moving 
ubject in relation to other objects in our 
field of vision, this awareness is by no 
means a genuine part of the perceived 
motion, which remains entirely an affair 
of the moving object. 

It is tempting to ascribe this absolute, 
nonrelativistic aspect of experienced 
motion to the manner in which the ex
perience is caused. Is not motion per
ceived when an object changes its posi-
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tiun in relation to the observer, causing 
the eyes to pursue it? The perception 
uf motion would thus seem to accord 
with the conditions of stimulation, quite 
independent of the presence of other 
ubjects in the visual field. But matters 
are not quite so simple. \lVe also expe
rience motion when it is caused by the 
displacement of one object relative to 
another. At first glance it might seem 
impossible to distinguish between these 
two modes of perception, for the dis
placement of one object in relation to 
another must always involve the dis
placement of at least one object in 
relation to the observer. The distinc
tion may be proved, however, by ex
periment. As everyone who has watched 
the hour hand of a clock knows, motion 
may be too slow to be perceived; one 
may notice change of position, but not 
motion. \lVith a luminous dot in a homo
geneous dark field, we can measure the 
threshold of velocity at which motion is 
perceived. But if we now light up a sec
ond, stationary dot near the moving one, 
we discover that the threshold is lowered 
considerably. Motion at a lower velocity 
will be seen so long as the two dots do 
not move too far apart. \lVe may thus 
distinguish between motion perceived 
un the basis of an "angular displace
ment" of an object relative to the ob
server and of an "object-relative dis
placement" of one object in relation to 
another. 

This experiment reveals a further in-
teresting fact. When the moving dot 

moves too slowly to excite perception 
of motion by virtue of its angular dis
placement, object-relative displacement 
will lead the viewer to experience the 
motion of one dot or of the other or 
of both in various patterns, as shown 
in the illustration on this page. The re-

suits reported by observers are as varied 
as the ambiguity of the situation would 
suggest. \lVe may now ask a useful ques
tion: How do perceived motion and rest 
in such a situation distribute themselves 
among the objects that are being dis
placed relative to one another? The 

D--� o 

D <---0 

<-0 

D-----> 0-> 
OBJECT·RELATIVE MOTION may give a 

viewer perceptions of motion quite differ· 
ent from the objective motion. Relative dis· 
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question suggests further experiments 
which reveal some significant principles 
that rule the visual assignment of the 
properties of motion and rest to the 
objects perceived. 

Consider what happens when one of 
the two objects surrounds the other, the 
first object in effect forming the back
ground of the second. For example, the 
viewer is presented with a dot surround
ed by a circle. No matter which object is 
moved by the experimenter, the result 
is invariably the same: the viewer sees 
the dot move and sees the circle remain 
at rest. 

This rule is rather strict and pervasive. 
It even holds under conditions in which 
it gives rise to experiences that are at 
variance with the objective situation. 
For example, the viewer is presented 
with a dot surrounded by a rectangle 
which is in turn surrounded by a ring. If 
the rectangle is now moved, the viewer 
perceives motion in both the dot and the 
rectangle and sees the ring remain sta
tionary. The perceived motion of the 
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rectangle is in the direction of its ob
jective motion, while the motion of the 
dot is in the opposite direction. But this 
distribution of motion and rest among 
the objects is quite inappropriate. That 
the dot appears to move and the ring 
does not is inconsistent with the fact that 
there is no objective displacement be
tween the dot and the ring. The nature of 
this discrepancy is clarified by removing 
the ring from the picture. Without the 
ring only the dot is seen to move. The 
addition of the ring adds the motion of 
the rectangle to that of the dot, for the 
rectangle is now a surrounded object. 
Thus the two motions perceived arise 
from the two different relative displace
ments. 

The rule that the surrounded object 
appears to move holds even when the 
surrounding object is moved at a velocity 
above the threshold for perception of 
angular displacement. In the ring, rec
tangle and dot experiment, the stationary 
dot still appears to move in the direction 
opposite that of the objectively moving 

rectangle. The ring, however, is no long
er a necessary part of the situation, be
cause the motion of the rectangle can 
now be perceived in the absence of the 
ring. We have here, in fact, the scheme 
of the illusion of the sailing moon or of 
the drifting branch. The moon corre
sponds to the dot, and the clouds repre
sent the rectangle. The trees or rooftops 
in our line of vision may serve as the 
ring, but their presence is not essential 
because the clouds are moving above the 
angular-displacement threshold. Simi
larly the objectively stationary branch 
in the stream is the surrounded object, 
and leaves or other debris on the sliding 
surface of the stream are analogous to 
the moving rectangle. 

This illusion is usually called "in
duced" movement. The term has been 

in use a long time; it has been commonly 
assumed that the induced movement is 
caused merely by the perceived move
ment in the environment, and that it is 
always in the opposite direction. But as 

�--. --7 
---> 

placement of the circle and square at left, produced in four differ
ent ways, may be experienced as any of the three uppe<' combina
tions of motion. A surrounded object, as in center panel, takes on 

uniform perceived motion (colored arrows) despite varying com
binations of objective motion (black arrows). If surrounded object 
is itself surrounded (right), it too acquires perceived motion. 
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our experiments have already suggested, 
this simple view of the matter is inade
(Juate. The crucial element in the pic
ture is the relationship of the surrounded 
object to the surrounding object. We 
can, in fact, contrive an experiment in 
which induced movement is not opposite 
to the perceived movement of the sur
rounding object. The dot, rectangle and 
ring again provide the elements of the 
picture, but this time the ring is moved 
downward as the rectangle is moved to 
the right (in each case at a velocity be
low the threshold for perception of an
gular displacement). These objective 
movements produce a displacement of 
the rectangle upward and to the right in 
relation to the ring, and a displacement 
of the dot horizontally leftward in rela
tion to the rectangle [see illustration be
low J. As in the previous experiments, the 
perceived motions correspond to these 
relative displacements: the rectangle is 
seen to move obliquely upward to the 
right and the dot horizontally to the left. 
Under certain conditions the leftward 
motion of the dot may be slightly oblique 
in the upward direction. But what has 
become of the induced motion of the dot 
relative to the perceived motion of the 
rectangle? In accord with the original 

r----------------,
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notion of induced motion, the dot should 
move obliquely downward and to the 
left, since the perceived motion of the 
rectangle carried it upward and to the 
right. But the dot is never seen to do so. 
Its induced motion relative to the rec
tangle is fundamentally determined by 
the fact that the rectangle surrounds it. 
The displacement of the surrounded ob
ject relative to its surrounding remains 
unaffected by the secondary displace
ment of the surrounding object relative 
to a third object or to the observer. 

Once we recognize the effectiveness of 
the object-relative condition of stimula
tion, we find it playing an ascendant role, 
even in situations that might otherwise 
seem to be dominated by perception of 
angular displacement. Consider, for ex
ample, our judgment of speed, taking 
this term to stand for the perceptual 
counterpart of objectively measured ve
locity. A crucial discovery was made in 
1927 by J. F. Brown, then working at 
the University of Berlin. He had his 
subjects, in a darkened room, observe 
the speed of a small black disk mov
ing up or down in a lighted aper
ture. They were to match the speed of 
the disk by adjusting the speed of a 
smaller disk moving up or down in a 
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lighted aperture half the size of the first. 
The experiment yielded a result that 
at the time was quite unexpected. It 
turned out that, in order to match the 
speeds of the two disks, the velocity of 
the disk in the smaller aperture had to be 
set at a little more than half that of the 
larger disk. This transposition of velocity 
in accord with the relative size of the two 
fields held over a wide range of veloci
ties, from as little as two inches per sec
ond to as much as 10 inches per second. 
It also held over larger contrasts of field 
size, although the ratio of matching 
velocities tended to depart from the ra
tio of field sizes when the difference in 
size became very large. When the room 
was fully lighted, however, and com
mon frames of reference became visi
ble to the experimental subjects, the 
transposition of velocity became a good 
deal less exact. 

We can explain these results quite 
readily in terms of the object-rela

tive mode of motion perception. ''''ith 
no general frame of reference avail
able, the judgment of speed in this ex
periment depends upon the size of 
the field in which it is observed. Speeds 
in two different fields are seen to be 

• 

SURROUNDING OBJECT plays the decisive role in determining 
what motion is perceived and in allocating perceived motion to var
ious objects in the visual field. Here the ring and rectangle at left 
are moved (black arrows) to new positions (right). The perceived 

motion of the rectangle (colored arrow) is the outcome of these 
two motions. The central spot, objectively motionless, acquires 
perceived motion in either one of two directions: with reference 
10 the rectangle alone or with reference to the circle as well. 
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the same when the moving disks tra
verse equal fractions of the apertures 
in the same unit time. The transpo
sitions are not, of course, 100 per cent 
perfect. This is because the perception 
of angular displacement also plays some 
role in our estimate of speed. But the 
close match of velocity ratios with the 
ratios of aperture sizes indicates the pre
ponderant role of the object-relative 
mode of motion perception. 

The important factor of form enters 
the discussion at this point; it plays a 
critical role in perception of object-rela
tive motion. A pattern of visual stimula
tion may be transformed in a number of 
ways without changing the form. The 
most familiar, and the one relevant here, 
is the transformation of size. Two aper
tures of different size, each with moving 
disks at the same relative point, present 
identical forms to the observer. As the 
disks move at matched speeds, the two 
forms go through identical changes. 

Whereas a change in size does not 
affect perceived form, another simple 
transformation produces surprisingly im
pressive changes in our perception of 
form. A pattern may change its form 
entirely when its orientation to the up
right is altered. Turn a square through 
45 degrees and it looks so different that 
it commands a different word in our lan
guage. The same is true of such a simple 
configuration as a pair of dots, because 
the dots produce, in their perceptual re
lationship to each other, an impression 
of direction [see middle illustl'ations at 
right]. Our perception of motion reflects 
this quality of form perception. For ex
ample, if two dots are moved in the same 
direction at the same velocity below the 
threshold for perception of angular dis
placement, they do not appear to move 
at all. There being no change in the dis
tance between them, there is no object
relative displacement. On the other 
hand, if one dot is held stationary and 
the other is moved around it in a circular 
path, one or the other or both dots are 
seen in motion. Although the change in 
form here does not involve change in 
distance, it acts exactly like object
relative displacement and produces per
ceived motion. 

Our perceptual dependence upon ob
ject-relative displacement and form 
change accounts for a number of engag
ing phenomena. Frequently the move
ment of an object along a given path 
gives rise to the experience of two simul
taneous movements. We produce an im
pressive experience of this kind if we 
place a light source on the rim of a wheel 
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FORM PERCEPTION plays an important role in the perception of motion. At top the mo· 
tion of the spots in the two similar rectangles appears to be at the same speed because the pat· 
terns are identical (as at right) at each stage of motion. Rotating a square through 45 degrees 
makes it into a "diamond." Similarly a change in the position of two dots (right middle) con· 
veys quite a different sense of form. If two dots move slowly in the same direction (bottom 

left), no motion is pe:ceived. However, circular motion of one dot (bottom right) causes a 
change of form and excites definite perception of motion (which may involve both dots). 
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DIFFERENT EXPERIENCES in the observer are caused by the 
same objective motion of light on tbe rim of a rolling wheel. At 
lOp, the perceived motion (on a cycloidal curve) filS the objective 

motion. However, if the hub is lighted (bottom), this perceived 
motion gives way to a compound motion: tbe light on the rim now 
seems to rotate about the hub as the wheel rolls from left to right. 

and another at its hub and observe the 
wheel rolling in the dark. The light on 
the wheel is seen to move in a circle 
around the hub and to travel forward 
along with the light at the hub. If we 
turn out the light at the hub, both of 
these motions disappear entirely. The 
perceived movement of the light at the 
rim now resembles its objective path, 
moving along through successive arches 
of a cycloidal curve [see illustration at 
top of this page]. 

The experience of two simultaneous 
movements of a single object can be 
obtained under even simpler conditions. 
In an experiment, first performed by 
Gunnar Johansson, then at the Psycho
logical Institute of the Stockholm Hog-
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skola, two round spots are moved along 
the legs of a right angle toward its apex, 
and then back to their starting position 
[see illustration below]. Observers in
variably see the two spots moving 
straight toward each other as they travel 
a slanting path together, and then mov
ing apart as they retrace the same slant
ing path. Each spot appears to be going 
through two simultaneous motions. One 
motion is in the direction of the other 
spot; the other motion is at right angles 
to the first and parallel to the slanting 
path on which the two spots converge. It 
is as if the true objective motion of the 
spot were the resultant of the vectors 
of these two motions. Observers usually 
find the movement of the spots toward 

COMPOUND MOTION is perceived in two dots which objectively move (black arrows) 
along straigbt lines at right angles (left). To an observer, however, the dots seem to move 
(colored arrows) toward one another and simultaneously to move as a unit obliquely 
downward. Observers often fail to note the second component of this compound motion. 
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and away from each other to be much 
the more conspicuous of the two simul
taneous motions. About 35 per cent must 
be prompted before they perceive the 
second motion and "confirm its presence 
without hesitation." 

T o the extent that one's awareness of 
one's own motion is mediated by vis

ual perception, it may be subject to the 
vagalies illustrated in these experiments. 
The illusion of motion experienced 
when the train on the neighboring track 
pulls out is an example of induced mo
tion in the perceiver. If the scene that 
fills the observer's field of vision is in 
some manner displaced with respect to 
him, he will feel himself in motion and 
perceive his environment at rest, even 
when some large objects in the fore
ground are not displaced. The visually 
induced sensation of locomotion seems 
quite indistinguishable from that which 
arises from kinesthetic stimuli and on 
these occasions overwhelms them. This 
is another instance of our paradoxical 
tendency to experience motion as an ab
solute rather than a relative process, 
even though its perception depends upon 
relative displacement. In allocating the 
qualities of motion and of rest to our
selves and to our environment, visual 
perception follows the rule that keeps 
the surrounding at rest and bestows mo
tion upon the object surrounded. 
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____ Kodak reports on: 
copying as you go . . •  adjusting at the lab instead of in the sky ... before and after yogurt 

Film to view a planet by 
Speaking of fresh approaches to old 
problems, let's get rid of complex and 
heavy equipment that an airborne (or 
better) vehicle on photographic duty 
must carry to adjust exposures as it 
moves into different illumination con
ditions. Let's expose the whole roll of 
film at the same settings and forget the 
light leveL Let's make the adjustment 
during processing at the lab, not zip
ping through the sky. 

We now sell a film you can treat 
that way-Kodak Plus·X Aerographic 
Film. * 

First thing after it comes back from 
the ride is to put it through a certain 
developer for 7 minutes. Inspect. Cut 
off the part of the roll that shows 
printable image and put the rest 
through Kodak Developer D-19 for 2 
more minutes. Inspect. Cut off what
ever part of the roll still shows no 
printable image and put that part back 
in the D-19 for another 10 minutes. 
Whatever you don't have by then, 
you just don't have. If there are re
grets, you can sadly conclude that 
standard aerial emulsion speed, even 
with spectral sensitivity extended to 
710mIL as it has been in the new Plus-X, 
is inadequate for what you were trying 
to do. 

*Down, boy! You can't have this emulsion yet on 
16mm, 35mm, or sheet film. There are honest tech· 
nicaJ reasons for this, but you have to work in a 
film factory to appreciate them. 

They sayan image 

of practically any· 

thing can be had by 

the Verifax copy· 

ing meth ad. This 

little unit, used with 

a Verifax Copier, 

seems to bearit out! 

$185 list. Any Veri· 

fax Deal er will  

demonstrate it. 

Cansult the Yellow 

Pages f or his phone 

number. 

We do have one, Kodak Tri-X Aere
con Film, that's quite a lot faster. It 
doesn't offer as big a definition boost 
as has been built into Plus-X, nor does 
it tolerate fishing in the developer for 
the proper effective emulsion speed. 

On the contrary, we sort of feel 
that the brightest prospects for the 
future of photography to see a planet 
by lie in films slower than the new 
Plus-X. Trading in film speed for film 
definition strikes us as a good bargain. 
We suspect that with recent advances 
in lenses, image movement compen
sators, and vibration control, the cus
tomers don't need as much film speed 
as they have been used to. We know 
where we can lay hands on some slow 
aerial films of astounding definition. 
The exposure index-by-development 
technique works very well on them. 

In youth YOIl learned to develop paper 
prints by inspectioll. This is a different prill' 
ciple, and the inspection is by infrared. 
You'll need plellty of advice. Write to 
Eastman Kodak CompallY, Government 
Sales Division, Rochester 4, N. Y., for 
encouragement. 

Acido 010#;(0 
Around the turn of the century it was 
brought to the world's attention that 
the inhabitants of certain Bulgarian 
villages were a) living to ripe old ages 
and b) consuming vast quantities of 
the ripe old fermentation products of 
the local dairying. Echoes of this coin-

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 

cidence have rumbled forth at inter
vals since. 

In the twenties a certain elderly 
biochemist who had seen much im
portance in the correlation was a cele
brated figure of Paris. In the thirties 
American milk wagons were bedizened 
with signs advertising a certain brand 
of fermented milk. In the forties the 
word "yogurt" entered the vocabu
lary of the American intelligentsia. 
With the dawn of the fifties, the 
Journal of the American Chemical 
Society (72, 2312) reported that cer
tain strains of Lactobacillus bulgaricus 
throve when supplied with 6-carboxy
uracil, a substance first synthesized 
in 1897 for academic exercise and later 
shown to be identical with orotic acid. 
This name was derived from opoO', 
whey, by two Italians who had en
countered the substance while making 
lactose from milk whey liquors. 

The flowering of biochemical so
phistication in the mid-fifties has ex
cited a deeper curiosity about orotic 
acid. To some it looks like a significant 
intermediate in the process by which 
living organisms fabricate nucleotides 
for their DNA-the stuff of genes
out of the amino acids at their dis
posal. This is big talk. 

In Italy interest in acido orotico has 
been rekindled to a small-scale frenzy. 
At the University of Urbino last June 
a colloquium on pyrimidines (Acta 
Vifaminologica, 12, 195-328) devoted 
much of its attention to the compound. 
One man claimed his evidence showed 
that a dietary deficiency of orotic 
acid affects pregnancy, lactation, and 
growth in the rat, that it is a vitamin
like factor essential for the survival of 
the newborn. One senses the closing of 
a circle. 

If we had not been invited to quote on 100 
kilos of Orotic Acid recently, we might not 
have looked up all this lore. We didn't get 
the order, but ill frying we made enough of 
it to stock as Eastmall 7784 (along with 
2-Thioorotic Acid, Eastmall 7783) for the 
convenience of biochemical investigators. 
Anybody who wallis to sell it from milk 
trucks is strictly 011 his OWII. 

Price is subject to 
change without notice. 
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IN ... YOUR ... FUTURE ... 

Section of Honeywell data acquisition 
system that, in a 12 minute rocket engine 
test, can put 7,200,000 four-digit data 
measurements, each accurate to within 
±0.1%, on one 10%" reel of half-inch 
wide tape. 
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The dashes in the above tape sym
bolize electrical pulses recorded 
on magnetic tape. Such pulses can 
precisely represent time, tempera
ture, rate, vibration, pressure, 
direction, and a host of other 
variables, in either analog or 
digital form. 

Taped data can speed test analy
ses, monitor operations, program 
equipment, and serve as acces
sible, compact storage, all auto
matically. The resultant savings 
in time and expense are yours. 

MINNEAPOLIS-HoNEYWELL, 
10721 Hanna St., Beltsville, Md. 

Honeywell 
��t�� 

Education in an Age of Science 

T
he President's Science Advisory 
Committee has recommended that 
the nation double its current $15 

billion annual expenditure on education. 
In a report entitled "Education for the 
Age of Science " the Committee proposed 
that the added funds be used to raise the 
pay of teachers, to aid all gifted students 
in need of financial assistance, to enlarge 
the number and improve the quality of 
graduate engineering schools and uni
versity science departments, to bring up 
to date outmoded science and engineer
ing curricula, equipment, textbooks and 
teaching aids, to set up technical insti
tutes, to operate adult-education pro
grams in science, to establish mobile sci
ence museums, and generally to improve 
education in all fields. 

The Committee also addressed itself 
to the national attitude toward educa
tion. States the report: "An enhancement 
of the nation's desire to learn and an in
crease in its respect for intellectual excel
lence have become essential to national 
progress, and even to survival. . . .  In 
school or in college, learning to think 
must take precedence over learning to 
run or swim or drive a car. " 

The Committee was critical of person
al-adjustment courses and of teacher
training programs that stress educational 
techniques at the expense of subject
matter courses. "We deplore, "  the report 
states, "those rules which exclude from 
secondary teaching first-class scholars 
solely because they lack the proper num
ber of credits in 'education. ' " 

The Committee recommended that 
secondary-school students who plan to 

SCIENCE AND 
study science in college should take four 
years of English, three or four of mathe
matics, two or three of science, three of 
a modern language and two of social sci
ence, including history. College students 
who do not major in science should 
spend at least 15 per cent of their time 
studying science, and should take at least 
two full-year science courses before 
earning a baccalaureate degree in any 
field. Courses for such students should 
help them think their way through and 
appreciate fundamental scientific con
cepts such as organic evolution. 

The Committee report suggested that 
the U. S. is wasting half of its human re
sources in underestimating the potential 
of women in science and technology. 
Other resources are wasted when gifted 
students are required to follow an inflex
ible curriculum for a fixed number of 
years. 

The Committee pointed out that vital 
national decisions are made primarily on 
the basis of scientific and technological 
knowledge, and that citizens who have 
no interest in this knowledge can take 
no intelligent part in such decisions. 
"There is, therefore, no escape from the 
urgency of providing high-grade and 
plentiful adult education in science now, 
planned for those who are unprepared 
even in the fundamentals. . . . This is 
primarily a challenge to the scientists 
themselves. It is they who must deter
mine what science the citizen most needs 
to know; it is they who must suppress 
the notion that 'popularizing' is evil or 
impossible. " 

Shortly after the report was issued, 
the chairman of the Science Advisory 
Committee, James R. Killian, Jr., an
nounced his resignation as President 
Eisenhower 's special assistant for science 
and technology. Killian leaves "for com
pelling personal reasons," and to take up 
his position as chairman of the Massa
chusetts Institute of Technology Corpo
ration. He was president of M.I.T. when 
the President named him special assist
ant in 1957. He is credited with having 
exerted a great influence on the nation's 
scientific policies and activities in the 
intervening period. 

To succeed Killian, President Eisen
hower appointed George Bogdan Kistia
kowsky, Russian-born professor of chem
istry at Harvard University who has been 
a member of the Science Advisory Com-
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THE CITIZEN 
mittee. Killian will remain a member of 
the Committee. 

Two-Mile Accelerator 

The Atomic Energy Commission has 
announced plans to build a two-mile

long linear accelerator as a national re
search facility at Stanford University. 
The machine will initially accelerate 
electrons to an energy of 10 to 15 billion 
electron volts; ultimately, it is hoped, it 
will produce particles of 45 bev. Devel
opment of the accelerator will cost $ 18 
million; construction, $100 million; an
nual operation, $15 million. Construc
tion will take about six years. 

The accelerator will occupy two paral
lel tunnels separated by several feet of 
earth and buried at a depth of 35 feet. 
One tunnel will house the operating 
equipment; the other will hold the two
mile-long evacuated tube through which 
the electrons will be propelled in a 
straight line by a traveling radio-fre
quency wave. The largest linear acceler
ator in existence at present is also at 
Stanford. A midget by comparison with 
the projected machine, it is 220 feet long 
and produces electrons of 700 million 
electron volts. 

The new linear machine will eventual
ly be in the same class as the 25- to 30-
bev circular synchrotrons now being 
built at Brookhaven National Laboratory 
and in Geneva. The U.S.S.R. plans to 
build a 50-bev synchrotron. All of these 
circular machines will produce protons. 

In accelerating electrons the great 
linear machine will make possible studies 
in the nature of matter that cannot be 
undertaken with protons. Although elec
trons can also be accelerated by a syn
chrotron, it is much more efficient to do 
so in a linear machine. The reason is that 
electrons accelerated to huge energies in 
a straight line radiate away much less of 
their energy than those accelerated on a 
curved path. 

B load and Genes 

Research on that least manageable of 
all animals, man, is overtaking studies 

of molds, viruses, bacteria and fruit flies 
as a source of knowledge of how genes 
control the processes of life. A recent 
example is found in a paper in Nature 
on the way in which the hereditary ma-

RADIOACTIVE M ATERIAL HAN
DLING investigations are safely 
carried out with this Stokes proto
type vacuum furnace. It is remotely 
operated by manipulators and other 
external controls. This installation 
represents another specific require
ment met through Stokes flexibility. 

PLUTONIUM MELTING AND CASTING 
will soon be easily accomplished by 
this Stokes vacuum furnace being 
assembled for shipment to custom
er's plant. The entire system will be 
enclosed within a vacuum dry box 
for "clean handling" and operation: 
another example of Stokes design 
concept flexibility. 

URANIUM MELTING ON A PRODUC
TION BASIS is accomplished by this 
Stokes induction melting furnace. 
Designed for safety and convenience, 
the furnace is serviced from the top 
and features a removable bottom 
section to facilitate handling of 
poured materials. It is typical of 
Stokes inherent flexibility. 

nuclear flexibility 
Metallurgical investigations are leading to new, practical appli
cations: plutonium melting and casting, uranium melting on a 
production basis and new methods of handling radioactive ma
terials ... are just a few. At Stokes, extensive design experience 
and manufacturing facilities work hand-in-hand to make these 
developments possible. Stokes pioneered in the application of 
vacuum metallurgy to the nuclear field. In the modern Stokes 
laboratory, vacuum melting, casting, heat-treating and pellet
izing experiments are providing new methods of overcoming 
traditional bottlenecks. 

Stokes experience and aggressive developments in the field of 
nucleonics can go to work for you. Whatever your requirements, 
the inherent flexibility of Stokes design concepts is assurance 
that your stringent needs can be met. Why not investigate 
further by writing or calling Stokes today. 

V acuum Metallurgical Division 
F. J. STOKES CORPORATION 

5500 Tabor Road, Philadelphia 20, Pa. 
STOKES 
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In looking ... by radar. And in listening or communicating 
. . . by microwave transmission. 

Wave-guide switches developed by the T APCO 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 T APCO 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 
facilities of the T APCO Group to work on your microwave 
projects, write to: 

TAPCO GROUP 
Thompson Ramo Wooldridge Inc. 

Dept. SA-1759 • Cleveland 17, Ohio 

DESIGNERS AND MANUFACTURERS OF SYSTEMS, SUBSYsTEMS AND COMPONENTS 

FOR THE AIRCRAFT, MISSILE, ORDNANCE, ELECTRONIC, AND NUCLEAR INDUSTRIES 
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terial controls the synthesis of a protein. 
Investigations by John A. Hunt at the 
University of Cambridge and others in
dicate that two genes direct the produc
tion of the protein hemoglobin in man. 
Each of the genes seems responsible for 
synthesizing one of the two chains of 
amino acid units in the hemoglobin mole
cule. Until recently one gene was thought 
to account for the production of one kind 
of protein. 

In his studies Hunt used blood drawn 
from the umbilical cord of newborn in
fants. Babies have two kinds of hemo
globin, one characteristic of adults and 
one of fetuses. The fetal hemoglobin 
tends to predominate at birth, but after 
a few months a normal infant has only 
the adult hemoglobin. The two hemo
globins differ in the quantities of several 
amino acids each contains and in other 
respects. 

In both types of hemoglobin Hunt 
separated the two linked series of amino 
acid units, which are called the alpha 
and beta chains. Then he used the en
zyme trypsin to break the chains into 
fragments, and separated the fragments 
by electrophoresis and chromatography. 
He verified suggestions by others that 
the alpha chains of adult and fetal hemo
globin are identical, and he found fur
ther that differences in the adult and 
fetal beta-chains fully account for the 
known variations between the two kinds 
of hemoglobin. 

As Hunt points out, others have sug
gested that the synthesis of the two
chain molecule may be controlled by 
two genes. He believes that the syn
thesis of the alpha chain of both fetal and 
adult hemoglobin may be controlled by 
the same gene, and, if this is true, iden
tical abnormalities should be found in 
the alpha chain of both adult and fetal 
hemoglobin taken from the same individ
ual. 

On the other hand, if the beta chain 
in adult and fetal hemoglobin is con
trolled by different genes, then an ab
normality on an individual's fetal beta
chain should not appear on his adult 
beta-chain. Conversely, an abnormality 
on the adult beta-chain should not be 
found on the fetal beta-chain. Some ex
periments, Hunt reports, have already 
confirmed this in part. 

Recent discoveries by Hunt 's Cam
bridge colleague, Vernon M. Ingram, 
provide an opportunity to investigate the 
matter further. Ingram has found that 
four abnormalities, including the well
known sickle-cell anemia, are associated 
with the beta chain of adult hemoglobin, 
while two are found only on the alpha 
chain. Using this information, Hunt 
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plans further studies of the hypothesis 
that different genes control the two 
chains of amino acid units in human 
hemoglobin. 

Plutonium for Reactors 

A new plutonium-fabricating plant at 
the Argonne National Laboratory 

has already started work on its first proj
ect-the development of plutonium fuel
elements for reactors. The work can be 
regarded as a technological precaution 
against the inevitable exhaustion of the 
earth's supply of uranium 235. Pluto
nium, the fissionable element used in 
nuclear weapons, is potentially much 
more abundant than uranium 235 be
cause it can be made from uranium 238, 
which is 140 times more plentiful than 
uranium 235. By capturing a neutron, 
nonfissionable uranium 238 becomes 
fissionable plutonium 239. 

This reaction is turned to advantage 
in fast breeder-reactors, which produce 
(or "breed") more fuel than they con
sume. Uranium 238 elements blanket 
the core of a breeder reactor, and become 
plutonium by capturing some of the re
actor's surplus neutrons. The plutonium 
can be separated and made into fuel ele
ments that yield even more power per 
kilogram than those made with urani
um 235. 

Between the idea and the realitv lies 
a no-man's-land of technical prob

·
lems. 

The development of satisfactory pluto
nium fuel-elements presents difficulties 
that seem formidable, even in an indus
try accustomed to the tricky metallurgy 
of exotic materials [see "Reactor Fuel 
Elements," by James F. Schumm'; SCI
ENTIFIC AMERICAN, February]. Pluto
nium is a metal subject to such drastic 
changes that one physicist waggishly 
suggested that it should have been 
named "proteum," after the Greek sea 
demon who changed himself into a lion, 
a serpent or a fire to avoid capture. Plu
tonium assumes at least six crystal forms 
and passes through five solid-state trans
formations between room temperature 
and its melting point (640 degrees centi
grade). These transformations are ac
companied by changes in volume and 
physical properties. Plutonium fuel-ele
ments would tend to buckle and twist on 
being heated or cooled. 

Plutonium is also extremely dangerous 
to work with. Plutonium dust and turn
ings ( as well as its hydrides, some alloys 
and impure residues) are pyrophoric
they burst into flame spontaneously, giv
ing off deadly radioactive plutonium
oxide smoke. Since plutonium is an in
tense emitter of alpha particles, neither 

Micro""ave 
""ave-guide s""ilches 

In the state-of-the-art of wave-guide switches, TAPCO 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 Sand 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 1.1511 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 system s ;  and other transmission 

line subsystems. 

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

and components will gladly be sent you on request. 

TAPCO GROUP 
Thompson Ramo Wooldridge Inc. 

Dept. SA-2759 • Cleveland 17, Ohio 
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the smoke nor any form of plutonium 
dust can be allowed to escape into the 
air, where it might be inhaled or ingested 
by humans. 

Such problems have already been 
solved in the new Argonne plant. The 
plant contains a miniature rolling-mill 
designed to handle plutonium ingots the 
size of a bar of soap. The mill machinery 
is completely encased in glass, and op
erates in an inert atmosphere of helium. 
More than 100 fume hoods filter pluto
nium dust from the system and more 
than 1,500 sealed portholes fitted with 
sleeve-length neoprene gloves permit 
human intervention at various stages in 
the milling and fabricating process. 
Most of the operations are performed 
either remotely or automatically, how
ever, to reduce the need for handling 
the material. 

The $4-million plant will operate in 
conjunction with Argonne 's $ 10-million 
Fuel Technology Center, a research in
stallation scheduled for completion early 
next year. The joint goal of these estab
lishments will be to manufacture proto
type plutonium fuel-elements for testing 
in Argonne's experimental reactors, such 
as the second Experimental Breeder Re
actor ( EBR II), located at the National 
Reactor Testing Station in Idaho. Plu
tonium 's potential as a reactor fuel seems 
to justify the trouble required to develop 
it, for not only will it multiply the world's 
supply of fissionable reactor fuel, but it 
will also eventually permit the construc
tion of lighter, more compact power re
actors that will operate more economi
cally than those in existence today. 

The Replacement of Bone Marrow 

Investigators have recently shown that 
it is possible to repopulate bones 

with healthy marrow after high-energy 
radiation has destroyed this tissue. In 
laboratory animals the deliberate de
struction and replacement of bone mar
row provides a way to tinker with the 
immunological mechanism. In human 
beings bone-marrow grafts have been 
employed with apparent success to treat 
victims of accidental radiation exposure, 
and the radical combination of X-rays 
and self-donated tissue has been sug
gested as a therapy for leukemia. 

Mice irradiated with lethal doses of 
X-rays can be made to survive by trans
planting marrow from unexposed mice 
into their bones. The fresh marrow takes 
hold and functions normally. The mice 
do not react against the foreign marrow 
because the radiation has virtually de
stroyed their immunological mechanism. 

Two years ago research teams in Bri-
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tain and the Netherlands carried this ex
periment a step further. Into the bones 
of irradiated mice they grafted rat mar
row. A few of the animals lived and be
came synthetic hybrids. Some of their 
blood cells were ratlike, others mouse
like, and rat skin grafted onto their 
bodies remained in place and even 
sprouted rat hair [see "Science and the 
Citizen"; SCIENTIFIC AMERICAN, Oc
tober, 1957]. 

Workers at the Pasteur Institute in 
Paris have adapted this experiment to 
human therapy. They transplanted bone 
marrow from donors to six Yugoslav 
physicists who had been exposed to radi
ation in a laboratory accident. All but 
one survived. 

Recently four workers at the Massa
chusetts General Hospital and Harvard 
Medical School have used a more elab
orate procedure to treat three children 
in the last stages of leukemia. In this 
disease the marrow produces a malig
nant excess of white cells. The scientists 
first employed drugs to bring about a 
temporary remission, then removed some 
of the patients' marrow and stored it un
der refrigeration. A few weeks later, 
when the disease had resumed its course 
and was approaching the terminal phase, 
the patients were given X-ray doses mas
sive enough to kill their leukemic mar
row. Then their own stored marrow was 
regrafted into their bones. All three chil
dren died, but one of them lived long 
enough to justify further trials. The work 
was reported in The New England Jow'
nal of Medicine by Joseph McGovern, 
Paul Russell, Leonard Atkins and Ed
ward Webster. 

Were it not for previous irradiation, 
such transplants would be unsuccessful; 
the body would react against foreign 
marrow with fatal consequences, as it 
would to transfusions of unlike blood or 
grafts of foreign skin. But Ray Owen 
of the California Institute of Technology 
has found exceptions. Newborn animals 
generally do not react to marrow trans
plants from other animals of the same 
species, presumably because the im
munological mechanism is not firmly 
established at birth. Owen started by 
transplanting marrow from one young 
chick to another. He found that the chick 
that received the marrow would then 
tolerate skin grafted 

'
from all the donors 

into the receptor chick. The chick that 
had received the marrow shared the 
immunological reactions of all the 
donors. 

H this technique could be applied to 
human infants, a child might be made 
to tolerate grafts of skin, bone and other 
organs from many other people. While 

"We find 
great things 
are made of 
little things ... " 

Robert Browning 

Concerning the relative values of 
material sizes, large and small, 
Browning simply rephrased an 
ancient truism. But he went about as 
far as any logicion can go. 

For, greatness - in the sense of 
worth - depends not only upon an 
entirety but upon each of its parts, 
however small. And today, as man 
builds larger, more complicated 
mechanisms he must also produce 
smaller, more precise components 
than ever before. 

MPB bearings, backed by long 
leadership in miniaturization for 
scientific and industrial applica
tions, are available in over 500 
types and sizes. O.D.'s range from 
1/2" to 1/10", with specials pro
vided on request. For a complete 
catalog, write to Miniature 

Precision Bearings, Inc., 

1207 Precision Park, Keene, N.H. 

.� helps you perform miracles 
in miniaturization 

:MINIATURE PRECISION 
EEARINGS, INC. 
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missiles and rockets sometimes get th� 
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One problem, then - how do you check up 
on the precision of your accelerometers? 

Knowledgeable spacemen solve this 
problem with the Gaertner Vibration In
t!"rferome�er. Using the . v.:avelength of 
lIght as Its standard, thIS Instrument is 
accurate to one millionth of an inch. It is 
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This instrument is typical of the in
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Gaertner. We'd be glad to help you with 
yours. If you want complete technical infor
mation on the Vibration Interferometer-
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being immunized against various dis
eases, a baby might then be said to have 
been immunized for other people. 

How Cells Drink 

1-low can an animal without a mouth 
drink water? The microscopic 

amoeba, a one-celled bag of protoplasm, 
is an animal in just such a predicament. 
According to recent experiments by Ron
old C. Rustad of the University of Edin
burgh, amoebas ingest water and other 
molecules to which their cell membranes 
are impermeable by engulfing them with 
short pseudopods; the process is known 
as pinocytosis, or "cell drinking." Each 
pseudopod is pierced by a central chan
nel one micron or more in diameter, into 
which the animal draws molecules that 
seem to be lined up along its surface. 
Once they are inside, the channel closes, 
pinching them off in droplets which 
migrate to the interior of the cell. 

But what makes the cell membrane 
sticky enough to attract the molecules in 
the first place? Rustad believes that 
they are attracted by chemical forces. 
Writing in Nature, he mentions that 
basic (as opposed to acidic) dyes such 
as toluidine blue seem to attach them
selves to active sites on the cell mem
brane; the basic proteins ribonuclease 
and protamine do the same. In a solution 
containing all three substances the dye 
and the proteins compete for surface 
sites. Since neutral and acidic proteins 
are not so easily attracted, Rustad postu
lates that the sites must be acidic. He 
observed that basic molecules stimulate 
cell-drinking when they attach them
selves to these sites. 

The next step will be to check the 
postulates by varying the acid-base bal
ance of the environment of the amoebae. 
The work should lead to some interest
ing speculations, not only about the 
stimulation and inhibition of pinocytosis, 
but also about the curious workings of 
that inscrutable and highly selective bio
logical barrier: the cell membrane. 

What Kind of Universe? 

A new test for deciding between the 
"evolutionary " and "steady-state " 

theories of the universe is described by 
Kurt Just of the Free University of 
Berlin in a recent issue of The Astro
physical Journal. Just believes that this 
test disproves the steady-state theory. 

The evolutionary theory, accepted by 
most cosmologists, holds that the uni
verse originated in the explosion of an 
enormous mass of superdense matter. It 
implies that the distribution of matter in 

the universe changes with time, and that 
distant galaxies, which because of the 
finite speed of light we see as they were 
some hundreds of millions of years ago, 
are more densely distributed than nearby 
ones. A group of cosmologists hold to the 
steady-state theory, which implies that 
the large-scale distribution of matter in 
the universe is the same at all times and 
places. 

Just has studied the characteristics of 
some 2,700 clusters of galaxies which 
have been catalogued by George O. 
Abell of the Mount Wilson and Palomar 
Observatories. Abell has classified these 
clusters according to their brightness, 
which gives a rough measure of their age, 
and their "richness, " which approxi
mates the number of galaxies in a cluster. 
According to the steady-state theory, 
the average richness of the clusters 
should be the same regardless of their 
age. Just finds, however, that the young
er and more distant clusters are as a 
group considerably richer than the old
er and nearer ones. Even after discard
ing nearly hall the clusters as borderline 
cases that may have been wrongly classi
fied as to age or richness, he finds that 
the very richest clusters account for 18 
per cent of the "early " sample as against 
10 per cent of the "late " sample. 

As a further precaution Just assumes 
that Abell failed to count some 18 per 
cent of the faintest clusters in the early 
and more distant group. Even on this 
assumption, the probability that the dif
ference in richness between the two 
groups is due to evolution rather than 
chance is better than 99 per cent. 

Nuclear Thermocouples 

Two recent projects-one at the Los 
Alamos Scientific Laboratory and 

one at the Martin Company-have drawn 
public attention to the direct conversion 
of nuclear energy to electricity. Los 
Alamos has developed the plasma 
thermocouple, a device that produces 
40 watts of electricity when it is inserted 
into a reactor. Like all thermocouples, 
the device has two elements, one hot 
and one cold. The hot element is a tiny 
rod of uranium carbide encased in a 
capsule containing cesium vapor; the 
outer wall of the capsule is the cold ele
ment. The capsule itself is mounted in 
an oil-filled metal container about the 
size of a can of frozen orange juice. 
When reactor neutrons riddle the con
tainer, they trigger fission processes in 
the uranium rod which heat and ionize 
the cesium vapor, filling the capsule 
with a plasma of free electrons. The 
high temperature-difference between 
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the rod and the oil-cooled capsule wall 
drives the electrons from the hot to the 

-
cold element, generating an electric cur
rent in the circuit connected to the 
thermocouple. 

Martin's grapefruit-sized SNAP III 
(Svstems for Nuclear Auxiliary Power) 
de�ice works in somewhat the same way. 
Its heat source is the alpha-emitting 
radioisotope polonium 210; alpha par
ticles from a capsule of polonium heat 
one end of a number of semiconductor 
thermocouples arranged around it like 
the spokes of a wheel. The thermocou
ples are connected in series to multiply 
their effect, but 54 of them generate only 
2.5 watts, at an efficiency of about 5 
per cent. 

The power and efficiency of both 
thermocouples are admittedly low, but 
their significance cannot be measured in 
these terms alone; they are the primitive 
forerunners of more sophisticated de
vices to come. An improved version of 
the Los Alamos thermocouple could cut 
nuclear power-plant size and costs sharp
ly by eliminating the need for cumber
some generating equipment. And the de
signers of SNAP III predict that their 
unit could be used as a nuclear battery 
that would deliver 9,000 watt-hours of 
electricity instead of the 400 watt-hours 
that can be expected from the same 
weight of the best chemical batteries. If 
it matches their expectations, a modified 
SNAP III should be useful to power the 
communication systems of satellites and 
rockets. 

Some designers have already suggest
ed the use of small nuclear reactors, per
haps equipped with Los Alamos-type 
thermocouples, for this purpose. But in 
Nucleonics three of the men connected 
with the SNAP project question the use
fulness of reactors for space applications. 
Melvin Bm·mat, C. M. Anderson and 
E. 'Vayne Bollmeier mention that de
spite power densities of up to 5,000 
watts per pound, reactors are limited by 
the weight of their critical mass and the 
probable requirement of moving parts 
and coolants. 

In turn, the selection of heat-produc
ing radioisotopes in the SNAP project 
has also been questioned. Polonium 210 
seems an unlikely choice for space ap
plications because an unthinkable 
amount of this deadly alpha-emitter 
would be released into the air in rocket 
explosions and satellite burn-ups in the 
atmosphere. Also, as Stanley H. Clark of 
Medical Nuclear Consultants, Inc. , has 
pointed out, polonium may not be the 
best radioisotope to use as a heat source 
anyway, because of its low power-den
sity. A thousand curies of polonium pro-

duce only 32 watts, while 1,000 curies of 
a spontaneously fissioning radioisotope 
produce over 1,000 watts. 

The most promising of the spontane
ous-fission isotopes is californium 254, 
which is believed to be the primary 
energy source in some supernovae; it 
produces approximately four million 
watts of thermal power per pound. Of 
course there are problems here, too. 
Californium 254 releases enormous num
bers of neutrons per fission, and would 
thus require extensive shielding if used 
in a populated area. It is a rare and hard
to-produce isotope, but its high power
density might provide an incentive to 
put it into large-scale production. 

Energetic Detergents 

"S m·face active " substances such as 
soaps and synthetic detergents may 

be even more active than has been sup
posed. The ability of these substances to 
remove greasy dirt has been ascribed to 
their capacity to increase the "wetness" 
of water, thus permitting the water to 
adhere to grease. A. S. C. Lawrence of 
the University of Sheffield now suggests 
that soap and detergent solutions active
ly penetrate fatty substances. 

In a recent issue of NatuTe Lawrence 
describes a series of experiments on 
fatty acids and related substances. He 
finds that when these compounds are 
mixed with water and a detergent, they 
go into solution over a wide range of 
concentrations. Under some conditions 
the three substances form a "liquid crys
tal," a form of matter with properties 
of both liquids and solids. By micro
scopic examination of fatty particles in 
a water-detergent mixture, Lawrence 
has established that the mixture converts 
the outer layer of the particles into a 
layer of liquid crystal. When this is 
broken up by agitation, more liquid crys
tal forms and the particle further di
minishes in size. Such processes, he be
lieves, explain how detergent solutions 
are able to penetrate sticky and adhesive 
layers of grease. 

Lawrence finds that the ability of de
tergent solutions to dissolve fatty acids 
drops off sharply at temperatures slightly 
below the melting point of the acid. This 
fact, he says, helps explain the great 
superiority of hot water to cold water 
for washing. 

Magnesium Deficiency 

A new disease of man, caused by a de
ficiency of magnesium in the blood, 

has been discovered and speedily cor
rected by a group of workers at the Har-
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vard Medical School and the Peter Bent 
Brigham Hospital in Boston. Five 
patients being fed intravenously came 
down with severe muscle cramps and 
convulsions. The symptoms suggested 
calcium deficiency, but the patients had 
been getting plenty of calcium in the 
nutrient solution. A spectrometric analy
sis of their blood showed that the level 
of magnesium, which had not been in
cluded in the intravenous diet, had 
dropped to only 50 per cent of normal. 
The remedy was simple; injections of 
magnesium sulfate ( Epsom salt) . The 
patients improved rapidly within a few 
hours, and soon their symptoms disap
peared. 

Up to now magnesium has not been 
regarded as a dietary essential, although 
in small amounts it is active in various 
enzyme functions. In a normal diet a 
man gets much more magnesium than 
he needs. But cattle suffer a magnesium
deficiency disease, known as "grass 
staggers, " on early spring forage, which 
contains little magnesium. 

The report on magnesium defiCiency 
and its alleviation was presented at the 
recent annual meeting of the Society for 
Clinical Investigation in Atlantic City 
by David Ulmer, Warren Wacker and 
Bert L. Vallee. 

M adem Midden 

A n ingenious means of investigating 
.t\. the history of mining camps and 
ghost towns has been worked out by 
Charles B. Hunt of the U. S. Geological 
Survey. Approaching the problem in the 
spirit of an archaeologist studying an 
ancient culture, Hunt examines the litter 
in the camp dump, or midden. He bases 
his reconstruction of the past largely on 
the design of cans and bottles, which 
has changed radically during the past 
hundred years. 

Four fairly distinct eras can be dis
cerned. Before 1900 can-seams were 
sealed with solder, beer bottles had 
hand-finished necks made for cork stop
pers, and nails had a rectangular cross 
section. After the turn of the century 
and until World War I soldered cans 
were still common, but bottles were 
modified to accommodate metal caps. 
The third period began about 1920, 
when cans were crimped along the seams 
and bottlenecks were first machine-fin
ished. Other artifacts associated with this 
era are automobile parts, including the 
Ford wrench known as the "knuckle 
breaker. " The latest period, comprising 
the last 20 years, is characterized by 
aluminum cooking utensils and beer cans 
pierced by triangular holes. 
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• • • news ab o ut me t a l s  and m e t a l  chemi cal s 

U N I O N  
CAR B I D E  M E TA LS 

Electromet brand ferroalloys, 
pure metals and metal chemicals 

Re c ent harb ing e r s  o f  increas e d  demand f o r  t antalum metal are i t s  i mp r o v e d  
we l dab i l i ty and ava i lab i l i ty in large she e t s .  The s e  advan c e s  c omb i n e d  w i t h  t anta
lum ' s  exc e l l ent c o rr o s i on re s i s t an c e  ind i c at e  w i d e r  us e i n  pharma c eut i ca l  equipment 
whe r e  c o rr o s i o n and p r o duct c ont aminat i on mus t  be m i nimum , and in the chemi c a l  pr o c 
e s s ing indu s t ry f o r  l arge reac t o r  v e s s e l s . C ont i nue d pr ominenc e  i n  t h e  e l e c t r o n i c 
indu s t ry i s  a s su r e d  by t antalum ' s extreme heat re s i s t an c e  and t h e  out s t anding 
d i e l e c t r i c  propert i e s  o f  i t s  ano d i c  o x i d e  f i l m .  F o r  m o r e  inf o rmat i on ,  wr i t e  f o r  
Bul l e t i n TA1- S .  

* * * 

Tungst en c arb i d e  p o w d e r  i s  now ava i l a b l e  f r om Un i on Carb i d e  Me t a l s  f o r  
evaluat i on i n  the manuf a c ture o f  c ement e d  o r  s int e r e d  carb i d e  t o o l s ,  d i e s  and o t h e r  
��p�c t s . Pr o du c e d  by a pat ent e d  s ingl e - s t age p r o c e s s , it me e t s  ex i s t i ng part i c l e  
s i z e  and chemi c a l  spe c i f i c at i ons f o r  powde rs now p r o duc e d  by c onvent i onal m e t ho d s . 
Dat a She e t  WC 1 - S  g i v e s  add i t i onal fa c t s . 

* * * 

The pa c e  t oward wrought chrom ium ha s qui c ke ne d .  Chrom ium me t al has b e en 
suc c e s sfully ext rud e d  int o r o d ,  t ub ing .  and f l at s t o ck by Nuc l ear M e t al s , I nc . , 
us i ng " El e c t r o m e t " chrom ium . Start i ng mat e r ia l s  f o r  the s e  ext rus i ons have b e en 
3/4 in . by D h i gh-pu r i t y  chromium f l ake and 325 m e s h  by D l ab o rat o ry grade powde r .  
Wr i t e  f o r  Dat a She e t  CR1- S .  

* * * 

Appl i c at i ons of chromium mon o b o r i d e  are b e ing exp l o re d  w i t h  p r o s p e c t ive 
us e r s  by Un i on Carb i d e  M e t a l s  C o mpany ' s  f i e l d  men . The c o mp ound ' s  l ow vo lat i l i ty 
and high re f l e c t i v i ty make i t  at t ra c t ive f o r  s eve ral purp o s e s . C oat ings of chromium 
mon o b o r i d e  c an be appl i e d  by me t al l i z ing m e t h o d s . Evaluat i ons of the s e  c oat i ng s  
have proved them sat i s f ac t o ry whe re re s i s t an c e  t o  h igh t emperature s ,  e ro s i on ,  and 
c o rr o s i on are r e qu i r e d .  Chr omium monob o r i d e  has al s o  b e e n  u s e d  as a c on s t i t ue nt o f  
sup e r  a l l oys , such as t h o s e  c on t a ining a l l oys o f  c hr o m ium , n i cke l and b o r o n . 
Dat a She e t  CM 1 - S  g i v e s  addi t i onal inf o rmat i on .  

* * * 

The s t r ingent d emands of nuc l ear appl i c at i ons have b r ought i n c r e a s ing 
int e r e s t  in c o l umb i um ' s  high t h e rmal c onduc t i v i t y , c o r r o s i on re s i s t anc e ,  and l ow 

nuc l e ar c r o s s - s e c t i on .  Further d emand i s  as sur e d  by a n e w  s e r i e s  o f  c o lumb ium-ba s e  
a l l oys b e ing deve l o p e d  t o  w i t h s t and t empe ratur e s  in exc e s s  o f  2000o� S i g n i f i c ant 
quant i t i e s  o f  s everal al l oys are a l r e ady b e i ng prepar e d . Wr i t e  f o r  Bul l e t i n  C B 1- S .  

* * * 

Eng i n e e r s  and s c i e nt i s t s  c an n o w  o b t a in h igh-pur i t y  t i t anium carb i d e  w i t h  

l e s s  t han 0 . 3% f r e e  c a rb o n ,  and c l o s e  t o  t h e  t he o r e t i c a l  c omp o s i t i o n o f  T i C .  
Mak e r s  o f  c e ment e d  carb i d e  cut t ing t o o l s  may f ind i n  t h i s  p r o du c t  a way t o  s impl i fy 
�al i ty c ont r o l  p r o b l ems , s i n c e  the repr o duc i b i l i t y  of c omp o s i t i on i s  exc e l l ent . 
Un i on Carb i d e  Metal s f i e l d  men are c onsult ing w i t h  u s e r s  t o  deve l o p  s ev e ral 

appl i c at i ons f o r this p r o du c t .  Wr i t e  f o r  Dat a She e t  T C 1- S .  

* * * 

Un i on Carb i d e  Me t al s  C ompany , D i v i s i on of Un i on Carb i d e  C o rp o rat i on ,  P .  O .  
Box 3 3 0 , N i agara Fal l s , N .  Y .  I n  Canada : Un i on Carb i d e  Canada L i m i t e d , T o r ont o .  

The te rms ' ' Electromet " and ' ' Un ion Carbide " are r e g i s t e r e d  trade marks of Un ion Carbide Corpo r a t i o n  
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THE EXCLUSION PRINCIPLE 

It governs both matter and antimatter, explains the internal 

structure of aton1S and nuclei, and enables us to predict the 

behavior of a confusing assortment of fundamental particles 

O
ne of the most powerful general

izations of modern physics states 
that each quantum orbit of an 

atom can contain no more than two elec
trons. It is sometimes called the Pauli 
principle, but its author, the theoretical 
phy.sicist Wolfgang Pauli (who died in 
Switzerland last December), preferred 
to call it the exclusion principle. This 
may have been due to the fact that he 
did not wish to have it confused with 
the Pauli effect, a contribution to experi
mental physics of which he was espe
cially proud. 

It is well known that theoretical physi
cists are quite inept in handling experi
mental apparatus; in fact, the standing 
of a theoretical physicist is said to be 
measurable in terms of his ability to 
break delicate devices merely by touch
ing them. By this standard Wolfgang 
Pauli was a very good theoretical physi
cist; apparatus would fall, break, shat
ter or burn when he merely walked into 
a laboratory. The explosion of some 
elaborate vacuum equipment in James 
Franck's laboratory at the University of 
Gottingen has been directly attributed 
to the Pauli effect: it was later definitely 
established that the mishap had occurred 
at the exact time a train carrying Pauli 
had stopped momentarily in the Gottin
gen railroad station. 

Pauli's exclusion principle, on the 
other hand, acquired its importance be
cause it helped to clarify the intemal 
structure of the atom. According to Niels 
Bohr's model of the atom, electrons cir
cling an atomic nucleus may move only 
along certain "quantized" orbits. (Any 
variable in nature restricted to a series 
of discrete values is said to be quan
tized.) Electrons can emit radiation by 
jumping from the outer orbits (which 
represent higher energies) to the inner 
ones. The illustration on page 76 shows 
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by George Garnow 

the quantum orbits in the hydrogen atom 
along which that atom's single electron 
is allowed to move. 

Closest to the nucleus is the first quan
tum orbit, a circular one which corre
sponds to the lowest energy-level; it is 
the permanent abode of the electron in 
its normal state. When the electron is 
excited to the next higher state of energy, 
it may reside in the second energy-level, 
in either the second circular orbit or any 
of three associated elliptical orbits, all of 
which have the same energy. A still more 
energetic electron may reside on the 
third energy-level, which consists of the 
third circular orbit and eight elliptical 
ones, and so on. Successive sets of orbits 
(or "electron shells," as they are usually 
known) correspond to ever higher ener
gy-levels and have an ever increasing 
number of elliptical orbits associated 
with the principal circular ones. 

Orbits and Periodicity 

In the atoms of heavier elements 
(whose nuclei have larger electrical 
charges) the consecutive electron shells 
are arranged in the same pattern as those 
in the hydrogen atom, but the diameters 
of the shells are somewhat smaller. In 
these atoms the increased electrical at
traction of the proton-packed nucleus is 
not completely balanced by the in
creased electrical repulsion of the nega
tively charged electrons, so the electrons 
are pulled closer to the nucleus. This 
presents something of a problem, be
cause heavier nuclei have an increasing
ly larger number of electrons orbiting 
around them. In the oxygen atom, for 
example, there are eight electrons in
stead of the hydrogen atom's one; in 
uranium there are 92 electrons. We 
might then ask: How is the larger num
ber of electrons in the atoms of the 

heavier elements accommodated in the 
smaller quantum orbits? 

In terms of classical physics the an
swer to this question is almost trivial. 
The most stable state of any mechanical 
system is the one in which the system 
cannot lose any more energy by drop
ping to a still-lower energy level. Thus 
all the additional electrons in heavier 
atoms might be expected to drop into 
the first quantum orbit and play "ring
around-a-rosy," or, more exactly, ring 
around the nucleus. And because we 
know that the diameter of that ring be
comes smaller in heavier elements, we 
might predict that it would also become 
more and more tightly packed with elec
trons. If this were true, the atoms of 
hydrogen, oxygen and uranium would 
look as shown in the illustration at the 
top of page 78. The fact is that this does 
not happen: regardless of the charge of 
the nucleus, the over-all size of atoms 
remains approximately the same. 

It was to explain this situation that 
Pauli first postulated his now-famous 
principle that each quantum orbit may 
hold no more than two electrons. The 
Pauli principle showed further that if 
both these vacancies are filled, the next 
electrons must be accommodated in 
other orbits. When all the orbits in a 
given shell are filled, the orbits in the 
next shell (corresponding to a higher 
energy-level) begin to fill. Thus al
though the diameters of quantum orbits 
are smaller in heavier elements, a steadi
ly increasing number of them is filled 
up. This explains why all atoms are of 
roughly the same size. 

The electron shells of all the species 
of atoms in the periodic table are filled 
according to this fixed hierarchy of ener
gy states. The first shell, which repre
sents the lowest available energy-state, 
is the first to fill. In the helium atom this 
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WOLFGANG PAULI, formulatol' of the exclusion principle, reo 

ceived the Nobel prize in physics for it in 1945. A brilliant theo· 

retical physicist, Pauli was also famous for his work in particle 

physics (he postulated the existence of the neutrino) and in quan· 

I urn electrodynamics, the set of theories that describes the behavior 

of electrons in electromagnetic fields. He died last December. 
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shell is completely filled by the two elec
trons chasing each other around the first 
quantum orbit. The next element, lithi
um, has three electrons, one of which, 
according to the exclusion principle, 
must be added in the second shell, con
sisting of one circular and three ellipti
cal orbits. Since these four orbits can 
hold a total of eight electrons and the 
inner orbit holds two, both the first and 
second shells will be filled in the neon 
atom, which has 10 electrons. The extra 
electrons in still-heavier elements must 
be added in a third set of circular and 
elliptical orbits, and so on. Pauli's exclu
sion principle thus explains the internal 
structure of elements in terms of the way 
in which their consecutive electron shells 

are filled. The principle also underlies 
the external, or chemical, identity of an 
atom and the periodicity of chemical 
properties in the sequence of atomic spe
cies in the table of elements. These 
characteristics are determined by the 
number of electrons in the outer shells 
of atoms, which make contact when 
atoms collide with one another. 

Electron Spin 

When the Pauli principle was original
ly formulated, electrons were believed to 
be nothing more than point charges of 
negative electricity. It was soon discov
ered, however, that electrons must also 
be considered as tiny magnets: they pos-

sess a magnetic moment because the\' 
spin rapidly as they orbit around a nu
cleus. Having learned to regard electrons 
as tiny magnets, we must take into ac
count both the electrical forces which 
are mainlv responsible for their orbital 
motion and the magnetic forces set up 
by their spin. 

An electron tends to spin in one of 
two ways: either in the direction in 
which it travels along its orbit, or in the 
opposite direction. It was shown that 
two electrons that follow the same orbit 
must spin in opposite directions [see il
lustratiol1 at bottom of page 78]. This 
discovery requires us to formulate the 
Pauli principle in a somewhat different 
way. Because electrons spinning in op-

THIRD ORBIT 

BOHR MODEL OF HYDROGEN ATOM contains consecutive 

sets of quantum orbits along which a single electron moves around 

a one·proton nucleus. First circular orbit (broken line) represents 

the lowest energy.level and is  the normal "home" of the electron. 

The second set of orbits (color) represents the next energy level, 

and the third set (gray) a still.hi gher level. Only the first three sets 

of  orbits are shown; the additional sets have an increasing num· 

bel' of elliptical orbit s associated with the principal cit'cubr ones. 
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posite directions set up weak magnetic 
fields which slightly alter each other's 
orbits, we now say that the two electrons 
originally permitted to travel in the same 
orbit actually follow two different 
(though very similar) orbits. It is there
fore more rational to regard the permit
ted orbits as close pairs split apart by 
weak magnetic interactions. 

Pauli's exclusion principle applies not 
only to electrons in atoms but also to 
"free" electrons which have abandoned 
their atoms to drift freely through mat
ter. We know that the electrical conduc
tivity of a metal is due to the free elec
trons traveling through the metal's crys
tal lattice. When a voltage is applied 
to the metal, these free electrons move 
preferentially in the direction of the 
electric force acting on them, and com
prise an electric current. We often speak 
of them as an "electron gas" which 
permeates the metal and is prevented 
from escaping from it by surface forces. 
This picture leads to a very satisfactory 
explanation of the phenomena of both 
electrical and thermal conductivity in 
metals, but it also leads to one very se
rious difficulty. 

When a material is heated, the heat 
energy it absorbs increases the thermal 
agitation of its constituent particles. It 
was expected that in metals part of this 
energy would intensify the vibrations of 
the atoms in the crystal lattice and that 
part would increase the velocities of the 
free electrons. However, studies on 
heated metals showed that this is not so; 
all the heat absorbed by a metal goes to 
increase its lattice vibrations. 

How can this possibly be? The answer 
is that the motion of the free electrons 
is quantized, even though they are no 
longer restricted to atomic orbits. Atomic 
electrons are generally restricted to one 
of a few hundred quantum orbits, but 
free electrons have literally billions of 

,quantum levels available to them. These 
quantum levels are very closely spaced, 
forming, so to speak, a ladder with an al
most infinitely large number of closely 
spaced rungs. The lower-energy rungs, 
being the first to be occupied, are filled 
to capacity by free electrons [see illus
trati011 on page 80]. 

Any gas in which particles are dis
tributed among quantum levels in such 
a way is known as a "degenerate gas." 
ConSidering the enormous number of 
free electrons in metals, we realize that 
the energy spectrum of this gas must 
range from rather small values, for the 
lowest quantum-levels, to extremely high 
values, for the uppermost occupied lev
els. The energy of the fastest of the free 

energy enough to deliver every kilowatt that 
man can use for all time. This potential 
source of energy is in a form of hydrogen 
called "deuterium". The question is: How 
can man release this energy? Controlled 
thermonuclear fusion offers promise of 
providing the answer. 

Extensive research is being carried for
ward in many areas to help scientists find 
answers. One me'thod requires the heating 
of deuterium gas to a temperature of sev-, 
eral hundred million degrees. In an effort 
to develop these stellar-like temperatures, 
50 million watts of radio-frequency power 
will be used. A lid RCA Super-Power E1ec
trO/1 Tubes will supply it, 

Revolutionary in their ability to handle 
enormous amounts of rf energy, RCA 
Super-Power Tubes begin their work 
where conventional po"wer tubes leave off. 
And the possibilities are virtually unlim
ited in the light of their important contri
butions-in such major applications as 
inter-continental radar, world-wide televi
sion, super-power radiology, nuclear par
ticle acceleration, dielectric and induction 
heating, irradiating and sterilizing products. 

Con RCA Super.Power Electron Tubes help you in your research and industrial programs? To find 

out, jot down your requirements and send them to RCA, Commercial Engineering, Section G-95-Q, 
Harrison, New Jersey. (8 RADIO CORPORATION OF AMERICA U ® Electron Tube Division Harrison, N. J. 
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ATOMS WOULD DIFFER IN SIZE if the exclusion principle did 

not apply. The laws of classical physics would require all of an 
atom's electrons to occupy the first quantum orbit because it repre

sents the lowest energy·state. The laws also predict that this orbit 
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would be smaller in heavier atoms, because of increased electrical 

attraction between nucleus and electrons. Thus the atoms of hydro

gen, oxygen and uranium would appear approximately as  shown 

here. Actually all three atoms are approximately equal ill size. 

electrons greatly exceeds the mean en
ergy of lattice vibrations at normal tem
peratures. In fact, the energy of the free 
electrons is so much higher than the 
mean energy of thermal lattice-motion 
that an elevated temperature will shake 
the atomic lattice apart (that is, melt the 
metal) long before it begins to affect the 
motion of free electrons. 

higher energies than the average thermal 
energy inside these stars, the gas exerts a 
tremendous pressure which prevents 
them from collapsing [see "Dying Stars," 
by Jesse L. Greenstein; SCIENTIFIC 
AMERICAN, January]. 

tivity we know that particles with nega
tive energy also possess what is known 
as negative mass, i.e., the property of 
being accelerated in a direction opposite 
to that of an acting force. Particles in 
the extraordinary state had never been 
observed, but the perfectly consistent 
arguments of Dirac's theory led to the 
inevitable conclusion that not only does 
the extraordinary or negative-energy 
state exist, but also that because of its 
lower energy it is more stable than the 
ordinary state. It follows that all parti
cles in the universe tend to change their 
state from the ordinary to the extraor
dinary one-which would turn the physi
cal properties of matter into an unbe
lievable mess! 

We encounter another degenerate gas 
in the interiors of small, faint stars-the 
so-called white dwarfs, which represent 
the late stages of stellar evolution. The 
matter within these stars is completely 
dissociated and compressed to unimagi
nable densities. All the atoms are stripped 
down to bare nuclei; all their electrons 
are torn from their customary orbits, 
forming a free-electron gas. This gas is 
quantized, and the electrons are distrib
uted according to the Pauli principle 
among a gigantic number of quantum 
states. Since the electrons possess much 

Exclusion and Antimatter 

We find another extremely important 
application of the Pauli principle in the 
theory, propounded 29 years ago by 
P. A. M. Dirac of the University of 
Cambridge, that predicted the discovery 
of the positive electron, or positron. 
Dirac's relativistic quantum-mechanics 
postulates that each fundamental patti
cle can exist in one of two different physi
cal states: the "ordinary" state, in which 
we find both atomic and free electrons, 
and the "extraordinary" state, in which 
the particles have negative (less than 
zero) energy. From the theory of rela-

� .• �- - ( f � / 
• ) "- ., ........ 

'-- ...- 8""/ 
.{ .. , ........ 

Why doesn't this happen? Dirac's 
answer was just as fantastic as his para
doxical particles. He postulated that 
quantum levels representing the extraor
dinary states of elementary particles 

-7 -

• 

ORIGINAL EXCLUSION PRINCIPLE permilled two electrons 

(black) to  move around a nucleus (gray) in the same orbit. 

Electron's spin and magnetic moment had not been discovered. 

MODIFIED EXCLUSION PRINCIPLE, necessitated by the dis. 

covery of  electron's magnetic moment, states that the two electrons 

must spin in oppo site directions and move in two separate orbits. 

78 

© 1959 SCIENTIFIC AMERICAN, INC



Westerll Electric Piolleers Major 
Break-Througll ill Computer Technology 

IN-line computers, those that process a continuous flow 
of information and up-date their memory units, are 

ideally suited to handle business transactions. Their 
usage has been limited, however, by the high costs of 
preparing data for input and the human errors associated 
with its preparation and tt·ansmission. 

For example, in an experimental centralized computer 
installation handling orders from telephone company 
employees for equipment and supplies, Western Electric 
engineers found that preparing input data cost over four 
times as much as all subsequent clerical operations. The 
reason for the cost was the large number of individual 
orders, instructions, reports and the like flowing in from 
hundreds of locations. Each had to be prepared, typed, 
edited and transmitted. 

Computers operate from holes punched in cards or 
tape, or from signals recorded on magnetic tape. Al
though there are a number of transmission systems that 
make data available in one or another of these forms, 
the cost is prohibitive unless the lot quantity of data is 
very large. Nor do these systems eliminate the initial 
preparation and translation into machine language. 

There was a clear need for a simple, easily-operated 
remote input device that would be low in cost and could 
eliminate the manual preparation of needed information. 
It had to be capable of directly feeding the computer, 
or of punching standard cards at the receiving end if the 

computer was being utilized on another project at the 
time of transmission. 

How Western Electric Met The Need 

Original hand-mnde model of new 
data input device. Engineering now in 
progress at \Vestern Electric will re
duce the size of the unit to about that 
of a breast-pocket wallet. 

The engineers decided 
that the best way to cut 
the cost of preparing, typ
ing and editing orders was 
to eliminate these opera
tions. Why not provide the 
many ordering locations 
with a punched card for 
each item handled, trans
mit the information over 
standard telephone lines 
using card readers and re
produce the information at 
the computer? While the 
solution sounds simple, 
extensive engineering de
velopment was necessary. 

Entirely new principles and applications were neces
sary at both the transmitting (or ordering) end and 
the receiving end. 

Final result of Western 
Electric's engineering will be 
a small unit that plugs into 
a standard telephone outlet. 
Prior-punched cards will be in
serted in this unit, and the data 
they contain converted to 
pulses that will be transmitted 
over telephone lines to a cen
tt·ally-Iocated computer. Addi
tional data such as quantity, 
delivery dates and so on, will 
be added by using a simple 
keyboard. When all the per
tinent data has been trans

At the receiving end, operator 
can feed incoming data directly 
to the computer or into a standard 
card-punching machine simply by 
throwing a key. 

mitted to the computer, it will then take over. Orders, 
inventory control forms, packing slips, even routing in
structions for the shipments, will all be automatically 
prepared and elimination of multiple clerical opera
tions accomplished. 

Significant 
Break-Through 

We expect this new 
development of Western 
Electric engineering to 
assist us in our assign
ments as manufactur
ing and supply unit of 
the Bell System. It will 
expedite order process
i n g, e l i m i n a t e  m u c h  
clerical work, simplify in
ventory control and aid 
in many ways to provide 
the equipment the Bell 
Telephone Companies 
need. Although Western 
Electric itself has no 
plans to market the re
mote input device, even 
the briefest reflection 

Western Electric engineers arc minia
turizing this multi-frequency oscillator, 
the transistorized electronic heart of 
the new remote data input system. It 
makes use of low voltages nonnally 
used in telephone lines and requires 
no outside power supply. 

will indicate the implications of this latest break-through 
by Western Electric engineering-to National Defense 
and to business everywhere. 

MANUFACTURING AND SUPPLY � UNIT OF THE BELL SYSTEM 
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FREE ELECTRONS in a metal are forced by the exclusion principle to occupy a series 

of energy levels arranged like rungs on a l adder. Only two electrons of opposite spin (arrows 

indicate spin orientation) are permitted on each level. The energy level s of free electrons 

(gray areas) are much higher than the thermal vibration energies (colored area) of the 

atoms forming the metal's crystal lattice. When the metal i s  heated, thermal lattice vibration 

increases. Because of their higher energies, the motion of free electrons does not increase. 
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are already completely filled, and that 
the ordinary particles with which we 
deal in our everyday physical world are 
simply the excess that cannot be accom
modated at the lower energy-levels be
cause of the Pauli principle! According 
to this viewpoint, a vacuum is not really 
an empty space; on the contrary, it is a 
sea of tightly packed particles of nega
tive mass. We are not aware of these 
extraordinary particles because they are 
distributed uniformly through space, 
putting us in somewhat the same posi
tion as a deep-sea fish which, though it 
is surrounded by water on all sides, may 
not be aware that it is floating in a physi
cal medium. The ordinary particles that 
we can observe physically are those that 
are prevented by the Pauli principle 
from giving up their energy and falling 
into the negative energy-levels of the 
extraordinary state; ordinary particles 
must maintain their positive mass and 
all their familiar physical properties, 

Unbelievable though Dirac's theory 
seemed (and it was strongly criticized 
by all theoretical physicists when it was 
first published), it led to one very im
portant conclusion. If one of these ex
traordinary particles of negative mass is 
absent for some reason, it leaves a "hole" 
in the obsel'Vable continuous distribution 
of particles. It is easy to see that we 
should be able to observe this hole, just 
as our fish is able to observe an air bub
ble (the absence of water in a small re
gion) rising toward the surface of the 
ocean. What we perceive in the absence 
of negative mass is the presence of an 
equal amount of positive mass, just as 
we perceive the absence of charge in an 
electric field as the presence of an equal 
charge of opposite sign, In other words, 
a hole in the continuous distribution of 
extraordinary particles will seem to be 
an "antiparticle"-a particle of ordinary 
mass and opposite charge [see "Anti
matter," by Geoffrey Burbidge and Fred 
Hoyle; SCIENTIFIC AMERICAN, April, 
1958]. In fact, the discovery of positive 
electrons, the properties of which coin
cided exactly with the predicted proper
ties of these holes, fully confirmed 
Dirac's conclusions a few years after he 
had published his paper, 

The Quantized Nucleus 

More recent developments in nuclear 
physics have extended the domain of the 
Pauli principle still further, this time into 
the nucleus itself. It has been found that 
protons and neutrons, the two main com
ponents of the nucleus, behave in many 
respects like the electrons that form the 
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*At Bulova, industry "firsts" are standard operating procedure. 
As a matter of routine, Bulova people are continuously 

conceiving and developing new products, new mechan

isms, new ways of improving old techniques. This 

ability-this job-proven capability-benefits every 

Bulova project regardless of its size. 

Bulova theorists, analysts and engineers are organized 

in teams which add even greater dimension to their 

individual abilities and assure greater creative latitude 

for your project. 

Experience in precision design and precision manu

facture is the Bulova tradition, the Bulova capability. It 

has been for over 80 years. For more information write, 

IndustTial and Defense Sales • Bulova, 62-10 Woodside Avenue • Woodside 77, New York 

BULOVA 
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UNOBSERVABLE ELECTRONS, which have negative energy and negative mass, are 

distrihuted evenly throughout space. Ohservable "ordinary" electrons are those that the 

exclusion principle prevents from fallin g  into the "extraordinary" negative.energy states. 

"Holes" (open circle) in the continuous distribution of extraordinary electrons can be 

detected as positrons, particles of antimatter having po sitive mass and positive charge. 
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outer shells of the atom. Like electrons, 
protons and neutrons possess magnetic 
moment and may be considered little 
spheres spinning in one direction or an
other; similarly the motion of particles 
within the nucleus is quantized so that 
only two particles of the same kind 
(with opposite spins) are permitted on 
each quantum orbit. But because the 
forces within the nucleus act rather dif
ferently from the electrical forces that 
hold the atom's electron shells in place, 
the pattern of nuclear energy-levels is 
also rather different. 

It was first shown by observation and 
later explained by theory that consecu
tive shells inside the nucleus can accom
modate 2, 8, 14, 20, 28, 50, 82 and 126 
particles of either kind. These are the 
so-called magic numbers of the nucleus; 
they represent a complete analogy to the 
numbers of electrons that can be con
tained in the consecutive shells outside 
the nucleus. Just as atomic structure 
would be quite different if the Pauli 
principle did not apply to electrons, so 
nuclear structure would be quite differ
ent if the principle did not apply to pro
tons and neutrons. 

The discovery of positive electrons 
suggested that protons and neutrons 
might also occupy extraordinary states of 
negative energy. Physicists accordingly 
began to look for negatively charged 
protons (antiprotons) corresponding to 
holes in the continuous distribution of 
extraordinary positive protons of nega
tive mass. And they instigated a search 
for the more elusive antineutrons, which 
represent holes in the continuum of ex
traordinary neutrons. They have found 
them both; particle-accelerator experi
ments in recent years have brilliantly 
confirmed Dirac's predictions of ex
traordinary energy-states governed by 
the Pauli principle. 

Wave Mechanics 

After a review of the application of 
the Pauli principle to atomic and nuclear 
structure, to metallic conduction and to 
stellar interiors, and finally to the theory 
of antiparticles, we might feel that we 
have at last grasped the principle's 
physical meaning. But we are mistaken. 
Full comprehension requires that we 
understand the principle in terms of 
modem quantum-theory. Up to this 
point our review has employed the old
fashioned metaphor that pictures elec
trons and protons as tiny, electrically 
charged spheres spinning on their axes 
and moving along circular or elliptical 
orbits. But we now know that this pic-
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In research ... 
The analog record at upper right, made by a 
Model 906A Honeywell Visicorder oscillograph, 
gave U. S. Weather Bureau scientists immediate 
readout of thunderstorm data at Mt. Washburn 
in Yellowstone National Park. As the storm sys
tem passed, the Visicorder measured and re
corded positive and negative air conductivity, 
rate of ionization of air, raindrop charge, corona 
discharge current from an insulated tree and a 
4'x 6' grass plot, times of camera exposure pho. 
tographing droplet size and electrical charge, 
atmospheric potential gradient, and time. In any 
research field where high. speed variables are 
under study, the direct.recording Visicorder 
is providing instantly. readable, high. sensitivity 
data at frequencies from DC to 5000 cps. Models 
are available with 8,14, or 36 channel capacities. 

� 
[ 
L�:·::·�·····�···o 

I these are records 01 leadership 

In industrial use ... 
The Visicorder record at lower right, made by 
design engineers at Westinghouse, measured oil 
film thicknesses on the bearing pads of a 67,500 
KW water wheel generator supplied for Chief 
Joseph Dam at Bridgeport, Wash. In these tests, 
oil thickness encountered by the leading edge of 
the bearing (trace #6), center (#5) and trailing 
edge (#4) were found to be within the limits of 
safety as predicted by engineering assumptions. 
In this and hundreds of other scient.ific and in
dustrial applications, Visicorders are pointing 
the way to new advances in product design, rock. 
etry, computing, control, nucleonics,' and pro
duction testing. 

For information on applying the mdimited usefltl
ness of the Visicorder to your specific problems, phone 
YOllr nearest H0I1eywell Indllstrial Sales Office. 

Reference Dala: Write for Visicorder Bulletins 906A and 1012. 

Unretouched records 2/3 actual size. 

Honeywell 
[j] �ttid:P� � 

Minlleapolis-Hol1eywell Regulator Co., 1l1dllstrial Prodllcts Grollp, Heilal1d Divisiol1, 5200 E. Evans Ave., Denver 22, Colorado 
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PARTICLE OF ANTIMATTER leaves its tracks in the bubble· 

chamber photograph at left, made by the research groups of  Wilson 

Powell and Emilio Segre at the University of  California. The draw· 

ing at right traces the path of the particle in the photograph. A 
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ture, which is based on our everyday ex
perience with large bodies such as flying 
bullets and spinning tops, is naive and 
basically incorrect when it is applied to 
the atomic world. When we speak about 
atomic particles, we must abandon our 
mechanical cause-and-effect description 
of phenomena and use the cumbersome 
though exact language of wave me
chanics. 

In wave mechanics the different orbits 
in Bohr's hydrogen atom correspond to 
different probabilities of finding the 
electron at various locations within the 
atom. The "vibration modes" of these 
probability functions [see illustration on 
page 86] tell us all that can be told about 
the motion of atomic particles. In wave 
mechanics the old Bohr statement that 
"the electron moves along the first, 
second or third quantum orbit" is para
phrased to say that "the first, second or 
third vibration mode is excited within 
the atom. " The jump of an electron from 
one quantum orbit to another is inter
preted as the dying-out of one vibration 
mode and the simultaneous appearance 
of another. Thus the entire theory of 
electron motion within atoms takes on a 
physical meaning closer to the theory of 
organ pipes, violin strings or drumheads 
than to the theory of planetary motion 

high.energy antiproton (pJ enters the chamber at upper left, ancl 

collides with a proton (p), which recoils toward the left side of the 

picture. The antiproton ricochets to the right and Is annihilated 

in a carbon nucleus, producing four pi mesons (7r) and a proton. 
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around the sun. In these terms the Pauli 
principle becomes equivalent to the 
statement that each particular vibration 
mode can either be excited or not, just as 
we can strike two different keys on a 
piano simultaneously but cannot strike 
the same key twice at the same time! 

Pauli first stated his exclusion prin
ciple in terms of the mathematical "sym
metry" of probability functions. A 
probability function is mathematically 
symmetrical if its variables (which, in 
the case of the electron, take account of 
both orbital motion and spin direction) 
can be interchanged without changing 
its sign (plus or minus). It can be easily 
shown that the exclusion principle is 
equivalent to the following statement: 
The probability function describing the 
motion of electrons within an atom is 
antisymmetrical with respect to any 
electron pair. 

If we mathematically transpose the 
positions of two electrons moving along 
the same atomic orbit and spinning in 
the same direction, their probability 
function does not change in value. The 
Pauli principle, however, tells us that 
because their probability function is anti
symmetrical, it must change sign as the 
result of such a transposition. But what 
function can change sign without chang
ing in value? The only quantity that 
satisfies these conditions is zero. Plus 
zero equals minus zero; changing the 
sign of zero does not change the value of 
the function in any way. Thus it follows 
that the situation where two electrons 
with the same spin move along the same 
orbit has a probability function of zero. 
In other words, the situation is impos
sible. And this is exactly the way in 
which Pauli originally stated his exclu
sion principle in 1925. 

Non-Pauli Particles 

Like Dirac's antimatter theory, Pauli's 
exclusion principle was first postulated 
for electrons, then successfully applied 
to protons and neutrons. Since then 
physicists have raised the question of 
whether or not the exclusion principle 
applies only to elementary particles such 
as protons and electrons or whether it 
might also apply to whole nuclei or even 
to whole atoms. We can answer this 
question by theoretically applying the 
Pauli principle to two helium nuclei 
(alpha particles), which are composite 
particles composed of two protons and 
two neutrons. What happens to the 
probability function describing the mo
tion of two alpha particles if we ex
change their positions? 

We can carry out such an exchange in 

SIGMA RELAY FOR MILITARY 

EQUIPMENT NOW TWICE AS 

SENSITIVE; DESIGNERS GET 
TWO WEEKS OFF 

Sensitive relays' have very little company these days, as they continue to 

do the same job they always have, but on less and less take-home power. 
There was a time when you could say a relay was sensitive if it would 
operate around 50 milliwatts or SOi now, it has to do the same work on 
about half as much coil power. Alas, the price of Progress she comes high ... 

With this philosophy firmly implanted, With the sensitivity question all straight-
our Chief Sensitivity Engineers took a 
perfectly good "military" Sigma relay of 
fairly wide application success and at
tempted to make it more sensitive, without 
impairing any of its other characteristics. 
The fruits of their labors is a new adjust
ment which is twice as sensitive as the 
original relay, since the required operate 
power is only half as much as the old 
style which is also still available if you've 
got double the number of milliwatts to 
play with as anyone else currently building 
military gear. 

ened out, these two Chiefs were given 
their just reward and flown by privately 
chartered aircraft to a secluded spot for 
the vacation they so richly deserved. 
Found among the papers they left behind 
were the following additional facts, which 
may be of interest to anyone who has to 
squeeze an SPDT or DPDT relay into 
1.75 cubic inches and have it work on 
next to nothing, in airborne and 
similar environments. 

"(unlike other people) 

SERIES 22 - "5" ADJUSTMENT 
Series 22 bulletin on 
request, but you may 
have to wait a little 
while until everyone 
gets back to work
a n n u a l  p l a nt s h u t
down takes place the 
first two weeks of July. 

SENSITIVITY 
CONTACT RATING 
OPERATING TEMP. 

VIBRATION 
SHOCK 

ENCLOSURE 

12 mw. SPDT. 20 mw. DPDT 
up to 2 omp. 12BVDC/120VAC) 
-65°C. to +125°C. 

10 9 to 300 cps 
100 9 will not cause damage 
hermetic seal 

(Other adjustments of the "22" hove similar ratings, 
except for sensitivity which is 20 and 40 mw.) 

SIGMA 
SIGMA INSTRUMENTS, INC. 

170 Pearl Street, So. Braintree 85, Mass. 

AN AFFILIATE OF THE FISHER�PIERCE CO. (SiI\U1.3.) 
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engineers 

What kind of 
P.x.Qt�.�.�i.Q.J}.�t 

climate 
• . • . . . . . . . . . . . .  � . .  

is essential 
to you 

as a 
creative man ? 
T h e  " r i g ht" Profe s s i o n a l  C l i m ate 
doesn't  iust  happen. I t  has to be 
created - painsta kingly, with care

ful p lanning,  foresight and creative 
inspiration.  

I f  y o u  w o u l d  l i k e  to  k n ow how 
General  Electric's Adva nced Elec
tronics Center at  Cornell Univer
sity h a s  b u i lt an i d e a l  creative 
environ ment - and the m a ny op
portunities and rewards that await 

you as a n  engineer or  scientist at 
the Center - please clip and return 
the coupon below for your free 
c o p y  of  t h e  b ro c h u r e  e n t i t l e d  
" Profe s s i o n a l  C l i m a te." 
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four mathematical steps. First w e  trans
pose one proton belonging to the first 
alpha particle with one of the protons 
belonging to the second. Then we trans
pose the other pair of protons and finally 
each of the two pairs of neutrons. Since 
protons and neutrons obey the Pauli 
principle, each transposition changes the 
sign of the probability function from plus 
to minus or from minus to plus, but at 
the end of four steps the function has the 
same sign as before. Thus we conclude 
that the probability function describing 
two alpha particles is symmetrical, or in 
other words that alpha particles con
sidered as individual units are not sub
ject to the Pauli principle. 

But not all composite particles are 
exempt from the Pauli principle. The 
transposition of two tritons (nuclei of 
hydrogen 3, or tritium, containing one 
proton and two neutrons) does result in 
a change of sign, so we must conclude 
that tritons are subject to the Pauli prin
ciple. Furthermore, we find that atoms 
such as those of oxygen (eight protons, 
eight neutrons and eight electrons) , con
taining an even number of elementary 
particles, are not subject to the Pauli 
principle; and that atoms such as those 
of nitrogen (seven protons, seven neu
trons and seven electrons) , containing 
an odd number of particles, must obey it. 
This curious even-odd discrimination 
determines the statistical behavior of 
particles: The even-numbered or "non
Pauli" particles obey the laws of Bose
Einstein statistics and hence are called 
bosons; the odd-numbered or "Pauli" 
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F I R ST Q U A N T U M  

I STAT E  

particles obey Fermi-Dirac statistics and 
are called fermions. 

Until about two decades ago elec
trons, protons and neutrons were the 
only known elementary particles in na
ture. Later studies have revealed the 
existence of a large number of particles 
with a claim to elementarity. We now 
have three kinds of hyperons (unstable 
particles heavier than protons) , three 
kinds of mesons (unstable particles with 
a mass somewhere between that of the 
proton and the electron) and neutrinos 
( with practically no mass at all) . Al
though experimental studies of these 
new particles reveal new and exciting 
facts about them almost every month, 
theoretical progress in understanding 
their propeliies is almost at a standstill. 
We do not know why they have the 
masses they do; we do not know why 
they transform into another the way they 
do; we do not know anything! The one 
concept that stands like the Rock of 
Gibraltar in our sea of confusion is the 
Pauli principle, which separates the 
fermions (such as neutrinos and mu 
mesons) from the bosons (such as pi 
mesons and lambda particles) . 

Is the fact that some of these particles 
are "Pauli" and some "non-Pauli" con
nected with their internal structure, as 
it is in the case of alpha particles and 
tritons? Are some of these particles ele
mentary, while others are not? We do 
not know. Let us hope that sometime 
soon the fog enveloping these questions 
will be dispersed by somebody's ingeni
ous idea. 

--
' ... 

S T AT E  

D I S TA N C E  F R O M  N U C L E U S  

WAVE FUNCTIONS express the probability of finding an electron in a particular q llantum 

state and at a given distance from the nucleus. These functions describe the energy and 

motion of the electron far m ore accurately than do the orbit concepts of classical theory. 

© 1959 SCIENTIFIC AMERICAN, INC



© 1959 SCIENTIFIC AMERICAN, INC



© 1959 SCIENTIFIC AMERICAN, INC



Cooper Deve lopment Corporat ion 
a subsidiary of 

The Ma rq ua rdt Corporat ion 
DE LIVERS MAJOR 

u BREAKTH ROUG H S" 
BOTH ON ·TI M E  AN D 

WITH I N  BUDG ET ! 
PROJECT ECLIPSE PRODUCED NEW DATA on ionospheric changes occur
ring during IGY solar eclipse, using Cooper Development Cor
poration's ASP AN rocket vehicles. CDC rockets fired in the Proj 
ect reached the 1 5 0-mile region of the ionosphere carrying 60-lb . 
payloads - a  world's record for two-stage solid propellant rockets . 
With prime responsibility under the Naval Research Laboratory, 
CDC was responsible for the instrumentation, for vehicle and 
launcher development, and conducted the actual launchings from 
shipboard. CDC's development of ASP AN opened the door to prac
tical application of solid propellant vehicles to rocket astronomy. 

AMERICA'S FI RST EXPLORER satellite was boosted into orbit by high
speed rocket motors produced by CDC,  under a contract to Cali
fornia Institute of Technology's Jet Propulsion Laboratory. As 
sub-system contractor, CDC produced the solid propellant motors 
and performed the final assembly on the last 3 stages ; dynamically 
balanced the entire final assembly and, on subsequent Explorer 
proj ects, provided telemetry antenna and power pack equipment. 

COO P E R  A S P  - VERSATI L E  PRODUCTION ROC K ET - is  utilized as 
either a self-contained, payload-bearing single-stage vehicle, or 
as a second-stage vehicle for larger boosters . Capable of carrying 
2 5  to 1 00 lb. payloads into the ionosphere, the CDC ASP has been 
successfully applied to upper-atmospheric research, meteorologic 
and weather reconnaissance. 

O THER COOPER A CHIEVEMENTS: 
M A J OR PART I C I PATI O N  in numerous other programs - Proj ects 
Vanguard, Juno, Sunfiare, Cloverleaf, Rockoon, Mercury, AMQ-
15 Weather Reconnaissance System, and Pioneer. 

SYSTEMS MANAGEM ENT of five nuclear research programs - O per
ations Red Wing, Hardtack, Plumbob and Proj ect Cleansweep, 
plus the ASP AN-launched " Falling Sphere" for the Office of 
Naval Research. 

FORW ARD RESEARC H on improved instrumentation : for CDC's 
Window Atmospheric Sounding Proj ecti le - first systematized 
meteorological rocket to successfully measure wind conditions 
above 1 00,000 feet ; for determining conditions to be encountered 
by manned s atell ites ; and, for other advanced air and space 
developments. 
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Cooper supp l i es u n iq ue  capab i l ity, 
Ma rq u a rdt p rov ides added resou rces 
as Cooper De velopment Corporation 
becomes a subsidiary of 
The Marquardt Corporation 
COOPER DEVELOP MEN T CORPORATION has a proven 
record of achi evement. Responsible : an inte
grated team o f  creative s p e c i a l i s ts - with a 
demonstrated ability for translating advanced 
concepts into field-reliable hardware. 

CDC COM PLETE PROJECT SERVICE delivers start-to
finish answers to problems involving military 
and research rocket systems-from design, devel
opment and production to field testing and data 
evaluation - in minimum time, and at minimum 
cost. Case in point : Cooper's 5-month record on 
the complete Navy-sponsored Redwing proj ect, 
which included i nstrumented rocket vehicles,  
launchers and both airborne and ground tele
metering instrumentation. Availability of CDC's 
proven systems trims development time to a 
minimum, while the Corporation's complete and 
integrated facilities s ave additional time and 
money. 

R O C K ET M O T O R S ,  J N S T R U M E N TATI O N ,  i n s t r u 
mented rocket vehicles,  ground su pport - any 
part of a rocket system - can be developed and 
produced to your specifications, delivered on time 
and within bu dget. C D C  experience backlog 
e l i m i nates costly e x p e r i mentat i o n  and s a v e s  
precious time. 

THE M ARQUARDT CORPORATION strengthens CDC's 
capab i l ity with add itional management-engi
n e e r i n g  r e s o u r c e s ,  f a c i l i t i e s  a n d  fi n a n c i a l  
resources . Consolidation o f  the two corporations 
forecasts a considerable expansion of CDC facil
ities and capabilities during 1959.  

A T  YOUR SERVICE : the proven capable organiza
tion of Cooper Development Corporation. For an 
on-time, minimum-cost solution to any problem 
involving military or research rockets, contact : 
Contract Planning Manager, Cooper Develop
ment C o r p o r at i o n ,  2 6 2 6  S o u th Peck R o a d ,  
Monrovia, California.  

CO O P E R  
D EVELO P M E N T 
C O R PO RAT I O N  
M O N ROV I A. CALI FOR N I A  a subsidiary of 

� 

a r9clfr.�!1t 
VAN N UYS & POM ONA. CALI FOR N I A · OGDEN.  UTAH 

Engineers and Scientists will find challenging career 
opportunities at CD C and at all Marquardt Divisions. 
For details contact Marquardt's Professional Person
nel D epartment,  1 6555 Saticoy St., Van Nuys, Calif. 
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The Life of a Sand Dune 

The region near the surface of these wind-dri(Jen hills can be 

an alm�ost intolerably hot and arid environment, yet an entire 

community of plants and animals ha(Je become adapted to it 

F
ew environments on earth are as 
hostile to life as a sand dune. The 
surface of a dune, heated by the 

midday sun, can reach a temperature of 
more than 150 degrees Fahrenheit. The 
same surface, baked by the sun and 
drained by the porosity of the· sand, is 

by William H. Amos 

almost perfectly arid. The very stuff of 
the surface is constantly shifted by the 
wind that both builds and destroys the 
dune. Yet wherever sand dunes occur, 
certain plants and animals take up resi
dence and survive by remarkable evo
lutionary adaptations. 

To people who live in the temperate 
zones the most familiar kind of dune is 
the foredune, a ridge of sand that rises 
behind an ocean beach. Sometimes a 
section of foredune will be blown in
land, giving rise to the dramatic travel
ing dune. Such a dune can attain an im-

CROSS SECTION O F  A DUNE is shown on this and t\Ie next three 

pa ges. The sand is hotter in a hollow because of the "condensing 

effect" (1). The be m becid wasp (0) repeatedly rises into the air 

to kee p cooL Also shown are bayberry (2), A merican holly (3), 
wild black che r ry (4), poison ivy (5), woodbine (6), meadow vole 

(7), cottontail rabhit (8), stork's-bill (9) and wire grass (11). 
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pressive rate of progress. The dunes of 
Cape Henlopen in southern Delaware 
once traveled 60 feet a year, overwhelm
ing a historic lighthouse and its service 
buildings and then moving inland to in
undate a forest. (The smaller buildings 
reappeared in a good state of preserva
tion 50 years later.) It is on the life 
of the Cape Henlopen dunes that this 
article is largely based. 

The fate of dunes and the fate of 
plants are inexorably drawn together. 
Certain plants (e.g., marram grass, 
beach heather and sand cherry) flourish 
in sand. Once established on a dune, 
they are barriers to the wind; by slow
ing the wind and causing it to drop its 
freight of sand grains they hasten the 
growth of the dune. But as the dune 
grows the plants, if they are to survive, 
must grow with it. As a result certain 
shrubs often develop elongated stems. 
vVhen the dune moves on, the plants left 
behind may have peculiar topknots of 

foliage, if they can stand erect. More 
often their stems, no longer supported 
by the sand, simply topple over. 

As a dune travels, it overwhelms 
the plants in its path. If a tree can 
keep enough of its foliage above the 
sand, it will survive. What appears to 
be a small pitch pine on the crest of 
a dune may actually be the upper 
branches of a 30-foot tree. Even if their 
growth is accelerated, however, most 
trees cannot keep pace with the rising 
sand; they are inundated and die. Years 
later their bare, gaunt forms reappear 
on the windward side of the dune. Mean
while the buried trees may have provid
ed a curious oasis for large numbers of 
minute organisms. When such trees have 
been located and excavated in the dunes 
of Cape Henlopen, they have been found 
to be thoroughly saturated with water. 
In the dead, wet tissues of the wood 
dwell roundworms, protozoa and bac
teria. Usually a few larvae of wood-

boring beetles, and sometimes colonies 
of termites, can be found deep in the 
buried tree. Occasionally the wood feeds 
the mycelium of a fungus, and mush
rooms erupt on the dune. 

The plants of the dunes are marvelous-
ly adapted to their rigorous environ

ment. Man'am grass and other sand 
grasses appear to be modest surface 
dwellers, but their roots reach down 
several feet for water. Other plants with 
extensive water-seeking root systems are 
poison ivy, grape, stork's-bill and wood
bine. Many successful dune plants, both 
annual and perennial, have a long tap
root; some species (e.g., wild lupine) 
which do not have a taproot in good 
soils will grow one when they settle on a 
dune. Usually these roots are not very 
sturdy; they descend like a string for 10 
or 15 feet until they encounter a supply 
of water, and then they branch pro
fusely. Because water is so scarce on the 

SECTION C ONTINUED on these two pa ges contains a pool 

(dark color) where the level of the ground water (light color) is 

a bove the sand surface. The life near and in the water includes cord 

grass (13), back swimmer (14), the tadpole of Fowler's toad (15), 

water boatman (J6). In pool or sand water are microscopic forms 

such as roundworms, copepods, protozoa and bacteria (17, 22). 
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dunes, such plants are seldom crowded: 
competition for water would jeopardize 
the survival of their species. 

Plants that spread their foliage close 
to the dune surface usually have special
ized leaves that minimize the effects 
of intense light and heat, either direct 
or reflected and radiated from the sand. 
Even when they are not related, such 
plants may have similar leaf structures 
because they share the common hazard 
of losing water by the evaporative proc
ess of transpiration. Dusty miller ex
empliRes those plants that have leaves 
densely covered with matted white 
Rbers, which provide an effective insula
tion against light and heat. In other 
dune pl:ctnts the waxy cuticle that cov
ers a leaf is thickened. The leaves of 
beach heather are heavy and scalelike; 
those of western burroweed have rela
tively few stomate pores, thus reducing 
transpiration. In the common wire grass 
found in most sandy regions the expo-

sure of surface area is lessened by thick, 
heavy leaves with tightly folded blades. 
Some dune plants moderate the effects 
of heat and light with leaves that are 
held vertically rather than horizontally. 
Such leaves have symmetrical internal 
structures, so that both of their sides 
have the same capacity for photosyn
thesis. 

There are plants such as the western 
white primrose that lose most of their 
leaves during a drought and grow new 
ones when the drought is over. Some 
plants have lost their leaves permanent
ly. Of these leafless succulent plants one 
of the best known is the prickly-pear cac
tus, found throughout the coastal and 
southern regions of the U. S. This species 
has the remarkable ability to grow at a 
temperature as high as 136 degrees F. 

Many dune plants are adapted to 
their environment not only by their anat
omy and physiology but also by their 
life cycles. Dramatic examples of such 

adaptation are provided by desert plants, 
the environment of which closely re
sembles that of dune plants. Seeds alone 
demonstrate the resistance of desert 
plants to heat and drought. E. B. Kurtz, 
Jr., of the University of Arizona found 
that seeds of the saguaro cactus, a plant 
common to the deserts of the U. S. 
Southwest, would still germinate after 
they had been subjected for seven days 
to a temperature of 181 degrees F. The 
seeds of many plants in deserts through
out the world germinate in winter and 
early spring when there is a sufficiency 
of water followed immediately by tem
perature conditions that favor growth. If 
seedlings are to survive, they must take 
advantage of these intervals and produce 
both roots that quickly arrive at a per
manently moist stratum and hardy fo
liage that resists heat and light long 
enough to permit the plant to bloom 
and go to seed. 

There are times in late winter and 

Wet wood of buried trees may also support the growth of 

mushrooms (23) and termites (25), Other animals of the dune 

are tiger beetle larva (12), grasshopper (I8), Fowler's toad (24) 

and velvet ant (20), Plants include beach heather (19) and man'am 
grass (21) on the windward slope; honeysuckle (26), wild lupine 
(27), grape (28), and the unhuried tops of trees on the crest. 
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early spxing when both deserts and 
dunes suddenly erupt with blossoms and 
foliage. In our western deserts, plants 
respond to an almost infinitesimal 
amount of rain, either by the germina
tion of seed or the resuscitation of dying 
plants. Lloyd Tevis, Jr., of the California 
Institute of Technology recently re
ported that minimum conditions of rain 
and precipitation dramatically revived 
sand verbena, white primrose and desert 
gold. In the dunes of the eastern U. S. 
the common beach heather Hudsonia 
may seem to become entirely brittle and 
dry, yet will be restored to a brilliant 
green by a brief shower. 

When we consider the distribution of 
plant species over an entire dune 

area, we see that the plant communities 
are divided into more or less distinct 
zones. In one zone there will be only a 
few grasses; in another there will be 
thicker cover vegetation; in another, 

trees will predominate. This zonation, as 
the ecologist terms it, can be understood 
as a sequence of events at a particular 
spot. First the raw, new dune is invaded 
by sand-loving grasses. Later, as the 
dune is stabilized by plants, it passes 
through various stages of cover vegeta
tion. Finally a permanent "climax" com
munity develops on the sand, which now 
can no longer be called a dune. 

Dunes are also characterized by an
other kind of zonation. This is evident 
in the distribution and growth of both 
plants and animals, and is due chiefly to 
the vertical stratification of temperature. 
At noon on a summer day the tempera
ture stratification, from top to bottom, 
is roughly as follows: warm air, hot air, 
exceedingly hot surface, hot sand, warm 
sand, cool sand. The highest surface 
temperature on the dunes of Cape Hen
lopen is about 125 degrees F.; in French 
Equatorial Africa a surface temperature 
of 183 degrees has been recorded. Natu-

rally the temperature varies considerably 
with the season, the time of day, the 
wind, the humidity, the clarity of the 
atmosphere, the color of the sand and 
the configuration of the dune. A hollow 
in the sand, for example, will concentrate 
the sun's rays, and considerably raise the 
temperature. It is not simply due to the 
absence of wind that a hollow in a dune 
feels hot. 

Each of the stratified temperature 
zones can be a favored environment for 
a specific animal, at least during part of 
the animal's life. The animal population 
of the dunes is almost entirely limited to 
joint-footed arthropods such as insects, 
and vertebrates such as mice. Notably 
absent are animals with moist skins, such 
as worms and amphibians. The dune 
vertebrates generally come out of their 
burrows only at night, so it is the insects 
that are most evident by day. 

Only a few of the insects dwell di
rectly on the hot surface. Of these the 

LAST SECTION is the advancin g front of the dune. A pitch pine 
(29) lies in the path; another is already partly huried. In this reo 

gion, which is quite sandy, grow prickly.pea,· cactus (30), earth stars 

(31), post oak (32), goldenrod (33) and honeysuckle (34). Here the 

sand water again contains roundworms and protozoa (35). Ni ght. 

hawks, owls, mice, ra b bits and opossu m also live in this re gion. 
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most conspicuous is the so-called velvet 
ant, which is actually a species of wasp 
in which the females are wingless. Vel
vet ants are covered with dense, colored 
hair which protects them against light 
and heat. They can be found coursing 
about the sand on extremely hot days, 
but as the surface temperature ap
proaches 120 degrees they seek shelter 
in the shade of plants. This horizontal 
migration to a tolerable microclimate is 
also used by a number of other dune 
animals. 

Certain beetles seek a comfortable 
environment by vertical migration, mov-

o ing up and down the stems of plants as 
'the heat increases and decreases. A 
sand-dwelling grasshopper can solve the 
heat problem temporarily by extending 
its long legs, thus raising its body into 
a perceptibly cooler stratum of air. From 
time to time it flies a few feet, and is 
further cooled while it is aloft. Predatory 
tiger beetles, bee flies and robber flies 
alight briefly on the hot sand; they are 
cooled as they range about above the 
dunes in search of food. 

O f all the insects that spend part of 
their lives on the surface and rise 

into the air to cool off, none is more 
easily observed (or has been more thor
oughly studied) than the bembecid, or 
digger wasp. The problem of the bem
becid is this: Because it hunts other in
sects by sight, it must dig its small bur
row and provision it during the hottest 
hours of the day. But the bembecid is 
not insulated with hair like the velvet 
ant; it is quite susceptible to over
heating. If a bembecid is experimen
tally restrained at the hot surface, it 
will rapidly succumb to heat stupor. Ac
cordingly it solves the heat problem by 
behavior. 

A bembecid will hover in the air, de
scend almost vertically to the site of its 
burrow and dig like a terrier with its 
curved front feet. It does so only for a 
moment, leaving a small depression and 
an apron of sand. It now rises a foot or 
more in the air, where the temperature 
is at least 10 degrees lower. It hovers 
briefly, then drops down to resume its 
excavation. This happens repeatedly, 
until the hole is deep enough for the 
wasp to enter. When the burrow extends 
below the high-temperature zone of the 
surface, the bembecid remains in the 
relative coolness of the burrow to com
plete its digging and lay its eggs. Some 
burrows collapse before they are fin
ished and must be redug or abandoned; 
when they are successfully made they 
extend several inches into the side of the 

ADVANCING FRONT OF DUNE on Ca pe Henl o pen in s outhern Delaware has covered all 

hut the t o ps of these trees. If enough f oliage re mains above the sand, a tree can survive. 

BACK OF THE DUNE on Cape Henlopen the dead remains of trees reap pear as the sand 
which c overed them moves on. This dune at one time traveled at the rate of 60 feet a year. 
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TRACK O F  A SNAKE found in the early morning is evidence of the night·life on the sand. 

Many dune animal s, particularly vertebrates, are only active during nocturnal hours. 
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dune and retain their shape in spite of 
the looseness of the sand. 

Many insects spend a part of their 
lives not on the surface but immediately 
below it. The voracious larva of the tiger 
beetle dwells in a vertical burrow and 
seizes insects that blunder across the en- . 
trance. Another larva that lives in the 
subsurface zone is the ant lion, which 
faces away from the sun at the bottom of 
a conical pit. When an insect tumbles· 
into the pit, the larva backs deeper into 
the sand and tosses up a shower of sand 
grains with its head. The sand falls about 
the rim of the pit and cascades down, 
carrying the scrambling insect with it. 
The prey is seized with large, sickle
shaped jaws, dragged beneath the sur
face, paralyzed by means of a fluid that 
also liquefies the inner tissues, and is 
sucked dry. Despite the formidable be
havior of its larva, the adult form of the 
ant lion is a weak, graceful insect. After 
it has developed and emerged from its 
pit, it survives only long enough to mate 
and (in the case of the female) de· 
posit its eggs in the loose sand under 
a shrub. 

If the dry surface sand of a dune is 
examined under the microscope, there 
are a few indications of life; but when 
the sand is saturated with rain, even for 
a brief period, a bustling population of 
tiny organisms appears and pursues a 
short, vigorous existence. One-celled 
protozoans, some of them resembling the 
familiar Paramecium, emerge from an 
encysted state. They feed upon bacteria 
that have been similarly activated from 
resistant spores. Round worms may also 
hatch from eggs. The ability to remain 
dormant is well developed in these small 
creatures of the dune surface; water may 
be absent for extended periods, but 
when it is present they emerge, feed, 
grow and reproduce-veritable Rip van 
Winkles of the dune world. 

The specializations of dune animals 
vary in detail, bu t all are directed 

toward enabling the animal to resist heat 
and desiccation. Consider desiccation 
alone: If the water content of an animal 
is to remain constant, the water gain 
must equal the water loss-a delicate 
balance not easy to maintain in the arid 
environment of the dunes. Fortunately 
animals have the capacity to obtain wa
ter not only by drinking but also by oxi
dizing foodstuff. In the insects and ro
dents that feed upon the grasses of the 
dunes this capacity is developed to a 
high degree; they obtain some moisture 
from the grasses but fill a substantial 
fraction of their water need by metabolic 
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processes. Some rodents of the desert, 
such as the kangaroo rat and the pocket 
mouse, eat seeds that have no appre
ciable moisture content, and obtain vir
tually all of their water from their me
tabolism [see "The Desert Rat," by Knut 
and Bodil Schmidt-Nielsen; SCIENTIFIC 
AMERICAN, July, 1953]. 

Most dune animals are obliged not 
only to conserve or manufacture water 
but also to lose it by evaporation in order 
to cool themselves. In this way a dune 
insect can actually reduce its tempera
ture below that of the surrounding air. 
It achieves this remarkable result by 
energetic ventilation of its tracheal 
breathing system. An increase in the 
temperature of the air can paradoxically 
decrease the relative temperature of the 
insect, because the insect's metabolism 
will be accelerated by the temperature 
increase. But the two factors-heat and 
evaporation-eventually work against 
each other; if the insect evaporates too 
much water, and cannot replenish its 
supply, its activity decreases until it falls 
into heat stupor and dies. 

Many animals of the dunes are light 
in color, a phenomenon which has given 
rise to certain speculations. Light colora
tion is due to the lack of melanin, the 
dark pigment found in most animals. 
Melanin is formed in the presence of 
oxygen by an enzyme acting upon a 
colorless substance, the chromogen; its 
syntheSis is enhanced at relatively low 
temperatures and suppressed in hot en
vironments. This phenomenon has been 
demonstrated in the wasp Habrobracon 
and the bug Perillus; it is a matter of sig
nificance to the dune ecologist, although 
neither insect is a resident of dunes. 
There are a number of other factors that 
influence such coloration: A moist en
vironment, for example, causes certain 
butterflies and grasshoppers to become 
darker, and an arid environment has the 
opposite effect. So some light-colored 
insects seem to be affected by the en
vironment, while others remain pale 
for generations regardless of external 
conditions, resembling in this respect 
the colorless animals of caves. Colora
tion in insects and higher animals is 
not a simple affair; it may not only 
be dependent on external and internal 
factors, but also involves pigments 
other than melanin. The fact remains 
that the significant conditions of the 
dune environment-heat and aridity
produce pale insects in the laboratory, 
and may have the same effect on other 
animals. 

Light colors that blend with sand are 
seen in a great many (but not all) grass-

LARVA OF THE TIGER BEETLE waits in the bottom of its vertical burrow (seen here 

in a cutaway view) to seize and eat any insects that blunder across the mouth of its lair. 

ANT LION, another insect-eating larva that Jives in the subsurface zone, seizes its 

prey with its large sickle-shaped jaws. The adult of this larva is a weak, short·lived insect. 
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hoppers, tiger beetles, spiders, reptiles, 
birds and mammals in dunes and deserts 
the world over. This characteristic pre
sumably favors the survival of the ani
mals by making them hard to see in day
light. It is an odd fact that light colors 
are also found in many nocturnal dune 
animals, which would not seem to need 
this protective device. It may be that the 
production of melanin in these animals 
that do not emerge in daylight is affected 
by the conduction of heat from the sur
face of the sand. (Aridity should not 
have an important role, since burrows 
that descend even a few inches are com
paratively humid.) 

On the other hand, light coloration 
may protect the nocturnal animal more 
than we think. In moonlight, or even on 
moonless nights, predators might be able 
to see a dark-colored animal against the 
sand more clearly than they could per
ceive a light-colored one. There is an
other possibility, though it is probably 
rather remote. Cold-blooded animals 
that are light in color do not absorb heat 
from the sand as readily as do similar 
animals that are dark. It is known that 
rattlesnakes can locate their prey with 
sensory organs that are extraordinarily 
sensitive to heat radiation. Could other 
predators hunt in the same way? It is 
probable that there is no single explana
tion for the pale coloration of animals in 
dunes and deserts; rather, a number of 
unrelated influences seem to lead to the 
same result. 

The burrows of the animals that 
emerge at night or during the twi

light hours usually extend deep below 
the surface of the dune. Most of the bur
rows are inhabited by the animals that 
excavated them, but some have been 
taken over by new occupants not ca
pable of extensive digging. During the 
day the dune mice remain in their cool, 
humid tunnels; large predatory spiders 
rest quietly at the bottom of' burrows 
that go down two feet or more; ants 
cluster and work in their galleries. 

Although the dune ants may emerge 
only for brief periods at twilight, they 
are among the most successful residents 
of dunes. This success is due to the ease 
with which they excavate tunnels deep 
in the sand (some ants have special 
sand-carrying structures on their heads) 
and to the fact that they limit their 
activities to times when the surface 
temperature is moderate. The twilight 
activity of the dune is perhaps greater 
than either the nocturnal or the diurnal. 
Early in the moming the sand is etched 
with the tracks and trails, the signs of 
pursuit and capture, left by animals 
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abroad in the gray hours before dawn. 
It is only from this record, soon to be 
erased by the wind, that one can gain 
full realization of the intense animal 
activity of the dunes. 

What is it that induces nocturnal and 
crepuscular animals to migrate up and 
down at the appropriate time? One spe
cies of carabid beetle is as abundant on 
the surface of the dunes at night as the 
bembecid wasp is during the day. Other 
beetles, not necessarily residents of 
dunes, have been observed to remain 
head-up in the soil until twilight, at 
which time they emerge and fly away. 
In a recent issue of the journal Ecology 
George G. Gyrisco and W. G. Evans of 
Cornell University report their observa
tions of how light triggers the twilight 
emergence of the European chafer, a 
member of the beetle family. It is a cer
tain intensity of light that stimulates the 
chafer-an intensity characteristic of the 
twilight hours. Such environmental stim
uli may also account for the vertical mi
gration of dune animals. Many animals, 
however, are known to have inborn 
rhythms of behavior, and these "bio
logical clocks" may provide an alterna
tive explanation. 

There is one dune population that 
. never comes to the surface-the so

called sand-water organisms. That sand
water is an environment in itself was 
recognized some years ago by Robert W. 
Pennak of the University of Colorado 
and the late C. B. Wilson of the Massa
chusetts State Normal School, who 
found a considerable assortment of tiny 
organisms in the saturated upper levels 
of beaches adjacent to both salt and 
fresh water. Some species of this 
fauna appeared to be migrants from 
open waters, but others were adapted 
and resh'icted to wet sands. Investiga
tions at Cape Henlopen and elsewhere 
indicate that the sand-water fauna is 
even more abundant than heretofore 
believed. 

One of the most curious animals 
found in the sand-water environment is 
an elongated crustacean, related to the 
planktonic shrimp found swimming in 
surface waters all over the world. Such 
relatively large sand-water animals are 
most abundant in sand near visible sur
face water. But whenever we have sent 
cores into the Cape Henlopen dunes and 
collected water we have found an abun
dant smaller fauna: roundworms, cili
ated protozoa, bacteria. And among 
them are occasional representatives of 
larger organisms such as rotifers, gastro
trichs, tartigrades and insect larvae. 

The extent of the sand-water en-

vironment may even now be underesti
mated; though the surface of a dune is 
arid, its interior can contain large quan
tities of water. Because sand is porous, 
water circulates freely through it and 
does not stagnate. This movement can 
be due to surface evaporation, which 
causes a slow upward capillary flow; to 
rainfall, which causes a more rapid 
downward flow; or to the slope of the 
water table, which causes a lateral flow. 
Under a dune the water table bulges 
upward; it is this copious reservoir that 
supplies water to the deeper plant roots 
and constitutes the principal habitat of 
the sand-water organisms. 

Despite their abundance, the sand
water animals probably play only a small 
role in the biological economy of a dune. 
This is because they are isolated from 
predators that dwell in the intermediate 
or surface levels. The surface layers of a 
dune are above all a world of predation. 
In most other environments the pyramid 
of life is based upon great numbers of 
plants, which are eaten by herbivores, 
which in turn are eaten by relatively few 
carnivores. In the dunes plant life is 
relatively scarce, so the carnivores must 
prey largely on one another. 

The bembecid wasp is a case in point. 
Bembecids prey upon weak or weakened 
insects, but the bembecids themselves 
are prey. In her rapid, gyrating travels 
across the surface of the dune, the fe
male velvet ant descends into the bur
rows containing bembecid larvae and 
lays her eggs. When the eggs hatch, the 
velvet-ant larvae feed upon the im
mature bembecids. Certain bee flies 
parasitize velvet ants, and robber flies 
have been observed to capture bee flies. 
When they are dead, any of these in
sects may be taken off by bembecids. 
Thus the bembecids, though they are 
predators themselves, provide the basis 
for the existence of a variety of preda
tors. Of course such a pyramid must 
ultimately rest upon herbivores and 
plants, but in the dunes the pyramid 
has a narrow base, and the animal popu
lation is sharply limited. 

The harsh environment of a dune is 
a transitory thing. The dune must drift 
on, and when it is finally anchored by 
vegetation it gradually fades into gray, 
humus-laden sand. It exists through suc
cessive populations of animals and cov
ering grasses, shrubs, pines and climax 
hardwoods until only its vague contour 
is left. But elsewhere other dunes arise 
and creep across the land. Changing and 
changeless, the dunes provide an en
vironment in which the almost infinite 
adaptability of living organisms is dra
matically demonstrated. 
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CAPE HENLOPEN is backed by a great sand dune (light strip 

in the lower part of this aerial photograph) . The moving saud: 

has started to cover a forest (at the bottom of the photograph) , 

and vegetation has grown up in the region left behind (dark 

scrip above dune). The body of water to the left of the 

promontory is Delaware Bay; to the right is the Atlantic Ocean. 
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THE CITY OF MIDAS 

Gordion, where Alexander cut the Gordian knot, dominated Asia 

Minor in the eighth century B.C. Recent excavations indicate 

that It was a link bet,veen preclassical Greece and the East 

Then [Alexander the Great] con
quered the Phrygians, at whose chief 
city, Gordion, which is said to be the 
seat of the ancient Midas, he saw the 
famous chariot fastened with cords 
made of the rind of the cornel tree, 
which whosoever should untie, the in
habitants had a tradition, that for him 
was reserved the empire of the world. 
Most authors tell the story that Alex
ander, finding himself unable to untie 
the knot, the ends of which were secretly 
twisted round and folded up within it, 
cut it asunder with his sword. 

I
n the winter of 334-333 B.C., when 

Plutarch's chronicle takes Alexander 
to the Phrygians' already ancient 

capital, Gordion must have seemed no 
more than a second-rate provincial town 
in a hilly corner of the Persian Empire. 
Yet legend had preserved the memory 
of Gordion's wealthy and powerful past. 
Indeed, the Phrygian city's ancient mon
archs-its founder Gordios, with his fate
ful knot, and his successor Midas, with 
his golden touch and asses' ears-still 
hold sway in the immortal world of folk
lore. But Midas, at least, is no mere fairy
tale figure. Greek historical literature 
gives ample testimony of his flesh-and
blood existence. And within the next few 
years we may expect a considerable in
crease in knowledge of the Phrygians 
and their ruling dynasty, for the capital 
city and the tombs of its kings are yield
ing their secrets to the picks and spades 
of archaeologists. Since 1950 the Uni
versity Museum of the University of 
Pennsylvania, by arrangement with the 
government of Turkey, has been con
ducting a series of yearly campaigns at 
the site of ancient Gordion. 

It is generally assumed that the Phryg
ians were an Indo-European people, 
fairly closely related to the Greeks in 
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language and culture, who entered west
ern Asia from the Balkans at the end of 
the second millennium B.C. They suc
ceeded the Hittites as the dominant 
power in Anatolia (the classical name 
for the area that comprises the modern 
state of Turkey) . The Phrygians built 
their cities in the heart of Anatolia's lofty 
central plateau, a region rich in wool and 
minerals. From their strategic eminence 
the Phrygians attempted to expand their 
influence to the Aegean coast to the west 
and threatened the Mesopotamian basin 
to the east. According to the Greek histo
rian Herodotus, King Midas of Phrygia 
was the first "barbarian" (i.e., foreign) 
monarch to recognize the Greeks' Del
phic oracle. Herodotus saw and re
ported the royal throne sent as a votive 
offering by Midas to Delphi, and from 
his account we can safely date the reign 
of Midas in the latter part of the eighth 
century B.C. 

Nineteenth-century archaeological 
discoveries greatly increased the histori
cal respectability of King Midas. As an
cient Near-Eastern history was recon
structed from the cuneiform-inscribed 
clay tablets of the Assyrian royal libra
ries, Midas re-emerged as Mita, king of 
Mushki, an ambitious adversary of King 
Sargon, who ruled Assyria from 722 to 
705 B.C. Thus the Assyrian dating of 
King Midas confirms that of Herodotus. 
According to the Assyrian archives, the 
intrigues of Mita, or Midas, led to the 
formation of a powerful league of east
ern and western Anatolian kings against 
Assyria. Midas's alliance was about to 
pursue his dream of conquest when bar
barian tribesmen from the north raided 
his country and finally sacked his capital, 
Gordion. According to the Greeks, Midas 
committed suicide. From Greek and As
syrian sources we can identify these no
madic invaders of Asia Minor with the 

Cimmerians, a people who crossed the 
Caucasus under the pressure of the 
Scythians and whose name survives to 
this day in the word "Crimea." 

T he first excavations of ancient Gor-
dion were made in 1900 by the Ger

man archaeologists Gustav and Alfred 
Koerte, who took advantage of the ac
cess provided by the new Berlin-Bagh
dad railway to dig at Yassihi.iyiik, the 
"flat mound" on the east bank of the 
Sakarya River (the ancient Sangarios) 
in north-central Turkey. They had col
lected the theoretical material about 
Phrygia carefully and had chosen their 
site with acumen. The extent of the site, 
the presence of one of the largest clusters 
of burial mounds and the location as 
checked against ancient texts made it 
virtually certain that this was Gordion. 
It should be said, however, that no local 
inscription has yet provided conclusive 
evidence. In their one season of digging 
the Koerte brothers lived in the railroad 
station at Beylik Koprii and traveled 
daily by horseback, ferry and a fresh re
lay of horses to the mound on the oppo
site side of the river, where they dug in 
the city mound and opened up some of 
the burial mounds. Their venture was 
attended by luck. The considerable 
material they uncovered, exhaustively 
published in 1904, has served as the 
basis for subsequent understanding 
and speculation about Phrygian cul
ture. 

We now know, however, that the 
Koertes' sampling was scant, especially 
as it bore on what was concealed in the 
city mound. Their soundings did not 
penetrate below the level of the sixth 
century B.C., and the earlier period of 
Midas was represented only by a series 
of objects from one of the burial mounds 
which could not at the time be placed 
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CITY GATE of Gordion, faced with massive blocks of bewn stone, 

dates from the period of Midas (eighth century B.C.). Originally 

more than 30 feet bigh, these fortifications lay buried under many 

MOSAIC FLOOR of a "megaron" or large hall belongs to the 

same period. A round hearth originally occupied the central circle. 

The Aoor plan, hearth and perhaps the Aoor decoration relate this 

strata of debris until their excavation by the University Museum 

of the University of Pennsylvania. Gordion rose above the valley of 

the river Sangarios in Asia Minor (see nWI) on the next two I)(lges). 

room to the megara of Mycenaean Greek palaces. The mosaic is 

executed in red, black and white. The irregularity of its embroi· 

dery.like design was pal·tly original, partly the result of patching. 
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in context. On the basis of what they un
covered, the Koerte brothers character
ized the ancient Phrygians as peaceful 
peasants who lived in open settlements. 
They concluded that future excavations 
at Gordion might produce minor finds, 
but that "imposing remnants of architec
ture will not be found." 

When the University Museum started 
a new series of expeditions in 1950 under 
the direction of Rodney S. Young, 
Phrygia hud assumed a new importance 
in historical research. The accounts fur
nished by Herodotus and the annals of 
Assyria had not changed, nor had the 
fanciful tales about Midas and his ad
ventures. But the history of Greece and 
Asia Minor had been extended into the 
past. The vigorous culture of Mycenaean 
Greece had been discovered and exten
sively explored. But a 400-year lacuna, 
the dark ages of transition between the 
Bronze Age and the Iron Age, from 1200 
to 800 B.C., separated the fall of Myce
naean Greece and the beginning of the 
era that was to flower in the Greece of 
the classical period. On the eastern side 
of the Aegean, scholars had encountered 
a parallel gap in history. There, also 
from 1200 to 800 B.C., four centuries 
of darkness had intervened between the 
sudden destruction of the Bronze Age 

Hittite Empire and the rebirth of civili
zation and culture in which the Phryg
ians seemed to have played a leading 
role. With the dispelling of the darkness, 
Greek art shows the stimulus of Oriental 
influences. Writing was reintroduced in 
Greece due to a revival of contact with 
the Near East, chiefly the regions of 
North Syria and Phoenicia. Did the 
Phrygians also act as productive and 
stimulating neighbors of the Greeks? Or 
were they a second-rate repository of re
tarded and borrowed cultural features? 

T he new archaeological campaign at 
- the mound at Yassihiiyiik was 

planned to produce the material needed 
for a reliable historical and cultural re
construction of Phrygia and its role in 
the ancient world. In seven campaigns 
between 1950 and 1958-the eighth is 
now at work on the site-the field archae
ologists of the University Museum have 
begun to restore to the memory of man 
one of the great cities of history. Now 
we can say that Herodotus was right. At 
Gordion in the eighth century B.C. the 
Phrygians created a center, with power
ful fortifications and enormous buildings, 
worthy of their status as successors of the 
Hittites. Their tombs contain proof of 
local and imported wealth, art and 

equipment, proclaiming the climax of 
Phrygian power in the days of King Sar
gon of Assyria. The excavations also con
firm the story of the fall of the city, 
hinted at in Assyrian sources and in the 
Greek account of the fate of King Midas. 
Fire and plundering, the work of the 
Cimmerians, are evident in the physical 
devastation that befell t'he buildings of 
the monumental city. Later Phrygians 
buried the ruined capital so deep that no 
archaeologist before 1950 could have 
suspected its size and scope. 

Today the University Museum ex
cavators can point with a certain local 
pride to a set of eighth-century stone 
fortifications which in size and preserva
tion hardly have their rival in Asia Min
or. The city gate on the east side of the 
mound, with its oblique entrance, but
tressed towers and large gate chambers, 
stands to a height of more than 30 feet, 
dwarfing and awing the tourists who 
walk over its cobbled roadway into the 
paved outer plaza of the city of Midas. 
The top of the walls is not preserved, 
but the evidence indicates that a stone 
rampart 40 feet high surrounded the 20 
acres of the citadel. The stone walls of 
the sixth level at Troy, the largest citadel 
hitherto excavated in western Anatolia, 
are preserved to a height of not more 

ANCIENT PHRYGIA occupied the cent.-al highlands of Anatolia, 

now the Asiatic part of Turkey (middle). At the beginning of the 

archaic period in Greece the Phrygian capital, Gordion, played 

an important role in cultural transmission westward from the an· 

cient cultures of the Tigris-Euphrates valley {far right}. Urartu 

(upper right) was a source of bronzes found in Gordian tombs. 
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than 25 feet and enclosed about five 
acres. 

Only a few of the buildings within the 
walls have so far been excavated. The 
paved street leads in the direction which 
we presume to be that of the royal resi
dence. But that edifice is still covered by 
a safe blanket of later strata, awaiting 
careful, systematic removal. But on our 
way to the palace we have made some 
valuable architectural discoveries. It is 
plain that the layout of structures in the 
citadel was well planned, with enclosure 
waIls oriented uniformly. In the course 
of the eighth century the layout was 
changed and a vast structure, perhaps 
Midas's granary and magazines, was 
erected on a rubble terrace that covers 
a still-earlier level of the city. We can 
only estimate the size of this apparently 
single building by the distance between 
one of its rooms (a grain storage and 
grinding chamber 45 feet long) and an
other, similar in size and construction, 
that has been uncovered in a preliminary 
sounding 180 feet to the southwest. 

Apart from such businesslike con
structions we encountered two quite dif
ferent earlier buildings facing the paved 
square. Both were subdivided into an 
anteroom and a main hall, nearly 30 feet 
square, and both seem to have had a 

Other great archaeological sites shown in· 

clude Sardis, Troy and Bogazkoy, chief 

city of the pre.Phrygian Hittite culture. 

porch like entrance. The plan is sugges
tive of the Mycenaean Greek and Bronze 
Age Anatolian "megaron." As in the 
royal halls of Mycenaean kings we find 
a decorated floor, with a round hearth 
neatly set in the center. The design of 
the Phrygian floors is executed in a 
pebble-mosaic technique which we had 
found still popular in later levels at Gor
dion, before our excavations had reached 
the eighth century. In the curious style 
of the Phrygians the mosaic carries out 
continuous, irregular geometric patterns, 
in red, black and white, achieving rich 
embroidery-like eHects without natural
istic allusions. Repairs to the floors carry 
part of the blame for the irregular ap
pearance of the design, but even in its 
original form it seems to have been far 
from systematic. 

The use of these buildings is not clear 
from their appearance or contents. 

Before being set afire they had been 
thoroughly looted of any contents that 
might have told us what purpose they 
served. The fire consumed the super
structure also, for the chief building ma
terial, apart from stone foundations and 
mud-brick walls, was timber, used in an 
ingenious system of horizontal and ver
tical wall frames and in colossal roof 
beams. Fragments of burnt clay and the 
absence of tiles indicate that these build
ings were roofed with clay and reeds. 

By nice deduction from three pieces 
of evidence we have determined that the 
roofs were double-pitched, rather than 
flat, to span the large interior chambers. 
First a fallen stone with a voluted orna
ment was found by Rodney Young, who 
quickly identified it as an akroterion that 
had adorned the peak of the far;ade. The 
second bit of evidence was indirect: 
Rock far;ades carved as symbolic shrines 
on cliHs in western Phrygia show such 
roof construction, finished oH with an 
akroterion. Any doubt left in the exca
vators' minds was quickly dispelled by 
the third, quite unexpected source of in
formation. People lingering on benches 
set against the outer walls of one of the 
two buildings had scratched hundreds 
of graffiti in the soft limestone: many 
senseless doodles, some primitive sketch
es of people, dogs, birds, lions-and 
houses. They had drawn the latter in 
their essentials as a child would show 
them: the rectangular contour of the 
far;ade, the door, the gable and the 
akroterion. The contemporary evidence 
could not have been more cogent. 

Outside the walls of Gordion the buri
al mounds hold precious evidence of a 
kind that was lost in the sacking and 

burning of the city. The entire site is, in 
fact, ideal in the combination of archae
ological data oHered by the city and con
temporary cemetery sequences. The 
largest of the earth mounds heaped up 
over wooden burial chambers have 
turned out to belong to the period short
ly before the Cimmerian invasions. The 
burial customs, including occasional 
horse sacrifices, are those identified also 
with the Scythians, nomadic cousins of 
the Phrygians who roamed the northern 
shore of the Black Sea and did not enter 
Asia Minor until the seventh century B.C. 

The best-preserved burial chamber 
was reached in 1957 by tunneling into 
the 100-foot mound that dominates the 
scenery of Gordion now as it did in an
cient times. The chamber was still intact, 
with its gabled timber roof protecting 
the skeleton of a 65-year-old king and 
his treasure. The king remains anony
mous for the present, but his age and 
tomb gifts bring him close to Midas. Of 
all the wealth uncovered in this tomb 
and widely celebrated in the press at the 
time, archaeologists are most grateful for 
the woodwork. The furniture consisted 
of a funeral couch, tables and portable 
screens decorated in elaborate geometri
cal inlay. In wood as in other materials 
Phrygian art is revealed as possessing a 
repertoire of decorative motifs strikingly 
related to but not derived from early 
Greek ceramic patterns. If it had not 
been for such burial hoards, we would 
not have retrieved evidence of Phrygian 
excellence in this branch of arts and 
crafts. A child's tomb excavated in 1956, 
in addition to "geometric" furniture, con
tained animal carvings of a style entirely 
removed from the Greek tradition, and 
again clearly of local manufacture. 

I ess miraculously preserved in the 
...J tombs, but present in complete spec· 

imens and exceptional quantity, are the 
products of Phrygian metallurgy. The 
old king had the largest share of all. 
Fibulae (ornamental safety pins) had 
been known from occasional finds in the 
city mound and from Assyrian illustra
tions of Phrygian costumes, but nearly 
200 specimens, representing a prolific 
sampling of types and variants, accom· 
panied the royal burial. Bronze drinking 
bowls, pitchers and ladles added up to 
over 150 items. Here was the display of 
Phrygian industries of which the Cim
merians had deprived us in their sacking 
of the citadel. The special possessions of 
the king, such as the exotic dipping cups 
in the shape of a lion's or a ram's head, 
and the three large cauldrons standing 
along one of the walls of the burial 
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MUD·BRICK WALLS of Gordion date from the seventh century B.C. They were an emer· 
gency defense measure, carried out on a vast scale, against the Cimmerian raiders who had 

destroyed the earlier hewn·stone fortifications (see upper illustration on page 101). 
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chamber, were the prize pieces. The dec
oration on one cauldron seems to indi
cate Phrygian workmanship. But the Si
rens and "Ashur" heads on the other two 
cauldrons confirm materially what we 
read in the Assyrian records about the 
lively contact between Phrygia and 
Urartu, another famous center of metal
lurgy in which the best counterparts for 
the cauldron attachments have been 
found. 

Close inspection of three of the bronze 
bowls revealed the most precious intel
lectual documents found in the tomb 
chamber. On their rims, below the han
dle, a strip of beeswax had been applied 
and incised with bold and clear Phrygian 
alphabetic lettering, in each case prob
ably a name. Here was direct evidence 
that the Phrygians had adopted the al
phabet for their Indo-European language 
well before 700 B.C. The implications 
again are enough to generate discussion 
in the pages of learned periodicals. As
suming that the Phrygians borrowed 
their alphabet from the Greeks, the 
Greek alphabet must already have had 
sufficient time to be developed from the 
Phoenician; it must have had time also 
to spread to the Greek center in Asia 
Minor (probably Aeolia, the habitat of 
Midas's semimythical bride) from which 
the Phrygians had borrowed it. This dis
covery will induce the historians of the 
Greek alphabet to re-examine their 
chronology with special care; some re
visions seem imperative. 

The curious labels on the bronze bowls 
had another and less heartening message 
for the archaeologist. Writing on bees
wax applied to bronze might have served 
as an expedient to permit erasure with
out defacing the metal, but it is an un
precedented practice. Logically the no
tion was borrowed from the custom of 
writing on waxed wooden tablets. The 
find thus suggests that the city's archives 
may have been kept on wood. This is 
discouraging to the excavators of a city 
in ashes. Some consolation may be 
found, however, in the knowledge that 
the Near East by this time was using 
clay as well as wooden tablets. There is 
still hope that Midas may have carried 
on correspondence with his friends and 
rivals in the traditional medium of cunei
form on clay. But so far the city mound 
has not produced any writing in the level 
destroyed by the Cimmerians. 

Although the written record is scant, 
the objects in the tombs have told us 
much about the economic and artistic 
relations between Gordion and its neigh
bors to the east and west. The Phrygian 
art styles are indigenous, but exchanges 
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with the Orient are especially evident in 
the design of decorative metal objects. 
The Greeks were not yet in a position to 
influence Phrygian art, but their contact 
with Phrygia is clearly documented in 
the transmission of the alphabet. Phryg
ian art of the period of Midas must have 
been a known quantity at least in east
ern Greece. New excavations in Aeotia 
may help to clarify the Phrygian impact 
on Greece and vice versa. 

With the devastation of Gordion by 
the Cimmerian invasion Phrygian 

power went into irreversible decline. 
Historically we know that the Lydians 
succeeded the Phrygians as protagonists 
of Asia Minor against the invaders. It 
took several generations to rid Asia 
Minor completely of the plague of Cim
merian raids, and it was under Lydian 
auspices that order and peace were ulti
mately restored in Phrygia. 

The post-Cimmerian, seventh-century 
burial mounds at Gordion yield evidence 
of increasing contact with the Greeks on 
the west coast of Asia Minor and the 
Hellenization of Phrygian culture. 
Greek ceramic imports become more nu
merous, and gold jewelry now begins to 
make its appearance among the finds. 

The "Lydian" period is at present less 
well documented on the city mound than 
in the cemetery, but the reasons are evi
dent. After the violent destruction of the 
city of Midas, the Cimmerians continued 
to keep the country in turmoil. On the 
east side of the citadel of Gordion the 
Phrygians rapidly built an interim forti
fication system. Instead of the stone 
ramparts that had been the pride of pre-

."'-----...::....-----.:.:.---........ - ........ ----------' 

STONE AKROTERION found in the ruins of Gordion (drawing 

at lower left) is a clue to the appearance of buildings destroyed by 

the Cimmerians. The rock·cut representation of a building fa .. ade 

found nt a Phrygian shrine at nearby Yazilikaya (photograph at 

upper right} has a similar akroterion ornamenting the peak of its 

pediment or gable. Thus buildings in Gordion must have resembled 

the Yazilikaya shrine. This evidence is confirmed by graffiti 

(doodles) of houses which were found in Gordion (lower right). 
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BRONZE BOWL from the royal tomb shown in colo!' photographs on the opposite page 

bears a beeswax label inscribed in Phrygian alphabetic writing. This eighth century B.C. 

example of Greek·derived writing may force revision of the dating of the Greek alphabet. 

BRONZE DIPPER from the same tomb is shaped like the head of a lion. Like other bronzes 

in tomb, it exhibits the influence in Phrygia of Mesopotamian and Urartaean arts and motifs. 

W ALL PAINTINGS from a shrine in Gordion, ascribed to the late sixth century B.C., snr· 

vive only in fragments. They are examples of the eastern Greek influence in Gordian art. 
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vious generations, they put up a mud
brick wall about 20 feet thick and 3.5 
feet high. Towers formed guard stations 
at regular intervals, a bastioned gatewav 
controlled access from the east, and a 
towering citadel in the center housed 
the garrison. This colossal operation 
once more fills us with admiration for 
the energetic military architects of 
Phrygia. The mud-brick rampart bears 
dramatic evidence of its service in the 
hundreds of bronze arrowheads stuck 
in its outer face-invaders' arrows aimed 
too low. 

The ruins of the burnt stone citadel 
were considered a total loss. A colossal 
reconstruction was undertaken, worthy 
of the scope and ambition of Phrygian 
engineering. Considerations of safetv 
seem to have recommended placing the 
citadel on a higher level. A clay-and
rubble fill was laid as an enormous ter
race over the ruined town. 

The plan of the rebuilt city, as we 
know it for the sixth century B.C., pre
served much of the earlier city plan. 
Within the citadel, precinct walls again 
marked off special areas, and over the 
two buildings with the mosaic Boors 
there arose two new buildings with 
similarly decorated Boors, again parallel 
and facing the open area which we think 
forms the approach to the palace. 

In the ruins of a small, windowless an-
nex to one of these buildings we 

found the Baked and stacked remnants 
of plaster once decorating its walls. The 
first pieces to be lifted gave us a thrilling 
surprise: the plaster bore traces of vivid 
colors. vVith patience and ingenuity sev
eral members of the excavating staff 
have rescued all that could be saved of 
the designs. The "shrine" had frescoes 
on its walls, with a procession of festively 
dressed men and women as the chief 
motif, and with panels painted on a 
smaller scale showing youthful athletes. 
Friezes with architectural background 
framed these scenes; the ceiling bore a 
painted pattern. Reminiscent of Etrus
can tomb chambers in shape, the room 
also recalls the style of the archaic Etrus
can frescoes of Tarquinia. 

Here in Gordion we seem to have the 
first authentic.remnants of eastern Greek 
fresco-painting of the late sixth centurv 
B.C., provincial in execution perhaps, 
but true to the style of eastern Greek 
art. In this period, when Gordion was 
still essentially a Phrygian city, there 
were strong bonds with the Greeks liv
ing on the west coast of Asia Minor. The 
Lydians may still have been acting as 
intermediaries, but their supremacy was 
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ROYAL BURIAL CHAMBER at Gordion is shown as it was found 

when excavated in 1957. The bronze vessels, patinated with age, are 

INLAID WOODEN SCREENS were found leaning against a plank 

wall in the same tomb. Decomposing nails have stained the planks 

lying amid the debris of collapsed wooden tables. On a tripod 

(right) stands a cauldron imported from the kingdom of Urartu. 

with rust. The wooden chamber lies under a large tumulus, or earth 

mound. It dates from the eighth century B.C., the era of King Midas. 
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a thing of the past. In the east a new 
adversary, the king of the Medes, had 
been consolidating his power only to 
pave the way for the Persian Empire 
under King Cyrus, who took sway over 
Phrygia as well as Lydia in the latter 
half of the sixth century. 

Prosperity continued for some time 
under the new rulers of Gordion, but in 
the course of the fifth century matters 
changed. The magnificently rebuilt city 
fell gradually into ruins. Some monu
mental buildings were abandoned, small
er residential areas took over, plundering 
and re-using the masonry of earlier lev
els. By the time of Alexander, Gordion 
had fallen from greatness. So far we 
have been unable to locate any building 
respectable enough to have been the 
temple of Zeus where Alexander found 
the relics of the Phrygian kingdom. 

For some generations, however, the 
city maintained an aura of importance 
because of its associations with the past. 
The Galatians menaced it once more as 
their Cimmerian predecessors had done 
in the seventh century, but the place 
was still inhabited on a small scale in 
Roman times. Then was formed the taller 
southwest ridge along the banks of the 
Sangarios which marks the last habita
tion at Gordion. In Byzantine times the 
site was given up, and when the last 
Romanized Phrygians disappeared from 
the mound, the name of Gordion went 
into oblivion. 

� archaeologists working from the 
known to the unknown peel off layer 

after layer of history, the story of Gor
dion is being played in reverse. From the 
period when classical authors referred to 
Gordion as a once-famous site back to 
the time of Herodotus's allusions and 
Assyrian reports, archaeology now has 
reached the days of King Midas. Before 
Midas, Phrygia was outside the orbit of 
Assyria and the record is silent. There is 
occasional mention of the Phrygians un
der the name of M ushki, the Meschech 
of the Old Testament. But the next solid 
historical fact we reach in history is the 
destruction of the Hittite Empire, back 
about 1200 B.C. In the cemetery of 
Gordion as well as in soundings in the 
city mound we have found good evi
dence for a previous Hittite occupation 
of the city. Future campaigns will tackle 
this possibility, confident that the work 
of the spade will fill the gap left by the 
dark ages in the historical record. The 
arrival, development and expansion of 
the Phrygians will be the next install
ments of history to be reclaimed from 
the flat mound of Yassihiiyiik. 

CAULDRON mounted on a tripod is one of three found in the royal tomb. One of the 

cauldrons, which contained offerings to the dead, is shown in situ at the top of page 107. 

BRONZE HEAD is a detail of Urartaean cauldron shown at top of page. It is possibly a 

representation of Ashur, the winged deity who presided over the Assyrian pantheon. 

109 

© 1959 SCIENTIFIC AMERICAN, INC



NYLON, "OACRON"', "OR LON'" ,"TEFLON"'AN O"SUPER COROURA"· 

How Du Pont Fibers 

Are Solving Product and 

Process Problems 

• Hardly a month goes by that someone doesn't think of a new 

way to use Du Pont fibers. Sometimes fibers simply replace other 

basic materials because they perform better - or more econom

ically. And, in other cases, these fibers are selected to do jobs 

that couldn't be done before. 

The reason: Even though, as industrial materials, man-made 

fibers are new, all of them - from nylon to "TeHon" TFE fiber, 

- cover a wide range of properties. And, unlike those of natural 

fibers, their properties can be tailored to suit specific needs:' 

Today, you even find them replacing such materials as steel 

and wood. Take the case of "TeHon" TFE fiber. It's used as a 

non-lubricated bearing in applications too rigorous for the tough

est plastics and metals. You'll find a few other examples at right. 

Du Pont has the experience and technical know-how to help 

you evaluate these fibers for your own products or processes. 

It's available to you for the cost of a 4-cent stamp. 

DU PONT FIBERS FOR INDUSTRY 

([UPON)) 
REG. U. S. PAT. OFF. 

BETTER THINGS FOR BETTER LIVING 

. • .  THROUGH CHEMISTRY 

�CRegistered Du Pont trademarks 
r--------------------------------l 

E. 1. du Pont de Nemours & Co. (Inc.) 
Textile Fibers Department 

5518-B Nemours Building, Wilmington 98, Delaware 

I 
I 
I 
I 

Please send me more information on industrial applications of Du Pont I 
fibers. I am interested in evaluating these materials for: I 

Name ______________________ _ 

Address ______________________ _ 

I 
I 
I 
I 
I 
I 
I 

I City & State I 
L ________________________________ � 
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WORLD'S LONGEST SLOPE CONVEYOR will carry 700 
tons of taconite per hour, traveling at a speed of 460 
fpm. The ore will be carried upward approximately 
800 ft. The belting - over 7,500 ft. long, with a center 
distance of 3,791 ft. - is reinforced with Du Pont high
tenacity rayon and nylon. The light weight and high 
strength of these fibers help make so long a conveyor
belt system economically feasible. 
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THE FIRST MAN IN SPACE may carry his own atmosphere with him 
in a special multi-fabric protective suit. Such experimental suits have 
an outer layer of nylon fabric and rubber. Owing to the strength and 
stretchability of nylon, the suit allows freedom of movement, yet 
protects the astronaut from possible explosive decompression which 

ACID-RESISTANT ROPE SLINGS made with %," filament rope of 
"Dacron" polyester fiber support up to 5,000 pounds of stainless-steel 
tubing in pickling operations. The tough, low-stretch properties of 
"Dacron" permit repeated immersion of these slings in acid pickling 
baths for continuous periods of service up to six months long. When 
slings of "Dacron" are used instead of stainless-steel chains, dents 
and handling marks on the tubes are drastically reduced, with a 
resultant saving in cost. 

would boil his blood in seconds. Also in the suit may be a tempera
ture-resistant layer of aluminized "Dacron". This is designed to 
maintain the space man's body at normal temperature, even though 
he may be subject to the intense cold of space and the extreme heat 
generated by the re-entry into the earth's atmosphere. 

HIGH-EFFICIENCY SUPERFINE FILTERS are easily produced in a 
new process utilizing "Dacron". TIns method involves spraying a 
10% solution of polystyrene in methylene chloride at 50 psi onto 
a backing mesh of "Dacron". The solvent evaporates almost instan
taneously, leaving thin fibers less than 1 micron thick and 1 in. long. 
The mesh of "Dacron" is then peeled off, and the mat is rolled to 
produce a completely organic filter that retains 99.5 % of the parti
cles it picks up, down to 0.01 micron. 

III 
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SKY HIGH 

integrated hurricane hunting 

A sky-high vantage point will be the key to the detection 
of spawning hurricanes over vast ocean areas such as the 
Caribbean Sea. Weather satellites equipped with special 
sensing devices will be able to report cloud patterns and 
rising columns of warm moist air which indicate the 
formation of these tropical storms. 

Alerted by satellite information, weather reconnaissance 
aircraft will be dispatched to investigate the hurricane 
area. These aircraft, with the Bendix ANI AMQ-15 system, 
will employ high altitude rocketsondes, dropsondes, 
aircraft sensors, and cloud and storm radars to measure 
the meteorological and geophysical parameters that 
make it possible to predict storm intensity and motion. 

Measurements of weather phenomena relayed from the 
AN/AMQ-15 system will be combined with data from 
land-based weather stations and upper air sites. These data 
will be integrated and processed by advanced weather 
computing centers to yield forecasts essential to military 
operations, commercial aviation and our civilian life. 

Advanced weather and geophysical forecasting is the 
ultimate objective of the ANI AMQ-15 system and related 
projects being carried out at the Bendix Systems Division. 
These programs, air defense projects and the EAGLE 
Air-to-Air Missile program, will provide the integrated 
systems of tomorrow. Opportunities are available for 
better engineers and scientists also looking to the future. 

Bendix Systems Division �ncf� 
AVIATlQri CORPORATION ANN ARBOR, MICHIGAN 
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ALKALOIDS 

This ill-defined group of plant compounds includes many that 

are both useful and toxic. Though most of them strongly affect 

human physiology, their functions In plants are still obscure 

The alkaloids are a class of com
pounds that are synthesized by 
plants and are distinguished by 

the fact that many of them have power
ful effects on the physiology of animals. 
Since earliest times they have served 
man as medicines, poisons and the stuff 
that dreams are made of. 

The alkaloid morphine, the principal 
extract of the opium poppy, remains 
even today "the one indispensable drug." 
It has also had an illicit and largely 
clandestine history in arts and letters, 
politics and crime. Quinine, from cin
chona bark, cures or alleviates malaria; 
colchicine, from the seeds and roots of 
the meadow saffron, banishes the pangs 
of gout; reserpine, from snake root, tran
quilizes the anxieties of the neurotic and 
psychotic. The coca-leaf alkaloid co
caine, like morphine, plays Jekyll and 
Hyde as a useful drug and sinister nar
cotic. In tubocurarine, the South Ameri
can arrow poison, physicians have found 
a powerful muscle relaxant; atropine, 
said to have been a favorite among 
medieval poisoners, is now used to dilate 
the pupils of the eyes and (in minute 
doses!) to relieve intestinal spasms; phy
sostigmine, employed by West African 
tribes in trials by ordeal, has come into 
use as a specific for the muscular disease 
myasthenia gravis. Aconitine is cata
logued as too toxic to use except in 
ineffective doses. On the other hand, caf
feine and nicotine, the most familiar of 
all alkaloids, are imbibed and inhaled 
daily by a substantial fraction of the 
human species. 

Our self-centered view of the world 
leads us to expect that the alkaloids 
must play some comparably significant 
role in the plants that make them. It 
comes as something of a surprise, there
fore, to discover that many of them have 
no identifiable function whatever. By 
and large they seem to be incidental or 

by Trevor Robinson 

accidental products of the metabolism 
of plant tissues. But this conclusion 
somehow fails to satisfy our anthro
pocentric concern. The pharmacological 
potency of alkaloids keeps us asking: 
What are they doing in plants, anyway? 
Investigators have found that a few alka
loids actually function in the life proc
esses of certain plants. But this re
search has served principally to illumi
nate the subtlety of such processes. 

The pharmacology of alkaloids has 
inspired parallel inquiry in organic 
chemistry. Some of the greatest figures 
in the field first exercised their talents 
on these substances. But nothing in the 
composition of alkaloids has been found 
to give them unity or identity as a group. 
The family name, conferred in an earlier 
time, literally means "alkali-like." Many 
alkaloids are indeed mildly alkaline 
and form salts with acids. Yet some per
fectly respectable alkaloids, such as 
ricinine (found in the castor bean), 
have no alkaline properties at all. Alka
loids are often described as having com
plex structures. The unraveling of the 
intricate molecules of strychnine and 
morphine has taught us much about 
chemical architecture in general. Yet 
coniine, the alkaloid poison in the 
draught of hemlock that killed Socrates, 
has a quite simple structure. Nor is 
there much distinction in the characteri
zation of alkaloids as "nitrogen-contain
ing compounds found in plants." Pro
teins and the amino acids from which 
they are made also fit this definition. 

From the chemical point of view it 
begins to seem that alkaloids are in 

a class of compounds only because we 
do not know enough about them to file 
them under any other heading. Consid
er the vitamin nicotinamide, the plant 
hormone indoleacetonitrile and the ani
mal hormone serotonin. All these com-

pounds occur in plants, and all con
tain nitrogen. We would call them alka
loids except that we have learned to 
classify them in more descriptive ways. 
As we come to know the alkaloids bet
ter, we may select other substances from 
this formless group and assign them to 
more significantly defined categories. 

Though all alkaloids come from 
plants, not all plants produce alkaloids. 
Some plant families are entirely innocent 
of them. Every species of the poppy 
family, on the other hand, produces 
alkaloids; the opium poppy alone yields 
some 20 of them. The Solanaceae pre
sent a mixed picture: tobacco and dead
ly nightshade contain quantities of alka
loids; eggplant, almost none; the potato 
accumulates alkaloids in its foliage and 
fruits but not in its tubers. Some struc
turally interrelated alkaloids, such as 
the morphine group, occur only in plants 
of a single family. Nicotine, by con
trast, is found not only in tobacco but 
in many quite unrelated plants, includ
ing the primitive horsetails. Alkaloids 
are often said to be uncommon in fungi, 
yet the ergot fungus produces alkaloids, 
and we might classify penicillin as an 
alkaloid had we not decided to call it 
an antibiotic. However, alkaloids do 
seem to be somewhat commoner among 
higher plants than among primitive ones. 

Some 50 years ago the Swiss chemist 
Arne Pictet suggested that alkaloids in 
plants, like urea and uric acid in 
animals, are simply wastes-end prod
ucts of the metabolism of nitrogenous 
compounds. But the nitrogen economy 
of most plants is such that they hus
band the element, reprocessing nitrog
enous compounds of all sorts, includ
ing substances such as ammonia which 
are poisonous to animals. Indeed, many 
plants have evolved elaborate symbiotic 
arrangements with bacteria to secure 
additional nitrogen from the air. From 
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the evolutionary standpoint the tying
up of valuable nitrogen in alkaloids 
seems an inefficient arrangement. 

More recently investigators have come 
to regard alkaloids not as end products 
but as by-products thrown off at vari
ous points along metabolic pathways, 
much as substandard parts are rejected 
on an assembly line. That is to say, alka
loids arise when certain substances in 
the plant cell cross signals and make 
an alkaloid instead of their normal 
product. This idea is certainly plausible 
when it is applied to the alkaloids formed 
by the action of the commonest enzymes 
on the commonest metabolites. The alka
loid trigonelline, for example, is found 
not only in many plant seeds but also 
in some species of sea urchins and jelly
fish. It is merely nicotinic acid with 
a methyl group (CH3) added to it. Now 
nicotinic acid is one of the commonest 
components of plant cells. Compounds 
that can donate methyl groups are also 
common, as are the enzymes that 
catalyze such donations. A "confused" 
enzyme, transferring a methyl group to 
nicotinic acid instead of to some other 
substance, could thus form trigonelline 
by mistake [see illustration at top of 
page 121]. Nicotine, which has an equal
ly wide distribution, may likewise be 
produced by everyday biochemical 
processes. 

The more frequent occurrence of alka
loids in higher plants suggests another 
idea. More highly evolved organisms 
have obviously made more experiments 
in metabolism. Some alkaloids may rep
resent experiments that never quite 
worked. Others may have originated as 
intermediates in once-useful processes 
that are no longer carried to comple
tion. Since most alkaloids seem neither 
to help nor to hurt the plant, natural 
selection has not operated for or against 
them. Thus the modern plant that pro
duces alkaloids may do so for no other 
reason than the persistent pattern of its 
genes. 

Such explanations for the presence of 
alkaloids in plant tissues find sup

port in what we know about the synthe
sis of these su bstances. In 1917 the 
noted British chemist Sir Robert Robin
son showed that the structures of scores 
of alkaloid molecules could be built up 
from amino acids by postulating reac
tions of a few simple types: dehydra
tion, oxidation and so on. For example, 
he showed that the amino acid tyrosine 
could easily be transformed into the al
kaloid hordenine. Even the complex 
molecule of reserpine could be built up, 
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aecording to his scheme, from tyrosine 
and the amino acid tryptophan, plus a 
methylene group [see illustrations on 
pages 118 and 119]. More recently 
Robert B. Woodward of Harvard Uni
versity has proposed that the same three 
substances, through another series of re
actions, may yield the extremely com
plex molecule of strychnine. 

During the past 40 years considerable 
experimental evidence has accumulated 
to show that these reactions are not just 
paper-and-pencil chemistry, but actually 
occur in nature. Robinson himself cor
rectly predicted the structures of several 
highly complex alkaloids before these 
structures were worked out. Later ex
perimenters have shown that enzyme
containing plant extracts can promote 
amino acid-alkaloid transformations such 
as the tyrosine-hordenine synthesis. Oth
er investigators, by simply mixing to
gether the postulated precursors of cer
tain alkaloids, have obtained compounds 
of approximately the correct structure 
even in the absence of enzymes. Tracer 
experiments have furnished additional 
support for Robinson's scheme. If la
beled amino acids are injected into alka
loid-producing plants, the plants pro
duce labeled alkaloids. Moreover, the 
alkaloids contain labeled atoms at just 
the points that theory predicts. 

We know, however, that many steps 
intervene between the introduction of a 
labeled precursor and the production of 
a labeled alkaloid. Moreover, a com
pound that yields an alkaloid when it 
is injected in high concentration may 
not be the normal precursor. Some in
termediates go to form all sorts of things, 
and may only get to alkaloids by quite 
devious routes. The problem of alka
loid biosynthesis resolves itself into the 
task of establishing the point at which 
the alkaloid-producing process diverges 
from the other metabolic processes of 
the plant. In principle we might feed 
various labeled compounds to a plant 
and ascertain whether the labeled mate
rial shows up only in alkaloids or in 
other substances as well. But we must 
decide which intermediate compounds 
we are going to feed. It is fruitless to 
test a versatile intermediate like glucose, 
which enters into many processes. In a 
sense, therefore, we must know our in
termediate before conducting the experi
ment that will identify it. One way of 
breaking out of this impasse may be to 
work backward by feeding the alkaloid 
itself to the plant. By building up high 
concentrations of alkaloid in the plant's 
tissues we can perhaps block the alkaloid 
"production line" and thus cause the im-

STRYCHNOS NUX-VOMICA 

STRYCHNINE 

• CARBON 
o OXYGEN 
o NITROGEN 
• HYDROGEN 

CASTOR OIL BEANS 

RICININE 

.!i: fIl-� COCA LEAVES 

COCAINE 

ALKALOIDS show great struc

tural variety. Depicted in this 

chart are molecules of nine 

typical alkaloids together with 
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CALABAR BEANS 

PHYSOSTIGMINE 

�.' !"" 
� 

� 

TEA, COFFEE 

CAFFEINE 

SPOTTED HEMLOCK 

CONIINE 

• 

the plants or plant substances from which they derive. At left is the 

key to these diagrams and those elsewhere in this article. Strychnine, 
a violent poison, is one of the most complex alkaloids; coniine, the 

poison which killed Soenltes, one of t he simplest. Physostigmine, 

ERGOT FUNGUS 

LSD 

OPIUM POppy 

MORPHINE 

• 

CINCHONA BARK 

QUININE 

:l West African "ordeal poison," is now used to treat the lllllscuiar 
disease myasthenia gravis; LSD (lysergic acid diethylamide) pro· 

duces delusions resembling those of schizophrenia. Ricinine is 

one of the few alkaloids that exert little ellect on human beings. 
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GRAFTING EXPERIMENT indicates that nicotine has no effect on plants. Tobacco plant 

(top left) produces nicotine (color) in its roots; the alkaloid tben migrates to the leaves. 
Tomato plant (top right) produces no nicotine. A tomato top grafted to a tobacco root (bot· 

tom left) becomes impregnated with nicotine with no apparent ill effects; tobacco top grafted 

to tomato root (bottom right) is unaffected by the absence of alkaloid. Similar grafting exper· 

iments with other alkaloid·producing plants have with few exceptions yielded similar results. 

1 16 

mediate precursors of the alkaloid to ac
cumulate to the point where they can be 
identified. 

'Vith this information in hand, we can 
go on to inquire which enzymes trans
form these precursors into alkaloids and 
whether these enzymes function only in 
alkaloid formation or in other metabolic 
processes as well. If we find, for exam
ple, that a certain enzyme catalyzes the 
transfer of a methyl group to an alkaloid 
precursor but does not function in other 
methylations, we will have to regard this 
alkaloid synthesis as a definitely pro
grammed process, and not as a mere 
aberration. Our present sparse knowl
edge strongly suggests that at least some 
alkaloids are programmed. Thus ricinine 
contains a nitrile group (CN), which 
rarely occurs in living organisms. If the 
formation of this group is catalyzed by an 
enzyme that normally does some other 
job, we have no indication of what the 
other job might be. From intimate un
derstanding of this kind we may yet help 
the plant physiologist to discover what 
there is about different plants that causes 
one to make reserpine, while another 
makes strychnine from the same starting 
materials. 

O f course the study of any metabolic 
process involves not only the syn

thesis but also the breakdown of the sub
stances involved. If a given alkaloid is 
just a waste product or by-product, it 
has no future and there is no breakdown 
to be considered. In this case it may 
simply accumulate in the plant's tissues. 
For example, quinine piles up in the 
bark of the cinchona tree, and nicotine 
in the leaves of the tobacco plant. Some 
ingenious grafting experiments have 
furnished additional evidence that many 
alkaloids, once synthesized, become in
ert and play no further role in the plant's 
metabolism. The tobacco plant, for ex
ample, manufactures nicotine in its 
roots, whence the alkaloid migrates to 
the leaves. However, if we graft the top 
of a tobacco plant to the roots of a toma
to plant, which produces no nicotine, 
the tobacco flourishes despite the ab
sence of the alkaloid. Conversely, a to
mato top grafted to a tobacco root be
comes impregnated with nicotine with 
no apparent ill effects. 

But the alkaloids in plants are not al
ways inactive. Hordenine, for example, 
is found in high concentrations in young 
barley plants, and gradually disappears 
as the plant matures. By the use of 
tracers Arlen W. Frank and Leo Marion 
of the National Research Council of 
Canada have found that the disappear
ing hordenine is converted into lignin, 
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The term "SCOTCH" is a registered trademark 

of 3M Company, SI. Paul 6, Minnesota. Export: 

99 Park Avenue, N.Y. Canada: London, Ont. 

MAGNETIC MEMORY OF 
AN OIL RESERVOIR 
3 MILES DOWN • • •  

"FOUND" AT THE SURFACE 

The boom of a dynamite "shot" sounds in 
desert stillness. Vibrations reflect from the 
earth below. Methodically moving across the 
surface, the geophysicist records messages 
from the earth's depths on "SCOTCH" BRAND 

Magnetic Tape. 

Rebounding from the stratified earth to a 
series of geophone pick-ups above, all the 
reflections are simultaneously taped. These 
faithful magnetic records of shots-evalu
ated later-trace the profile of a rock-capped 
oil reservoir 3 miles down. 

"SCOTCH" BRAND Magnetic Tape-the first 
practical magnetic tape made-will serve 
you, too, as it keeps its lead in the develop
ment of newer, more sensitive instrumenta
tion tapes for science, business, and industry. 
For information on tape applications, write 
Magnetic Products Division, Dept. MB079, 
3M Company, 900 Bush Ave., St. Paul 6, 
Minnesota. © 1959 3M Co. 

"SCOTCH" BRAND Magnetic Tape 
-for instrumentation use 

���- ->-�� MINNESOTA MINING AND MANUFACTURING COMPANY f.-111� 
!7. S! 

• • .  WHERE RESEARCH IS THE KEY TO TOMORROW � • " i! ��>->w<.4...4f.t 
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the "plastic" that binds the cellulose 
fibers in the structure of plants. To be 
sure, not all plants employ hordenine as 
an intermediate in making lignin [see 
"Lignin," by F. F. Nord and Walter J. 
Schubert; SCIENTIFIC AMERICAN, Octo
ber, 1958]. But it is gratifying to find at 
least one case in which an alkaloid per
forms an identifiable function. Similarly, 
Edward Leete of the University of 
Minnesota has shown that in some plants 
nicotine serves as a "carrier" for methyl 
groups which it ultimately donates to 
other molecules. 

Such modest findings are a far cry 
from the first grand-scale function as
signed to alkaloids a century ago by the 
great German chemist Justus von Liebig. 
Since most alkaloids are alkaline, he 
proposed that plants use them to neu-

TYROSINE 

TRYPTOPHAN 

tralize deleterious organic acids by 
forming salts with them. Many alkaloids 
do, in fact, occur in plants as salts of 
organic acids. But no one could explain 
why alkaloid-producing plants should 
elaborate poisonous acids when closely 
related plants manage to get along with
out either the acids or their metabolic 
antagonists. The question "Why?" still 
persists. Today it stimulates more mod
est but sometimes quite intriguing pro
posals. 

Some experiments by the French 
physiologist Clement Jacquiot suggest 
a variant of Liebig's neutralization 
theory. Jacquiot has shown that the tan
nin produced in cultures of oak cells in
hibits cell growth. The alkaloid caffeine 
counteracts the effects of the tannin and 
allows growth to proceed. Unfortunately 

HORDENINE 

RESERPINE (PART) 

this suggestion merely replaces one 
question with another, since the function 
of tannins in plants is itself unknown. 
The suggestion has another flaw in that 
oak cells produce no caffeine of their 
own. But here, at any rate, is one case 
in which caffeine is good for something 
other than providing a pleasant stimu
lant for coffee-drinkers. 

Botanists and ecologists have specu
lated that the bitter taste of some alka
loids may discourage animals from eat
ing a plant that contains them, and that 
poisonous alkaloids may kill off patho
genic organisms that attack the plant. 
One species of wild tomato does produce 
an alkaloid that protects it against Fusa
rium wilt, a common fungus disease of 
the cultivated tomato. However, the 
"protection" idea must be handled with 

LIGNIN MONOMER 

AMINO ACIDS appear to be the source of most alkaloids. Thus 

the skeleton (color) of tyrosine, an amino acid, can be easily trans· 
formed into hordenine, an alkaloid; broken circles indicate the 

"labeled" atoms which confirm the synthesis. Two tyrosine skele· 

tons similarly form morphine, as shown at right; the morphine 

molecule shown here is distorted (see dillgrllm on pllge 115) to em· 

phasize its derivation. Tyrosine and tryptophan, another amino acid, 

could join with a methylene group (broken square) to form part 

of the molecule of reserpine, an alkaloid tranquilizer. Hordenine 

is one of the few alkaloids known to undergo further metabo· 
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caution because of its anthropocentric 
bias. What is unpalatable or poisonous 
to a man may be tasty and nourishing to 

a rabbit or a cutworm. 

M ore recently the concept of chela-
tion, the process by which certain 

organic molecules "sequester" the atoms 
of metals, has suggested another possi
ble alkaloid function. The structures of 
some alkaloids should permit them to act 
as chelating agents. The structure of 
nicotine is temptingly similar to that of 
dipyridyl, a common chelating agent for 
iron [see illustration at bottom of page 
121]. Such alkaloids might help a plant 
select one metal from the soil and reject 
others. Alternatively, they might facili
tate the transport of the metal from the 
roots, where it is absorbed, to the leaves, 
where it is utilized. Quite a few alka
loids, including nicotine, migrate from 
roots to leaves, but no one has yet de
termined whether any of them carry 
metals along with them. 

The structures of many alkaloids re-

, 

lism in plants; it is converted into one 
of the units that form the long·chain mole· 

cules of lignin, an essential structural rna· 

terial in many plants. The complete struc· 

ture of the lignin monomer is not known. 

Kennametal can be supplied as standard rectangular blonks, discs, rods, tubes, flats, balls, rings ... 

and can be extruded, pressed, machined or ground ... to precise tolerances for specific requirements. 

When other materials won't do 

... KENNAMETAL * usually will 
High hardness and strength; resist
ance to abrasion, corrosion and 
high temperatures set Kennametal 
hard carbide alloys apart from all 
other design materials. 

• Kennametal has an extremely 
high YME . . .  up to 94 million 
psi compared to steel's 30 million. 

• Some grades of Kennametal have 
a density as high as 15.5 gms/cc 
... twice that of heat treated 
steel ... while other grades stand 
up for days in boiling 5% HNOa 
and 5% H:zE;04. 

• Kennametal is extremely hard ... 
up to 94.7 Rockwell A. 

• Kentanium,* a series of hard tita
nium carbide alloys, retains suffi
cient strength for many applica
tions at temperatures as high as 
2200°F. 

Very broad applications have been 
found for these remarkable charac
teristics: long-wearing plungers, 
compressor cylinder liners, seal 
rings for rotary pumps, bushings, 

·Trademark 

valve parts, high temperature sen
sor elements and hundreds of other 
critical component parts are being 
made from Kennametal. 

Pushing design frontiers ahead 
means forcing back the barriers of 
wear, pressures and temperatures. 
As man's imagination continues to 

develop ideas, new problems are 
encountered ... for which Kenna
metal often has the answer. For 
example, here's how a pump manu
facturer recently used Kennametal: 
problem-to obtain a large pump
ing capacity from a small pump ... 
without increasing pump size. Solu
tion-use Kennametal for critical 
operating parts to permit faster 
pump speeds and higher pressures. 
A simple answer, but made possible 

only by the great wear- and corro
sion-resistant characteristics of 
Kennametal. 

If you'd like more information, 
write for Booklet B-ll1A, "Charac
teristics of Kennametal." KENNA
METAL INC., Dept. SA, Latrobe, 
Pennsylvania. 

9722. 
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Stromberg-Carlson's 

leadership in the 

intelligence community is 

founded on its experience 

in communications. 

Growth in the collection, 

processing, analysis and 

display of electromagnetic 

radiations has produced a 

major competence 

at Stromberg-Carlson. 

Correlating the abilities 

of our several divisions with 

those of other U. S. firms 

has created a 

proven talent 

for systems 

leadership 

in electronic 

reconnaissance. 
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/ ETHANOLAMINE ,-'---, r \ METHYL �_ 
I DONOR J 
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NICOTINIC ACID TRIGONELLINE 

METABOLIC ACCIDENTS may account for the synthesis of some alkaloids. Changing one 

compound to another by adding methyl groups (color), as in the ethanolamine·choline 

transformation, is a common biochemical process. If a methyl group were added "by mis· 

take" to nicotinic acid, a common plant substance, the alkaloid trigonelline would result. 

semble those of hormones, vitamins and 
other metabolically active substances. 
This resemblance suggests that such al
kaloids may function as growth regula-

. tors. In a way this hypothesis fits in with 
the chelation theory, since certain im
portant growth regulators seem to owe 
their activity to their chelating capacity. 
Some alkaloids do affect growth proc
esses: Alkaloids from the seeds of cer
tain lupines can inhibit the germination 
of seeds of related species that produce 
no alkaloids. Presumably they help the 
former species to compete successfully 
with the latter. Similar alkaloids may 
function as "chemical rain gauges" 
which prevent germination until suffi
cient rain has fallen to leach them away 

DIPYRIDYL 

and provide adequate moisture for plant 
growth. Many plants in arid and semi
arid environments depend on such rain 
gauges for survival [see "Germination," 
by Dov Koller; SCIENTIFIC AMERICAN, 
April]. 

No one theory can account for the 
functions of so heterogeneous a group of 
compounds. The steroid compounds, a 
much smaller and structurally a far more 
homogeneous group, play a wide variety 
of physiological roles. Future research 
will probably reveal an even greater 
functional diversity among the alkaloids. 
Certainly we must learn a good deal 
more about the functions of a few alka
loids before we can safely propose gen
eralizations about all of them. 

NICOTINE 

STRUCTURE OF NICOTINE resembles that of dipyridyl, a compound that can "chelate" or 

bind atoms of iron. This similarity suggests that nicotine, and perhaps other alkaloids, may 

function as chelating agents in some plants. Whether they actually do so is not yet known. 
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Its seas and oceans cover over 139 million 

square miles. That's more than double the sur

face of Mars, more than nine times the area of 

the Moon. No other planet within the vision of 

man is like it. The planet is Earth. 

From its depths comes one of the free world's 

greatest menaces-the submarine armed with 

the frightful capacity to launch a missile against 

any city anywhere in the United States. 

EST PLANET OF ALL 
Any protection against this hidden danger? 

Most certainly! The U. S. Navy - and its long

range carrier-based aircraft. They patrol the 

high seas, probe their depths, screen their con

tents. They detect, identify and track. And, 

upon provocation, destroy. They help make our 

Navy our strongest defense against the threat 

of the submarine. 

These anti-submarine warfare aircraft are oper

ational with the Navy throughout the world. 

They are Grumman S2F Trackers. 

CORPORATION Bethpage • Long Island • New York 

Engineers and Scientists, for .. 
career opportunities in ASW Research 
at Grumman Aircraft, see page 174 

MISSION ... 

. . . t a bring the most devastating and accurate 
armament to bear against the enemy. 

DETECTION Of Target 

ELECTRONICS 

MAGNETIC \ 
ANOMALY " �� 
DETECTION . '-;P' 

Detection with latest electronic equipment enables 
the ASW force to determine the enemy's presence. 

LOCALIZATION Of Target 

Localization starts immediately, plotting 
general location of enemy sub. 

CLASSIFICATION Of Target 

Classification utilizes sophisticated electronics 
equipment to determine exact nature of intruder. 

DESTRUCTION Of Target 

© 1959 SCIENTIFIC AMERICAN, INC



The Moment of Fertilization 

When a sperm attaches itself to the surface of an egg, the 

egg is almost in1mediately impervious to other sperm" What 

happens In the egg during this critical biological event? 

T
he moment of fertilization marks 
the beginning of a new life through 
the mating of two specialized 

cells: an egg and a sperm. Although 
it constitutes but a tiny fraction of 
the life span of the individual, no oth
er time is more crowded with im
portant events. Not the least of these 
is the one which provides that the egg 
will be fertilized by only one sperm. As 
Aldous Huxley observes in his "Fifth 
Philosopher's Song": "A million million 
spermatozoa,/ All of them alive: lOut of 
their cataclysm but one poor Noah/ 
Dare hope to survive." If more than one 
sperm succeeds in entering the egg, 
further development is almost invaria
bly deranged. Upon making contact, the 

by Robert D. Allen 

fertilizing sperm triggers reactions in the 
egg that exclude supernumerary sperm 
and activate the cytoplasm of the egg 
for the events that are to follow. In a 
sense the life of the new individual may 
be said to begin at this first contact. Aft
er three generations of investigation we 
cannot yet fully describe and sort out 
everything we see happening during 
that moment. 

Nature equips the sex cells with the 
basic structures common to most cells
a nucleus containing genetic material, 
mitochondria to provide energy, a host 
of enzymes to synthesize the materials 
needed for growth, and so on-but each 
of the two cells is highly specialized for 
its unique role. The sperm, which is small 

SEA·URCHIN EGG, enlarged about 1,800 diameters in this phase·cuntrast photomicrograph, 

contains many cortical granules (small dark spheres) before fertilization. These granules 

explode and disappear within seconds after the fertilizing sperm attaches itself to the egg. 
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and active, has a three-part structure, 
consisting of a head, a middle piece and 
a tail, designed to accomplish four main 
tasks, all usually within the space of a 
few minutes. First it must swim to the 
egg. It does so by means of an "engine in 
the rear," energy from mitochondria in 
the middle piece driving the whiplike 
tail. Second, the sperm must become at
tached to the egg. Third, it activates the 
egg to begin the processes leading to 
embryonic development. Fourth, after it 
has become incorporated in the egg it 
provides the nucleus containing the 
paternal set of genes. 

The egg, in contrast to the sperm, is a 
huge, immobile cell. Its first function 
is to be receptive to one fertilizing sperm 
and to reject all others. For its role 
in embryonic development its cyto
plasm is loaded with stored foods to 
provide energy and building materials, 
and its nucleus contains the maternal 
genes. Despite their food reserves, the 
eggs of most species die within a matter 
of hours if they are not fertilized. Thus, 
for the egg, fertilization is a particularly 
urgent business. 

T he process of fertilization has been 
studied most extensively in the sea

urchin egg, which is without doubt the 
biologist's favorite egg. Sea urchins and 
their echinoderm relatives, the sand dol
lars and starfish, can be picked up along 
the shore at low tide or dredged at mod
erate depths on most seacoasts. A fully 
mature female sea urchin may, when 
tickled by a gentle electric current, yield 
millions of eggs; some males may con
tain 100 billion sperm! 

Unlike plant sperm, which are attract
ed by chemical substances released by 
the egg, the sperm of sea urchins and 
other animals are apparently "unguided 
missiles," arriving on target quite by 
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HEAD OF A SPERM (large triangular structure at top) is enlarged 
about 70,000 diameters in this electron micrograph made by Bjorn 
Afzelius of the Wenner-Gren Institute in Stockholm_ The sperm 

has attached itself to the sea-urchin egg (bottom) by a filament ex

truded from the "acrosome" (diamond-shaped area) at its tip_ 

The two oval structures within the egg. are cortical granules_ 
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----------� EGG NUCLEUS 

CORTICAL GRANULE 

CORTICAL LAYER 

VITELLINE MEMBRANE 

X
JEllY LAYER 

/ PIGMENT 

GRANULE 

YOLK GRANULE 

MITOCHONDRION 

FERTILIZATION 
MEMBRANE 

PERIVITELLINE 
SPACE 

HYALINE LAYER 

SPERM ASTER 

SPERM NUCLEUS 

EGG OF SEA URCHIN ARBACIA, diagrammed in cross section, is shown before (top) 

and after (bottom) fertilization. Within seconds after sperm attachment the cortical granules 
disappear and the fertilization membrane forms during the so-called cortical reaction. Later 

the hyaline layer appears, and the pigment granules move outward to the surface of the egg. 
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chance and by virtue of their numbers. A 
spermatozoon responds to the presence 
of an egg, even to sea water that has 
merely contained eggs, by suddenly pro
ducing a filament at its front end from a 
structure called the acrosome (from the 
Greek word for "sharp body"). The fila
ment forms so rapidly that no one knows 
the details or mechanism of the process. 

As soon as the fertilizing spermato
zoon has attached itself to the egg by 
means of the filament, the egg can be 
considered fertilized; this, however, is 
only the start of events leading to a 
complete union of the two cells. Within 
about a minute a series of spectacular 
changes takes place in the outer layer or 
cortex of the egg. These somehow "close 
the door" to other sperm. At the same 
time changes begin to take place inside 
the egg. The cytoplasm of the egg creeps 
up the acrosomal filament of the sperm 
and simultaneously withdraws from the 
tip of the filament, thus forming a funne!
shaped path which reaches into the in
terior of the egg. The filament is ap
parently anchored to the base of the fun
nel, and serves as a handle by which the 
sperm is drawn inside. 

As the sperm, complete with tail, 
moves deeper into the egg, it disappears 
from view. Its nucleus, however, reap
pears near the center of a system of rays, 
the "sperm aster," which reaches out into 
the surrounding cytoplasm. The ash'a! 
rays gradually extend to the cortex of 
the egg and apparently serve to guide 
the sperm nucleus toward the center of 
the cell. The egg nucleus also moves to 
the center, where the nuclei finally meet. 
The whole process, from the attachment 
of the fertilizing sperm to the union of 
the nuclei, takes only an hour or so. 
Then, with the formation of the mitotic 
spindle and the first cleavage of the cell, 
fertilization is completed and embryon
ic development has begun. 

This broad outline of the process does 
not begin to suggest the complexity of 
events at each stage, starting with the 
very first. In the sea-urchin egg, at the 
instant the first sperm makes effective 
contact, a most intriguing transformation 
sweeps over the egg's cortex. The proc
ess was first adequately described by 
the French biologist Hermann Fol in 
1879; he actually watched a sperm en
ter a sea-urchin egg, a rare privilege 
because of the small likelihood that the 
restricted area of the egg being watched 
through a microscope will contain the 
fertilizing sperm. We now have a fairly 
detailed picture of the reaction, thanks 

. especially to the work of John Runn-
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strom of Sweden and I. Motomura and 
Yanuparo Endo of Japan. 

The unfertilized sea-urchin egg is sur
rounded by a thin membrane, the so
called vitelline membrane; the cortex 
beneath contains a layer of granules. In 
a dark-field microscope, which presents 
the subject against a dark background, 
the egg appears to have a thick, yellow
ish surface. Soon after the sperm at
taches, the surface of the egg seems to 
whiten in a wave of transformation that 
spreads from the point of attachment. 
This color change is accompanied by the 
almost explosive breakdown of the gran
ules in the cortex. Simultaneously a 
colloidal material released from the ex-

�--------'ALROSOME 

.\------- NUClEUS 

PROXIMAL 
------- CENTRIOLE 

" ,'." (" "", ,"" ',,,,,,,, 

!/iI}----- MIDDlE PIECE 

1--------T All 

I--_______ ACROSOME 
FilAMENT 

,c.'.:\--------NUClEUS 

PROXIMAL 
CENTRIOLE 

DISPLACED 
MIDDLE PIECE 

+------TAIL 

SPERM OF A SEA URCHIN is diagrammed 

before (top) and after (bottom) "acrosome 

reaction." When stimulated by presence of 

eggs, sperm expels acrosome filament, and 

middle piece is displaced 10 one side. 

new FLAKED Super Filmeen® 

obsoletes all other 

filming amines 

The use of filming amines for preventing corrosion 

in condensate return lines has become accepted 

practice and Dearborn's Filmeens are recognized as 

the quality standard for this purpose. 

Now, Dearborn research has produced another 

improvement-Super Filmeen in FLAKE form. 

This free flowing, finely divided waxy flake is easily 

handled and weighed; readily dispersible . . .  31 % 
more active than ordinary octadecylamine acetate ... 

not subject to dehydration at super-heated steam 

temperatures ... will not hydrolyze to acetic 

acid ... remains alkaline in feed solutions. 

Shipped as 100% active ingredients-saves on freight. 

Update YOUR condensate return line protection 

with Super Filmeen. Call your Dearnborn Engineer or 

send for detailed Technical Bulletin today! 

DEARBORN 

CHEMICAL 

COMPANY 
Executive OtJices: Merchandise Mart, Chicago 54 
Plants and Laboratories: Chicago 

Linden. N.J . •  Los Angeles· Toronto 

Honolulu . J-favana • Buenos Ai?-es 
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ENTRY OF SPERM into the living egg of the sea cucumbe .. HolothaTia atra was photo. 
g .. aphed at various stages in different eggs by A .. thu .. and Laura Colwin of Queens College. 

The egg cytoplasm bulges up a .. ound the ac .. osome filament of the sperm (two pictures at 

top) and the sperm gradually moves into the funnel·shaped path which opens beneath it 

(next three pic/ares). Finally spe .. m has moved completely into the egg (last pictare). 
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ploding particles pulls water beneath 
the vitelline membrane by osmotic pres
sure. The membrane, now called the 
fertilization membrane, is thereby sepa
rated and lifted away from the egg sur
face. Materials from the granules ap
parently add to the fertilization mem
brane and strengthen it. 

.N.. Frank R. Lillie showed in 1911 at 
the Marine Biological Laboratory 

in Woods Hole, Mass. , the attachment of 
the fertilizing sperm also sets off changes 
in the cytoplasm within the egg. Lillie 
pulled the fertilizing sperm away from 
the egg surface while it was still attached 
only by its acrosomal filament (the exist
ence of the filament was not yet known 
at the time), and found that develop
ment proceeded in the egg to the stage 
where the sperm nucleus is required. In
deed, full embryonic development may 
be initiated in the eggs of some species 
(including frogs and rabbits) by salt 
solutions, electric shock and a host of 
other artificial agents. This was shown 
by Jacques Loeb of the University of 
Chicago and Thomas Hunt Morgan of 
Columbia University in the first demon
stration of artificial parthenogenesis at 
the turn of the century. Even in these 
eggs membrane elevation and the other 
features of the cortical reaction accom
pany activation. 

A few years ago, while I was visiting 
Runnstrom's laboratory at the University 
of Stockholm, I tried to find out whether 
the cortical reaction was essential to the 
initiation of development. The most di
rect approach was to see if the propa
gation of the cortical reaction could be 
blocked part of the way around the sur
face of the egg. Luckily the first effort 
worked: By sucking the eggs into small 
glass capillaries I could deform them 
from spheres into cylinders with round 
ends. By means of a finer pipette I 
introduced a group of sperm at one 
end. Then, watching through a micro
scope, I could see the cortical granules 
exploding in a wave sweeping over 
the egg surface from the fertilized end. If 
the eggs had been sufficiently stretched 
and also warmed a few degrees above 
normal, the cortical reaction gradually 
slowed down and stopped along the 
cylindrical part of the egg. Later Berndt 
Hagstrom and I found that slight warm
ing alone, or treatment with the drug 
nicotine, would often block the cortical 
reaction without the use of constricting 
tubes. 

Eggs with blocked cortical reactions 
are strange indeed. The surface trans
formed by the cortical reaction looks just 
like the surface of a fertilized egg. On 
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the other hand, the surface not reached 
by the cortical reaction is indistinguish
able from the surface of unfertilized 
eggs. In fact, even after an hour or more 
a second sperm can enter any "unfer
tilized" surface of these "partially fer
tilized" eggs. The cytoplasm beneath the 
two different kinds of cortex shows a 
corresponding contrast: beneath the fer
tilized cortex it looks like the cytoplasm 
of a fertilized egg and beneath the un
fertilized cortex it looks like the cyto
plasm of an unfertilized egg. Further
more, neither the egg nucleus nor the 
sperm nucleus can move toward the 
center of the egg unless the surrounding 
cytoplasm lies beneath fertilized cortex. 
This is particularly clear in the case of 
eggs fertilized in capillary tubes, for 
here the border between fertilized and 
unfertilized cytoplasm remains almost 
entirely distinct, whereas in spherical 
eggs, the two kinds of cytoplasm under
go some mixing. 

The eggs of the sea urchin Arbacia 
show still another difference between 

fertilized and unfertilized cytoplasm. 
These eggs contain many beautiful red 
pigment-granules which are distributed 
more or less at random throughout the 
cytoplasm before fertilization, but which 
migrate to the egg surface about 10 min
utes after the sperm has become at
tached. In partially fertilized eggs the 
pigment granules migrate only to that 
portion of the surface transformed by the 
cortical reaction. This part of the egg 
surface can somehow attract pigment 
granules from a considerable distance in 
the cytoplasm; the unfertilized surface, 
however, has no such attractive power. 
These eggs are promising subjects for 
further study of the part played by the 
cortical reaction in the initiation of de
velopment. 

Partially fertilized eggs can divide, 
but cleavage is blocked in approximate 
proportion to the amount of unfertilized 
cortex present. If the cortical reaction 
covers about half the surface, the eggs 
usually achieve at least the start of 
cleavage. Thus it appears that the corti
cal reaction that initiates the process of 
fertilization constitutes a necessary link 
in the chain of events leading to develop
ment of the embryo; it is not a useless 
incident of fertilization. 

But the cortical reaction holds other 
interest for the biologiSt. Ever since 
Fol first observed the reaction, investi
gators have suspected that it had the 
function of preventing excess sperm from 
penetrating the egg. If we were to build 
a hypothetical egg, and had to devise a 
mechanism to prevent more than one 

Questar is the finest and most versatile small telescope in the world. 
Its superb new optical system embodies the first basic discovery in tele
scope optics in ZOO years. These optics belong to the new family of catadi
optric, or mixed lens-mirror, systems, and permit a full-sized 3.5-inch 
telescope of 7-foot focal length to be compressed by optical folding into 
a closed tube only 8 inches long. Questar thus becomes the world's short
est high-powered telescope. 

All Questar's advantages stem frOln this ultra-compactness of its 
unique design. Superfluous now is the great tripod, the heavy machinery 
and counterweights of the long-tubed single-purpose telescope. In their 
place is a beautiful little 7-pound example of hand craftsmanship which 
is not just one, but several instruments. It does many things superbly well. 
It does them so easily and conveniently that you might well ask why such 
an instrument was not made before. The answer is that an extremely short 
form of the new optics had to be developed, new methods devised for its 
manufacture, and radically new ways to mount a telescope invented and 
perfected. 

Questar introduced the new optics to the world in this daringly short 
design in May, 1954, after 8 years of research and development. Since then 
its performance has astonished everyone, incl uding us who make it. It has 
firmly established the superfine small telescope on a new level of serious 
respect. And it has made this company not only the world's largest manu
facturer of short catadioptric telescopes but the only maker of f/ Z Casse. 
grain high-power optical systems. 

-These paragraphs open the 3Z-page Questar booklet which 

is illustrated by some astonishing photographs, showing 1 and 
Z second detail, that let the instrument's high performance 

speak for itself. Questar costs only $995 in English fitted 

leather case and is sold only direct at one factory price. Terms 

are available. May we send you a booklet? 

�uestar 
QUESTAR MAY BE SEEN IN THE 

TRAVELING EXHIBITION CALLED 

"20TH CENTURY DESIGN: U. S. A." 

CLEVELAND MUSEUM OF ART, 

JULY 8 TO AUGUST 1, 1959. 

BOX 20 . NEW HOPE . PENNSYLVANIA CITY ART MUSEUM OF ST. LOUIS. 

SEPT. 14 TO OCT. 25. 1959. 
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"PARTIALL Y FERTILIZED" EGG is the result of blocking the 

cortical reaction before it is complete. At left is a diagrammatic 

cross section of an Arbacia egg 30 seconds after sperm attachment. 

If the cortical reaction is stopped at this point, the hyaline layer 

forms only on the part covered by the cortical reaction, and the 

red pigment-granules migrate to the surface only in this area 

(middle). Later, when and if the cell starts to divide, the furrow 
usuallr cuts through the fertilized cortex, then stops (right). 

sperm from entering it, we would un
doubtedly try to invent some kind of 
"curtain" that could be drawn over the 
surface of the egg as soon as the first 
sperm had attached. The idea naturally 
occurred to a number of workers that 
some part of the cortical reaction served 
this purpose. 

Fol himself believed that the barrier 
was set up by the elevation of the fer
tilization membrane. Later workers came 
to doubt this, however, because eggs 
from which the membranes had been re
moved failed to admit sperm when rein
seminated. Hagstrom showed that eggs 
deprived of membranes are protected 
from invading sperm by a thin layer of 
jelly-like substance, the "hyaline layer," 
which appears on the egg surface within 
a few minutes after the fertilizing sperm 
attaches. When he removed this layer 

chemically from fertilized eggs, sperm 
were able to penetrate, even into eggs 
that had started to develop and had di
vided several times. Under normal cir
cumstances, therefore, the egg is doubly 
protected by the fertilization membrane 
and by the hyaline layer, either of which 
can stop supernumerary sperm from 
penetrating. 

Unhappily we now know that neither 
of these structures entirely satisfies the 
specifications of our hypothetical cur
tain. The missing element is speed. The 
egg rejects additional sperm almost im
mediately after the fertilizing sperm has 
become attached. Lord Rothschild of the 
University of Cambridge and M. M. 
Swann, now at the University of Edin
burgh, showed a decade ago that the 
hypothetical curtain would have to cover 
the egg in a couple of seconds or less. 

On the other hand, they found that it 
takes 20 seconds for the visible changes 
to spread over the egg surface. Their ex
periments seemed to exclude any possi
bility that the cortical reaction might be 
involved in the initial block against 
sperm. 

About five years later, however, Hag
strom and I examined the resistance to 
sperm of partially fertilized eggs, inhibit
ing the cortical reaction by warming the 
eggs suddenly in a spermicidal solution 
several seconds after sperm attachment. 
We reasoned that if some kind of "rapid 
block" had been established, then even 
the surface of the egg not yet reached 
by the cortical reactions should be re
sistant to further invasion. But this was 
not the case! Sperm entered easily wher
ever unfertilized cortex was present. 
Either there is no rapid block in the 

CORTICAL REACTION WAS BLOCKED in one of the author's 
experiments by putting a sea·urchin egg into a capillary tube 

(hatched area at top and bottom). Sperm introduced at one end 

with a finer tube (far right) started a cortical reaction in the round

ed part of the distorted egg, but the reaction died out along the 

straight sides before it had covered the whole surface of the egg. 
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multi-code7 high-speed 
PAPER TAPE READER 

Punched paper tape from almost any device or system 

equipped with a punch can now be read directly and 

at high speed into the Bendix G-15 computer. The 

unique Model PR-2 photoelectric readel- accepts 

paper tapes punched in aril] numeric code by cash 

registers, accounting machines, adding machines, 

typewriters, analog-to-digital converters, and similar 

devices, whether operated manually or as part of an 

automatic data collecting system. 

Applications of the G-15 and PR-2 accessory cover a 

broad range of data sources. For example, in research 
there are wind tunnels and engine test stands, telem

eter equipped missile and experimental aircraft, and 

strain gauge and other types of laboratory test sys

tems. In industry there are process monitors and data 

loggers, production line test and measuring devices, 

r 

and inventory recorders. In business there are point-of

sale recorders and office machines of many types. 

The PR-2 accepts paper tapes of 5, 6, 7 or 8 channels. 
It reads unidirectionally at 400 characters/second, 

allowing rapid input of data collected by one or many 
devices, regardless of their punching speed. It stops 

on one character, eliminating the need for special 

spacing following a stop code. 

A plug-in matrix may be quickly replaced or rewired, 

enabling the user to change external codes at will. 

This matrix transforms the external code into standard 

G-15 codes and enters the information into the com

puter. Reel-less tape winding and unwinding facilities 

accept tapes from most punching devices with mini
mum handling. 

With this new Bendix Computer development, flexi

ble communication between computers and their 

sources of data reaches a new peak. Rather than 

modify the data originating equipment to fit the 

requirements of the computer, the computer can now 
be adapted in a few short seconds to the character

istics of its data source. For more information on 
Model PR-2 write to Bendix Computer Division, 

Bendix Aviation Corporation, Los Angeles 45, Cali

fornia. Department C-12. 
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• FIELD TESTS 

.SIMULATORS 

• MAPS AND SURVEYS 

to speed your R&D programs 

Can your research and develop
ment program use expert hands 
to evaluate guidance and posi
tioning systems? Field-test new 
instrumentation? Produce models, 
simulators, or maps and surveys? 

AERO Service Corporation can 
providethese skills.Ourexperience 
in airborne geophysics, geodesy, 
photo interpretation, model mak
ing and mapping is helping to 
advance important projects. For 
example ... 

RADAR TRAINING MAPS 

Problem: develop ultra-sonic and 
light reflective relief models to 
simulate radar return patterns. 
Thiokol maps (4 x 6 ft.; 9 x 36 ft.) 
with textured surface and target 
reflectors were made for the Air 
Force. For Navy uses, light re
flective maps were formed in .030 
vinyl, shaded gray for levels of 
target return. 

SPEEDING THE DEW LINE 

Within a single short season, AERO 
provided engineering maps for 
Dew Line stations over 3,000 
miles from Alaska to Baffinland. 
Air photos were interpreted and 
topographic mapping done; fol
lowed by airborne recording of 
terrain profiles, then ground 
studies. A staff of 50 men com
pleted the survey on schedule. 

Is there a need for AERO'S skills 
in your program? Whether it's a 
large project or limited pilot study, 
AERO engineers will be pleased 
to discuss our special capabilities 
and experience. Write for special 
facilities report. 

AERO SERVICE CORPORATION 
Philadelphia 20, Pennsylvania 
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"curtain" sense, or it is temporary, effec
tive only until the mechanical barriers of 
the fertilization membrane and hyaline 
layer can form . 

J L. Griffin and I have recently suc
• ceeded in timing more exactly the 

structural processes of the cortical reac
tion. ''''e could not, of course, depend on 
microscopic observation of single eggs to 
determine the times at which the suc
cessful sperm attaches, the cortical gran
ules begin to break down, the mem
brane begins to elevate and the sperm 
begins to enter the cytoplasm. Instead 
we sampled a large batch of eggs at in
tervals of a few seconds after fertiliza-

tion. Half of each sample was mixed 
with a detergent solution, and the other 
half was mixed with formalin. The de
tergent solution killed only unattached 
sperm and allowed eggs to which sperm 
already had attached to develop. The 
formalin killed both eggs and sperm and 
"fixed" them. By comparing the sam
pling time at which we found that 50 
per cent of the detergent-treated eggs 
had been fertilized with the time at 
which we found that cortical reactions 
had started in 50 per cent of the forma
lin-fixed eggs, we found that there was a 
17-second lag, or "latent period," be
tween attachment of the fertilizing 
sperm and the beginning of the cortical 

FORMALIN·FIXED EGG at top was killed some 20 seconds after sperm attachment. The 
cortical reaction had just begun, but after fixation the fertilization membrane (outer layer 

of light area at left) elevated and pulled the fertilizing sperm from the cortex (dark layer 

aroulld egg). Egg at bottom was fixed half a minnte later; its cortical reaction was still 

incomplete, but the fertilizing sperm (bare/r visible all flattened part of egg) had started 

to penetrate the cortex. Supernumerary sperm are attached to the fertilization membrane. 
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ENGINEERS {r SCIENTISTS 

Are you getting these advantages 

in your present position? 

D Space-age assignDlents. 

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. 

D 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 advanceDlent. 

Boeing takes steps to see that you don't get 

lost in the shuffle. You work with small, inte

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 levei positions at any 

time. Since its very beginning, Boeing has 

recognized the desirability of developing per

sonnel for added responsibilities. 

D Better faDlily 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 
advantages Boeing can offer. 

FOR A CAREER THAT OFFERS ALL THE 
ADVANTAGES, MAIL THIS COUPON TODAY! 

,-------,- --------------------

Mr. Stanley M. Little 

Boeing Airplane Company 

P. O. Box 3822-SAE 
Seattle 24, Washington 

Please send me a free copy of "Environment for Dynamic 
Career Growth." 

Name ........................................... . 

Address ...................... City ........ State ... , 

Degree(s) ........................................ . 

Field of Interest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 
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LJ:NCOLN 

LABORATORY 

invites inquiries froIn 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. LIN COL N 

LABORATORY 

BOX 18 

LEXINGTON 73, MASSACHUSETTS 

reaction. This left no doubt whatever 
that the cortical reaction is not only too 
slow but also starts much too late to play 
a "curtain" role in the initial rapid block 
against excess sperm. 

Yet the question of how the egg with
stands the approach of dozens or hun
dreds of sperm during its latent period 
still remains. Surely some protective 
mechanism exists. There is one other 
way in which the cortical reaction may 
conceivably play this role. It used to be 
thought that the sperm passed into and 
through the egg cortex within a few sec
onds after attachment, but observations 
of our formalin-fixed sea-urchin eggs 
show that this is not true. At 35 seconds 
after attachment, when the cortical re
action covers only 50 to 75 per cent of 
the egg surface, the fertilizing sperm is 
just beginning to sink into the cortex. At 
the same time we can see in a dramatic 
way how the fertilization membrane 
might provide protection; even after the 
egg has been killed in formalin the ele
vation of the membrane yanks other 
sperm out of the surface of the egg. The 
delay in the penetration of the fertiliz
ing sperm may thus give the cortical 
reaction a chance to help in preventing 
other sperm from entering. But this de
duction leaves other questions unan
swered. For example, how does the egg 
prevent a cortical reaction from starting 
at each point of sperm attachment? 

W hile most of us have been looking 
for some kind of a "curtain" mecha

nism to explain how eggs keep out extra 
sperm (indeed,_hopes are high that such 
a mechanism will be found), some in
vestigators have considered another pos
sibility. The egg may somehow choose 
which attached sperm should initiate the 
cortical reaction. Seiji K. Wada of Japan 
has recently made an intriguing observa
tion along these lines. He has described 
a process by which the egg of the mussel 
appears to "pull in" the fertilizing sperm 
while at the same time rejecting the su
pernumerary sperm. It is too early to say 
how the mussel egg accomplishes this 
feat, let alone to speculate on the possi
ble occurrence of a similar process in sea 
urchins. When fertilization has been 
carefully studied in many more kinds of 
eggs, we may be in a better position to 
explain how it happens that the offspring 
of sexual reproduction have only one 
father. The importance of this question 
is suggested by the second verse of Hux
ley's "Fifth Philosopher's Song": "And 
among that billion minus one/Might 
have chanced to be/Shakespeare, an
other Newton, a new Donne-/But the 
One was Me." 
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FLUORINE 
BOMB 
CALORIMETRY 

Fluorine bomb calorimetry 

has been considered by many a 
thermochemist as he vainly 

struggled to react a stubborn 

compound with oxygen. 

However, the extreme chemical 

reactivity of fluorine presents 

difficult problems in handling and 
containment. Recently at 

Argonne, thermochemists have 

collaborated with scientists 

skilled in the techniques 

of fluorine chemistry to make 

fluorine bomb calorimetry a 

reality. Important thermochemical 

data is now being obtained on 

substances not amenable to 

conventional oxidation 

bomb studies. Many of the 

compounds which are used in 
high temperature chemistry 

because of their resistance to 

oxidation will be studied 

with this promising new 

thermochemical tool. 

Staff positions 
available for qualified 

Mathematicians· Physicists 
Chemists. Chemical Engineers 
Physical Metallurgists 
Mechanical Engineers 
Metallurgical Engineers 
Electrical Engineers 
Technical Writers 

/r.!lonne �TIONAL LAEIORATORV' � Operated by the University of Chicago under 
contract with the U

)
nited States Atomic Energy Commission. 

Professional Personnel Office 
P.O. Box 299-P4 • Lemont, Illinois 

0+ 3F 
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DOOR IS OPENED ... 

TO NEW ADVANCES IN MISSILE PROPELLANTS 

" ... a high throughput, lightweight flying 

chemical process plant in which quantities 

up to the order of a ton per second of 

liquid (or solid) reactants are converted to 

hot gaseous products at a precise, auto

matically controlled rate." 

BY NOW YOU'VE PROBABLY GUESSED 
that the first paragraph is a description of a 
rocket engine from the chemist's point of 
view.* Of course, there are other view
points, such as those of the electronics ex
pert, or the airframe specialist. Chemicals, 
however, are a specialty with us, and we 
would like to stick to that side of the sub
ject and cover a few of the more interest
ing developments in propellants for the 
"flying chemical process plant." 

A good starting point is the question of 
solid and liquid fuels. Generally speaking, 
most solid fuels have good storability. 
However, we're glad to say that you can 
also get excellent storabil ity with some 
liquids. Chlorine trifluoride and nitrogen 
tetroxide, for example, require no refrig
eration and have been stored without dif
ficulties for a period of over ten years. 
They can be shipped easily in ordinary 
steel containers. Both of these liquids are 
excellent storable oxidizers, each having 
certain advantages for specific missions. 
Let's look at some of the more important 
characteristics of N204. It is an effective 
oxidizer which can be used with most fuels, 
including those containing carbon. And it's 
effective because of high combustion effi
ciency. This is especially important. Gen
erally, we feel lucky if most oxidizers reach 
within 90% of theoretical Isp during com
bustion. N204 hits well over 95% efficiency 
during actual combustion. In addition, 
count-down can be reduced to seconds with 
nitrogen tetroxide as an oxidizer. Since it 
is hypergollc with amine-type fuels, igni
tion is simple and reliable. Ignition delay 
is so brief you eliminate rough starts due 
to accumulation of unreacted propellants 
in the thrust chamber. Moreover, motors 
burning such propellants are throttleable. 

All of this makes our chemists pleased with 
the product-a chemical which they really 
know and understand because we have 
produced it commercially (we deliberately 
italicized) for more than 10 years at our 
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Nitrogen Division. If you are in the mis
sile business and looking for a storable 
oxidizer, why not check with us? We have 
special 125-lb. and 2,000-lb. cylinders 
available for experimental purposes. And 
if you feel that's rushing it, we also have 
plenty of literature, including a 59-page 
Product Bulletin that covers everything 
from applications and physical properties 
to specifications and a bibliography. 

THE BATTLE FOR THRUST OR Isp. In 
addition to nitrogen tetroxide and chlorine 
fluoride, another entry creating more and 
more interest in the propellant field is fluo
rine. Our chemists point out that fluorine 
is not suited for all missiles. But for any 
space projects or other special missions 

where ultrahigh performance is needed, 
they feel fluorine is worth investigating. 
There have been published reports, for ex
ample, that booster rocket systems for a 
manned satellite laboratory would consist 
of a 321,000-lb. thrust engine burning a 
hydrogen-fluorine combination for 200 
seconds. This is only one of several pos
sible applications. Naturally, the question 
of handling arises. Here's an area where 
experience counts - and that's where our 
General Chemical Division enters the 
picture. 

Fluorine, as you know. once presented 
seemingly insurmountable problems in 
handling and transportation. Our research 
people of the General Chemical Division, 

Measuring rocket power of guided missile engine ill static test stand at Rocketdyne, 
a division oj North American Aviation, Inc. 
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Rocket thrust chamber firings at Bell Aircraft Corporation's rocket facility. 

in cooperation with the Air Force, have 
solved many of these problems and have 
come up with a safe and practical solution 
for transportation of liquid fluorine. 
They designed a refrigerated and insulated 
tank truck of a special type. Essentially a 
giant "thermos bottle," the truck consists 
of three horizontal tanks, one inside the 
other, with spaces between serving as in
sulating mediums. Fluorine is kept in the 
inner tank in a liquid state. Liquid nitrogen 
is located in the second tank. The nitrogen 
cools the fluorine below its boiling point 
of minus 3060 Fahrenheit and keeps it 
liquid. In the third outside tank, a granular 
insulator under vacuum is used to mini
mize boil-off losses of liquid nitrogen. The 
idea has proved practical and effective. 

Result: Instead of shipping six pounds of 
gas in a 200-lb. cylinder, we can now ship 
fluorine in 5,000-pound units by tank 

truck; and have been doing so for over 
three years. 

If you are interested in learning more 
about practical handling methods for fluo
rine, and would like to hear how this 
material can be used wherever high spe
cific impulse is required, why not get in 
touch with our product development peo
ple? They have worked with elemental 
fluorine for over 10 years, and would be 

glad to tell you some of the important 
things they have found out about the mate
rial as a propellant. 

MORE "INPUT" for the flying chemical 
plant. Many other chemical materials also 
help put rockets into space. And some of 
that help comes from several of our prod
ucts. Urethanes, for example, are made 
with isocyanates produced by our National 
Aniline Division. Used alone, or combined 
with polyester resins, these materials form 
combustants and binders for solid fuels. 
They also cushion sensitive instruments. 

From our Plastics & Coal Chemicals Divi
sion come high-temperature-resistant phe
nolic resins which show possibilities for 
use in the fabrication of rocket nose cones. 
Also, from this same division, come poly
ester resins which are used in reinforced 
plastics in certain parts of rockets now 
under test. 

Basic chemicals play important roles, too. 
Hydrogen peroxide, hardly a new product, 
is made by our Solvay Process Division. 
It was originally used as an oxidizer in the 
German V-2 rockets and in early Ameri
can rocket developments. It has now been 
replaced by more sophisticated chemicals 
and is employed in some specialized ap
plications. And MUTUAL chromic acid 

from Solvay is used in the chrome plating 
of precision parts for guided missile 
components. 

THESE APPLICATIONS, however, are 

only a few of what we like to call the 

chemical side of the missile and propel

lant business. If you want to find out more 

about any of the subjects we have dis

cussed, we would be glad to share our 

background and experience with you. 

Please write to Allied Chemical Corpora

tion, Dept. 79-S, 61 Broadway, New York 

6, N. Y. (In Canada: Allied Chemical 

Canada, Ltd., 1450 City Councillors Street, 

Montreal.) 

"Quotation cited from article entitled "Rocket 

Propellants" by R. J. Thompson, Jr., appearing 

in Chemical & Engineering News, June 23, 1958. 
:raIUTUAL Is an AllIed Chemical trademark. 

BASIC TO AMERICA'S PROGRESS 
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MATHEMATICAL GAMES 
About Origalnl:, the Japanese art 

of folding objects out of paper 

by Martin Gardner 

K
ong the many aspects of Japanese 

culture that have recently en
gaged the interest of Americans 

is Origami, the ancient Japanese art of 
paper-folding. Several books on the sub
ject are now available in English, an 
Origami workshop flourishes in Man
hattan (sponsored by Mrs. Harry C. 
Oppenheimer, who also edits a new 
periodical called The Odgamian), and 
the country's first paper-folding exhibit 
is open to the public through the sum
mer at Cooper Union's Museum for the 
Arts of Decoration in New York. 

The origins of Origami are lost in the 
haze of early Oriental history. Folded
paper birds appear as kimono decOl'a
tions in 18th-century Japanese prints, 
but the art is certainly many centuries 
older in both China and Japan. At one 
time it was considered an accomplish
ment of refined Japanese ladies; now its 
chief practitioners seem to be the geisha 
girls and Japanese children who learn 
it in school. During the past 20 years 
there has been a marked upsurge of in
terest in Origami in Spain and South 
America. The great Spanish poet and 
philosopher Miguel de Unamuno helped 
pave the way by writing a mock-serious 
treatise on the subject and developing 

a basic fold that led to his invention of 
many remarkable new Origami construc
tions. 

Traditionally Origami is the art of 
folding realistic animals, birds, fish and 
other objects from a single sheet of pa
per, without cutting, pasting or decorat
ing. In modern Origami these restric
tions are sometimes by-passed-a small 
scissor-snip here, a dab of paste there, a 
penciled pair of eyes and so on. But 
just as the charm of Oriental poetry lies 
in suggesting as much as possible with 
a minimum of words and within a rigid 
framework of rules, so the attraction of 
Origami lies in the extraordinary realism 
that can be obtained with nothing more 
than a square of paper and a pair of deft 
hands. A sheet is folded along dull geo
metrical lines. Suddenly it is trans
formed into a delicate piece of minia
ture semi-abstract sculpture that is often 
breathtakingly lovely. 

In view of the geometrical aspect of 
paper-folding, it is not surprising that 
many mathematicians have been fasci
nated by this whimsical, gentle art. 
Lewis Carroll, for example, who taught 
mathematics at Oxford, was an enthusi
astic paper-folder. (His diary records 
the occasion on which he first learned 
with delight how to fold a device that 
made a loud pop when it was swished 
through the air.) The literature of rec
reational mathematics includes many 
booklets and articles on folded-paper 

models, including those curious toys 
called flexagons which have been the 
subject of two previous articles in this 
department. 

The very act of folding raises an in
teresting mathematical question. Why is 
it that when we fold a sheet of paper the 
crease is a straight line? High-school 
geometry texts sometimes cite this as an 
illustration of the fact that two planes 
intersect in a straight line, but this is 
clearly not correct because the parts of a 
folded sheet are parallel planes. Here 
is the proper explanation, as given by 
L. R. Chase in The American Mathe
matical Monthly for June-July, 1940.: 

"Let p and p' be the two points of the 
paper that are brought into coincidence 
by the process of folding, then any pOint 
a of the crease is equidistant from p and 
p', since the lines ap and ap' are pressed 
into coincidence. Hence the crease, 
being the locus of such points a, is the 
perpendicular bisector of pp'." 

The folding of regular polygons, 
though not part of classic Origami, is a 
challenging classroom exercise. The 
equilateral triangle, square, hexagon 
and octagon are quite easy to fold, but 
the pentagon offers special difficulties. 
The simplest way to do it is to tie a knot 
in a strip of paper and press it Rat [see 
illustration at left below]. This model 
conceals a topper. If we fold over one 
end of the strip and hold the knot up to 
a strong light [see illustration at right], 
we see the famous pentagram of me
dieval witchcraft. 

Paper can also be folded to produce 
tangents that have as their envelope 
various low-order curves. The parabola 
is particularly easy to demonstrate. We 
first mark a pOint a few inches from one 
edge of the paper, then we crease the 
paper about 20 times at various spots, 
making sure that each crease is made 
when the edge is folded so that the 
edge intersects the point. The iIIustra-

A strip is folded in a pentagon by tying it in a knot (left). If the s trip is folded again, and held up to the light, a "pentagram" appears 
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Report from IBM Yorktown Research Center, New York 

WALLS THAT WALK THROUGH MAGNETIC MATERIALS 

The track-like l�atterns above represent iron oxide tracings of 
boundaries between magnetic domains in thin films. The be
havior of these boundaries is now under study by a group of 
scientists at the IBM Research Laboratories in Zurich, Switzer
land. This is one of the laboratories serving IBM Research with 
headquarters at the Yorktown Research Center. 

To map the boundaries between domains of opposing mag
netic polarities, the Zurich group employs the "Bitter" method 
in which iron oxide particles in liquid suspension are deposited 
on a magnetized film. On either side of a given domain wall, 
electron spins are oriented in opposite directions. As a wall 
moves in a changing magnetic field, spins reverse polarity as 

they pass from one domain into another. It has been found that 
spins reverse their polarity by gradually turning in a direc
tion out of the plane of the film and perpendicular to it. Spins 
turning out of the film plane generate a large magnetic stray 
field. It is the tendency to minimize the energy of this field 
that leads to the complicated arrangements of spins observed 
in the walls. 

The motion of domain walls in thin films is one aspect of a 
broad area of study at IBM seeking new insight into the physics 
of magnetism. A deeper understanding of magnetic phenomena 
may be expected to yield fruitful applications in improved or 
even unique magnetic devices. 

IBM® RESEARCH 
Ince5tigate the many career opportunities available in exciting new fields at IBM. 

International Business Machines Corporation, Dept.6.59G, 590 Madison Avenue, New York 22, New York © 1959 SCIENTIFIC AMERICAN, INC



The tangents of a parabola are fOr/ned by folding the bottom edge of paper to the focus 

tion at the top of this page shows the 
striking illusion of a parabola that re
sults. The point is the focus of the curve, 
the edge of the paper is its directrix, and 
each crease is tangent to the curve. It 
is easy to see that this method of folding 
ensures that every point on the curve is 
equally distant from the focus and the 
directrix, a property which defines the 
parabola. 

Closely related to this folding pro
cedure is an interesting problem in ele
mentary calculus. Suppose we have a 
sheet of paper that is eight by 1 1  
inches i n  size. W e  fold i t  s o  that corner 
A [see illustration at bottom of this page] 
just touches the left edge. By moving the 
corner up and down the edge, creasing at 
each position, we obtain tangents to a 
parabola that has corner A for its focus. 
At what spot along the left edge must 
corner A be placed so that a crease that 
intersects the bottom edge will be as 
short as possible? What is the length of 
such a crease? Readers unfamiliar with 
calculus may enjoy tackling the follow
ing simpler variation. If the paper's 
width is reduced to 7.68 inches and the 
corner is folded to a spot 5.76 inches 
above the base, exactly how long will 
the crease be? The answers will be given 
next month. 

And now, without apologies, I leave 
the more mathematical aspects of paper
folding to explain how to make what is 
in many ways the most remarkable of all 
Origami constructions: the bird that 
flaps its wings. This object is both a thing 
of beauty and a mechanical masterpiece. 
The reader is urged to take a square of 
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paper (patterned wrapping paper is ex
cellent) and master the intricate folds. 

A square eight inches on a side is a 
convenient size to use. (Some experts 
like to make a miniature bird from a 
dollar bill that is first folded into a 
square.) Crease the sheet along the two 
diagonals, then turn it over [1 in the il
lustration on page 142J so that the "val
ley folds" become "mountain folds." (In 
the illustrations all valley folds are shown 
as broken lines; all mountain folds, by 
solid lines.) 

Fold the paper in half, unfold, then 
fold in half the other way and unfold. 
This adds the two valley folds shown at 
2 in the illustration. 

Fold two adjacent sides over to meet 
[3 in illustration]. U nEold, then do the 

A 

---, 

I I I I I I 
I I 
I 

� ________ �. ________ ___ JA 
A calculus problem in paper·folding 

1 PROTECTIVE FACE for picture tube 
housing is a one-piece injection mold
ing of Tenite Butyrate plastic. Dark 
strip around edge is a "frame effect" 
created by painting the inside border. 
Molded for Philco by Buffalo Molded 
Plastics. Inc .• Erie. Pa. 

Tenite Butyrate 
has two jobs 
in new 
Philco TV sets 

2 DECORATIVE TRIM STRIP that con
ceals the joint between Butyrate face 
plate and rear shell of tube housing is 
an extrusion of Tenite Butyrate. Strip is 
extruded with an aluminum foil ins�rt 
to simulate a metal molding. Trim strip. 
post-formed to conform to shape of 
housing. is supplied by Anchor Plastics 
Co., Inc., Long Island City, N. Y. 
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Philco takes the picture tube out of the chassis 
... protects it with a face of tough Butyrate plastic 

The new line of Philco Predicta TV sets is another example 

of how Tenite Butyrate plastic .can be used to improve the 

design and sales appeal of products. 

Thanks to the toughest "face" on TV -a one·piec� molding 

of clear Tenite Butyrate, tinted to minimize glare:""Philco 

now features a picture tube that is dramatically set apart 

from the chassis. 

Although many factors contributed to the choice of Butyr· 

ate here, the basic consideration was its inherent toughness, 

since a separated picture tube would be exposed to extra 

hazards. 

In Butyrate, Philco engineers found a material with all the 

toughness and impact resistance they.needed. Moreover, 

this Eastman plastic also satisfied the other requirements in· 

volved ••. light weight .•. optical clarity . .. resilience . . .  easy 

moldability . . .  high dielectric strengih. 

InCidentally, the color that imparts an eye·easing tint to 

the face is part of the plastic itself. Philco designers were 

able to specify the color desired, and Tenite molding com· 

pound was supplied to the molder in an exact match. �esult: 

the tinting color is an integral part of the face, not merely a 

coating that might wear, chip or flake off. 

If you are designing or redesigning a product, consider 

Tenite Butyrate whenever you need a truly tough plastic. 

Easy to mold, extrude or vacuum·form, Tenite Butyrate is 

available in clear and colored transparents, translucents, 

opaques, metallics, and variegations to match your specifi. 

cations. For more information, write EASTMAN CHEMICAL 
PRODUCTS, INC., subsidiary of Eastman Kodak Company, 

KINGSPORT, TENNESSEE. 

BUTVRATE 
an Eastman plastic 
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How to fold the Origami /lapping bird 
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same thing at each of the other three 
comers. The paper will now be creased 
as shown at 4. 

The next step is extremely difficult to 
describe, though it is easily done once 
you get the hang of it. Note the four 
short valley-segments indicated by ar
rows at 4 in the illustration. Pinch these 
segments so that they become mountain 
folds. The centers of each side [labeled 
A, B, C and D at 4] are pushed inward. 
The result is shown at 5. This raises the 
corners of the square [labeled J, K, L 
and M] so that an oblique view of the 
model now appears as at 6. 

If all the folds are in neat order (be 
sure the center of the square is pushed 
down as far as it will go), it should now 
be easy to bring all four comers together 
at the top as illustrated at 7. Flatten 
the model by bringing the sides together 
as shown at 8. 

Flap A [at 8] is folded down along line 
B. Turn the paper over and do the same 
on the other side. The paper now has the 
form shown at 9. 

Flap A [at 9] is folded to the left 
along vertical line B. Turn the model 
over and do the same on the other side. 
The result is depicted at 10. 

Flap A [at 10] is folded up along 
line B. Tum the model over and repeat 
on the other side. Hold the resulting 
isosceles triangle so that it pOints up
ward [11]. For the remaining steps it 
will be more convenient to hold the 
model in the air rather than to rest it on 
a table. 

Pull M to the angle shown at 12 and 
press the paper flat at the base. Do the 
same thing with N. Now push down the 
corner of M, reversing the fold, and 
press flat to form the bird's head [13]. 

Shape the wings (do not fold them) 
so that from their base to top they cW've 
slightly outward and forward. Hold the 
bird as shown at 14. When you pull 
gently on the tail, the wings flap grace
fully. 

A number of Origami animals have ac
tion features: a fish that opens its mouth, 
a frog that hops when its back is stroked, 
and so on. Unamuno's translator tells us 
that the Spanish writer liked to fold such 
animals while he sipped his midday cof
fee in a Salamanca cafe. Little wonder 
that wide-eyed street urchins kept their 
noses glued to the window panes! 

The secret rule behind the series of 
playing cards in last month's illustra

tion for the induction game of Eleusis 
is: Play a club or diamond if the top 
card of the pile is even; a heart or spade 
if the card is odd. 

SPACE ORIENTED ELECTRICAL 
ENGINEERS AND PHYSICISTS 
Vast new space and missile projects have created outstanding 
opportunities in research, development and design at Douglas. 
Here are some 0/ the areas in which we have immediate 
openings for engineers and physicists with advanced degrees 
(B.S. also considered); 

SPACE NAVIGATION - Utilize Bode and Nyquist techniques, root 
loci, Z plane, quasi linear, non-linear and other techniques in the 
analysis and development of guidance and control systems. 

SPACE COMMUNICATIONS - Telemetry system research and 
development, research in wave propagation in ionized gas, 
high frequency breakdown and many other areas. 

SPACE POWER - Unconventional power research and development 
to supply power in space stations and on other planets. 

LOGICAL DESIGN - Solid state digital circuits as applied to 
automatic test and firing equipment, utilization of complex 
switching and logic circuitry, and utilization of computers in 
detailed circuit design. 

ANTENNA DEVELOPMENT - Complete research, advance design and 
development of antenna and radome systems for use on 
space vehicles. 

For full information write to Mr. C. C. La Vene, 
Staff Asst. Vice-president, Engineering, Box 620-N, 
Douglas Aircraft Company, Inc., Santa Monica, Calif. 
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RECOGNITION 
AND REWARD At the crossroads of opportunity for men with 

vision in Electronic Engineering. 

. . both come early 
at PERKIN-ELMER! 

It is Perkin-Elmer policy to offer im
portant rewards in salary, security and 
satisfaction just as soon as it is possible. 
The mainstay of this progressive point of 
view is a non-regimented approach to 
creative imagination that offers gifted 
Engineers and Physicists the broad and 
unfettered freedom so necessary to the 
full development of individual abilities_ 

Active in the dawning Space Age, 
Perkin-Elmer programs include vital 
projects in the most advanced and com
plex areas of: 

• Rec01l1laissa1lce S ystel1ls 
• Infrared Systems 
• Range Illstrumelltati01l 
• Optical Research & Developme1lt 

Investigate these challenging positions 
today-by sending your resume to: 

Mr. R. H. Byles, Dept. 915 

��!�K�I?-:�}E�'�� Gti� 

GOODYEAR 
AIRCRAFT 

CORPORATION 
ELECTRONIC LABORATORY 

WE HAVE OPENINGS IN OUR 
MODERN LABORATORIES FOR 
ADVANCED ENGINEERS AND 
SCIENTISTS IN ELECTRONIC 

RESEARCH AND DEVELOPMENT 
Long range research and development projects. 

Graduate studies available under company 
financed evening courses. 

LEISURE LIVING AT ITS BEST 
"IN THE VALLEY OF THE SUN" 

Send resume to: A. E. Manning 

Engineering and Scientific Personnel 
GOOD}'YEAR AIRCRAFT 

LITCHFIELD PARK 
PHOENIX. ARIZONA 

Similar opportunities available in our 
Akron, Ollio, LaboratorY 
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•- WRIST TALLY COUNTER • ��fi :, Worn Like a Wristwatch-

� 
, Counts by Pushing Button 

Use for counting operations in 
labs, industrial plants, time· 

and-motion studies, cargo and production tallies. counting 
traffic. etc. PODuiar with golfers for keeping scores. Wcaf 
like a wristwatch. Push button and count. is tallied on visi
ble dials. Totals to 99. Dials easily reset to zero by turning 
knobs. Lightweight. sturdy Swiss construction. Size IfJH x 
l%,H X '%,". Leather wristband. 

Stock No. 30.321-S .................. .... .... $3.95 postpaid 

TWO-STAGE ROCKET TOY-

Simple, safe-demonstrates principles of 
jet rockets. Uses water and air as fuel. 

First stage soars up 200 to 300 ft.-then 

2nd stnge is automati('ally released, going 

still higher. A 2nd stage satellite is also 

included and may be substituted. Made 

of But.yrate plnstic>. Set inC'ludes fuel sup

ply tanI;: and air injection pump. 

Stock No. 70.157-S ................ $2.98 pstpd. 

INFRARED NAVY S NOOPERSCOPE 
WAR SURPLUS! 

GOy·t Cost $900-0nly $39.50 
Conrerts infrared to \'isible light. See 
in total darkncss. Use in lab, factory. 
classroom, etc" 01' dismantle for fine 
optical parts or power source. Com
pletelr portable. Operates on two 
flashlight batteries. Size IPh'" x 8". 
Weight with hard rubber carrring 

case 12 Ibs. Image not as sharp as our $150 Sniperscope
also no infrared light source is furnished (see below). 
Stock No. 85.098-S ................................ $39.50 f.o.b. 

Barrington, N. J. 
INFRARED LIGHT SOURCE AVAILABILITY! You will need 
a 6 volt transformer 01' 6 V auto batter'y to operate. 
Stock No. 80.035-S ............................. � ......... . $10.00 Pstpd. 

ASTRO COMPASS AND STAR FINDER 
GOy't Cost $75-Price $14.95 postpaid 
Determines position of stars Quicklr. 
Shows ,'arious celestial coordinates. An 
extremeLy useful star Hnder which can be 
rotated through 600 angles along calibrat
cd degree scale. Has single eye lens with 
"iewing stop, two spirit levels for align, 
ing. tangent screw with scale for the pre
cision readings. azimuth scale graduated 
in two·degree intenals, adjustable tilting 
azimuth scale for angle reference of stars 
on dist.ant objects. War Surplus. GO\"t 
cost $75. Instructions, carrying case ill
cluded. 

Stock No. 70.200-5 ................ 0n.y $14.95 postpaid 

GIANT MAGNETS! TERRI FIC BARGAINS! 

'Var surplus-Alnico V type! Horse- � .. -"r 
shoe shape. Tremendous lifting ... . : e 

power. 5 lb. size. Dimensions: A- " , i 
3 '4 " ; B-2 %."; C-4'VJ6"; D-l'4"; ", ,J 
E-l%,"; F-2%". Strength is about , � .. 
2,000 Gauss. "'ill lift oyer 125 Ibs. 1--1=�:J......J 
Stock No. 70.183-S ............................ $8.50 Postpaid 

15-% lb. size. Approximately 5,000·6,000 Gauss rating, 
Will lift over 250 Ibs. 

Stock No. 85.088-5 ............................ $22.50 F.O.B. 
Shipping wt. 22 Ibs. Barrington, N. J. 

American Made
Over 50% Saving 

STEREO MICROSCOPE 
Years in de,"elopment. Equals $300 to 
$400 instrument, l'recision American 
made. l...'sed for chccking, inSI)Ccting, 
small assembly work. Up to 3" work
ing distance. Clear, sharp, erect 
image. Wide, 3 dimensional field. :! 
sets of objecthes on rotating turret. 
nx and 40X. 10 Day Free Tl'ial. 
Stock No. 85.056-S .......... $99.50 

f,o.b. Barrington. N.J. 
Low Power Supplementary Lens Attachment for abo.e Stereo 
-provides 15X down to 6X with clear, extra large 1%" 
field at 6X. 

Stock No. 30.276-S ...... 
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See the Stars, Moon, Planets Close Up! 

3" ASTRONOMICAL REFLECTING TElESCOPE 
60 10 160 Power-An Unusual Buy! 

-:'�;;:::;;.iiiiiiii • .J 
Famous Mt. Palomar Type 

• You'll see the Rings of Saturn, the fascmating planet Mars. 
huge craters on the Moon, Star Clusters, Moons of Jupiter tn 
detail. Galaxies! Equatorial mount with lock on both axes. 
Aluminized and overcoated 3'" diameter high-speed f/lO mirror. 
Telescope comes equipped with a 60X eyepiece and a mounted 
Barlow Lens. giving- you 60 to 160 power. An OI1t1cal Finder 
Telescope. always so es�entlal. is also included. Sturdy. hard· 
wood, portable tripod. 

Photographers! This 15 an 2ctual photograph 
of the moon taken through our Astronomical 
Telescope by a 17-year-old student. 

Free with scope: Valuable STAR CHART 
and 272 page "Astronomy Book," 

Stock No. 85.050-S .............. ...................... $29.95 Postpaid 

4'/4" REFLEC TING TELESCOPE! Up to 270X! 
�""",., ... �", .... "ith this scope you can see ererything as 

New Hand Spectroscope 

abore "ut with greater power plus will 
split finer stars. lIJirror has twice the 
light gathering power. Mirror guaranteed 
to gi.e theoretical limit of resolution. 
Rack and pinion focusing. hardwood tri
pod, rca I equatorial mounting-only one 
adjustment follows stars! Aluminum tube. 
6 I)OWer finder telescope. 2 standard size 
eyepieces and mounted Barlow lens gh'e 
you !lowers of 40X, 90X. 120X, and 
270X. Low-cost accessory erepiece a"ail
able for higher powers. Free handbook and 
Chart. Shipping weight 25 Ibs. 

N eyer before such low price. For the 
ftrst time-employs replica grating on 
fihn-13,400 lines per inc-h. l\Iounted 
in aluminum tube 4%" long, liz" dia. 
Demonstrates spectrum; use to checli: 
light filters. Stock No. 85.006-S .............................................. $74.50 f.o.b. 

Same Telescope as above but <.'Quipped with Electric Clock Drive
Stock No. 85-094-5.. ...$111.50 F.O.B. Barrington. N. J. Stock No. 30.280-5 .... $2.50 postpaid 

NE W! S T ATI C ELE CTRICIT Y 
';:', G E NER A T OR 

Sturdy. Improved Model! 
See a thrilling spark display as yoU 
set off a miniature bolt of light· 
ning. Absolutely safe and harmless. 
Sturdily made-it stands 14" high. 
Turn the handle and two 9" plastic 
discs rotate in opposite directions. 
:Metal collector brushes pick up the 
static electricity, store it In the 
Leyden jar type condenser until dis
charged by the jumpIng spark. 
Countless tricks and experiments. 

. '  24 page instruction booklet included. 

Stock No. 70.070-S ................... ... $12.95 Postpaid 

D-STIX Visual Tools 

* 
Shape Your Ideas Fast! 

Scientists, executi"es, planners. de
signers-ail find D-STJX Simplify ,·is· 
ualization and demonstration of complex 
ideas. D-S'fIX-enameled plastic sticks 
and "easy-on" rubber joints-help you 
work out molecular structures, geometric 
ftgures, structural members, shapes. 
models of scientiftc apparatus. Used by 
professional men. educators, hobbyists. 

Big basic kit contains 2:l0 _ or 350 vieces. Additional 
parts in supplementary kit. Far superior to kits of wood 
or metal. lIIoney-back guarantee. 

Stock No. 70.209-S (230 pcsl. ........... $3.00 ppd. 

Stock No. 70,210-S (350 pcsJ.. .......... $5 .00 ppd. 

MAKE YOUR OW N POWERF UL 

ASTRONOMICAL TELESCOPE 
GRIND YOUR OWN ASTRONOMICAL MIRROR 
Kits contain mirl'or blank, tool, abrasives, diag
onal mirror anli eyepiece lenses, You build instru
ments ranging in value from $75,00 to thousands 
of dollHrs. 
Stock No. 

70.003-5 
70.004-5 
70.005-5 
70.006-5 
70,007-5 

Dia. Mirror Thickness Price 4'/4" W' $ 7.5 0 postpaid 
6" 1" 11.95 postpaid 
8" P/," 19.50 postpaid 

10" 1'4" 30.75 postpaid 12" 2'/," 54.75 postpaid 

S;'l B UI LD A SOLA R 
, E NERGY F UR NA CE 

. A Fascina·ting Science Project! 
A tremendous new field. You can build 
your own Solar FUl'nace for experi
mentation-many practieal uses. It's 

, II eagy - inexpensive - use your scrap 
I , 

wood. We furnish instruction booklet. 
This sun powered furnace will generate 
terrific heat 2000° to 30000• Fuses 
enamel to metal-I>roduces many un· 

usual fusing effects. Sets I)apel' aflame in sec-onds, Use 
our Frebllel Lens-14%," diameter . f.1. 14". 

Stock No. 70.130-S package of 1.. .. $ 6.00 Pstpd. 

Stock No. 70.131-S package of 2 .... 11.00 Pstpd. 

8 POWER ELBOW TELESCOPE-WAR SURPLUS 
Terrific Bargain 1 $200 Gov't Cost-Only $13.50 
Big 2" objective, focusing eye
piece 28mm focal length
Amici erecting system-turret 
mounted filters, clear, red, 
amber and neutral-reticle il
lumination. Sparkling, clear, 
bright image-6' field (325 ft. 
at 1,000 yds.). Focus adjusts 
15 ft. to Infinity. 28mm F.L. eyepiece alone is 
worth more than $12.50. 
Stock No. 70.173-S .................... $13.50 Postpaid 

WAR SURPLUS AMERICAN-MADE 
7X50 Binoculars 

Big saYings! Brand new! Crys
tal clear viewing-7 power. 
Every optical clement is coated, 
An excellent night glass-tt.e 
size recommcnded for satellite 
\-iewing. Indiyidu&.l eye focus. 
Exit pupil 7mm. Approx. field 

at 1,000 yds. Is 376 ft. Carrying ease included, 
American 7 x 50's normally cost $195. Our war 
surplus price sa,'es you real mOlley. 

Stock No. 1533-S ..... .......... ....... only $55.00 pstpd. 
(Tax included) 

REPLICA GRATING-Low, Low Cost 
Take Unusual Color Photos At Night! 

It's here-after decades of effort. Replica 
Grating--on tHm-at \'ery low price. 
Breaks up whitc light into fuil spectrum 
colors. An exciting display. 13.400 lines 
per inch. Diffraction Gratillg has been 
used to answer more {Iuestions about the 
strueture of the matcrial world and the 
uninrse than any other single de"iee. 

rse it for making spectroscopes, for experiments, as a 
fascinating no.eIty. First time a,'aiIablc such large size-
so cheaply-comes in c-lcar plastic- I)rotector. 

Stock No. 50.202-S-inrludes 2 \les. 8" X 5,,""-1 
transmission type, 1 rcflecting type. 52.00 pstpd. 

WRITE 
FO R FREE CATALOG·S 

100 Pages! Over 1000 B argains! Optics 
for the Space Era! Huge selection of lenses. 
prisms, war surplus optical in
struments, parts and acces� 
sories. Telescopes. Micro
scopes. Satellite Scopes. Bi
noculars. Infrared Sniper
scopes, science experi� 
ment items. etc. Request 
Catal 
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THE AMATEUR SCIENTIST 

Conducted hy C. L. Stong 

Most people are rather afraid of 
snakes and other reptiles, and 
not without reason. After all, 

many reptiles are poisonous, and not 
everyone can immediately tell which are 
poisonous and which not. But reptiles 
are interesting animals, and the amateur 
who chooses to learn something about 
them can gain much pleasure from ob
serving them. Consider, for example, the 
well-known fact that, because reptiles 
have no internal mechanism to regulate 
their temperature, they must warm or 
cool themselves by means of their be
havior [see "How Reptiles Regulate 
Their Body Temperature," by Charles 
M. Bogert; SCIENTIFIC AMERICAN, 
April). The pattern of this behavior is 
fascinating to observe, as are many oth
er aspects of reptilian life. The trick is 
how to observe them. 

Robert H. Wilson, assistant professor 
of industrial hygiene at the University 
of Rochester School of Medicine and 
Dentistry, makes a hobby of reptiles. He 
writes: "It is not easy to study reptiles 
in nature. Most of them are shy animals 
that rapidly disappear at the approach 
of Homo sapiens. Even in the Southwest, 
a veritable reptile sanctuary because of 
its desolation and sunny weather, one 
must have infinite patience to observe 
these animals going about the absorbing 
business of staying alive. 

"A much more satisfactory approach 
is to keep them in the home. They are 
not good pets in the ordinary sense. You 
cannot teach a snake or a lizard to do 
much more than respond when you ap
proach with food. The rewards come in 
observing at first hand the ordinary life 
functions of these unusual creatures. 
Watching a healthy snake shed its skin 
still fascinates me, even though enough 
cast skins now hang in one of my win
dows to obscure the view. The courting 

How to keep vanous reptiles 
healthy and happy in the home 

activities of some of the small desert liz
ards are at once comical and enthralling. 
And a particular satisfaction comes in 
raising a juvenile reptile to impressive 
size and health. 

"If one recognizes the fact that rep
tiles have specialized dietary require
ments, the rest of reptile-keeping is rela
tively simple. It is even inexpensive, pro
vided one controls one's enthusiasm for 
collecting specimens. Of the 40-odd rep
tiles of various species in our house, we 
bought only four, all pet turtles from a 
store. The rest were acquired by gifts, 
trades, hatching and capture. The most 
important route of acquisition is the first. 
Once it becomes known in the neighbor
hood that you like snakes, your collection 
will grow as small and large boys appear 
at your door with boxes and paper bags. 
Trading specimens with reptile fanciers, 
especially those in parts of the country 
remote from yours, can bring in a wealth 
of species that you are not likely to see 
any other way. Capturing your own 
specimens has all the thrills of the hunt, 
and can enrich the dullest countryside. 

"The art of capturing snakes is great
ly simplified by the cut-down golf putter 
shown in the accompanying illustration 
[next page). With this tool it is easy to 
pin down the snake so that it may be 
taken by hand as illustrated. Another 
useful accessory is a net made by stitch
ing one end of a tube of muslin to a 
heavy wire ring and tying the other end 
with a string. A fairly long handle should 
be attached to the wire ring. Tying the 
end of the net shut simplifies the problem 
of transferring a netted snake, pat·ticu
larly a biter, into a bag. The net should 
be deep enough so that a half-turn of 
the handle closes the net on itself but 
leaves room for the snake at the bottom. 

"Snakes are caught where you find 
them. A slow drive down a deserted 
road at night will frequently turn up an 
amazing number of snakes, particularly 
in the Southwest. Turning over stones 
and rotted logs is also productive, but in 
rattler country this should not be done 
with bare hands; use your snake putter 
or a stick. Most of my snake-catching is 
done by the putter-and-net technique. 

"Traps are not satisfactory for captur
ing snakes, but they are quite successful 
with lizards. Two kinds of trap are illus
trated here [page 148). Spoiled meat in
side such traps will attract those lizard 
species that have a well-developed sense 
of smell. A simple box trap is pref
erable for desert regions where shade 
is scarce, because lizards seek the shade 
when the sun becomes too hot for 
their comfort. The box may be two 
feet square and six inches deep. It is 
closed at the top with a wooden door 
and at the bottom with a wire screen. 
Two or three two-inch holes are drilled 
in one side about half an inch from the 
bottom. The trap is placed with the holes 
on the shady side, and jiggled down into 
the sand until the bottom of the holes 
are flush with the surface. The box is 
then covered with sand (except, of 
course, for the side with the holes). This 
keeps the temperature inside the box 
from rising too high in the hot sun. Liz
ards approaching from the shady side 
will find the holes and enter the box. 
Once inside, they will stay for several 
hours during the heat of the day. The 
specimens should be harvested two or 
three times before the heat subsides. 

"Netting lizards is usually unsatisfac
tory because they are far quicker than 
the netter. The lizard is much less likely 
to scamper off if it is approached with 
a noose at the end of a trout-fishing 
rod. The noose can then be maneuvered 
over the lizard's head and pulled tight 
simply by raising the rod. The noose 
should be made of silk thread rather 
than nylon, because nylon tends to curl. 

"Turtles that are accustomed to sun
ning themselves on half-submerged logs 
can be trapped by assembling four logs 
in a rectangle and suspending a net in 
the water beneath it. The turtles come 
out of the water from the outside of 
the rectangle, but they may depart to 
the inside, particularly if the turtle-trap
per appears suddenly from the right di
rection. They can be kept from climb
ing out of the trap by studding the in
side of the enclosure with nails that point 
downward at an angle. Turtle-collecting 
should be done with the knowledge that 
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Versatile A+ FELTS serve indus
try in a thousand tested ways. They 
form wicks to deliver oil to bearings 
and shafts. They provide comfort 
and quiet in modern cars, sealing 
out the weather, absorbing sound 
and vibration. You'll find them in 
food plants, filtering syrups ... and 
in wall coverings ... optical polish
ing laps • • .  postage meters! 

Because we have made the use of 
felt our special science, American 
Felt Company can engineer solu
tions to complex problems. Send 
us your design problem; our engi
neers will follow through promptly. 

207 Glenville Road, Glenville, Conn. 
Among our famous trademarks: VISTEX
gaskets and seals; PARA FLOW-cartridge 

filters; UK" FELT-sound absorbing and 
thermal insulation 

a number of species are protected by 
law. The desert tortoise, for example, is 
protected throughout its range, and the 
penalty for possessing one can be as 
much as $500. Eastern turtles that are 
protected include the box turtle and 
the wood turtle. 

"All reptile specimens are best trans
ported in muslin bags 18 inches wide 
and a yard long. The bags should have 
double seams so that the specimens will 
not become entangled in loose threads. 
When poisonous snakes are transported, 
an external tab should be attached to the 
bottom of the bag so that one can empty 
the bag without exposing oneself to a 
bite. 

"Once you get the captive home, you 
must think of where to put it. A good 
container for small reptiles that cannot 
climb is an aquarium. Of course a wood
en box will do as well, though it is desir
able to fit the box with a glass front so 
that you can easily observe what is going 

on inside. With nonaquatic reptiles it is 
necessary to cover the box with a snug 
(but not airtight) cover. Snakes espe
cially have a rare talent for finding a 
small opening. I use several different 
kinds of cover: wire screen, perforated 
masonite and occasionally glass, raised 
slightly from the top of the container to 
provide adequate ventilation. The de
sign of the cover is governed largely by 
the animal inside. Wire screen is general
ly unsatisfactory for snakes. They have a 
tendency to rub their noses on the screen 
and injure themselves. For some of the 
stronger species of snake a sturdy top is 
needed, and masonite fills the bill. A 
glass cover is used when it is desirable 
to keep the temperature and the humid
ity high. 

"Most discussions of reptile-keeping 
emphasize the importance of avoiding 
decorative effects in the cages, pointing 
out that sanitation is a problem and that 
the humidity resulting from the presence 

An amateur's method of catching and holding (/ snake 
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of plants is detrimental. I do not agree 
with this. Animal cages in the home 
should be attractive. Moreover, the ani
mals themselves appear to feel more at 
home in cages that roughly approximate 
their natural habitat. One can divide 
cage climate into broad categories-for 
example, desert, temperate-zone region 
or bog-and select plants and other sur
roundings that are compatible. Properly 
managed, a reptile cage can be as deco
rative as the handsomest aquarium. One 
warning: reptiles to be placed in a deco
rated cage should be carefully inspected 
for mites. Once introduced into such a 
cage, mites hide themselves in crevices 
and are almost impossible to eliminate. 

"The sanitation problem is most easily 
met bv placing a deep layer (one to two 
inches) of aquarium gravel in the bot
tom of the cage. It is a simple matter to 
pick up excreta and contaminated gravel 
with a scoop and to replace the gravel 
from time to time. :\1any terrestrial rep
tiles are fond of burrowing on occasion, 
and aquarium gravel is a good medium 
in this regard because it does not pack 
or cake. 

"The illumination of the cage is im
pOl'tant, both for the welfare of the ani
mals and for satisfactory viewing. Most 
reptiles do best at temperatures slightly 
above 70 degrees Fahrenheit, the desert 
species preferring temperatures as high 
as 100 degrees. I achieve good tempera
ture-control by balancing the radiant 
heat of incandescent lamps against the 
heat loss through the sides of the cage 
and by whatever air circulation there 
may be. Reptiles govern their body tem
perature by absorbing heat in varying 
amounts from their surroundings. Incan
descent lamps at the top of the cage, to
gether with the judicious location of fur
niture such as rocks or sticks at various 
distances from the light source, permit 
the animals to select their own tempera
ture conditions. It is astonishing to ob
serve how quickly these not especially 
bright creatures learn that they can 
warm up most quickly by climbing to the 
highest pOint in the cage. When several 
lizards are in a cage and the light comes 
on after a cool night, an amusing scram
ble for top position usually ensues. 

"An effective source of light and heat 
is the 75-watt spotlight lamp available 
in most hardware stores. The reflector of 
the lamp is highly efficient for both 
visible and infrared radiation, and in
cidentally lends itself to dramatic light
ing effects. The radiation is concen
trated, however. It is therefore important 
to direct it so that the animal can get out 
of the beam and avoid overheating. I 
usually mount the lamp so that the front 

At Los Alamos, one of the world's finest physics labora

tories, the VClst scope of modern physics research offers 

stimulating opportunity to versatile physicists who wel

come change and the pursuit of the unusual. Theoretical, 

nuclear and weapons physics are the major fields of 

endeavor - and physics is only one of the many sci

entific activities in which trained men and women with 

imagination find challenge at Los Alamos. 

1 \ 

Employment inquiries are invited. 

Write to; 
Personnel Director 
Division 59-70 

LOS ALAMOS. NEW MEXICO 
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Eastman 910 Adhesive 
solves another 

production bottleneck 

Recordak Corporation, New York City, 
offers microfilming equipment that 
photographs and endorses bank checks 
in one operation. 

Rubber endorsing plates, rather than 
steel, were preferred yet could not be 
used because of the difficulty of secur
ing the flexible rubber plate to the steel 
back, permanently and quickly. 

The problem was solved with East
man 910 Adhesive. 

Coated lightly with adhesive, the 
plates are held in alignment in a simple 
jig. In a matter of minutes, the bond is 
formed ... and the unit is ready for de
livery and installation. Field tests show 
the bond lasts for the life of the rubber 
printing plate. 

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? 

E.stma,,-
910 A.dhesive 

Bonds Almost Instantly 

... Without Heat, 

Pressure or Catalyst 

For a trial quantity (VI-ounce) send five 
dollars to Armstrong Cork Company, In
dustrial Adhesives Division, 9107 Inland 
Road, Lancaster, Pa., or to Eastman 
Chemical Products, Inc., Chemicals Divi
sion, Dept. 5-7, Kingsport, Tenn. 
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Two designs for traps suitable to catch small lizards 

of the glass envelope is about 10 inches 
from the highest piece of furniture in 
the cage. 

"The main problem in keeping rep
tiles is to provide them with the proper 
diet. Few reptiles are vegetarians, 
though some turtle and lizard species 
will eat lettuce. The rest demand meat 
in various forms. Most turtles will eat 
any kind of meat proffered (including a 
bit of finger if you are not quick) . Cod 
or ocean perch seems particularly tasty 
to aquatic turtles. Several of the more 
terrestrial species thrive on dog food, 
particularly Pard. It is important to re
member that the aquatic turtles (all 
those sold in variety stores) are unable 
to eat when they are out of water. The 
turtle bowls sold with them are almost 
always inadequate. Such a turtle is prop
erly kept in an aquarium measuring at 
least 10 inches wide and 12 inches long. 
The aquarium should contain six to 

eight inches of water, a sunning platform 
and an ample heat source such as the 
75-watt spotlight lamp. One should be 
forewarned that these turtles will grow, 
some of them to as much as eight or 10 
inches long if they are properly nur
tured. 

"Most of the lizards are insectivores, 
eating moths, flies, beetles, grubs, grass
hoppers and so on. Such prey are not 
easy to come by in the winter, and it is 
almost impossible to convert a lizard to 
foods such as beef or fish. However, 
there are solutions to the problem. Meal 
worms can be bought in pet stores. 
These worms, the larval form of the 
darkling beetle that commonly occurs 
around granaries, are a splendid food for 
insectivores, apparently supplying all 
the important trace nutrients. 

"Recently I have found that Russell 
Vance of Lincoln, N.Y., maintains a 
year-round supply of crickets that bids 
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fair to revolutionize the keeping of rep
tiles. It is not difficult to raise meal 
worms in amounts sufficient for one or 
two small lizards, but a larger lizard 
can put away 75 to 100 worms a week. 
This calls for a rate of production that 
is difficult to maintain in the home. 
Moreover, some lizards ignore meal 
worms. The crickets, however, are a dif
ferent story. In the first place, they are 
larger, so that even our fairly sizable 
African agamid is satisfied with three or 
four. Second, they do not contain so 
much chitin, the horny substance of the 
insect skeleton. If a small lizard is fed a 
steady diet of meal worms, the indigesti
ble chitin of the worms may actually 
block its gastrointestinal tract. Crickets 
also seem to provide more dietary essen
tials than do meal worms. My lizards 
are all in much better health as a conse
quence of the shift to crickets. My one 
insectivorous snake, a member of the 
smooth green species, eats crickets to the 
exclusion of all other food. 

"The snakes are probably the most 
faSCinating of all the reptiles. All snakes 
are carnivorous. In most cases this means 
one must supply them with mice or rats 
for food, although water and ribbon 
snakes will eat fish (minnows or thawed 
pieces of frozen fish). Garter snakes can 
be induced to eat chopped earthworms 
mixed with hamburger; later they can be 
graduated to hamburger alone. Working 
as I do in a biomedical laboratory, pro
curement of mammalian food for my 
specimens is no problem. I simply set up 
a breeding colony of mice in an out-of
the-way corner and harvest as needed. 
Our rat colony generally produces an 
adequate surplus to supply my modest 
needs. The less fortunate reptile-keeper, 
however, can doubtless make arrange
ments with a biological or medical labo
ratory for a supply of surplus rodents, 
usually at a reasonable cost. Breeding 
in the home is not recommended. It 
is accompanied by an odor problem 
that even the most tolerant wife can 
seldom ignore. 

"Of the readily available snake spe
cies, some are more adaptable to the 
home terrarium than others. The list is 
headed by bull snakes, which are un
usually docile. I have picked up wild 
bull snakes in the deserts of Nevada and 
Idaho that struggled no more than 
those in my cages. Corn, fox and rat 
snakes are somewhat more excitable, but 
still adapt nicely to confinement. An un
usually charming little specimen is the 
red-bellied snake, which grows to a 
maximum length of 10 inches. These re
(!uire a steady diet of small angleworms 
or garden slugs (the brovvn ones, not the 

Explore new areas at IBM in 

, InfOimation retrieval is a major area of study at IBM, leading 
to many benefits such as the instant accessibility to knowledge in 

the Library of Congress-or to a system which can translate any 

language into English in real time. Problems in information 

retrieval have defined entirely new concepts for the design of 
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and government. With instant accessibility to vast quantities of 

information electronically stored, industrial and research efforts 

can be materially expedited. IBM needs engineers and scientists 
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You will enjoy unusnal professional freedom and the support of 
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grams are available plus the assistance of specialists of many 
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individual contributions are quickly recognized and rewarded. 
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Component engineering 

Human factors 
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Sol id state development 
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For details, write, 
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interests, to: 

Mr. R. E. Rodgers, Dept.659G·1 
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New York 22, N. Y. 
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f/l0-60" focal length MOUNTED $175.00 
UNMOUNTED $150.00 

focal length MOUNTED $175.00 
UNMOUNTED $150.00 

f/15-90" 
The effective aperture of the above lenses is six inches. The black anodized aluminum mount fits tnto seven 
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travel almost a reality, astronomy has become today's 
fastest growing hobby. Elitploring the skies with a tele· 
scope is a relallting diversion for father and son CJlike. 
UNITRON's handbook contains fuU·page illustrated 
articles on astronomy, observing, telescopes and acces
sories. It is of interest to both beginners and advanced 
amateurs. 
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II � / ~ met:a.' tdbs �"'dg,,,,, 
An aquarium modified to hold small reptiles 

gray), which are easily raised in leafy 
litter, with lettuce and chicken mash as 
food. 

"Most of the racers and coachwhips 
are best left in situ. They are nervous 
and irritable, and they bite severely, The 
poisonous varieties should be left strictly 
alone. (I must confess that I have a cou
ple of juvenile Great Basin rattlers that I 
caught in Idaho last summer; I keep tell
ing myself that as soon as they are big 
enough I shall give them to the zoo.) 
Although many of the pit vipers (which 
group includes the rattlesnakes) are at
tractive and interesting, the risk is se
vere. Moreover, not all neighbors are as 
tolerant and understanding as mine. 

"Perhaps the most important item in 
reptilian diet is an adequate supplement 
of vitamins. Virtually all reptiles are 
sun worshipers, and in captivity they 
must have vitamin D to compensate for 
the lack of sunshine. My procedure, 
which seems to work extraordinarily 
well, is to include one or two drops of 
'Abdec' per ounce of drinking water. 

This water-soluble polyvitamin prepara
tion appears to suit reptiles ideally. The 
effect of vitamins can be most dramatic. 
A reptile specimen that is lethargic and 
off its feed can become a ravening brute 
ready to eat almost anything one or two 
days after the direct administration of 
one or two drops of Abdec. Once the 
reptile is in condition, the maintenance 
dose in drinking water seems to be suffi
cient. Turtles are particularly sensitive 
to the lack of vitamins and should be 
given a direct dose every month or so. 

"Reptiles can be watered in several 
ways, depending on the species, A snake 
will drink from any dish large enough to 
admit its head and an equal length of 
neck. Some lizards will drink from a 
dish; others, from a watering bottle. 
Some, such as the anoles, or 'circus 
chameleons: must be watered with a 
dropper or by sprinkling the plants in 
their quarters. 

"When one keeps reptiles in the home, 
it is difficult not to be anthropomorphic 
about them. Lowly though they are, rep-
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• Problem: what doctrine for a motorized military convoy will mean 
the highest over-the-road speed? Solving such a problem by experi
mental, trial-and-error methods is difficult, long, and costly ... yet 
answers to such questions are vital to our modern, mobile U. S. Army. 
Scientists of tech/ops solved this one by devising and applying a mathe
matical model to describe a convoy, programming this model for a large 
digital computer. Result: another application of tech/ops' research 
techniques to solve a problem whose solution by conventional means 
would have been prohibitively expensive ... and a typical example of 
tech/ops' pioneering work in operations research and broad scientific 
research and development for industry, business and government. 

· Two other formulas complete this model: 
XHI (t) = Vc if JJSc < Xi (t-h) - XHI (t-h) � Sc (2) 

• 1 • XHI (t) = T [Xi (t-h) - XHI (t-h)]If Xi (t-h) - XHI (t-h) > Sc (3) 
The symbols have these significances: Xi (t) is the position of the jth vehicle at 
time t; Vc is the assigned convoy speed; Sc is the assigned spacing between 
succeeding vehicles in the convoy; h is the driver reaction time; {J is a constant. 
Boundary conditions: xi(t) 2: 0; x,(t) is a given (known) function: 

Technical Operations, Incorporated 
Central Research Laboratories I Burlington, Massachusetts 

• WASHINGTON, D.C • •  MONTEREY, CALIFORNIA . FORT MONROE, VIRGINIA 

personnel requirements 

at Fort Monroe, Virginia, or 
Burlington, Massachusetts: 
Operations analysts experienced in 
industrial or military operations reo 
search, systems analYSiS, weapons 
systems evaluation, computer tech· 
niques, or related fields; training 
should be in mathematics,or physical 
sciences, on graduate level. 

at Washington , D. C.: Program· 
mers with substantial experience in 
the development of large digital 
computer programs; background 
should include experience with de· 
sign and application of assembly 
programs, compilers, and advanced 
programming concepts. 
at Monterey, California: Com· 
munications engineer or physicist 
thoroughly familiar With the prin· 
ciples of radio transmission and 
communications' network analysis. 
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tiles are individualistic, and one cannot 
avoid assigning them personalities. In 
the final analysis, why not? Each animal 
has a behavior pattern that is partly in
stinctive but partly the result of expe
riences during its lifetime. To me it 
seems only reasonable that individuality 
should develop. My three bull snakes are 
an excellent example. All were taken at 
the Nevada Test Site of the Atomic En
ergy Commission, and they look pretty 
much the same. Yet there are marked 
behavioral differences among them. One 
of them, which was caught as a very 
young specimen, has been in captivity 
most of its life, and probably as a conse
quence has come to enjoy being handled. 
It rests quietly for long periods in the 
hands of anyone who will hold it. An
other of the snakes, almost identical in 
appearance, was mature when taken, 
and although evidently satisfied with the 
food supply and creature comforts, has 
never really resigned itself to handling, 
preferring to wander about uncon-

strained when released from the cage. 
The third snake is intermediate between 
the first two; it enjoys a trip but is will
ing to settle down after it has investi
gated its surroundings. 

"The challenge of keeping these ani
mals, coupled with the opportunity to 
observe at first hand their functions and 
behavior and, above all, their remark
able adaptations to their environment, 
make reptile study in the home a par
ticularly rewarding avocation. The for
mal background requirements are cer
tainly minimal. I am an engineer and my 
biological training consists of only one 
year of high-school biology. I find, how
ever, that I have absorbed an astonishing 
amount of biology and zoology without 
half trying; so much so that I am about 
to undertake some laboratory experi
ments in reptilian physiology." 

R Stuart Mackay of the University 
• of California calls our attention to 

an interesting property of the "flints" 

A terrarium made 0/ wood, glass an.d per/orated masollite 
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c. L. Hampton 
Computer expert Chuck Hampton is a man with problems. 

As head of our Avionics Division's Computer Applica

tions section, Hampton pits his analog and digital com

puters against the mathematical intricacies of infrared 

research, optics, spectral background studies, feedback con

trol, and weapon system design. 

At thirty, with a BSEE from the University of Illinois, 

Chuck Hampton is a Senior Engineer. He typifies the 

progress made at Aeroiet by younger men of technical 

distinction, in electronics and many other areas. 

We think the challenge is imposing, the opportunity 

impressive. May we see your resume? AEROJET-GENERAL 
CORPORATION, Box 296P, Azusa, California or Box 1947P, 

Sacramento, California. Attn: Director of Scientific and 

Engineering Personnel. 

��RAL�ORP.' ----

AZUSA AND NEAR SACRAMENTO, CALI FORNIA · A SUBSIDIARY OF THE GENERAL TIRE & RUBBER COMPANY · 
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AN INVITATION 
TO JOIN ORO 

Pioneer In 
Operations Research 

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

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

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

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

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

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

For further information write: 
Profe.,ional Appointments 

OPERATIONS RESEARCH 
OFFICEI� 

The Johns Hopkins University 
6935 ARLINGTON ROAD 

BETHESDA 14, MARYLAND 
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A heat engine made out of lighter /lints and magnets 

used in cigarette lighters. At room tem
perature they are strongly attracted to a 
magnet, but when they are heated to 
125 degrees centigrade they abruptly 
become nonmagnetic. In effect, they ex
hibit the property of bistability with re
spect to temperature and magnetism. 
Hence they may be used as the active 
element in novel heat engines. For exam
ple, a quantity of flints (the active ma
terial is the metal cerium) could be 
attached to the bottom of a pendulum 
and energized by focusing a beam of 
infrared radiation on them at the point 
where they pass through the bottom of 
the swing. A strong magnet would also 
be located at this pOint, almost close 
enough to touch the metal. Once started, 
the pendulum would continue to swing 
as long as the infrared was supplied. Be
cause the flints would be heated at the 
bottom of the swing, they would be 
strongly attracted to the magnet during 
the downswing and less strongly attract
ed to it during the upswing. Accordingly 
a net transfer of energy from the infrared 
beam to the pendulum bob would occur. 

Mackay suggests that the effect can 
also be applied to a device for converting 
heat into rotary motion by fixing a num
ber of flints to the rim of a disk free to 
turn on an axle. A source of heat and a 
magnet would be located at adjacent 
points on one side of the disk. A motor 
of this type has been constructed by 
Roger Hayward, who illustrates this de
partment. According to Hayward, the 
motor does not run very fast, and its out
put is in the "flea-power" class. 

"The power of the engine was so 
minute," writes Hayward, "that I had to 

fit it with a magnetic bearing to make it 
run at all! As an interesting demonstra
tion, however, it is well worth the time 
spent on its construction. I chanced to 
have 18 lighter flints on hand; this de
termined the size of the engine that is 
shown full scale in my drawing [above]. 
The axle was an ordinary sewing nee
dle broken near the middle. The sharp 
end was discarded and the broken end 
of the remaining part rounded and pol
ished. The eye was then threaded with 
a quarter-inch of fine copper wire as a 
stop for a washer made of IllCite which 
supported the disk, as shown in the 
lower right detail of the drawing. The 
rounded end of the needle is attracted 
to one pole of a small alnico magnet 
clamped in position as shown. The flints 
are stuck to the edge of the rotor by 
quick-drying cement which has been 
thinned with acetone. 

"Energy to drive the engine is taken 
from an electric soldering-iron fitted 
with a short length of copper tubing 
split at the outer end. The magnet which 
exerts force on the flints actually con
sisted in my case of a pair of small alnico 
bars salvaged from a discarded magnetic 
ash tray. They were assembled with the 
north poles and south poles pointing the 
same way, and were held together with 
a rubber band. This assembly was placed 
close enough to the flints to pull the disk 
about five degrees out of plumb. The 
split portion of the hot copper tube was 
placed over the flints at a point as close 
as possible to the driving magnet. When 
heat was applied, the rotor turned some
what unevenly at about a third of a revo
lution per minute." 
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Announcing 
an issue of 

SCIENTIFIC 
AMERICAN 

devoted to the 
single topic of 

HIGH-ENERGY 
RADIATION 

in its relation to 
technology and 
fundamental 
life processes 

to be published in 
September, 1959 

Cosmic ray (an iron nucleus) smashes a nucleus in 

a photographic emulsion exposed by I-Ierman Yagoda 

of the Air Force Cambridge Research Center. Such 

events are a primary source of high-energy radiation. 
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P u b l i s h e d  at $2500 
under the sponsorship o f  

The A m erican Museum o f  Natural History 

• OVER O N E  M I L L I O N  WORDS 
• MORE THAN 3,000 PAGES 
• OVER 3,000 I L L U STRATIONS 
• 1 6S DISTINGUISHED CONTRIBUTORS 
A breathtaking panorama of knowledge in  
every area  of natural science-from anthro.pol
ogy to zoology, from aardvark to zebra . The 
famous contributors include Marston Bates, 
William Beebe, Arthur Clarke, 1- Frank Dobie, 
Wi l l y  Ley, Dona ld Culross Peattie, T C 
Schnei da, Edwin Way Teale, and many others. 

THE N ATURAL H I STORY BOOK C L U B  
63 F o u r t h  Avenue, New Y o r k  3, N .  Y .  

For the most readable and informative books in  the natural  sciences, you are invited 
to join the Natural History Book Club - and to accept as a welcoming gift the mag
nificent four-volume set i l l ustrated above. Members hip in the Natural History Book 
Club provides a fascinating and rewa rding way to keep abreast of science's continuing 
d iscoveries about the origin of the Earth and its compositio n ;  the incredible  variety 
of vegetation, insects, fi shes, repti les and mammals found on it; and the evo lution of 
man himself from primitive savagery to the complex civi l izations of today.  From 
anthropology to meteorology, from oceanography to zoology, the Natural History 
Book Club offers you the latest and most important works by leading authorities in 
the major areas of the natura l sciences - a l ways at  substantial  savings. 

To join now and receive Tbe [/llIstrated Library of tbe Natural Sciellces free, 
simply choose the volume you want as your first selection from those described below. 
As a member you need purchase only 3 additional Selections at reduced Member ' s  
Prices d uring t h e  next 1 2  months .  Y o u  w i l l  a l so · receive a val uable free bonus book 
a fter every fourth purchase. 

CHOOSE YOUR F I RST SELECTION FROM AMONG THESE SIX IMPORTANT BOOKS 

H - 2 7 . 

Please enroll  me as a member and send. as a Membership  Gift,  THE 
IllUSTRATED LIBRARY OF THE NATURAL SCIENCES, along 
with my first Selection at the reduced Member' s  Price. My only obliga
tion i s  to take 3 more Selections during the next 12  month s ;  I w i l l  
receive a free B o n u s  Book a fter e a c h  fourth purchase. 

CAN MAN BE MODIFIED ? by jean RO'land & 
INSIDE THE  LIVING CELL, by j. A. V. Buller 
(dual seleclion ) . The basic processes of 

l i fe and the possibi l i t ies of scientific con
trol and a l teration, ana lyzed by two lead
ing authorities. P U BLISHER ' S PRICE $6 .50  

Member',  price �5 .25 

ELE�HANTS, by Richard Carringlo n .  The 
complete story of elephants'  evolution,  
history. anatomy. temperament, mating, 
reproduction,  i ntel l i gence and usefulness 
to m a n .  P U B LISHER ' S PRICE $5 .00 

THE LIVING FOREST by j<ICk McCormick. " A  
remarkably attractive b o o k  packed with a 
rem arkable amount of materi al  on trees 
and forests . . . " Los A ngeles Herald & 
EX/Jren. 1 37 i l lustrat ions.  

P U BLISHER ' S PRICE  $ 3 . 9 5  
A1cm be/" s Price $3.50 

ANIMAL LEGENDS. by Mallrice BlIrloll. An ex
amination of l ong-estab l ished myths about 
animal  beh�vior i n  the light of modern 
know ledge : sea serpents, " abominable 
snowm a n " ,  animal "mercy k i l l i ngs" and 
funera l s .  PUBLISHER ' S PRICE S4 . 9 5  

F i rst Selection ____________________ _ 

Addi tion a l  Selection Desired ______________ _ 

Name: ______________________________________________ _ 

Address' ______________________ _ 

CitY ______________ .L-Zone_State: _____ _ 
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Member', price $3.95 

THE EARTH AND ITS ATMOSPHERE, ediled by 
D .  R .  Bales. F ifteen disti nguished scien
tists present the l atest discoveries i n  under
standing weather, circu lation o f  oceans, 
meteorol ogy, cosmic rays. 

PUBUSHER ' S PRICE $6.00 
Member's price $4.95 

Member' s price $3.95 

THE ANATOMY OF  NATURE, by Andrea, Fein
inger. How function s hapes the form and 
design of animate :;lnd inanimate struc
hires throughout the u niverse.  176 photo
graphs.  PUBLISHER ' S PRICE $ 5 . 9 5  

Member's price $4.95 
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by V. S. Pritchett 

COMMAND THE MORNING, by Pearl S . 
Buck. The John Day Company, Inc. 
( $4.50 ) .  

I
n the middle of such macabre dis
putes as whether radioactive fallout 
causes a substantial increase in 

leukemia, it is almost a relief to get back 
to Hiroshima. The event is already out
of-date . We begin to look back on it as 
we look back on the Lisbon earthquake 
that broke up the complacency of the 
18th century and inspired , in Voltaire's 
Candide, the most searching and de
structive satire on human nature ever 
written. Hiroshima put an end to the 
long honeymoon period of science and 
society . The union is now until death 
do them part . For the first time the scien
tist has been obliged to admit the com
mon guilt into what E. M .  Forster called 
the "ivory laboratory ." Religion has the 
massacre of St. Bartholomew and its 
autos-da-fe; politics has the massacre 
of the kulaks and the gas chambers of 
Dachau; science now has its City of 
300,000 burned in a flash. It was the 
work of superbly gifted men, most of 
them under the age of 30. 

This is the subject of Pearl Buck's 
new novel Command the Morning. Her 
book is the story of three top U. S. scien
tists engaged before 1940 in nuclear 
physics, and of how they were drawn 
together with a number of Europeans 
into making the bomb during the war 
and were persuaded to assent to its use. 
Miss Buck has documented herself well 
and follows closely the known outline 
of events . Her chief characters are ficti
tious. In a novel-at any rate, a modern 
novel-this must be so. However, it de
bilitates the real story, which in charac
ter and complexity of moral entangle
ment is far richer than the psychological 
Western, with dummy figures and moral 
Simplifications, that she has written. 
There are only two realized characters 
in the book, both women, both utterly 

BOOKS 
Pearl Buck's no()el about 
physicists and the bomb 

ignorant of science, politics and moral 
theory : a Tennessee peasant woman who 
comes back to visit her shack and finds 
it has vanished in the new atomic city, 
and the chief organizer's cheerful wife, 
who has a blaze of temper at the end. 
They are the only characters without 
the temperament of cowboys. I think 
any reader who is not too gripped by the 
suspense of the story, and who knows 
that feeling plays a profound and de
vious part in moral conflict, will be 
struck by the small emotional range of 
Miss Buck's characters: like early Hem
ingway figures they merely feel "bad" or 
feel "good ."  Between times they have 
"problems ."  Still, Miss Buck is a capa
ble, bustling novelist of the journalistic 
school. The book will do well enough 
as a motion-picture script; she is earnest 
and she is fair-minded as far as she goes . 
At the end of the book I could not make 
up my mind whether she was being 
ironical about the vicious circle or hop
ing for the best. I have the old European 
taste for savagery and irony; they clear 
the head. 

The questions Miss Buck raises in 
Command the Morning are the impor
tant ones. We know that science gives 
with one hand and takes back with the 
other. A new discovery becomes a new 
weapon. Since scientists are at the source 
of power, why do they allow this? Can 
they stop it; can we stop them ; are they 
responsible ; can they decline responsi
bility; is it possible for them to refuse? 
They are a special kind of brain, but are 
they, when it comes to decisions outside 
the privacy of science, any different 
from ourselves? How irrational are they? 
How hypocritical? How much does the 
pursuit of objectivity in a special field 
yualify them for life? Do they now have 
a dangerous position of privilege? Or is 
their work perverted by military, politi
cal and industrial interests? Are they the 
victims of bureaucratic techniques that 
they are not trained to understand? Is 
science subject to periods of decadence? 
What about the philosophy of the rights 
of the eternal quest? One thing emerges : 
If at any time these questions could be 
answered, they cannot be answered in 

black and white. Hiroshima indeed an
nounced a new age-the age of the great 
gamble. In 14 years the stakes have be
come much higher. 

Miss Buck's story opens in 1940, but 
the gamble had begun long before that 
at Cambridge, at GCittingen and in Co
penhagen. In 1940 the refugee scientists 
have alarmed the U. S. Government. The 
Nazis are almost certainly making the 
bomb ; the British are working on it; the 
U. S. is years behind. Burton Hall, a sci
entist of the organizing kind, a manager 
of men in Chicago, combs the universi
ties for a team of nuclear physicists . At 
this stage U. S. scientists are living in a 
state of innocence and academic free
dom. Pearl Harbor puts the question to 
them. Hall has no doubts . But his chief 
theoretician, Stephen Coast, a man of 
fanatic scientific genius, holds out. He 
will work on atomic theory ; he will have 
nothing to do with making a weapon of 
war. While Hall is the son of a Methodist 
circuit preacher who inherits his father's 
breezy talkativeness and can honest
ly talk himself out of all dilemmas, 
Coast is a man of Quaker upbringing. He 
is a terse man of peace . If other scien
tists make the bomb, that is their busi
ness. He cannot stop it, but he can keep 
a clean conscience himself. He is sup
ported in this by Jane Earl, a woman 
scientist brought up in India under the 
influence of Indian quietism. She is a 
beautiful woman of uncommon gifts and 
integrity. She and Coast are reSisting a 
passionate attraction to each other with 
all their might, not only because he is 
married, but also because he fears pas
sion as he fears the bomb . 

It is Miss Buck's business now to show 
the stages by which the scientific con
science is compromised step by step . Al
though she may not allow for the ordina
ry process of human drift and half-deci
sion, this is a well-managed part of the 
story. Coast is an honorable and sensi
tive man but a moral coward . Jane Earl 
sees that their knowledge has already 
committed them, that they cannot just 
slip out of responsibility. They must 
work for the bomb and stay on to control 
its future . Her argument is that the very 
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existence of the bomb will be a deterrent 
to its use-a theory that has most uncom
fortingly come to the fore in the last few 
years. This does not convert Coast. What 
does convert him is something which is 
morally lamentable. The authorities have 
seen to it that he receives a reflort on the 
Japanese atrocities against U. S .  prison
ers; the pacifist is seized with a sudden 
rage to kill. It is odd and significant that 
he does not feel this rage at the Nazi 
massacre of the Jews. He could not have 
known at this time, long before the suc
cessful making of the bomb, whether it 
would be used first against the Germans 
or the Japanese. The incident suggests to 
me ( it is not clear whether Miss Buck 
suggests it ) that revenge for Pearl Har
bor may have been as much a motive in 
the final act as the morally more present
able motive of "getting the boys home." 

Now that Stephen is converted, we 
can examine the entanglement of the 
whole group working on the project. The 
process by which they lose their iI1l10-
cence is professionally infuriating. They 
are put under military discipline. Burton 
Hall has the task of calming down a 
group of men who have the intellectual's 
contempt for soldiers , who regard mili
tary discipline and obedience as stupid 
and stupefying. The scientists, like art
ists, require freedom because they live 
under a stringent discipline of their own. 
They do not hide their contempt for the 
general put in charge of them, but he is 
no fool. One of the pleasantest touches 
in Miss Buck's novel is the account of 
how the wily old man sees that one way 
to win over the scientists is to get at them 
through their wives. Another serious en
tanglement is the industrial one. Success, 
for the scientists, is in the laboratory . 
They work with speed, they are brilliant 
and casual in improvisation. But to make 
a real bomb is not a laboratory affair. The 
scientists find themselves in the hands of 
industry. Miss Buck gives a vivid ac
count of the building of the atomic city, 
the sudden transporting of a huge com
munity of men, women and children who 
have to be provided with everything. 
The making of the bomb was, as one of 
the characters says, the result of the in
terplay of two kinds of genius: the cre
ative scientific genius of Europe and the 
American genius for techniques and pro
duction. And (the moralist must reflect, 
when he thinks of the outcome) if noth
ing will stop a scientist from experiment
ing and playing with his toys, nothing 
will stop a producer from producing and 
delivering his productions. 

At this point the bomb is still regarded 
as a deterrent by its very existence, but 
here we have to raise another matter of 

conscience, a historical and crucial mat
ter which throws a long shadow for
ward over the events of our time. To 
whom does the scientist owe his loyalty? 
Is it to mankind or is it to some sections 
of mankind and not to others? It is a 
question which has roused strong pas
sions, nowhere stronger than in the U. S. 
Miss Buck funks it; or rather, she treats 
it in the most nervous and cursory way. 
Yet during the war, and indeed long 
before, it was a central question for sci
entists. No examination of scientific mo
rality can ignore it. It comes up in the 
case of the villain in this Western piece, 
a gifted British scientist named Hard. 
Hard sells information to the Russians. 
Hard is, alas, a character from a juvenile 
Western. Like Miss Buck's "good" for
eigners , even the great ones, he is  a 
"longhair" and is known for his manner
isms and foolishly un-American speech. 
He is a music hall Englishman of the "I 
say, old boy" type. Novelists frequently 
fall into such conventions when they 
raise issues which they wish to dodge. 

Now Hard is an important case. He 
may have shared the pre-war ethic, com
mon among distinguished scientists, that 
science was privileged or supranational; 
he may have thought it strange not to 
share knowledge with allies; he may 
have been a Communist for sincere or 
opportunist reasons . ( He certainly did 
not sell secrets to the Nazis . ) He may 
have been unrealistic; he may have been 
too realistic and have been reduced to 
neurotic cynicism by the collapse of the 
great hopes science seemed to offer. He 
is not allowed to state his own case nor 
is it subjected to criticism; it is given us 
in a few throwaway lines by Mrs. Coast, 
whose lover he has become : 

"He had an ethic, too [she tells her 
husband after Hiroshima]. You'll not be
lieve it, but he does. He thinks that sci
ence should be shared with everybody
even the atomic stuff. He says it's the 
only safety. If everybody knows, nobody 
will use it. Maybe there's sense in it. 
Anyway there's no sense to what we've 
done." 

Hard has the vanity, instability and 
intensity common to the gifted. He also 
has a certain cynical courage. He is a 
moral type common in the profession. 
His case may be compared with that of 
the German scientists. Readers of Robert 
Jungk's angry book Brighter than a 
Thousand Suns must reflect on the claims 
of Werner Heisenberg and C. F. von' 
Weizsacker (who were usually regarded 
as Nazi fellow travelers) that they "went 
slow on the bomb" out of regard for hu
manity! In the history of the period 
everyone's case looks thin: If the Ger-
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mans went slow, it was due to the de
structive effects of an irrationalist philos
ophy, to the attack on Jewish and other 
in tellectuals and to the fact that, being 
close to the battle, they did not have the 
conditions for production. 

The high point of the novel-indeed, 
of the true story-is not Hiroshima but 
the successful test in New Mexico . In 
that terrifying flash the scientists know. 
But presently an unexpected access of 
long-repressed personal emotion is re
leased . Burton Hall, a man who has 
breezily talked around his feelings, suf
fers remorse and runs off to see an old 
Japanese artist who is shut up in a con
centration camp. Coast, the repressed 
Puritan, is suddenly flooded with his 
love for Jane Earl. But her situation has 
changed : she has actually seen a young 
scientist unspeakably burned in the lab
oratory, and she has nursed him.  She has 
withdrawn . But before any of these re
leased personal feelings have time to de
velop, the fatal gnaw of half-decisions is 
once more at work upon the protagonists. 

Burton Hall is the weakest because he 
has tried so hard to play the game. The 
decision to drop the bomb is creeping 
up, but the "old circuit preacher's" son 
saw made real in New Mexico what he 
had read in the Book of Revelations as a 
child . He collapses and so evades the 
instant of decision. Coast is now in 
charge; how will he act? It is well known 
that a panel of scientists was asked to 
give its opinion and that the majority 
was for using the bomb. Coast is of the 
majority, and for a bad reason. The men 
who wanted revenge, the men who 
wanted the boys back, the men who 
thought the world would be taught a 
lesson once and for all, had the courage 
of their convictions. Coast, the good 
man, the worried man, is a coward. He 
has not the courage of his hatred nor, in 
private life, of his love. He falls back, in 
a dismal scene, on the Quaker habit of 
his upbringing: 

"Then Jane had come in, Jane whom 
he knew he loved and yet even love was 
a listless thing in his heart, dwarfed by 
the monstrous object he had helped to 
create . What meaning had love, if the 
world were destroyed? Love could not 
save so much as a single life, even his 
own. And she had looked so beautiful, 
pale with sadness, and her eyes great 
and dark and unutterably lonely. He 
longed to be single-minded, as she was, 
sure of what she thought was right-the 
impractical right, the non-existent abso
lute. His scientist mind combined, he 
supposed, with the compromise that was 
part of the Quaker faith in which he had 
been reared.  Long ago he had cast aside 

that faith, but its habits remained. 'The 
sense of the meeting . .  . '-how often he 
had heard his father say those words 
after the long gatherings when tight
lipped men and women sat defying each 
other, waiting, in bitter disagreement, 
always repressed, for the first sign of 
yielding, so that there could be a sense 
of the meeting! Let the majority decide 
this fearful question now. He would not 
take sides." 

Jane is on the minority side. One is 
reminded of the satirist who showed the 
Ten Commandments being thrown out 
one by one on the principle of the ma
jority vote . 

The end of the book is not tragic. It 
is simply depressing. Burton Hall goes 
to Japan to repent, but somehow com
forts himself that horror is eventually for
gotten . Coast, as one would expect, has 
a good job in industry ; one suspects that 
he is going to be in a tight corner when 
the McCarthy incluisition gets to work 
on him, for he went very far with the 
"unreliable" Hard. Will he hedge again? 
Jane departs for India, but her Indian 
mentor makes her return to the States 
because she will be able to help India 
more from there . ''''e end with the sight 
of a new generation of excited young 
scientists working on space travel. 

Despite its literary and philosophical 
defects Miss Buck's novel obviously 
comes to grips with some harrowing is
sues. When any collective body has com
mitted monstrous crimes-a political 
party, a priesthood, in the name of this 
religion or that-it has always had its 
plausible ethic. The ape in us always 
wishes to wear clothes. We can only 
struggle against our criminal tendencies 
by severe introspection ;  this reveals, in 
all cases, that there has been a failure to 
connect one value with another. The 
philosophy of the endless quest cannot 
be put unconditionally before everything 
else; it is dishonest to use it as an excuse 
for making weapons, when, in fact, you 
mean you are lluite willing to accept and 
indeed forward the prospect of mass 
devastation. It would be better if we 
announced our hatred of civilization and 
our excitement at the prospect of the 
jungle. The scientist is quite justified in 
saying that his discoveries are controlled 
not by him but by politicians who need 
education in collective morality on the 
one hand, or in the value of individual 
freedom on the other. 

The bombing of Hiroshima was a po
litical decision made in time of war. 1 
find it hard to grant that it had the dig
nity of an ineluctably tragic act, though 
it was an instance of the complexity of 
the general human tragedy. ( There is 
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Mr. Stevens is a leader in the development 0/ A mericct's 

first success/ttl intercontinental inertial guidance 

system-Nortronics' Mark I System for the SM-62 Snark. 

He is manager 0/ the Electronic Systems and 

Equipment Department, Nortronics Division 0/ Northrop 

Corporation, H rtwthm'ne, Cali/ornict. 

Today, and more especially tomor
row, aircraft, missile and space
vehicle development offers the 
systems specialist challenges of 
increasing scope. 

Since 1946, personnel of Nor· 
tronics have created solutions to 
such problems. When new and ad· 
vanced digital computation was 
required, for example, Nortronics 
developed DIDA -Digital Differ· 
ential Analyzer. More recently, 
Nortronics created a daytime 
star tracker that utilizes a signal 
which is only one millionth the 
daytime background signal. 

To find the answers for today 
and tomorrow-to build the new· 
est systems - N ortronics brings 
together experts in various tech· 
nologies. At Nortronics today, 
statisticians and experts in servo· 
mechanisms, precision mechani· 
cal engineers, specialists in photo· 
electricity and photo·conductors, 
applied mathematicians, mechan
ical physicists and meteorolo· 
gists work together. Their activi· 
ties in astronertial systems, infra· 
red systems, electronic test and 
checkout equipment, computing 
systems, flight safety systems, 
flight control systems and preci· 
sion optics are continually prov
ing their technical effectiveness. 

Nortronics creates an environ
ment that is stimulating and 
offers the technical man the lat
est advances in his field. For 
example, along with the facilities 
of the Northrop Corporation, this 
year Nortronics' Electronic Sys
tems and Equipment Department 
is spending four million dollars 
for new equipment and facilities. 

Such equipment and the range 
of projects at Nortronics offers 
the specialist a rewarding chance 
to broaden his activities. Com
pany organization encourages 
maximum utilization of individ
ual creative ability. Scientists 
and technicians take on respon
sibility along project lines. Em
phasis is on accomplishment
that is, the "what" rather than 
the "how." 

Aiding this individual effort 
are continuous in-house pro
grams that are selected primari
ly to maintain systems capability 
at the highest possible technical 
level. These not only include work 
toward projects for which goals 
have been stated, but embrace 
projects which utilize all the tech
nologies - all the fundamentals 
of space age engineering_ 

Typical of current results of 
Nortronics' in-house programs is 

the advance represented by LINS 
- Lightweight Inertial Naviga
tion System. This is a complete 
system platform that occupies 
only three cubic feet. It is only 
one example of how Nortronics' 
scientists, technicians, engineers 
and management integrate tech
nologies and arrive at optimum 
configuration. Nortronics brings 
all the components of electronic 
systems together- to answer the 
challenges of the space age. 

Current papers by N ortronics) 
specialists include.-

Aids to Inertial Navigation 
- Frederick Stevens 

Inertial Navigation, A Useful 
Technique for Space Navigation 

- Frederick Stevens 
Vibration Effects on Design of 
Stellar-Inertial Guidance 
Systems - R. S. Dillon. 

For copies of these papers 

and additional in/ormcttion 

about Northrop Cm'poration, 

write: 

NORTHROP 
CORPORATION 
Dept. K2-1300·32, P.O. Box 1525 
Beverly Hills, California 

163 

© 1959 SCIENTIFIC AMERICAN, INC



A 66.inch Slide.rule 
for your pocket 

The GARFIELD Calculator 
carries 66-inch spiral scales 
yet measures only ten inches 
fully extended and six inches 
when closed, Four to five fig· 
ure accuracy can be relied 
on. It is indispensable to the 
scientist, research worker ancl 
student. Administrath'c slatf 
and business men will find it 
of tremendOliS value (or a 
host of estimating and check
ing calculations. 

'fhe GARFIELD Slide Hule 
solves multiplication, division, 
p e r c e n t a g e  c a lc u l a t i o n  and 
gives 5 place logarithms. 

You may use it for 30 days and if you 

are not satisfied repack and mail it back. 

What our users say: 
"It does all you claim-four 
or five figure accuracy with
out eyestrain or magnifiers. 
Half an hour's study is ample 
for its lise." A.KB . . 

"I use the Calculator for all 
my slide rule work and need 
the extra digit which normal 
slide rules cannot give. I had 
to get one of my customers a 
GA1U'IELD Slide Hule last 
month, after using mine in his 
office," E. & G.H. Textile 
Manufacturers. Slide Rule Closed 

Send for yours now-Only $19.95 postpaid. 

Oliver Garfield Co., In(., Dept. SA-79 
108 E. 16th St., New York 3, N. Y. 

SPANISH ( o��:;�:::n ) .  FRENCH 
ITAlIAN.GERMAN.RUSSIAN.JAPANESE 
ICELANDIC • MODERN GREEK 
- any of 34 languages available AT HOME 
With LlNGUAPHONE 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 HO:\[E
the same easy. natural way you learned to speal\: 
English long before you went to school. 
Only L1NGUAPHONE brings S to 12 of the worid's 
best llath'e language teachers into your home. You 
heal' both men and women conyerse about up-to
date, ereryday matters in their nati,'e tongue. YOU 
listen-YOU understand-YOU SPEAK correctly 
as they do. It's like liYing in another land. 
That's why Linguaphone is lIsed 'round the world 
by scientists, educators, governments and business 
firms. O\'er a million home-study students of all 
ages have learned to speak another language this 
ideal, conversational way. 
Send today for Free booklet that fully describes the 
Co nversa tional  M ethod: a lso details on hoW' you may 
obta i n  a C OM P L ET E  Course·unit in the la nguage 
you choose o n  F R E E  T R I A L. 
Linguapho n e  I nstitute. T·3079 Radio City, N. Y. 20. -----------------. 
I LINGUAPHONE INSTITUTE I I T-3079 Radio City, New York 20, N. Y. 
I Please send me: 0 FREE Book. I o Delails on FHEE Trial. 1\0 obligation, of course. , 
I �ly language interest is.... 

I I
, 

Kame ... 

, Address : (,iU;oriii;ssiaiidardHS��i�;i:�d!,�·t;iiiol��t;'ii;,erH : 
-----------------� 
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something more genuinely tragic in the 
present frightening preparations for a 
gamble on World War 111.) Was Hiro
shima worse than the devastating raids 
on Tokyo and Berlin? M any people have 
thought that these were excessive . There 
is an intoxication with destruction and 
some superstition that toughness is a 
virtue in itself. But the atomic bomb was 
not merely one more powerful high-ex· 
plosive. It was the result of a new sci
ence, nuclear physics, which was about 
to open up vast benefits for the human 
species.  vVe have to concede that the 
fear of Nazism was genuine and that we 
could not know of the German failure. 
It was certainly right, in the middle of 
war, to make the bomb. But the bomb 
was not used against the Nazis . My own 
view is that the decision was to a great 
extent made on a profound desire for 
revenge . All its consequences have been 
politically disastrous :  for the NATO pow
ers a loss of prestige in the East and a 
frightful arms race. But Hiroshima has 
led also to political decadence : science 
has been militarized; military strategy 
directs political policy; civil govern
ments-which ought to be supreme, hu
mane, far-seeing, concerned with bring
ing the blessings of the new age-are 
simply the servants of soldiers . Military 
servitude-I remember Einstein saying 
some years ago, in so many words-leads 
to the decadence of science. Few scien· 
tists, by the nature of their work, can 
easily separate themselves from this ser
vitude; perhaps those who can separate 
themselves from weapon-making should 
do so, but it obviously depends on the 
individual case. This is not an age of 
saints and renunciations.  It is the age of 
the inextricable, and one does not get 
out by making gestures .  But, as human 
beings, scientists and technicians cer
tainly can think and act against the dis
connection of human values and for 
their unity. 

Any one who has read the real story 
of Hiroshima must have noticed the cru
cial part played by the strategic arrange
ment of committees. The great projects 
of our society are organized by masters 
of departmentalization, so that we know 
only our own small role in the ant heap 
and willingly allow our opinions and 
even our morality to be limited to the 
field of our functions.  The Franck com
mittee's anti-bombing report went to the 
scientific panel of the interim committee 
appointed to advise the U.  S. Govern
ment, but the panel considered itself 
able to judge questions only on techni
cal grounds, and let the moral issue go 
by default .  It is the classic road to disas
ter. The transcendent questions of life 

are not technical. The nearer the top the 
greater the likelihood of political acci
dent or a decision by prejudiced or even 
incompetent people. �7e are not indi
vidually as expert as our machines and 
organizations, and we are slow to learn 
how to guide our judgment through the 
mazes of managerial society without fa
tal compromise .  

The fabulous success of science has 
led us away from the correcting humility 
of the tragic sense of life-a sense we 
know to be true but have repressed. If 
we lose that sense, life loses its dignity, 
becomes a gambler's farce and degene
rates into suicide. But no nonscientist 
has the right in the present difficulties to 
congratulate himself on his clean hands. 
To attack the intellect, to say that the 
ordinary man would never do such 
wicked things, and that he is a virtuous 
victim, is ridiculous. The decision to 
bomb was made by very ordinary men 
indeed. There are no innocent societies, 
but there are no innocent secret socie
ties or priesthoods, either. 

Short Reviews 

PERSONAL KNOWLEDGE, by Michael 
Polanyi. The University of Chicago 

Press ( $6 .75 ) .  How do we know? What 
is the nature of knowledge? Is science 
dispassionate, and is scientific knowl· 
edge dispassionate knowledge? It is with 
these questions that Polanyi's book, 
based on his Gifford Lectures at the Uni
versity of Edinburgh in 1951  and 1952, 
is concerned. He spent nine years, as he 
tells us, almost exclusively on the prepa
ration of this work. It is less of a philo
sophical inquiry than a terribly long and 
passionate affirmation of a creed, with 
supporting evidence drawn from every 
corner of human activity, from quantum 
theory to Marxism. The main target of 
Polanyi's attack is the notion that science 
is objective and impersonal. We are 
taught to believe that these attributes 
are the guaranty of science's integrity . 
Scientific knowledge, it is said, is un
marred by human frailty or whim or 
prejudice; therein lies its value and de
pendability. The invariants of observa
tion provide the basis of our understand
ing of and control over the physical 
world; it is precisely because such in
variants can be found and are inde
pendent of personal bias and variability 
that we have hope of knowing. Polanyi 
calls this "a false ideal . "  Science is not 
and cannot be detached or impersonal. 
III the exact sciences this false ideal is 
perhaps harmless because scientists dis
regard it; but it exercises a "destructive 
influence in biology, psychology and 
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CW I NTERCEPT RADAR 
Co ntinuous Wave Airborne Intercept Radar is 
superior to pulse radar for detecting low.flying tar· 
gets. Even using special techniques, pulse radar 
echoes from l ow· flying targets are obscured by 
ground clutter. However, the unique character of 
Doppler-shifted frequencies distinguishes the target 
signal from ground clutter. . 
The intercept radar locks on and tracks the target 
Doppler frequency by means of an automatically 
positioned narrow bandpass filter. This bandpass fiI· 
ter also rejects most of the noise, clutter, false signals 
afld interference, thereby - assuring top system per
formance. 
This CW intercept radar is one of the many interest
ing developments engineered in Raytheon's Maynard 
Laboratory. 

P ROFESSI ONAL ASSOCIAT I O N  WITH A FUTU R E 
Raytheon has excellent openings for qualified engineers and 
physical scientists with BS or advanced degrees. Positions 
are available in systems, development, design or manufac-

turing engineering of complex electronic equipments. Please 
write Donald H. Sweet, Government- Equipment Division, 
Raytheon Company, 624 Worcester Rd., Framingham, Mass. 

Engineering Laboratories : Wayland. Maynard, Sudbury, Mass. ;  Santa Barbara, Calif. 

Manufacturing Facilities : North Dighton, Waltham. Mass. 

G O V E R N M E N T E Q U I P M E N T D I V I S I O N  

s6i ) • ....,, � 
Excellence in Electronics LAN D SEA A E R O S PA C E  
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" I f  you would like to be a member 
o f  a s e l e c t  c o r p s  o f  E n g i n e e r s ,  
working f o r  an interestin g ,  grow
i n g  c o m p a n y  . .  i n  o n e  o f  t h e  
country's most stimulating areas 
. .  I i nvite you to write to T emco. 
T e m c o ' s  g T o w t h  is s o u n d  a n d  
p l a n n e d ,  its p roducts are diversi
fi e d  and challenging, our facilities 
are modern.  Every benefit, for you 
p rofessionally and in good living 
for you a n d  your family,  i s  here. 
Below a re some of the areas in 
which j obs are open now. " 

I NSTRUMENTATION 
G r a d u a te E l e c t r o n i c s  E n g i n e e r  or 
P h y s i c i s t  to p e rfo r m  a n a l y s i s  and de· 
sign of i n stru mentat i o n ,  t e l e m eter ing ,  
and ot h e r  d a t a · g a t h e r i n g  c o m pon ents 
for u s e  in m i s s i l e  a n d  e l e c t ro n i c  sys· 
tem test  prog r a m s .  I n d i v i d u a l  w i l l  de
velop t h e  i n st r u mentat ion system con· 
c e pt ,  m a k e d e c i s i o n s  o n  the most 
p r a c t i c a b l e  types ,  a p p l i ca t i o n ,  a n d  ar 
rangement  of e q u i pment ,  a n d  perform 
a ct u a l  d e s i g n  of components ,  c i rc u i t s ,  
a n d  l i n k i ng of t h e  e n t i r e  syst e m .  

AUTOMATIC CONTROLS 
G r a d u a t e  E l e c t r o n i c s ,  M e c h a n i c a l ,  
A e r o n a u t i c a l  E n g i n ee r ,  o r  M a t h e ma 
t i c i a n  o r  P h y s i c i st t o  pe rfo r m  a n a lys is  
and des ign of a u tomat ic  f l ight  contro l  
eq u i p m e n t  a n d  correspond i n g  m i ss i l e  
sta b i l i z a t i o n  m ec h a n i s m s .  I n d i v i d ua l  
w ; 1 I  be  r e s po n s i b l e  f o r  a n a l yz i n g  the 
perfo r m a n c e  c h a racte r i st i c s  of p a rt ic 
u l a r  c o n f i g u r a t i o n s  a n d  d e v e l o p i ng 
mot i o n · s e n s i t i ve e l ectro n i c  a p pa ratus 
and servo·  m ec h a n i s m s  to prov i d e  the 
n e c e s s a ry contro l - s u rface c o r rect i o n s  
a n d  m a k e g u i d e d  o r  d i rected f l i ght  
p o s s i b l e .  
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sociology, and falsifies our wbole out
look far beyond tbe domain of science ."  
True knowledge has in  Polanyi's view all 
essential personal component. To know 
is to make an intellectual commitment; 
to make such a commitment is "in
herently hazardous" because one can 
obviously be wrong. But only by taking 
the risk of being wrong can one hope to 
gain anything resembling so-called ob
jective knowledge. Knowing is an art; 
into every act of knowing "there enters 
a passionate contribution of the person 
knowing what is being known , and this 
coefficient is no mere imperfection but 
a vital component of his knowledge ."  
\;Vhat i s  the character of  this "paSSionate 
contrib tion"? Evidently there must be 
more to it than passion, or the desire 
to know, or love of knowledge or respect 
for truth. These play important roles, to 
be sure, in the making of science, but 
Polanyi insists on a more substantive 
element which

' 
we ourselves add to thc 

end product. He is, however, quite 
unable to pin this element down, to 
make clear why it is that we appear to 
know more than we know. Is it a built
in capacity, an inherent feature of orga
nism? Is it an evolutionary accrual, a 
"racial memory"? Personal knowledge 
may be undefinable, but there are in
numerable examples, Polanyi maintains, 
of appraisal, choice, learning and dis
covery throughout the sciences and in 
less exalted activities where such knowl
edge seems to play a crucial part. His 
illustrations are extraordinarily varied : 
he discusses piano-playing, bicycling, 
theorizing in astronomy, swimming, re
search in spectroscopy, the use of lan
guage in the practice of politics, manu
facture, abstract art, Goders proof, legal 
procedures, genetics,  animal psycholo
gy, philosophy, biological research, rela
tivity, economics, Gestalt theories, evo
lution . Even Stalinism, espionage and 
Soviet trials are pulled into the discus
sion. Everywhere he finds witness to 
buttress his creed that knowing draws 
and depends upon the living self, that 
knowledge is not bloodless or inorganic, 
that a machine, however brilliantly con
trived, cannot of itself either know or 
make knowledge. Certain of his ex
amples are pretty farfetched . He de
votes a good deal of space to a historical 
anecdote purporting to show that, con
trary to what every physics textbook 
asserts, Einstein was not impelled to the 
special theory of relativity in order to 
account for the negative result of the 
Michelson-Morley experiment. At Po
lanyi's request, one of Einstein's as
sistants questioned him in 1953 and re
ported, with Einstein's approval, that he 

became acquainted with the Michelson
Morley result on reading a paper by H .  
A .  Lorentz but that the result "had no 
role in the foundation of the theory." 
The author's point is that Einstein came 
to his theory because of his search for 
"rationality in nature" ( a  search char
acteristic of the operations of personal 
knowledge ) ,  and with the aid of obser
vations that had been available for at 
least half a century; in order to pre
serve a philosophical prejudice, "posi
tivistic textbooks promptly covered up 
the scandal by an appropriately embel
lished account of his discovery." It is not 
difficul t to see that the example offers 
little support to Polanyi's theSis-apart 
from the fact that one need not regard 
as conclusive Einstein's personal recol
lection of formative influences on his 
thinking 60 years earlier . The example 
is related in an irritable, unpleasantly 
hectoring tone ( quite typical of the 
book ) , as if the textbook writers and his
torians were engaged in a great con
spiracy from which the author alone has 
the wit and courage to save us.  Despite 
these blemishes, and Polanyi's failure to 
define what he calls personal knowledge 
or to appreciate the danger of gross 
misuse of the concept in the analysis of 
intellectual activities, this is a provoca
tive and often engrossing book. 

1\11 A P P I N G  T H E  T R A N S  M I S S I S S I P P I  

'WEST : VO L .  I ,  THE SPANISH E]\'
TRADA TO THE LOUISIANA PURCHAS E ,  

1540-1804; VO L .  II ,  FROM LEWIS A N D  

CLARK TO FREMONT, by Carl I .  vVheat. 
The Institute of Historical Cartography 
( $ 1 20 ) . These splendid folio volumes, 
the first two of a promised set of five, 
are the vehicles of a work of great 
scholarly skill and love. The first volume 
opens the fascinating story of how the 
American vVest was mapped, beginning 
with Francisco Coronado's chart of his 
route to Tiguex in what is now New 
Mexico-"the very first map of any part 
of what is now the American West to be 
drawn by one who had been there"- . 
and extends to the transfer of Louisiana 
to the U. S. in late 1803. Though much 
was learned about this vast region in 
these two and a half centuries, most of 
its geographic features still remained 
obscure, and the magnitude of Lewis 
and Clark's contribution to knowledge, 
considered in the second volume, is 
strikingly brought out by comparison 
of the maps drawn after the expedition 
with those they used as guides when 
they started. In the first volume Wheat 
discusses 1 6th-century Spanish map
ping, European maps of the 17th cen
tury, Spanish mapping up to Humboldt, 
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The experts 
show you how to 
build a rocket safely 

THE ROCKET 
HANDBOOK 

forAMATEURS 
A n  I l l u strated G u i d e  t o  t h e  Safe 

Construct i o n ,  Testi n g ,  a n d  
L a u n c h i n g  o f  M od e l  Rockets 

Edited by L T .  CO L .  C H A R L E S  
M .  P A R K I N ,  J r . ,  A r m y  Engineer 
Corps.  Fo reword by WERNHER VON BRA UN . Written by eleven 
contributors professionally engaged 
in rocket development, this book
the first o f  its kind-gives amateurs 
of  al l  ages the basic knowledge es
sential for rocket-building. I t  in
cludes chapters on organizing a 
rocket club, satellite orbit geometry ,  
human factors in space flight, safety 
precaution s ,  solid and liquid propel
lants, design, fuel pumps, cryo
genics, test instruments and �he 
building o f  a safe rocket. Thor
ough l y  i llustrated. The editor is  
P resident ,  N ational Capital S ection , 
A m encan Rocket SOClety. $ 5 . 9 5  at 
your bookstore or order from 

T H E  J O H N  DAY COM PANY 
S a l es Offi c e :  2 1 0  M a d ison Ave n u e  

N ew Y o r k  1 6, N e w  York 

N ew IIMechan i ca l  Educatorll t o  
IMP ROV E M E MO RY 

Inability t o  l'eL'all  names, places, facts fluickly is a 

( 'ommon , oftell ('ost l y .  s h o rtcoming t h a t  can l,lO\\' b e  

l'a sily o v o rc o m e  witil  t h e  aid of a new �Ie\'lcc �or 

:-;elf-ill�t l'tl( 'tio n .  memory and eoncentratlOn traIn 

i n g .  This Y el 'satile new educational
. 

tool l 'an a lso b e  

u s e d  cJYedivelr in language l e a rmng, speech c o r 

rection and ini) J l'ovement, in m a s tering t a b l e s ,  fol'

Ill l lia e-a nythilig t o  b e  mcmorized-fa :;;ter than ever. 

D O R M I P H O N E  M e mory Trainer 
• Speeds up learn i ng processes 
• Aids concentration 
• Prov ides enterta inment 

l Js ing a ncw rccording 
principle. the "l emory 
Trainer recol'tl s .  in 
s l antly plays back . and 
autot l lat it 'ally repeats 
speeeh. music . or any 
spoken or hroadeast 
rnalCrial hy clock con
t ro l .  through 11 bui l t 
in sneaker. Xo ree l s of 
lape to snarl or rewind. 
l 'oml) leteiy portable. 
ldeal aid for hor n e .  
sehon l ,  industrial "afe
ty training use . So 
simple to use, children 
benefit-so helpful and 
p]'a etical , it i s used by 
educators, psycholo
gists , people of a l l  ages 
and professions. 

IJ 
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the products of the commercial ateliers 
of London, Paris, Venice, New York, 
Boston ( and even Pomfret, Conn. ) from 
1750 to 1 800. Fifty maps are repro
duced in this volume, together with a 
formal bibliocartography, which de
scribes all the maps considered and lists 
them chronologically. In the second vol
ume Wheat writes about the transfer of 
LouiSiana, a transaction involving a 
huge land mass about which so little was 
known that he calls it a "geographic pig
in-a-poke"; about Zebulon Pike's map
ping of the Southwest; the Lewis and 
Clark maps; the products of such car
tographers as Aaron Arrowsmith, 
Stephen Long ( who explored the front 
range of the Rockies ) ,  Henry S. Tanner 
( who engraved a monumental map of 
North America ) and Joseph C. Brown 
( who made that rare thing, a real map 
-"no imagination, no apocryphal rivers, 
no dreamed-up mountains"-which a 
traveler could depend upon ) . He also 
touches upon the British mapping of the 
Northwest; upon the remarkable car
tographic achievements of the fur-trader 
Jedediah Smith, who embodied the geo
graphical knowledge gained in nine 
years of "almost constant movement 
[over] the length and breadth of the 
\Vest" in the Rrst map on which "we may 
recognize the Farther West as we know 
i t  today" ; upon the Rnal opening of the 
cartographic floodgates in the 1 840's. 
The bibliocartography of this volume 
comprises almost 250 maps, of which 59 
-one in color-are reproduced. The text 
is admirable, Riled with out-of-the-way 
details and names that re-create the 
atmosphere of this exciting period ; the 
design and typography is in keeping 
with the grandeur of the subject. There 
is only one flaw : Despite the size of these 
sumptuous volumes, some of the maps 
have suffered so much in reduction that 
the legends :md writing upon them
even the geographic details-are almost 
impossible to read. 

E "DURANCE, by Alfred Lansing. Mc-
Graw-Hill Book Company, Inc. 

( $5 ) . On October 27, 19 15,  Sir Ernest 
Shackleton, leader of the imperial trans
Antarctic expedition, gave orders to 
abandon his ship Endurance, which lay 
crushed in the ice of the treacherous 
Weddell Sea, midway between the 
South Pole and the nearest known habi
tation, some 1 ,200 miles away. For three 
months he and his men lived on an ice 
floe, and then in three open boats made 
their way to Elephant Island. From 
there he and Rve others sailed in a 22-
foot open whaleboat 870 miles across 
the "most dreaded bit of ocean on the 

New developments in science 

and industry have increased the 
demand for more versatile means 

of inspection and observation. 

Kollmorgen works in the fields 

of design and manufacture of 
optical-mechanical-electronic in

struments and systems for safe, 

detailed observation of hazard

ous processes and objects. We 
design viewing devices which 

operate in the presence of radio

activity , blast, explosion, caustic 

gases and corrosives. Less dra
matic but frequently as impor

tant are the Kollmorgen designed 

instruments which conquer vis

ual inaccessibility due to dark

ness or structural obstacles_ 
Kollmorgen's efforts range 

widely through the areas of re

mote viewing, inspection and 

measurement for a variety of 

industrial and defense applica

tions_ Hot cell remote viewing 

systems, borescopes, continuous 
strip fuel inspection cameras, in

dustrial and submarine peris

scopes are a few of our products. 

If you have a problem in these 

areas, we have a new brochure 

which may interest you_ You 
may have a copy by writing to 

Department 197. 

optical corporation 
NORTHAMPTON. MASSACHUSETTS 
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C R E AT I V E  
E N G I N E E R I N G  

at H U G H E S  

Freedom of i nvestigation . . .  unmatched 

l aboratory faci  l i t i e s  . . .  f i n a n c i a l  sup 

port  of efforts  towa rd advanced  de

grees  . . .  these  a r e  the p i l l a rs  of what  

the H ughes  Research  & Deve l o p m e n t  

Laborator ies refer t o  as creat ive engi

neer i ng. These p i l l a rs, combined with 

t h e  d i v e r s i f i e d  H u g h e s  a c t i v i ty i n  

a l m o s t  a l l  f i e l ds ,  r e s u l t  i n  a h i g h l y  

favorab le  e nvironment for the engineer  

or physicist capab le  of making s ignif i

cant contr ibutions in h is  f ie ld  of spe

c ia l ization .  Opportun it ies for creative 

engineers at H ughes have never been 

more prom is ing ! I nvestigate by writ ing 

d i rectly to : 
Dr .  A l l en  Puckett , D irector 

Systems Deve lopment Laborator ies 

The West's leader i l l  adva/lced electronics 
r - - - - - - - - - - - - - - - - - - - - - - � 
I I 

I H U G H E S : I I 
I I L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � 
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Huglles Aircraft Compa"y 
Culver City 3 1 ,  California 

globe" to South Georgia Island. It was 
an impossible voyage; even after it was 
over Shackleton's battered, starving men 
had to cross a sizable mountain range 
before reaching the whaling station at 
Grytviken on May 2 1 ,  1916 .  The epic 
story has been told before, notably in 
Shackleton's famous South, but it is well 
and simply retold in these pages. It is 
enough to say of Lansing's account that 
though one knows in advance that the 
ending is a happy one, the suspense un
til the final moment of triumph is almost 
unbearable. 

THIRST, by A. V.  Wolf. Charles C. 
Thomas ( $ 12 .50 ) . A comprehensive 

monograph on the physiology of the 
urge to drink and problems of water 
lack. The author has worked in the field 
of water and salt metabolism for more 
than 20 years, and on the basis of his 
own researches and an intimate knowl
edge of the literature presents a masterly 
survey of the subject. Among the topics 
Wolf considers are how long a man can 
go without water, fundamental aspects 
of body fluids, the rationing of water in 
emergencies, the complex and often 
paradoxical character of thirst, problems 
of drinking after severe water depriva
tion, the use of snow and ice to quench 
thirst, the potability of sea water, the 
individual idiosyncrasies of drinking 
capacity, cases of intemperate drinking, 
fish and fish juices as sources of water, 
desert thirst as a disease, the records of 
certain castaways at sea, the real and 
legendary thirst of battle casualties .  His 
book includes excerpts from certain well
known accounts of thirst ( e .g . ,  Ricken
backer's 2 1 -day ordeal in the Pacific, the 
plight of the survivors of the sinking of 
the U. S. S. Indialwpolis ) ,  a useful glos
sary and a valuable bibliography of 900 
items. 

T HE S CIENCE OF PHOTOCHAPHY, by H. 
Baines. John Wiley & Sons, Inc. 

( $7 .50 ) . The Royal Institution Christ
mas Lectures have inspired another ex
cellent book. This introduction to photo
graphic theory, which includes the ma
terial of Baines's 1956 lectures to a 
"juvenile auditory" but covers a much 
wider range, fully lives up to its promise 
to make picture-making intelligible to 
the nonscientific reader. There is in fact 
no other survey that handles the material 
so plainly and agreeably. After sketching 
the beginnings of photography the au
thor explains the elements of such topics 
as light and optical images, camera 
lenses, the structure and function of 
shutters, the chemistry of photography, 
the nature of light-sensitive materials, 

the meaning of the latent image, the 
principles of developers and develop
ment, fixation and stabilization, sensi
tometry, color sensitivity and filters, aft
er-treatment of the negative, the positive 
process, graininess, different processes of 
color photography, applications of pho
tography. The book is just as clear in 
describing the beautiful Mott-Gurney 
theory of latent-image formation as in 
telling you when to snap the shutter or 
in elucidating the effect of aperture on 
depth of field. The many illustrations are 
directly to the point. Any photographer 
who wants to know what he is doing, 
besides pointing, clicking and then de
ploring the results, will be grateful for a 
copy of Baines . 

MAN
'
S WOHLD OF SOUND, by John R.  

Pierce and Edward E .  David, Jr .  
Doubleday and Company, Inc .  ( $5 ) . A 
semipopular account of the physics and 
physiology of speech and hearing. The 
authors discuss the power of sound; the 
character of waves, frequencies and 
resonators; the acoustic nature of 
speech; what and how we hear; speech 
and hearing defects, automata and talk
ing machines; information theory and 
communication.  The exposition is un
even. It is obviously authoritative, but 
while some chapters are lucid and read
able, others are crammed full of factual 
details that are neither easy to assimilate 
nor especially interesting. The conscien
tious reader who works his way through 
the book will nonetheless find the effort 
rewarding. 

S lCMUND FREUD : RE M INISCENCES OF A 

FRIENDSHIP ,  by Ludwig Binswanger. 
Grune and Stratton, Inc. ( $4 .50 ) .  The 
author, a Swiss psychiatrist, met Freud 
in 1907, and became his disciple and 
friend.  Although marked differences de
veloped in their theoretical outlook, their 
friendship held firm until Freud's death. 
Binswanger saw Freud only a few times 
in his life but they exchanged many let
ters, these being the meat of the book. 
They shed some light on personalities .  
The price of this 100-page volume is 
exorbitant. 

THE AM E R ICAN H ICH SCHOOL TODAY , 

by James B. Conant. McGraw-Hill 
Book Company, Inc. ( $ 1 ) .  After Conant 
resigned as ambassador to Germany he 
undertook, under a grant from the Car
negie Corporation of New York, a study 
of the U. S. high school. With a number 
of co-workers he briefly visited 1 00-odd 
of the so-called comprehensive high 
schools and prepared this report of his 
observations and recommendations .  The 
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A N EW D I M E N S I O N  I N  C O M P U T E R  T E C H N O LO G Y  

N ever has so vast and complex a project been 
undertaken in data processing and data com
munications. Billions of bits to be handled 
. . . information flowing in from hundreds of 
electronic sources, processed by digital tech
niques, displayed, solutions and commands 
issued . . . in precious seconds. 

A very short time ago we were a newly created 
subsidiary of International Telephone and Tele
graph Corporation. Today we are a purposeful 
engineering management group actively forg
ing ahead with the myriad problems of our 
challenging project. 

As systems manager we are charged with the 
development and production of a world-wide 
electronic control system which will transmit, 
process and display information required in 

military operations - global, in seconds. This 
project demands a wealth of engineering im
agination. It will result in creation of a wholly 
new technology in digital computer science . 

If your interests as an engineer lie in elec
tronic systems engineering, in data processing 
and communications, you will find in this pro
ject unusual opportunity to express imagina
tion and creative competence, in a degree 
surpassing anything previously undertaken in 
computer engineering. 

To obtain information on engineer 
openings write A .  J. Crawford, Per
sonnel Manager. A resume of your 
education and experience is essential. 
An interview will be arranged at your 
convenience. 

I N T E RNAT I ONAL E LECT R I C  COR PORAT I ON 
Route 17 & Garden State Parkway, Paramus, New Jersey 
A Subsidiary of International Telephone and Telegraph Corporation 
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conclusions are not profound, but they 
contain practical suggestions which in 
Conant's opinion would improve public 
secondary education. 

A SOURCE BOOK IN GREEK S CIENCE, 
by Morris R .  Cohen and 1. E .  Drab

kin. Harvard University Press ( $7 . 50 ) . 
The second edition, with minor correc
tions and additions, of a valuable source 
book. Harvard University Press has 
taken over from another publisher the 
entire series on the history of science in 
which this volume appears. That the 
series will be kept in print will be very 
welcome news to scholars and students . 

THE FITNESS OF THE ENVIRONMENT, 
by Lawrence J. Henderson. Beacon 

Press ( $ 1 . 95 ) . A paper-back reissue of 
Henderson's famous essay on the biologi
cal significance of the properties of 
matter. As George Wald remarks in his 
introduction, the monograph is a classic 
because its intelligence and insight have 
survived many of its facts . The chapter 
on water is a jewel. 

Notes 

THE HISTORY OF ROME, by Theodore 
Mommsen. Meridian Books, Inc. ( $8.50 ) . 
Dero A. Saunders and John H .  Collins 
have prepared a revised translation 
( which cuts the original to about half its 
size ) of this great work of historical 
literature. 

JANE'S ALL THE WORLD'S AIRCRAFT, 
1958- 1 959, compiled and edited by 
Leonard Bridgman. McGraw-Hill Book 
Company, Inc. ( $30 ) . The new edition 
of this standard annual has been sub
stantially revised and updated, and for 
the first time includes a full-blown mis
sile section of 36 pages. 

EGYPTIAN RELIGION, by Sir Wallis 
Budge . University Books, Inc. ( $5 ) . A 
reprint, with additional illustrations, of 
a book published in 1 900 by a famous 
Egyptologist, describing the religious 
ideas that survived, substantially un
altered, over 5,000 years in great fune
real and religious works . 

POLYMERS AND RESINS, by Brage 
Golding. D. Van Nostrand Company, 
Inc. ( $ 15 ) . This book covers the theory, 
chemistry, properties, manufacture and 
application of commercial polymers and 
resins . 

PETER THE GREAT, by Vas iii Klyu
chevsky. St. Martin's Press ( $6 . 75 ) .  
This admirable biography, which not 
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only describes the man but also deals 
with the social and economic life of Rus
sia during his time, has been taken from 
Klyuchevsky's famous five-volume his
tory of Russia, first published in Moscow 
between 1 904 and 1 92 1 .  

RESEARCHES IN GEOCHEMISTRY, edited 
by Philip H. Abelson. John Wiley & Sons, 
Inc. ( $ 1 1 ) .  A collection of reviews of 
the present status of geochemical re
search. 

THE POLISH PEASANT IN EUROPE AND 
AMERICA , by William 1. Thomas and 
Florian Znaniecki . Dover Publications, 
Inc. ( $ 12 . 50 ) . A two-volume reissue of 
an influential sociological work that 
traces "the erosion of social organization, 
the radical change in values and atti
tudes, and the demoralization of the 
Polish immigrant in America." 

PERKIN CENTENARY LONDON . Per
gamon Press ( $7 . 50 ) . In 1 856 William 
Perkin made his great discovery of 
mauveine, the first synthetic organic dye. 
This volume, which commemorates the 
discovery, includes papers on Perkin's 
life and work, and the development of 
the industry he founded, by John Read, 
Clifford Paine, John Gwynant Evans and 
Sir Alexander Todd. 

THE ENZYMES : VOL . I ,  edited by Paul 
Boyer, Henry Lardy and Karl Myrback . 
Academic Press ,  Inc. ( $24 ) . A second, 
and revised, edition of a comprehensive 
treatise on enzymes and on enzyme ac
tion at the molecular level. 

ENVIRONMENTAL CONSERVATION, by 
Raymond F. Dasmann. John Wiley & 
Sons, Inc. ( $6.50 ) . An ecological ap
proach to the conservation of natural re
sources, stressing underlying principles 
and philosophy. 

THE WORLD OF LEARNING, 1958-59 . 
Europa Publications Ltd. ( $22 ) . The 
ninth edition of an established guide to 
educational, cultural and scientific insti
tutions throughout the world . 

THE AUTOBIOGRAPHY OF CHARLES 

DARWIN : 1809-1 882, edited by Nora 
Barlow. Harcourt, Brace and Company 
( $4.50 ) .  This is the U. S. edition of a 
book reviewed in these columns last 
summer. 

CONDUCTION OF HEAT IN SOLIDS, by 
H. S. Carslaw and J. C . Jaeger. Oxford 
University Press ( $ 1 3.45 ) .  A second 
edition of a standard work in the litera
ture of this subject. 
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A M E R I CA N -STA N DA R D ,  M I L I TA R Y  P R O D -
U CTS D EPT. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  b7 
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Agency : Grant·Jacoby Studios,  I n c .  

A U T O M A T I C  E L ECT R I C  C O M P A N Y .  S U B S I D I 
A R Y  O F  G E N E R A L  T E L E P H O N E  & E L EC-
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Agency : Byer & Bowman Advertising Agency 
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Agenc)' : Kane Advertising 
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Preserve 
your copies 
of 
SCIENTIFIC 
AMERICAN 

a: A handsome and durable library file or binder in which to keep 

your copies of SCIENTIFIC AMERICAN. 

a: Both styles bound in dark green library fabric and stamped in 

gold leaf. 

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

sible. Price: $2.35 (U.S.A. only). 

BINDER tshown at left): Holds 6 issues. Copies open fiat. Price: 

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

Address your order, 

enclosing check or 

money order, to: 

I 
I 
I 
I 
I 
I 

Department F (File) or A (Binder) 

SCIENTIFIC AMERICAN 

415 Madison Avenue 

New York 17, N. Y. 

(New York City residenls please add 3% Sales Tax) 

MANUFACTURING 
RESEARCH ENGINEERS 

Four high level positions have 
been created by our Company's 
entry into advanced fields. These 
are staff positions, carrying 
heavy responsibilities in two gen
eral areas qf Research and Plan
ning. 

In Research each man will per
form analyses of methods; main
tain relationship with other com
panies and vendors of special 
equipment; will do creative think
ing to initiate research pro
grams. In Planning, he will have 
complete responsibility to plan 
and program items of research in 
his particular field, as well as to 
incorporate items in develop
ment; maintain long-range plan
ning, and confidential files; ap
prove manufacturing plans on 
new work; and participate In 
executive planning committee 
functions. 

Each position carries the title 
of Senior Research Engineer; 
specific areas are in: 

Welding, Forming 
Metal Removal, Brazing 

Please respond at once by furnishing 

a detailed resume to: 

�------------------�= 

SPACE 
POWER 

SCIENTISTS 
Supervisory and specialist positions 
currently available at the Flight Pro

pulsion Laboratory Dept. of General 

Electric exist for men with advanced 

degrees and abilities oriented toward 
demonstrating the feasibility of plasma 

acceleration and ion prolmIsion, in 

terms of hardware de\"elopmcllt. 

Specific experience areas should in

clude one or more of the following
magnetogasdynamics, electromaf,,'lletic 

accelera tors, electrostatic accelera

tion, plasma generation, plasma heat 
transfer and flow, ultra-high vacuum, 
surface ionization, high temperature 

thermodynamics, high tempera t.ure 
nozzles. 

At your request, we wtll be hapllY 
to forward a reprint of a paper on the 
subject of ion propulsion by Mr. Ed
wards and Dr. Roschouch of the Labo

ratory staff. Presented at a rerent 
A.S.M.E. meeting, the paper describes 

FPLD's ion rocket research model. 

Please direct your inquiry 

in confidence to Dr. Mark Peters, 

Bldg. 100, Dept. 59-MG 

FLIGHT PROPULSION OIVISION 

GENERAL _ ELECTRIC 

P.O. Box 1904, Grand Central Sta., New York 17, N.Y. Cincinnati 15, Ohio 
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Jo6 routine.? 
Not at Convair-Fort Worth, for routine is 

a result of precedent, and there is scarcely any 
precedent in the shape of things at America's most 
advanced facility, devoted exclusively to the de
sign and development of aerial weapons. 

The forward and creative thinking of well 
trained, experienced engineers and scientists at 
Convair-Fort Worth has repeatedly produced 
solid evidence of this fact. From the basic concept 
of the engineering organization itself, to such ad
vanced finished products as the B-58, there is 
scarcely room or time for tiresome routine to 

develop. Projects far beyond the state of the art 
represented by presently operating craft are con
tinually providing new opportunities for men 
qualified to share in these ventures. 

The current list of .openings is headed by the 
need for men with experience in the design and 
testing of radomes,' particularly those with bore
sight correction technique experience; structures 
and structural design engineers; and electronics 
engineers. Details available on request, or send 
a complete resume for evaluation by our engineers, 
promptly and in strict confidence. 

CONVAIR/FORT WORTH 
P. O. Box 748-S 

A D IVI SIO N o F 

GENERAL DYNAMICS 
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Research 
Experienced physicists-theoretical and experimental-and mathe
maticians with a desire to work on basic research with an expanding 
group of creative scientists - are invited to investigate Grumman 
Research. Long range programs which may contribute to better 
understanding-or may lead to successful developments-are being 
directed toward the following critical areas. 

SUBMARINE DETECTION: 
basic studies of submarine phenomena and their interactions 
with all possible search techniques (radar, IR, etc.); theoretical 
laboratory and field explorations of new, more general detection 
systems. 

TARGET RECOGNITION: 
basic studies of acoustics in nature; underwater acoustics; sub
marine noise; echoes and signal correlation employing informa
tion and communication theory. 

UNDERWATER ACOUSTIC ENERGY SOURCES: 
basic studies with the ultimate aim of increasing the range of 
underwater acoustic detection systems. 

HYDRODYNAMICS: 
basic studies of underwater flight, hydrofoil fluid dynamics, the 
physics of cavitation and new techniques of underwater propul
sion. 

OPERATIONS RESEARCH: 
basic mathematical studies applicable to evaluation, optimiza
tion and tactical employment of weapons systems including de
cision theory, mathematical models and Monte Carlo simulation. 

Engineers or Scientists who would like to 
contribute to any of the above essential 
areas, are urged to send a complete resume 
to Mr. A. Wilder, Engineering Personnel 
Director, Dept. GR-23, who will arrange a 
personal interview at your convenience. 
(U.S. Citizenship required) 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage • Long Is lan d • New York 
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Volume II. The University of Chicago 
Press, 1927. 

THE HITTITES. O. R. Gurney. Penguin 
Books, 1952. 

ALKALOIDS 

THE ALKALOIDS. K. W. Bentley. Inter
science Publishers, Inc., 1957. 

THE PLANT ALKALOIDS. Thomas Ander
son Henry. P. Blakiston's Son & Co. 
Inc., 1939. 

THE STHUCTUHAL RELATIONS OF NATU
HAL PHODUCTS. Robert Robinson. 
Oxford University Press, 1955. 

THE MOMENT OF FERTILIZATION 

THE AMERICAN ARBACIA AND OTHEH 
SEA URCHINS. Ethel Browne Har
vey. Princeton University Press, 1956. 

FERTILIZATION. Lord Rothschild. John 
Wiley & Sons, Inc., 1956. 

POLYSPERMY. Lord Rothschild in The 
Quarterly Review of Biology, Vol. 29, 
No. 4, pages 332-341; December, 
1954. 

MATHEMATICAL GAMES 

How TO MAKE ORIGAMI. Isao Honda. 
McDowell, Obolensky, Inc., 1959. 

PAPER FOLDING FOR THE MATHEMATICS 
CLASS. Donovan A. Johnson. Na
tional Council of Teachers of Mathe
matics, 1957. 

P APEH MAGIC: THE ART OF P APEH 
FOLDING. Robert Harbin. Oldbourne 
Press, 1956. 
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LIVING REPTILES OF THE WOHLD. 
Karl P. Schmidt and Robert F. Inger. 
Hanover House, 1957. 
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Heat lost except at absolute zero? 

A measure of disorder? 

A statistical probability of state? 

The gradient of a scalar? 

Macrocosmic phenomenon or 

microcosmic, too? 

The fundamental concept of entropy 

is involved in many phases of our 

technology. Hence we have a funda
mental need to know everything we 

can abou t  its significance. This 

knowledge is critical to our work of 
energy conversion. 

Thus we probe and inquire, search 

without wearying - call upon the 
talents of General Motors Corpora
tion, its Divisions, and other indi
viduals and organizations - for a 
complete appreciation of all phases 
of scientific phenomena. By apply
ing this systems engineering con
cept to new research projects, we 

increase the effectivene ss with 
which we accomplish our mission -
exploring the needs of advanced 
propulsion and weapons systems. 

If you have advanced academic 
recognition and appropriate experi
ence in the field of science and 
research, we would like to hear from 
you. Write R. C. Smith, Salaried Per
sonnel, Dept. E-l. 

Indianapolis, Indiana 
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"SYSTEM DEVELOPMENT CORPORATION 
is currently seeking scientists and engineers in various skill areas. 
As part of this effort, I have been given the opportunity to tell you 
something about our organization . 

• 'Let me begin by giving you some general facts about the Corporation: 
SDC is a non-profit organization chartered to work in fields 
pertaining to public welfare, the advancement of science, and 
national defense. The Corporation's name implies its function-the 
development of systems. Specifically, we are concerned with large, 
complex information processing systems with a high degree of 
automation. Development of these systems is accomplished through 
the application of knowledge in the areas of applied mathematics, 
engineering, and psychology, to problems of over-all system design, . 
data processing techniques and optimum man-machine relationships. 

"Our work is system-oriented, rather than concerned with the 
design or manufacture of hardware components. As a result of this 
type of specialization, we have assumed major responsibilities in the 
development of systems such as the SAGE (Semi-Automatic 

Ground Environment) Air Defense System and the world-wide 
Strategic Air Command Control System, and in the integration of 

the functional responsibilities of these systems with other military 
electronic support systems. 

. 

"Because the scope of our activities is rapidly increasing, we are 
expanding our staff. In this message I am specifically addressing 
young engineers with advanced training and proved analytical 
ability in the areas of weapons system analYSis, noise and 
information theory, ECM, electromagnetic intelligence and al,lied 
fields. If you are qualified, and our corporate activities sound 
interesting to you, we would like to hear from you. Address inquiries 
regarding our Santa Monica, California facility to M r. R. W. Frost, 
2420 Colorado Avenue, Santa Monica, California. Inquiries regarding 
our Lodi, New Jersey facility should be addressed to Mr. R. L. Obrey, 
Box 2651, Grand Central Station, New York 17, N.Y. These gentlemen 
will see that your letter receiv.es prompt attention and confidential 
',,"m'"t." /t�!f� 

Dav id G reen, Assistant Director for Plans. 
Operations and Management Research Directorate 
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Solar's creative missile team helps solve one 

of America's most vital defense problems 
MISSILE DEFENSE involves the interception 
and destruction of a relatively small target 
travelling through space at over twenty 
thousand feet per second ... within minutes 
after it is launched. 

The government's Advanced Research 
Projects Agency has assigned Solar the 
task of working out a solution to an impor
tant part of this pressing military problem. 
This i m p o r t a n t  n e w  study c o n t r a c t ,  

a warded as a result of a unique new 
approach to missile defense devised by 
Solar's creative weapon systems team, will 
require the very best engineering imagina
tion and know-how. It will result in an 
important forward step in missile science. 

With years of active experience in the 
many phases of missile and space technol
ogy, Solar is particularly qualified to help 
solve YOllT design, development and pro-

ENGINEERS WANTED! Challenging projects, unlimited opportunities with Solar. Write today! 

duction problems. For detailed infonna
tion about Solar's proven problem-solving 
skills, write to Dept. G-121, Solar Aircraft 
Company, San Diego 12, California. 
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