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Change of color changes properties: Spectrophotometers and
color computers help to control color in M&T vinyl coatings to
within one McAdam unit. But change colors significantly and
you often change physical properties, as indicated above. Here
human capability comes in. Putting experience to work, M&T
chemists often come up with entirely different formulations for
two colors to have the same physical and chemical properties.

How to keep color under strict control: Only the most skilled
color matcher can detect color variations of less than 1 N.B.S.
unit in ceramic tile. Nevertheless, control to 1 N.B.S. unit isn't
good enough for many tile producers. To meet standards such

Which panel has the most color pigment?: The answer: they
all contain the same amount. And that’s the basis for the current
Me&T work withantimony-basedflameretarders. Our chemistshave
developed six types to match color requirements. Each one has
high flame retardancy. Main difference is in amount of tinctorial
strength. Result: users of M&T flame retarders save on costly
color pigments for deep colors or improve translucency in others.

—

as these, M&T completely controls the uniformity of its Ultrox®
ceramic opacifiers so that test glazes checked by colorimeter will
have color variations of less than 0.5 N.B.S. units. This minute
variation is well below the normal levels of visual perception..

Me&T works with chemical and physical
properties, such as color,in many mate-
rials. M&T capabilities may help solve
your problems in chemistry, ceramics,
plating, organic coatings, minerals and
welding. Write M&T Chemicals Inc.,
General Offices, Rahway, New Jersey.

M<T Chemicals Inc.

FORMERLY METAL & THERMIT CORPORATION
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BRIDGEPORT
METAL GOODS

MANUFACTURING COMPANY
BRIDGEPORT, CONNECTICUT

“Why we chose the NCR 390 Computer.”’

“Even though we are not an industrial giant, com-’

pared with many of the firms installing computers
today, we had urgent need for what has come to be
called a ‘total system.' After evaluating the many sys-
tems available, we chose the NCR 390 computer as
the one most suited to our particular needs.

“With the 390 we are able to continue using hard
copy accounting records which have proven to be so
essential to us over the years. Of importance, how-
ever, is the fact that now these records are also able
to store data electronically, and to act as their own
input to the computer.

“Basically, our NCR 390 has enabled us to inte-

NCR PROVIDES TOTAL SYSTEMS — FROM ORIGINAL ENTRY TO FINAL REPORT-—
THROUGH ACCOUNTING MACHINES, CASH REGISTERS OR ADDING MACHINES, AND DATA PROCESSING

The National Cash Register Co.-1,133 offices in 120 countries - 79 years of helping business save money

Bridgeport Metal Goods Mfg. Co., Bridgeport, Conn.

‘grate our accounting and reporting procedures. Be-

cause of the comparative simplicity of the 390, we
have not had to hire professional electronic pro-
grammers. We accomplish all systems and program-
ming functions within our own organization.

“In summary, our new tool —the NCR 390
computer — is providing new capabilities, enabling
us to do a more efficient accounting job, to upgrade
our reporting procedures, and to obtain a significant
return on our investment."

William H. Beach, Vice President & Treasurer
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INLYTE" performs at any
ocean depth

Inlyte, a unique new family of plastic-like materials
which ‘has high buoyancy per pound, and is capable
of withstanding the pressure at zny ocean depth

Fabricated to your requirements, it c2n be molded
sawed, machined and:assembled as bulldir
for-a wide variety of reliable solid flotation u

For complete details about new Inlyte Flotz

INLAND MANUFACTURING DIVISION
GENERAL MOTORS CORPORATION - DAYTON, OHIO

)
/ i

ﬂﬁ\; Where Imagination and Performaace are Partners
L
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#5 in a series by Ultek, a name high
up in the world of low pressure

e 3

QUESTION : who is the

best-read
author in the
field of ion
pumping?

.
ANSWER: .. --cciocr

Anybody who has even a casual interest
in ion pumps or the clean, contaminant-
free vacua they produce has doubtless
read the #1 best-seller in the field —
U.S. Patent #2993638 (25¢, published
by the Patent Office), authored by none
other than our president, Dr. X. Other
equally cogent critiques, inspired by the
same invention, have graced the pages
of Science Magazine, the Review of Sci-
entific Instruments, Research & Develop-
ment, Electronic Industries, and other
perceptive journals.

Each of these publications has played a
part in encouraging the use of the ion
pump — a remarkable device which can
lower the pressure within a system to
10" torr and below, simply by turning
gas molecules into solids. And each has
unstintingly given Dr. X his inventor’s
due, a fact which has also been of some
encouragement.

But the publication which does the neat-
est, sweetest job of eulogizing our mod-
est Dr. X's contributions to high vacuum
technology is a 52-page panegyric en-
titled “A little bit about almost nothing.”
This privately-circulated encomium treats
of ion pumping in general and Ultek ion
pumps in particular, and was written,
as you may have suspected, by Dr. X
himself. All it lacks to insure its pos-
terity is a niche on your bookshelf. Write
us for a copy, and ask for booklet #78.

BOX 10920, PALO ALTO, CALIFORNIA

Offices in New York, Boston, Cleveland, Chicago,
Philadelphia, Los Angeles, Seattle, Palo Alto; repre-
sentatives in major cities overseas

THE COVER

The painting on the cover shows a male bowerbird in the course of its court-
ship display. The bird is displaying to the female by holding in its beak a
colorful berry. Among the bowerbirds complex mating stations, built of
sticks and often lavishly decorated with colorful objects, and elaborate
courtship behavior incorporating natural objects often substitute for male
sexual plumage in attracting females (see “The Evolution of Bowerbirds,”
page 38). The bird depicted on the cover is a Lauterbach’s bowerbird
(Chlamydera lauterbachi), a New Guinea species that builds four-walled
bowers by inserting thousands of sticks into a foundation mat. The bower-
builders are arena birds: the males live in bachelor clans and establish
their individual breeding courts within a zone known as an arena.
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For reprints of this symbolic Artzybasheff illustration of an early Voyagear concept, write: Avco, Dept. SA4, 750 Third Avenue, New York 17, N. Y.

Let’s take a look. What’s behind the cloudy veil of Venus? Or beneath the red sands of Mars?
Or on the Moon'’s pock-marked plains? What’s out there in space? NASA is finding out. With
Voyager, the Venus/Mars orbiter-lander . . . with Gemini, the two-man rendezvous space-
craft . . . with Moon-bound Apollo . . . with Mercury, the one-man earth orbiter. NASA is ex-
tending man’s vision to new frontiers in space. Focusing the keen minds of science and in-
dustry on the big “Out There.” Inspiring studies and projecting plans for perfecting aerospace
techniques, shapes, materials, and manufacturing processes. Avco is proud to lend a hand.

UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS ... REGARDLESS OF RACE, CREED,A ."o
COLOR, OR NATIONAL ORIGIN . ..WRITE AVCO TODAY. AVCO CORPORATION, 750 THIRD AVE., NEW YORK 17, N. Y. ' u
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New generation of Shaped-Beam Tubes makes

by: A. H. Wisdom,
Manager of Research and
Engineering for Data Products

CHARACTRON® Shaped-Beam Tubes
produced nearly 10 years ago, many
of which are still being used in the dis-
play consoles of the SAGE program,
have achieved 20,000 hours or more
of reliable performance. Today’s
CHARACTRON Tube represents a new
generation of development, offering
dozens of major improvements over
the original tube. The principle, how-
ever, remains essentially the same.

HOW IT WORKS

Heart of the CHARACTRON Shaped-
Beam Tube is the stencil-like matrix,
a thin disc with alphanumeric and
symbolic characters etched through it.
This matrix is placed within the neck
of the tube, in front of an electron gun.
The stream of electrons emitted from
the gun is extruded through a selected
character in the matrix. When the
beam impinges on the phosphor-coated
face of the tube, the character is re-
produced.

The standard matrix carries 64 char-
acters. However, matrices have been
made with 88,128, and 132 characters.
Coupled with new variable character
size capabilities, the CHARACTRON
Tube offers a wide latitude in symbol
generation. The beam is passed
through one of the characters by ap-
plying the proper voltage to the selec-
tion plates. Electrostatic reference
plates and/or magnetic deflection are
then used to position the beam at any
tube face location. In more compact
tubes, the entire matrix is flooded with
electrons generating a complete array
of characters, while only the desired
character is allowed to pass through a
small masking aperture. A small di-
ameter beam can be used to display
data from analog inputs simultane-
ously with the characters.

NEW GENERATION OF TUBES
Today’s CHARACTRON Tube is not the
same tube built ten years ago. While
all major improvements cannot be dis-
cussed, following are some of the more
significant:

Earlier tubes had some deformation
of the characters at the screen edge.
The modern tube is sharp to the edge,
with much greater resolution. New
bright phosphors have been developed
including a pastel green which elimi-
nates spot size variation or “bloom-

Time-share version of CHARACTRON Shaped-Beam Tube.

ing”. When necessary, tube length can
now be dramatically decreased. A tube
25 in. long now achieves the same re-
sults once requiring a tube 45 in. long.

SPEED

Many optimistic goals have been
claimed regarding the speed of char-
acter writing tubes. Frequently, how-
ever. these claims do not delineate the
time required for the positioning of
these generated characters but simply
state the time necessary for generation.
It is a simple matter to blink a char-
acter at tremendous speeds at the same
place on the tube face. Generating dif-
ferent characters and positioning them
in different places on the tube is some-
thing else. The shaped-beam principle
generates characters in a period of
time independent of the complexity of
the character. Complex symbols can
be generated as simply as a dot. With
high speed circuitry, selection can be
accomplished at rates equivalent to
oscilloscope deflection frequencies.

For example, characters could easily
be generated at a million each second.
However, today’s magnetic deflection
yokes require a minimum 5 to 8 micro-
seconds to settle the magnetic domain

© 1963 SCIENTIFIC AMERICAN, INC

in the core and this is the limiting
factor in positioning speeds. Using a
high speed selection system and allow-
ing five to ten micro-seconds for un-
blanking, CHARACTRON Tubes can
provide realistic writing rates of
50,000 characters per second or more,
even using random deflection. Electro-
static deflection tubes now under
development promise writing speeds of
up to 200,000 characters per second.

ECONOMICS

A CHARACTRON Tube by itsell ap-
pears to be relatively expensive, but
a system using this tube can economic-
ally justify itself easily. This is true
because the CHARACTRON Tube re-
places both the necessary character
generator and much of the circuitry
required by other systems.

In recent models, alignment proce-
dures have been simplified, and the
tube holds alignment longer than
other character writing systems. A
CHARACTRON Tube can be set up by
an experienced man in less than one
hour. Tubes are available in a wide
range of phosphors with practically
any desired color or degree of persist-
ence. Resolution of 1800 TV lines can



be provided, the only limitation being
the grain size of the phosphor.
CHARACTRON Tubes are no more
fragile than any other cathode ray
tube. They have been exposed to a
32G shock for 52 milliseconds without
harm, and can take just about any
shock that does not fracture the glass.
In one application, the tube was used
in a portable battlefield display
console.

PICTURE WINDOW TUBE
Frequently, it is necessary to continu-
ously repeat certain data on the face
of a tube while changing other data.

This may be done easily with a new
development called the “picture win-
dow” concept. In the “window” tube,
changing data from computer, radar,
or communications link, is presented
in the usual manner. Repetitious data
are projected through the “window”
onto the faceplate using a slide or [ilm
projector (Figure I). In a typical ap-
plication, a geographic map of the area
is projected on the face while the com-
puter presents changing data. As the
area -under surveillance changes, the
operator pushes a button to select an-
other map. In another application,
business or engineering [orms are pro-
jected on the tube and filled in with
data from the computer. Included in
this option is a recording camera. By
means of a beam splitting half-silvered
mirror, the camera maintains optical
access to the entire tube face. A button
actuated solenoid operates the camera,
recording all data being displayed.

TIME-SHARE TUBE
A new “time-share” version ol the tube
produces alphanumeric data and at the

same time performs beam writing to
draw curves and vectors. In the draw-
ing mode, electrons pass through a
special large aperture so that none of
the beam is blocked. Brighter beam
drawings result. The name “time-
share” is derived from the fact that
both the alphanumeric and drawing
mode share the beam from one cathode
for part of the time. This tube is ideal
for applications such as long range
radar where the antenna may turn at
a relatively low speed of six times a
minute,

TWO-GUN TUBE
On short range radar requiring high
rotation speeds of perhaps 25 times
a minute and many hits on small tar-
gets to build up an image, there may
not be enough time left for forming
alphanumeric symbols. With these ap-
plications, a two-gun tube (Figure II)
is suggested. This tube retains the
beam shaping electron gun for produc-
ing characters and employs another
gun to accomplish the video writing.
This second gun, when coupled with
video driving circuitry, can be used
to generate high resolution TV images-
including scan converter readout or

raw radar data. These images, of
course, can occur at the same time as
and without any effect on the alpha-
numeric data supplied from the
shaped-beam gun.

SYSTEMS
General Dynamics|Electronics designs
and produces a number of custom and
standard display, printing and film
recording systems which utilize the
CHARACTRON Shaped-Beam Tube.

GENERAL DYNAMICS [ELECTRONICS G
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advanced techniques possible in data display

Custom installations include direct-
view consoles as well as film recorders
which automatically process and pro-
ject large-screen displays for group
viewing.

The S-C 1090 Display console (Fig-
ure III) presents alphanumeric, sym-
bolic and graphic data from computers

or other sources. It is a complete, “off-
the-shelf” display unit. Optional equip-
ment includes internal test routine,
input register, level converters, inter-
nal storage of complete display frame,
vector generator, expansion and off-
centering, category selection and var-
ious data channel buffers. The console
1s 66 in. long, 3214 in. wide, and 47 in.
high. It is recommended for a variety
of applications, including command
and control systems, air traffic control,
computer readout and data display for
any automated process.

The S-C 4020 records the output of
large scale computers on film and/or
paper at equivalent speeds. Combina-
tions of drawings and alphanumeric
data may be recorded in fractions of
a second.

The S-C 3070 provides high-speed
asynchronous printing without impact
on paper for communications or com-
puter output applications.

WRITE FOR MORE INFORMATION
For technical information on the S-C
1090 Display, the S-C 4020 Computer
Recorder, the S-C 3070 Electronic
Printers, or the new generation of
CHARACTRON Shaped-Beam Tubes,
write to General Dynamics|Electronics,
Department D-26, P. O. Box 127, San
Diego 12, California.

HIID san oeso
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‘In this drafting department
nothing is drawn that can be
taped with Chart-Pak’

says William F. Solimine,
Drafting Supervisor & Materials Analyst,
Wayland Laboratory, Raytheon Company,
Wayland, Massachusetts

The 160-man drafting section at
Raytheon’s Wayland laboratory works
under continual peak load conditions. To
save time and money they use Chart-Pak
pre-printed pressure sensitive tapes and
components.

As Mr. William F. Solimine, the sec-
tion’s supervisor, puts it, “Chart-Pak’s
pressure-sensitive tapes save from 50 to
90% of the time in laying out our
printed circuits. And I don’t believe a
draftsman can duplicate the quality,

straight lines and professional look we
get with these precision-slit tapes.”

Chart-Pak materials can save time and
money in your plant, too. Symbols and
lines are available for all kinds of bar,
and pie charts, graphs, maps, plant and
office layouts, engineering drawings,
printed circuit masters, PERT program-
ming, work flow and data processing
charts. Write to us today for the com-
plete Chart-Pak catalog of pre-printed
tapes and components.

261 RIVER ROAD, LEEDS, MASSACHUSETTS

Dealers in principal cities in U. S. and Canada _l
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LETTERS

I am haunted by the thought that the
author of the fascinating article “Early
Experience and Emotional Develop-
ment” [SCIENTIFIC AMERICAN, June]
may have indulged in circular reasoning.
In gauging emotional development in
rats Victor H. Denenberg used as a meas-
ure of flexible and adaptive behavior a
rat’s activity in running about and ex-
ploring the floor of an empty four-foot-
square box. Per contra, he took as being
emotionally disturbed those rats that
cowered in corners of the box, crept
about timidly and defecated frequently.

Can we be certain those standards are
correct and not reversed? Presumably
there is in the experiment and its findings
some implicit analogy with other mam-
mals and their behavior. So the question
arises whether, in a world ever more
dangerous and uncertain for both mice

| and men, the mother and her pups that

proceed with caution and take what
meager protection the environment af-
fords are emotionally disturbed or, al-
ternately, are really adapting to their
conditions as well as could be expected.

Keeping the bowels open and the
flanks covered in these hostile times may
well be as good a way to adapt to un-
familiar situations as any other—better,
perhaps, than hyperactive, constipated

Scientific American, August, 1963; Vol. 209, No.
2. Published monthly by Scientific American, Inc.,
415 Madison Avenue, New York 17, N.Y.; Gerard
Piel, president; Dennis Flanagan, vice-president;
Donald H. Miller, Jr., vice-president and
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Offprint correspondence and orders should be
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ERRATUM |

In the article “Machine Transla-
tion of Chinese,” by Gilbert W.
King and Hsien-Wu Chang [ScI-
ENTIFIC AMERICAN, June] the |
statement is made: “Perhaps the
most important feature of [the]
system is a photographic ‘memory’
containing hundreds of thousands
of dictionary-like entries, any one
of which can be found in a twen-
ty-thousandth of a second.” The
correct ﬁgure is not a twenty-
thousandth of a second but 20 |
thousandths of a second.

scuttling in aimless search for an un-
known goal.

ALFRED FrRIENDLY

The Washington Post
Washington, D.C.

Sirs:

Alfred Friendly’s question concerning
the validity of the measure of emotional
reactivity is quite cogent. Both observa-
tion and experimental data help to sup-
ply an answer. A common observation
with laboratory rodents is that they
“freeze” and defecate when placed in a
strange and frightening situation.

The experimental data relating stimu-
lation in infancy to open-field perform-
ance and other patterns of behavior, and
to physiological measurements, are too
lengthy to detail here. Briefly, animals
who are stimulated in infancy are more
active and defecate less in the open-field
test than nonstimulated controls; such
animals also learn an avoidance response
more rapidly, have a lower ratio of
adrenal weight to body weight following
chronic stress and are better able to sur-
vive a severe environmental stress.

The patterns of behavior suggested
by Friendly in his last paragraph may be
appropriate for humans, but it is doubt-
ful that they would be of any adaptive
value to rats. And whether or not these
patterns would be adaptive for humans
would be determined in the long run by
the adequacy of the plumbing and the
efficiency of the sanitation system.

Victor H. DENENBERG
Department of Psychology

Purdue University
Lafayette, Ind.

Engineers
and
statisticians

This calculator squares numhbers and
extracts square roots automatically

And it’s the only desk calculator in
the world that does: the Friden
SRQ Calculator.

To square a number, simply enter
it on the keyboard, and touch one
key. The answer appears in the
upper dials.

To extract a square root, simply
enter the number on the keyboard,
and touch one key. Your answer
then appears in the lower dials.

These exclusive features, plus
Friden fully automatic division
and touch-one-key multiplication,
{ree you for important tasks. The

Friden fully automatic Calculator
performs more figurework steps
automatically than any other desk
calculator you can buy.

No engineer or statistician should
be without a Friden SRQ.

For a 10-minute, no-obligation
demonstration, call your local
Friden man. Or write: Friden,
Inc., San Leandro, California.

ITiden

Sales, Service and Instruction Throughout the World
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20 AND 100
YEARS AGO

SICIENTIFIC A MERIEAN

AUGUST, 1913: “Dr. Alexander
Graham Bell recently announced that
F. C. Baldwin, one of his assistants, seri-
ously thinks of crossing the Atlantic in
an aeroplane, in an effort to win the
London Daily Mail’s $50,000 prize. Ac-
cording to the newspapers, Dr. Bell pro-
poses that the flight be made at an alti-
tude of five miles, where an atmospheric
density one-third that at sea level would
permit a great speed. However, the alti-
tude record held by Legagneux is only
17,878 feet, which means that Baldwin
will have to go about 8,500 feet higher.
There is trouble enough with motors, not
to mention the human breathing appara-
tus at a height of three miles.”

“The camp of biologists is divided.
There are those who hold that the phe-
nomena of life involve a separate prin-
ciple which does not operate in non-
living matter. Another school seeks to
interpret all actions or functions of the
living organisms in terms of the general
laws of nature which are known to apply
to all matter living or dead. To us it
appears premature to take any side in
this dispute. There is a very wise prin-
ciple current among scientific men, that
the aid of a new hypothesis shall not be
invoked so long as a given set of phe-
nomena can be explained without it. It
is therefore clearly the best policy in the
investigation of life phenomena to press
forward as far as we can by the applica-
tion of the methods and principles with
which we are familiar in the physical
world in general, and to see just how
much of ~the remarkable phenomena
presented by living matter we can ex-
plain in terms of such general laws, be-
fore we attack the question whether,
after all has been done in the way in-
dicated, there still remains a certain
residuum of facts which cannot be ac-
counted for in this way, and for the ex-
planation of which we must postulate
some special ‘vital principle,” or whatever
we may like to call it.”

“Air currents at a height of 50 miles
above the earth are discussed by J.

10

Edmund Clark in the Quarterly Journal
of the Royal Meteorological Society, on
the basis of observations made at many
places in southern England and northern
France of the drift of a particularly
bright and persistent meteor train seen
on the night of February 22, 1909. Mr.
Clark himself saw the train for 104 min-
utes. The most remarkable conclusions
drawn by the writer relate to the velocity
of the upper winds at various levels, as
indicated by the movement of the train.
Thus it appears that between 49% and 51
miles’ altitude the streak lay in a west
wind of more than 170 miles an hour,
whereas at 51% miles the current was
almost from the east with a velocity ap-
proaching 200 miles an hour. These con-
clusions hardly agree with the prevailing
conception of the stratosphere as a re-
gion of gentle winds.”

“The scientist H. Molisch finds that
radium rays have the effect of interrupt-
ing the repose of winter buds of different
woody plants and thus give rise to a
precocious budding.”

“It has been conjectured that excessive
atmospheric precipitation might favor
the occurrence of earthquakes by in-
creasing the supply of subterranean
water, leading to a washing away and
collapse of portions of the earth’s crust.
Count de Montessus de Ballore has pub-
lished in the Comptes Rendus the results
of a painstaking comparison between
4,136 earthquakes and the rainfall condi-
tions preceding them. He concludes that
there is no relation of cause and effect
between these phenomena.”

“By making the circuit of the world
in 35 days, 21 hours and 35 minutes, J.
H. Mears, representing the New York
Evening Sun, has reduced the record by
nearly four days below that made by A.
Jaeger-Schmidt in 1911.”

“The manner in

AUGUST, 1863:
which the armor of the Ironsides has

thrown off the rebel shot at Fort Sumter
causes general satisfaction, although she
has not yet been closer than 1,800 yards
to the rebel batteries. Most of the heavy
shot have crumbled to pieces on her
solid sides, and the rifled shot have only
made indentations without doing the
slightest damage. She has received two
10-inch shot on her port stoppers, and
even there they only made indentations
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without doing any harm to them. The
steel-pointed shot have made cuts about
an inch deep. She will, however, be
tested within 800 yards when the great
assault is made.”

“Oscar H. Kratze of Leipsic has in-
vented an engine that uses petroleum for
the purpose of giving motion to the
piston of an ordinary cylinder without
the use of a furnace. The invention con-
sists in the employment, for the purpose
of producing a direct motive power, of
petroleum, naphtha or other hydro-car-
ben, in the form of vapor, mixed with a
sufficient quantity of atmospheric air to
sustain combustion in such a manner
that, by igniting said vaporized hydro-
carbon liquid in the cylinder with an
electric current, the desired reciprocat-
ing motion of the piston is effected.”

“We learn that Mr. D. L. Miller, Jr.,
of Philadelphia is loading a cargo of
crude petroleum in bulk for Liverpool,
which is the first ever carried in that
way. The vessel is fitted up with an ex-
clusive view to carrying oil in bulk (of
which it is expected she will take 50,000
gallons) and provided with 12 immense
iron tanks. The barrels of oil are emptied
directly into the tanks, and when the
vessel is unloaded, the tanks are pumped
out. Of course the peculiar construction
of the vessel unfits her for any other than
the petroleum trade.”

“Professor Roscoe, in a paper on the
spectrum produced by the flame evolved
in the manufacture of cast steel by the
Bessemer process, states that during a
certain phase of its existence the flame
exhibits a complicated but most charac-
teristic spectrum, including the sodium,
lithium and potassium lines. He ex-
presses his belief that this first practical
application of the spectrum analysis will
prove of the highest importance in the
manufacture of cast steel by the Besse-
mer process.”

“A genius in New Bedford is fitting up
a steamer for the purpose of towing ice-
bergs to India, where ice selis for six
cents a pound. Another proposes to do
still better—to fit a screw in the iceberg
itself and thus avoid the expense of ship-
building.”

“The greatest capture of men in mod-
ern history has hitherto been that of
Napoleon at Austerlitz, where he took
20,000 prisoners. Gen. Grant at Vicks-
burg took 31,000. The spoil at Austerlitz
was 150 pieces of artillery; that at Vicks-
burg is set down at 238.”



LABORATORIES

To produce these mode patterns, the normal operation of a helium-neon optical maser is perturbed by placing a pair of wire cross hairs in the
cavity. These wires interact with the mode structure of the unperturbed cavity, suppressing some modes and, in certain cases, coupling others
together. By changing the angle between the cross hairs, this interaction can be altered and different mode patterns, as shown, can be produced.

A STEADILY GROWING FAMILY OF OPTICAL MASERS

Scientists at Bell Telephone Laboratories are con-
tinuing extensive research programs to gain increased
knowledge about optical maser (laser) action. The
immediate goal of these investigations is more com-
plete understanding of the phenomenon itself. In
the long run, however, this knowledge will help us
to evaluate better the communications applications.

One aspect of optical maser research is the study
of the mode structures in laser cavities. The modes
excited in a particular experiment can be identified
by mode patterns, shown above, produced by directing
the emergent beam onto a photographic plate.

Optical maser research at Bell Laboratories has
resulted in a broad new field of radiation science. For
instance, discovery of gas lasers also provided the
first continuously operating laser. The active medium
in this device is a mixture of helium and neon; its

operation depends on the excitation of neon atoms
by collision with excited helium atoms. Originally,
this system emitted infrared light, but recently it has
been made to produce visible red and yellow light.

More recently, in another significant advance, our
scientists have discovered two other new mechanisms
for creating maser action in gases. One depends on
the dissociation of oxygen molecules in mixtures of
oxygen and neon or argon. The other takes place in
pure noble gases—helium, neon, argon, krypton and
xenon—and depends on a direct transfer of energy
from accelerated free electrons to the gas atoms.

With these mechanisms and various gases or gas
mixtures, we have achieved maser action at approxi-
mately 150 different wavelengths extending from 0.594
microns in the yellow region of the spectrum to 34.5
microns in the far infrared—and more are in prospect.

BELL TELEPHONE LABORATORIES

World center of communications research and development
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Turning theory into hardware

Technological breakthroughs are almost an Today, Hughes technology is being applied in
everyday occurrence in electronics. Everywhere over 500 projects, programs and studies.

we see many new scientific discoveries being A few are shown to illustrate: Completely new
turned to the service of man. technologies which are creating new devices...
Hughes is one of those companies whose Major improvements in existing technologies. ..
obligation is not only to form these theories, Advanced manufacturing technologies which
but also to visualize how they might be applied. produce more reliable hard.ware for duty

And then to make that application — both in in this world —and out of it.

man’'s defense and in the betterment of his life. More than 5,000 Hughes engineers help create

: " 9

Enterprise "Eyes

f Like giant billboards, Hughes detection and Hughes Surveyor is designed to give
3-D tracking radar on the 4 sides of the information on conditions in flight and *'soft
Enterprise tower scan hundreds of miles of land"" instruments which will report
air space to track great numbers of information about the moon back to earth. The
supersonic targets. Utilizing Hughes first of seven Surveyors being built by Hughes
frequency scanning invention, these antennas for NASA under Jet Propulsion Laboratory
position beams electronically— eliminate technical direction is scheduled for
mechanical movement and complexity— are launch early in 1964.

“hardened'” against damage.

Polaris missile brain

Through the application of its advanced
manufacturing technology, Hughes is now
a prime contractor in inertial guidance
ilyste‘msp(illlu.strat.ed.Ialb?tvg) for thfetH.S. y
avy's Polaris missile. It is one of the world's
mightiest, most reliable forces for freedom. M()del'n Falconry. o ) i
In the late 1940s, airborne electronics was in its infancy. Yet, in a few years, U.S. Air Force
jets were equipped with Hughes advanced weapons control systems armed to fire
Falcon missiles. Together (and vastly improved) they have become our most potent air

defense weapon. Hughes—the leading builder—has delivered thousands of control systems
and well over 30,000 infrared and radar-guided Falcons.
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at Hughes

the theories. More than 25,000 other skilled Hughes  employer. Please address your inquiry to Mr. S. L.
people help translate their work into practical GILLESPIE, Manager, Employment & Manpower,
hardware. Together they are helping create Hughes Aircraft Company, Culver City 43, California.
a new world with electronics.

Inquiries concerning employment opportunities
at Hughes will receive prompt attention.

Qualifications include U. S. citizenship and
a B.S.,, M.S. or Ph.D. degree from an accredited
university. Hughes is an equal opportunity

Ion engines for deepspace probes

Hughes research into the theory of electrical propulsion has led to development of ion engines
which are called the ‘'ultimate” source of power for deep space trips. Built for NASA,

Hughes cesium-powered ion engines have been *'test-flown' in space-simulating vacuum
chambers—and are scheduled for actual test in space within the year.

Boxed air defense
systems go anywhere

Air-lifted by helicopter to inaccessible areas,
Hughes new “‘packaged" air defense control
systems can be ready for operation in
minutes. The "helihuts'" contain a highly
miniaturized “operations central” plus
communications networks for battlefield
control of U.S. Army and Marine Nike and
Hawk missile batteries.

Laser Ranger

Accurately measuring distances to within 15

, , , feet in seven miles, Hughes Colidar*
Creating a new world with electronics Rangefinder enables artillery spotters, tanks
F===""""""1 " i and aircraft to instantly pinpoint targets. The
device''bounces' a coherent light beam off the

I: H UG H Es E Star Tracker target, computes the distance and reads out
| |

the range. Other uses include calculating

One of many Hughes infrared activities, this closing rates between spacecraft and high
ittt gt - stellar tracker will help navigate the Surveyor resolution mapping.
HUGHES AIRCRAFT COMPANY lunar landing vehicle on its trip to the moon.

This tracker will identify the star Canopus *Trademark Hughes Aircraft Company

simply by the amount of light energy it
generates permitting the star to be used
as a navigational "fix."
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\ EGoodrich)

YOU CAN EVEN TIE
THIS INTO A KNOT

Tighter than any sailor’s knot, this liquid
latex ties down the weave in fabrics, stops
raveling, won't distort. It's a Hycar acrylic
latex, one in a family of highly versatile
materials. These acrylic latices give paper
high tensile strength, remarkable elas-
ticity, high tear strength. In leather, they
add scuff and water resistance, also bind
pigments. Treated fabrics resist fading,
have excellent resilience and improved
hand and drape.

There's a wide range of Hycar acrylic
latices, some soft and pliable, others of
extreme hardness, and variations in be-
tween. For facts about them all, write
B.F.Goodrich Chemical Company, Depart-
ment CA-8, 3135 Euclid Avenue, Cleve-

land 15, Ohio. In Canada:
Hycar

Kitchener, Ontario. Gy 3 sar O

Y772
BEGoodrich Chemical

a dwision of The B F.Goodrich Company
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THE AUTHORS

OSLER L. PETERSON (“Medical
Care in the U.S.”) is visiting professor
and acting chairman of the Department
of Preventive Medicine at the Harvard

[ Medical School. He is also Assistant Di-
rector for Medical Education and Public
Health for the Rockefeller Foundation.
He received his medical degree from
the University of Minnesota in 1939
and studied internal medicine for sev-
eral years at Boston City Hospital be-
tfore joining the Rockefeller Founda-
tion Virus Laboratory in 1943. Shortly
afterward he became attracted to the
problem of medical care, his interest
arising, he writes, “trom the contradic-
tion presented by the almost explosive
growth of medical knowledge and the
remarkable lack of information about
how effective or ineffective is our appli-

| cation of medical science to any given

population.” From 1944 to 1952 he made
several extended trips abroad as the
Rockefeller Foundation’s representative
to South America, Italy and England,
taking time out to obtain a degree in
public health from Johns Hopkins Uni-
versity in 1947. He returned to this
country in 1952 to do research on medi-
cal care at the University of North Caro-
lina and in 1956 took up his post at the
Rockefeller Foundation. He joined the
Harvard faculty in 1959.

ARTHUR 1. BERMAN (“Observa-
tories in Space”) is professor of physics
at the Rensselaer Polytechnic Institute.
A member of the first class to graduate
trom the Bronx High School of Science
(he entered in 1938), he received an
A B. from Brooklyn College in 1945 and
an M.S. and a Ph.D. from Stanford Uni-
versity in 1949 and 1954 respectively.
From 1949 to 1952 he did research at
the Los Alamos Scientific Laboratory,
and he worked at the Stanford High-
Energy Physics Laboratory until he
went to Rensselaer in 1956. In 1960 he
became consultant to the Celescope
project, sponsored by the Smithsonian
Astrophysical Observatory. During the
past academic year he has been visiting
Fulbright professor of physics and astro-
nautics at the University of Copenhagen.

E. THOMAS GILLIARD (“The Evo-
lution of Bowerbirds”) is curator of the
Department of Birds at the American
Museum of Natural History. Since he
began his association with the American
Museum in 1932 he has led numerous
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ornithological expeditions into remote
regions of North and South America,
Central Asia and the East and West
Indies. He has had a part in the discov-
ery and collection of many new species
and subspecies of birds, mammals, fishes
and reptiles. In 1956 Gilliard made his
fifth trip into the interior of New Guinea,
where he has been studying the behavior
of bowerbirds and birds of paradise.

OWEN LATTIMORE (“Chingis
Khan and the Mongol Conquests”) is a
geographer and historian and the author
of many books on China and the Far
East. He was recently appointed pro-
tessor of history at the University of
Leeds, where he will set up that uni-
versity’s Department of Chinese Studies.
Born in Washington, D.C., in 1900, Lat-
timore spent much of his early child-
hood in China. He was educated at St.
Bees School in Cumberland, England,
and returned to China on business in
1919. During the next two decades he
traveled extensively throughout China
and Mongolia, writing and doing re-
search under the auspices of several
institutes and foundations. From 1939
to 1953 he was director of the Walter
Hines Page School of International Rela-
tions at Johns Hopkins University. Dur-
ing World War II Lattimore served as
Deputy Director of Pacific Operations
for the Office of War Information, and
following the war he was a member of
the U.S. Reparations Mission to Japan.
In 1950 he went to Afghanistan as chief
of the UN Technical Aid Exploratory
Mission to that country.

VICTOR F. ZACKAY (“The Strength
of Steel”) is a research metallurgist for
the Ford Motor Company. He is cur-
rently on educational leave at the Law-
rence Radiation Laboratory of the Uni-
versity of California, where he is doing
research in the Inorganic Materials Re-
search Division. Zackay received a B.S.
and a Ph.D. from the University of
Calitornia in 1947 and 1952 respectively
and taught for a year at Pennsylvania
State College before coming to the Scien-
tific Laboratory of the Ford Motor Com-
pany. He has written extensively in the
fields of ceramics, glass-metal wetting,
alloy design and high-strength metals.

JOHN TYLER BONNER (“How
Slime Molds Communicate”) is profes-
sor of biology at Princeton University.
He was born in New York City in 1920
and took his degrees at Harvard Uni-
versity, where he began his study of the
social amoebae as an undergraduate.
During World War II he did research in



OVER TEN BILLION
A-B HOT MOLDED RESISTORS

and not even one catastrophic failure

ALLEN-BRADLEY HOT MOLDED FIXED RESISTORS.
SHOWN ACTUAL SIZE, ARE AVAILABLE IN ALL STANDARD ElA
AND MIL-R-11 RESISTANCE VALUES AND TOLERANCES

M Such an outstanding record of resistor performance —
accumulated over some twenty-five years—clearly
demonstrates the all around reliability of Allen-Bradley
hot molded resistors. It is more conclusive proof of the
total reliability of the A-B resistors than could be pro-
duced by any massive testing program. The unique
Allen-Bradley hot molding process results in such uni-
formity from resistor to resistor—year after year—that
long term performance can be accurately predicted.
Because the many years of use in the most critical appli-
cations have established the reputation of Allen-Bradley
hot molded resistors for their stable characteristics and

conservative ratings, they are generally “required” in
today’scritical military and industrial electronic circuitry.

Let your own circuitry benefit from the reliability
that’s based on more than ten billion field proven re-
sistors —without a single failure. For detailed specifica-
tions on Allen-Bradley’s resistors, please send for
Technical Bulletin 5050. You also should have Publi-
cation 6024, which briefly describes the full line of
Allen-Bradley quality electronic components. Allen-
Bradley Co., 1204 S. Third Street, Milwaukee 4, Wis.

In Canada: Allen-Bradley Canada Ltd., Galt, Ontario.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS
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A new booklet, describing
the theory of superconduc-
tivity and how it may relate
to your field, together with
the story of superconductivity
research at Avco-Everett, is
available vpon request,
Please address your inquiry
to Section 2. All pond
ence receives the attention of
technical personnel.

Shown is a magnet mod-
ule at the Avco-Everett
Research Laboratory
made up of three SC 500
superconducting coils just
after their removal from
a test dewar. This modu-
lar construction permits
easy arrangement of
coils either in solenoid
or Helmholtz pair forms.
This typical magnet has
a 5” 1.D., generates
33,000 gauss, stores
45,000 joules and has
been operational for
over a year.

Avco’s unique winding
techniques make possible
light weig ht mag nets and
geometries of special de-

And Avco supplies
the complete system.

ey

/ﬂf!f‘#(ﬁ
LASBORATORY

A division of AVCO CORP.
2385 Revere Beach Parkway
Everett 49, Massachusetts

Engineers & Scientists. Excellent opportunities exist in superconductivity at Avco-Everett.
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the Aero Medical Laboratory at Wright

Field and afterward was a junior fellow
| at Harvard before joining the Princeton
| faculty in 1947. He is presently on leave
| of absence from Princeton and working
| at the University of Cambridge.

MAURICE A. GARBELL (“The Sea
| that Spills into a Desert”) is president of
' the firm of Maurice A. Garbell, Inc.,

.| consulting aeronautical engineers and

| meteorologists, and president and direc-
tor of research of the Garbell Research
; Foundation, both in San Francisco. He
received the degree of Doctor of Me-
chanical and Industrial Engineering
from the Institute of Technology in
Milan, Italy, in 1938. As a graduate
student he was instrumental in the in-
troduction of powerless gliding as an
Olympic sport by giving a soaring dem-
onstration in Berlin in 1936 and by
acting as chairman of the International
Design Committee for the standard
Olympia sailplane. His stall-safety wing,
invented in 1939, is currently used on
many propeller-driven and turbojet air-
craft. As a consultant in aeronautical
engineering and meteorology since 1942,
he has served various Government
agencies, military services and private
industries. He and his associates at the
Garbell Research Foundation are en-
gaged in work on air-traffic control,
theoretical studies of relativity and gravi-
tation, and research in the fields of cloud
modification and air pollution.

RENATO BASERGA and WALTER
E. KISIELESKI (“Autobiographies of
Cells”) are respectively medical con-
sultant and research chemist at the
|Argonne National Laboratory. Baserga
| was born in Milan, Italy, and received a

medical degree from the University of

Milan in 1949. From 1943 to 1945 he

served with the Italian partisan forces
| supporting the Allies in northern Italy.
| Since 1958 he has been on the faculty

of the Northwestern University Medical
| School, where he is assistant professor of

pathology. Kisieleski is a veteran of 20
| years at the Argonne National Labora-
| tory, where he is currently in charge of
the radioisotope laboratory. He received
his undergraduate degree from James
Millikin University and did graduate
work in chemistry at the University of
Chicago.

A. RUPERT HALL, who in this issue
reviews The Scientific Intellectual: The
Psychological & Sociological Origins of
Modern Science by Lewis S. Feuer, is
professor of the history and logic of
science at Indiana University.
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Microwave signals are sent from one to another—signals that are bounced off the troposphere to avoid
obstructing horizons. These. over-the-horizon or troposcatter antennas are connecting links in networks
developed by ITT System companies. Covering great distances, troposcatter networks form electronic bridges
across Europe, North Africa, the Caribbean, South Pacific, and Arctic. They transmit not only critical military
intelligence but civilian television, telephone and telegraph communications, too. / Dedicated to an intimate

world in which information flows freely and quickly, ITT is contributing to a world-embracing web of telecom-

munications...a web in which troposcatter networks will be an integral part. / Other factors in this effort are
ITT's innovations and refinements in telephony, telegraphy, telemetry, data communications, and electronic
defense and space systems. Achievements in these areas have enabled ITT to maintain its position as the
world's largest international supplier in electronics and telecommunications. / International Telephone and
Telegraph Corporation. World Headquarters: 320 Park Avenue, New York 22, New York.

worldwide electronics and telecommunications

THEWORLD’S HORIZONS ARE IN RETREAT 2”75 cne U reund the siobe
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Do you have a gas or liquid dehydration
problem? Do you have some special con-
ditions? Alcoa probably has the answers.

Alcoa® Activated Alumina dries gases
and liquids as dry as er drier than any
other commercial desiccant. And we can
recommend the precise type, grade and
size to do your job.

Does this sound overconfident? It's not.
Alcoa Activated Alumina, granularin form,
is one of the few compounds that will ad-
sorb and hold moisture without change in
form or properties.

How dry do you want it?

(Alcoa Activated Alumina dries to lower dew points than any other commercial desiccant.)

Dew points below —100°F are readily
attainable. In fact, —140°F (measured)
and —200°F (estimated from downstream
process conditions) have been obtained
in commercial operations.

Alcoa Activated Alumina is inert chem-
ically to most gases and vapors; it is
nontoxic; it will not soften, swell or disinte-
grate in water. While some desiccants lose
substantial adsorptive capacity on subse-
quent reactivation, Alcoa Activated Alumi-
na can be reactivated indefinitely without
seriously lowering adsorption capacity.
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Back to your problem. We'll help solve
it. May we suggest that you fill out our
Gas or Liquid Dehydration Questionnaire. For
your copy, please write Adsorption Service
Center, Aluminum Company of America,
949-H Alcoa Building, Pittsburgh 19, Pa.

Entertainment at Its Best... ALCOA PREMIERE
Presented by Fred Astaire...Thursday Evenings, ABC-TV

ALCDA
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Medical Care in the U.S.

The revolution in medical science during the past three decades

has brought great changes in the way medicine is practiced and

is creating urgent problems in the organization of medical care
g urg I & )

generation ago the late Lawrence
A J. Henderson of Harvard Uni-

versity remarked that a random
patient with a random disease consulting
a random doctor had a 50-50 chance of
benefiting from the encounter. The ad-
vance of medical science in the inter-
vening years calls for some amendment
of this judgment. Without doubt the
sharper tools available to the modern
doctor have increased the probability of
benefit. Fully half of the private prac-
titioners in the U.S. today are specialists,
compared with only 16 per cent in 1931.
They are provided with a constantly in-
creasing number of active and specific
medications. In the remarkable interplay
of knowledge, skill, organization and
equipment—represented so dramatically
in modern heart surgery—they may with
confidence quite literally take the pa-
tient’s life in their hands.

At the same time it must be conceded
that progress in knowledge and tech-
nique has also increased the possibility
of complication from treatment. There
are increasing numbers of specialists,
but the patient’s problem is how to select
and use them; the pain in the back that
he takes to an orthopedist may well re-
quire the attention of a urologist or
cardiologist, and his mistaken self-diag-
nosis may prove costly to health as well
as expensive. Modern drugs are occa-
sionally toxic; they are certainly not
home remedies for casual prescription
or use. Quite apart from cost, the ques-
tion of how many institutions can be

by Osler L. Peterson

staffed and equipped to render safely
such services as heart surgery demands
consideration on a scale wider than that
of a single hospital or community.

In the resolution of the difficult issues
that are suggested here third parties
have joined the relationship of physician
and patient. Because health insurance
has become a major perquisite of em-
ployment—an important, tax-free mode
of compensation—the Blue Cross and in-
surance companies, commissioners of in-
surance, employers and, most important,
labor unions are making policy with re-
spect to medical care. The insurers re-
quire information about diagnosis, the
treatment procedure, the number of
patient-visits and similar items. Unions
sponsor studies of the “adequacy” and
“quality” of the care purchased for their
members. Lay groups, such as the Health
Insurance Plan of Greater New York and
the Kaiser Foundation Medical Care
Program in California, undertake to pro-
vide “comprehensive care of high quali-
ty” and promote the institution of group
practice by a diversity of specialists as
well as prepayment by the consumer.
Among the interested critics there looms
also the Federal Government: Congress
responds with alacrity to public con-
cern over the reliability of tests pre-
scribed for the certification of drugs and
the executive department acquires in-
creasing regulatory power along with its
increasing role in the underwriting of
medical facilities, not to mention the
provision of care for millions of veterans

© 1963 SCIENTIFIC AMERICAN, INC

and prospectively for the aged. Finally,
the press seems to have developed mixed
feelings about doctors: the wonderful
new developments of medical science are
standard fare, but the discontent of pa-
tients, fee-splitting and unnecessarv
surgery also provide topics for featured
articles.

"T"he adjustment of medicine to its
* technical growth has thus had heavy
repercussions in the profession and in
society. When social institutions must
adapt to change of this kind, the diffi-
culties they experience are not unlike
those of the growing child, whose adjust-
ment to a new level of competence and
skill provokes tensions that upset the
whole family as well as make the child
unhappy. It is not surprising that the
doctor of medicine should feel be-
leaguered and irritated and that he
should become uncompromising when
political leaders propose instituting ma-
jor changes in the method of paying for
care. The adjustment that is causing so
much general irritation involves three
interrelated questions: the quality of
medical care—how to make increasingly
effective medical care available to the
patient; the organization of medical care
—how to organize the institutions neces-
sary to deliver such care; and the finan-
cial aspect of medical care—how to pav
for care that at its most effective is also
at its most expensive. No physician
would dissent from this agenda or the
order of priority implied, but most phyv-
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PRIVATE MEDICAL-CARE EXPENDITURES in 1960 were distributed quite differently
from those in 1929. Hospitals’ share has tripled, physicians’ has dropped and new items
have appeared. Total expenditures, public and private, rose from $3.6 billion to $30 billion.
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TYPE OF PRACTICE by physicians has changed greatly in past three decades. There are
now many more specialists and more doctors in hospital service and working for the Govern-
ment. Information is from American Medical Association and U.S. Public Health Service.

sicians would argue that the answers to
all three must respond also to a fourth
question: how to preserve the character
of a liberal profession and the freedoms
that sustain it.

As for quality, one must perhaps ac-
cept the fact that variation in human
capacity is inevitable. Nevertheless,
what can be done must be done because
the consequences of variation in medical
skills, unlike those in other professions,
can be pronounced. Enormous variation

20

in the fervor, erudition and ability of the
clergy, for example, may not be incom-
patible with the goals of the ministry. A
fundamentalist preacher who is long on
fervor and short on erudition might be
highly successful in inculcating faith in
one congregation, whereas he might be
found intolerable by another. The edu-
cated and the ignorant, the rich and the
poor may not always suffer the same
diseases, but their ills all require the
same medical care.
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In theory and in hope the diminishing
numbers of general practitioners, who
exemplified the virtues of the personal
doctor, could provide the continuity and
discriminating guidance to the confusing
multiplicity of specialist services that lie
beyond the scope and judgment of the
patient. The medical schools are often
blamed for the disappearance of the
general practitioner, and unfairly. The
expansion of medical knowledge has
forced the schools to precede the profes-
sion into specialization. Against this pres-
sure many schools have experimented
with comprehensive patient-care clinics
to help the student to integrate the train-
ing he receives piecemeal from special-
ists representing fields as diverse as
biochemistry and psychiatry.

\ [edical students, in spite of the at-
* tractions of other careers in the
sciences, are still a highly selected group.
In facing the challenge of medical edu-
cation, however, they run the gamut from
brilliant to plodding. The able and prom-
ising are welcomed into the ladder-like
training programs of the university hos-
pitals that lead to certification in one
or another specialty. As a study by Fre-
mont |. Lyden of the Harvard Medical
School has shown, students of higher
rank obtain teaching-hospital intern-
ships more frequently than poorer stu-
dents and go on to further postgraduate
training with substantially greater prob-
ability than those who have interned
in nonteaching hospitals. The least able
must be content with more modest in-
stitutions that provide shorter training
with more meager educational resources.
Although theory would dictate that the
less able need the longer and better
training, the conflicting interests of edu-
cation result in the recruiting by the
teaching hospitals of the best for them-
selves. This is a practice that is not ex-
clusive to medicine.

Several years ago a general study of
general practitioners was undertaken
at the University of North Carolina by
Leon P. Andrews, Bernard G. Green-
berg, Robert S. Spain and myself. We
expected to find variations in skill, but
we were entirely unprepared for the ex-
tremes we found. The best of the prac-
titioners performed at a level that would
have been acceptable in the outpatient
clinic of a university hospital. Many
were not conspicuously skillful but were
adequate. At the other end of the scale
there were some whose practices would
have been unsatisfactory in a senior
medical student.

Since the general practitioner daily
sees a varietv of diseases, trivial and



serious, his major problem is to make a
diagnosis or at least to recognize a dan-
gerous illness when it is present. In the
study we observed randomly selected
doctors at their work over a period of
three and a half to four days to see how
often and how well a clinical history was
taken, a physical examination was given
and a few common laboratory proce-
dures were used when patients presented
such potentially serious complaints as
chest pain, bleeding or weight loss. De-
scription and classification of these pro-
cedures, made in many cases independ-
ently by more than one of us, proved
to be highly reproducible. Furthermore,
the doctors’ performances turned out to
be markedly consistent from day to day
and from technique to technique. If we
observed a doctor taking the clinical his-
tory of a patient in a thorough fashion,
we could predict that he would make a
good physical examination and order a
sound laboratory procedure. This made
it possible for us to classify the doctors
by their skill and to study the elements
in their background significant to their
performance.

We found that a number of variables
were related to excellence. The doctor’s
record as a medical student proved to
have some prognostic value, although
there were enough exceptions to make it
perfectly clear that a poor student could
become a good doctor and vice versa.
The extent of hospital training in in-
ternal medicine proved to be one of the
most important determinants of skill; the
average performance was consistently
better and the variation less in those
whose training was the most prolonged.
Some observations could not be corre-
lated with performance on a quantitative
scale. Among these were the depth of a
doctor’s interest in clinical medicine; this
seemed to vary, in individual physicians,
from intensity to boredom. One of our
more significant quantitative findings, on
the other hand, was that a doctor’s suc-
cess, as measured by the number of pa-
tients he saw during the course of the
week, bore no relation to his knowledge
and skill. The choice of a physician by
the patient would seem to depend on
factors other than these, which are ob-
viously difficult for the layman to judge.

Kenneth F. Clute of the School of Hy-

giene at the University of Toronto
has applied the techniques developed in
our study to an evaluation of the work of
general practitioners in several areas in
Canada. He found the same marked
variation in performance, with good per-
formance plainly correlated to intern-
ship and residency in teaching hospitals

and poor performance to postgraduate
experience in nonteaching hospitals.
What is more, the duration of training in
the teaching hospital showed a clear
positive correlation to the doctor’s skill.
No such connection could be detected
where training had been secured in non-
teaching hospitals—an indication of the
relative ineffectiveness of these institu-
tions.

The public meanwhile has been work-
ing out its own adjustment to the dis-

appearance and decline in the status of
the general practitioner. H. Jack Geiger,
formerly in the Department of Preven-
tive Medicine at the Harvard Medical
School, has conducted a study of the
doctor-patient relationship in an econom-
ically mixed suburb of the type in which
Americans are living in increasing num-
bers. He found that the family doctor
who delivered the baby, set the bone,
removed the tonsils and gave comfort
where he could do no more had ceased to

40 60 80

Ry S L
OFFICE
o R ——
cone
OTHER
0 20
- 1928-1931 PER CENT OF VISITS
1957

PLACE PATIENT IS SEEN has also changed. Chart shows sites of visits by or to the doctor

outside hospitals. Decline of home visits reflects greater efficiency in medical practice.

PROCEDURES
EXTENT OF SURGICAL SPECIALIZATION (PER CENT)
AMERICAN BOARD OF SURGERY B
> AMERICAN BOARD OF ORTHOPAEDIC SURGERY 4
w
€  AMERICAN BOARD OF PLASTIC SURGERY
]
[7p]
Zz AMERICAN BOARD OF NEUROLOGICAL SURGERY
(7]
I BOARD OF THORACIC SURGERY
= 49
=4
&  AMERICAN BOARD OF UROLOGY 2
w
[0 o
O AMERICAN BOARD OF OBSTETRICS AND GYNECOLOGY 4
-
< AMERICAN BOARDS OF
O OPHTHALMOLOGY AND OTOLARYNGOLOGY 12
o
9 AMERICAN BOARD OF PROCTOLOGY
FELLOW OF AMERICAN COLLEGE OF SURGEONS
BUT NOT BOARD CERTIFIED g
39 FULL OR PART SPECIALTY IN SURGERY 21
o<
OF GENERAL PRACTITIONER 00
5% 51
wnao
o% SPECIALTY THAT DOES NOT INCLUDE SURGERY 3
20
OTHER PHYSICIANS 5

PROFESSIONAL QUALIFICATIONS of physicians who performed surgery were studied
in 1957-1958 survey of nearly 3,000 families representing a sample of U.S. population. Study
was made by Health Information Foundation. Forty-nine per cent of the surgical procedures
performed on these people were done by physicians having the special credentials indicated.
(The sum is less than the parts because some doctors are certified by two boards.) Of
physicians claiming some surgical specialization, 21 per cent had no special credentials.
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PHYSICIAN-POPULATION RATIO for each state in 1959 shows that only 11 states are
above the national average (vertical broken line at 119). Chart includes all active physicians
not working for the Federal Government. The states with the more favorable ratios also tend
to have a larger proportion of specialists and of physicians who are employed in hospitals.
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exist in the experience of most of the
population. Working-class families still
have a “family doctor” in the sense that
they secure most of their medical care
from general practitioners. The re-
mainder of the population seek in their
own way to obtain the best of modern
medicine by employing specialists in
internal medicine, pediatricians, obste-
tricians, orthopedists and others—each to
treat a pain or problem the patient be-
lieves to be “in his field.”

Good medical care requires ample
physician time. Under the combined
pressures of eagerness on the part of the
patients and the economic arrangement
of payment by the visit, however, gen-
eral practitioners see between 25 and 35
patients per day on the average in dif-
ferent settings. Clearly the number must
reach a point where the carefully de-
tailed history and examination necessary
to make a diagnosis becomes impossible.
That the number is excessive is sug-
gested by comparison with other coun-
tries. The U.S. citizen visits a doctor 5.3
times per year on the average, in contrast
with the British and Swedish figures,
which are 4.7 and 2.5 respectively. The
lower death rates and the greater longev-
ity of the British and the Swedes suggest
that health need not be at hazard.

Studies conducted by Vergil Slee of
the Commission on Professional and
Hospital Activities and Paul A. Lembcke
of the University of California Medical
Center in Los Angeles provide an objec-
tive index of the variation in the quality
of care obtainable from the assemblage
of general practitioners and specialists
available in the community. Slee exam-
ined the records of 15 hospitals to de-
termine how many operations for ap-
pendicitis had been justified by the find-
ing of diseased tissue in the pathology
laboratory. The percentage of diagnoses
thus confirmed varied from about 70
per cent in one hospital to less than 20
per cent at the other extreme. Needless
to say, 20 per cent correct diagnosis is
not good. Lembcke, taking the same
disease as a criterion, found that the
number of people operated on for ap-
pendicitis in more than 20 different hos-
pitals varied from 2.9 to 7.1 per 1,000
population per year. It is, of course, un-
likely that the incidence of the disease is
so variable. He has also shown that a
study of surgery in hospitals sharply re-
duced the frequency of operations that
can be criticized as too extensive, too re-
stricted or unnecessary.

Other studies show that the quality
of care depends not only on the native
ability and training of the doctors but



also on the organization of medical serv-
ices, the availability of facilities and the
intellectual stimulation of colleagues.
One of the most pertinent of these stud-
ies was conducted by Ray E. Trussell,
now Commissioner of Hospitals of the
City of New York, with his associates
at the Columbia University School of
Public Health and Administrative Med-
icine. Their findings were the subject of
local controversy that drew attack on
their methods; they are supported, how-
ever, by other data. Trussell and his
associates concluded that about 80 per
cent of patients who are cared for in
hospitals affiliated with medical schools
receive good or excellent treatment. At
the other end of the scale, in hospitals
that have no internship or residency
programs and are not accredited to give
such training, only a third of the pa-
tients receive such care. Significantly
these investigators also found that spe-
cialists certified by appropriate boards
and societies and working in good hos-
pitals give good care, whereas similarly
accredited specialists working in poor
hospitals give care no better than that
rendered by doctors with no evidence
of such training.

These conclusions are supported by
the work of Odin W. Anderson of the
Health Information Foundation and
Jacob J. Feldman of the National Opin-
ion Research Center. About half of the
surgery in the U.S., they estimate, is
done by doctors who are neither certified
as specialists nor members of the so-
cieties that require evidence of com-
petence or training. Doctors who have
qualifications show up more frequently
in accredited or large hospitals. Ander-
son and Feldman found a similar distri-
bution of obstetrical talent and training.
In the nation as a whole 38 per cent of
the deliveries are performed by obste-
tricians who are certified or who give
sufficient time to their practice to be
classified as specialists. “The larger
the hospital,” these authors observed,
“the more likely that a specialist at-
tends the obstetrical case.”

One of the most persuasive pieces of
evidence for the link between or-
ganization, quality ot medical care and
health comes from a study of the Health
Insurance Plan of Greater New York
conducted by Sam Shapiro, Louis Wei-
ner and Paul H. Densen. In this plan
obstetric and pediatric care are provided
by specialists brought into close collabo-
ration by well-organized group-practice
units. Their patients proved to have a
lower perinatal mortality than patients

of similar means who obtained their care
from the generality of physicians in New
York City. Perinatal mortality—the rate
of stillbirths plus infant deaths in the
first months of life—is the accepted in-
dicator of the effectiveness of care given
to mother and child in the period of late
pregnancy, delivery and early life.

It one compares the organization of
medical care in the U.S. with that in
Great Britain, Sweden or Germany, its
most obvious characteristic is its frac-
tionation, or, as some would say,
atomization. Many, if not most, doctors
are engaged in “solo” practice, working
alone in their own offices and caring for
their patients as best theyv can, both in
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and out of the hospital, without the
formal collaboration or consultation of
colleagues. The hospitals too are frac-
tionated; many small cities have two or
more small hospitals. If medicine de-
mands specialization and the frequent
collaboration of specialists, clearly it is
illogical for physicians to practice alone
out of offices with duplicated and often
inadequate facilities and to place their
patients in ill-equipped small hospitals.

The physicians themselves in recent
years have advanced a uniquely Ameri-
can solution in the form of group prac-
tice. In addition to the representation of
two or more specialties, the group must
have an agreed-on income distribution.
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INSURANCE BENEFITS (darker parts of bars) in 1957 covered only 19 per cent of all pri-
vate medical costs in national sampling survey by Health Information Foundation. A 1957
New York City survey studied two local programs, Group Health Insurance (G.H.IL.), which
pays bills of the participating and other practitioners, and Health Insurance Plan (H.L.P.). a
prepayment, group-practice program. Under H.L.P. there is considerably less hospitalization.
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If there is no plan to cut the cake, it is
not a group, because the income-dis-
tribution plan serves the function of
facilitating the referral of the patient
from one specialist to the other. Group-
practice units offer rather formidable
competition to singlehanded physicians;
where they exist side by side, groups and
individual physicians usually have sepa-
rate clienteles. Except for a few well-
known examples, such as the Mayo
Clinic in Rochester, Minn., group physi-
cians deal with the humdrum as well as
the more complicated medical problems
their members are trained and organized
to meet.

That a group can provide more and
better technical facilities is self-evident.
Through this and other economies the
group probably makes care more efficient
as well as more effective. Even more than
a hospital, it puts its members in a gold-
fish bowl, in which each physician car-
ries on his work under the scrutiny of his
fellows. A group of sufficient size and
diversity can sustain its own intellectual
life and provide day-to-day education.
Most important, from the patient’s point
of view, it provides an internist who fills
the role of personal physician and whose
informed diagnosis directs the patient to
the specialist. When a group is organized
in relation to a prepayment plan, it will
have boxed the major problems of (ual-
ity, organization and finance. In the cir-
cumstances of practice prevailing in the
U.S. today, however, the group will have
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isolated itself even further from the

generality of medicine.

The tendency of medical practice in

- this country to organize itself around
the hospitals presents a different and
seemingly more significant development.
Most physicians are already affiliated
with one or more hospitals; this makes
the hospital a focal point for the planning
and provision of the services, facilities
and educational programs so badly
needed to keep practice in step with
science. The hospital is the one institu-
tion that has real influence on the gen-
erality of doctors in so far as it can re-
uire that they meet universal standards
of training and can demand responsible
performance.

That the quality of a hospital will vary
with size is perfectly obvious, but it is a
surprise to discover how great the differ-
ences can be. The hospitals in the U.S.
are only slightly less atomized than prac-
tice itself. Of the nearly 6,800 general
hospitals in the country, some 1,600 have
fewer than 25 beds and only 2,300 have
more than 100 beds. It is clear that 25
beds cannot justify the diverse services
demanded of modern medicine and that
even 100 beds fall below the border line
of some of the most significant services.

Hospitals of the same size may vary
considerably in quality, but there are
variations in quality that correlate di-
rectly with size. The large hospital will
obviously have a wide range of facilities

PUBLIC PUBLIC  PRIVATE PUBLIC  PRIVATE
LOWER THIRD MIDDLE THIRD UPPER THIRD
INTERNSHIP WITH RESIDENCY

TRAINING IN MAJOR TEACHING HOSPITALS is more readily available to graduates of
private medical schools and to those in upper ranks of their classes. The graduates with
poorer academic standing, who need the most training, usually get the less rigorous intern-
ships. Study of graduates was made by Fremont J. Lyden, formerly of Harvard Medical School.
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because size makes such a range both
necessary and possible. It is in this group,
even outside of the university-affiliated
hospitals, that one finds an occasional re-
search program, a full-time director of
medical education and an active educa-
tional program, a relatively complete
laboratory and range of treatment serv-
ices, many and varied specialists and an
administrator of distinction. These for
the most part are the “accredited” hos-
pitals—accredited for the training of
nurses and for the postgraduate intern-
ships and residencies that now take as
many years of a young doctor’s life as his
medical school education. Accreditation
is conferred by a joint commission of the
American Medical Association and other
professional societies. This is a powerful
lever for setting and elevating standards
of performance. Although accreditation
is a much desired minimum qualifica-
tion, fewer than half of the eligible vol-
untary hospitals have won it. On the
other hand, since withdrawal of accredi-
tation carries such heavy sanctions, it is
a police power that is difficult to exercise.
Few hospitals in the middle range of
size are able to provide training for resi-
dents and interns. Many of them, how-
ever, maintain a nursing school because
this provides important services to the
hospital itself. In the small and very
small hospitals the pathologist may be
only on a part-time basis or may be re-
placed by a direct-mail service, and there
is a corresponding dearth of other facili-
ties. The generally lower charges of such
institutions reflect a poverty of resources
rather than of efficiency. In fact, hos-
pitals with 25 or fewer beds have aver-
age occupancy rates of only about 50 per
cent, whereas an 80-per-cent rate pre-
vails in hospitals of 200 beds or more.

he voluntary—as distinguished from

Government or proprietary—general
hospital of the U.S. is an institution sui
generis; it is rare elsewhere in the world.
It is usually the property of a lay board
of trustees; the lay administrator to
whom the trustees delegate the manage-
ment of the institution has great power
over every aspect of the institution but
one: the medical service rendered within
it. The hospital in the end is the doctors’
workshop and, barring misbehavior or
incompetence, they are free to use it with
few restrictions. From their own number
the doctors elect such important officers
as chief of staff and the chiefs of the
various services. Because this democratic
procedure often reflects considerations
other than excellence—the doctors in a
community inevitably develop mutual
interests and conflicts as they live and
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work together, refer patients to one an-
other and so on—the quality of medical
administration is variable and may
amount to inaction. In one small hos-
pital, for example, the surgeons have
never elected one of themselves chief of
surgery but rotate what has become a
medically meaningless office among the
more numerous general practitioners.
Fortunately doctors tend to be conscien-
tious and responsible men, so that results
are not so bad as the process suggests.
This scheme of organization is almost
unknown in hospitals abroad. In the
western European countries, where the
practice of medicine as reflected in vital
statistics achieves results comparable to
our own, the hospitals normally have sal-
aried staffs with full-time chiefs of serv-
ice. The rationale for this is that the pa-
tient sick enough to be admitted to the
hospital needs specialist care. The sys-
tem also provides a means for more care-
ful discrimination in the admission of
patients to the hospital in the first place.
In the U.S. this arrangement is often
described as tantamount to “socialized
medicine.” It prevails, however, in the
Netherlands, where health insurance is
voluntary; in Denmark, where voluntary
insurance is subsidized by the govern-
ment; and in Great Britain, where medi-
cal care is almost completely socialized.
The system is found also in the Henry

Ford Hospital in Detroit and in the Mary
Imogene Bassett Hospital in Coopers-
town, N.Y., respectively a distinguished
large hospital and a distinguished small
one.

Perhaps the most significant single
trend in the organization of medical care
in the U.S. in recent years has been the
rapid increase in the number of physi-
cians—representing all the medical spe-
cialties—who practice or are employed
full time as members or chiefs of hospital
staffs all over the country. Their num-
bers, which include trainees as well as
practicing physicians, have increased
from 8 per cent of the profession in 1931
to 22 per cent in 1959. In this respect
U.S. medical care is moving toward
the European pattern. Radiologists and
pathologists were among the first to
make the transition, and more recently
members of all the other specialties have
followed suit.

A measure of the trend is the degree to
which it has complicated the debate on
using Federal Social Security funds to
pay hospital bills for the aged. Physicians
have clearly seen that, if the Government
begins to participate in paying for hos-
pital care, it may later help to pay doc-
tors’ bills. If this happens, the Gov-
ernment may ask if Doctor A is qualified
to hospitalize Patient B—as it already
does in connection with admissions to
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ican Hospital Association and the Health Information Foundation.
The range of variation by area was much greater in a 1946 study.

Veterans Administration hospitals. Uni-
versity hospitals have already sought to
protect their excellence by careful re-
cruitment and selection of staff, so that
there is ample precedent for such action.

x hospitals have been strengthened
under the medical direction of full-
time staff members, they have tended to
specialize in the treatment and care they
afford. Even the smallest hospital must
be prepared to care for a variety of com-
mon medical, surgical and obstetrical
problems. There are, however, rarer
problems—such as those requiring the
skill of a cardiac-surgery team—that can
be cared for only in very large medical
centers. The differential need for various
types of service has given rise to the con-
cept of, if not a trend toward, regional
organization of smaller satellite hospitals
around larger medical centers and uni-
versity hospitals. In the Hill-Burton Hos-
pital Survey and Construction Act, Con-
gress expressly called for the develop-
ment of regional plans as a prerequisite
to obtaining the Federal funds the act
made available for the vast expansion of
hospital facilities during the past two
decades. One notable attempt was made
in this direction in western New York,
centering on the university medical
center in Rochester. At this point the net
result seems to be the achievement of a
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small measure of co-operation among the
hospitals in purchasing and other serv-
ices but no significant regional planning
for the use of medical services and facili-
ties. It is naturally easy to blame the
system of fee-for-service payments and
the economic ties that go along with the
referral of patient to specialist. It was
probably unrealistic, however, to expect
doctors who believe they are doing the
best they can for their patients to exhibit
any interest in a regional organization
that would, by implication, contradict
that belief, particularly when the re-
gional plan had neither stick nor carrot
to encourage a change of habit.

The questions of the quality and or-
ganization of medical care in this country
ultimately invoke the financing of medi-
cal care—the methods by which the
patient pays for care received and by
which the physician is paid for services
rendered. For the period 1929 to 1932 the

famous Committee on the Costs of Medi-
cal Care, headed by the late Ray Lyman
Wilbur, president of Stantord University
and a member of President Hoover’s
cabinet, found that 10 per cent of the
population incurred 40 per cent of all
medical-care bills in any one year. A re-
cent survey by the Health Information
Foundation found an almost identical
figure: 11 per cent of the population in
1956 was burdened with 41 per cent of
the total personal expenditure for med-
ical care. The fact that medical costs are
unevenly distributed within the popula-
tion, that illness and its costs cannot be
predicted for any one individual and that
the need and therefore the expense for
medical care is, in anv case, unevenly
distributed throughout the individual’s
lifetime—these are the factors that have
made medical insurance popular as well
as logical. About three-quarters of the
population now carry some form of
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MODERN HOSPITAL, controversial in some respects, was built by the Kaiser Foundation
at Panorama City in San Fernando Valley of California. It has 133 beds and is a medical
center as well, providing care for 60,000 members of prepaid, group-practice medical-care
plan. Rectangular three-story base has medical offices and diagnostic facilities. Twin seven-
floor, circular columns above hold the hospital. Stair wells are at the ends of the columns.
Several other circular hospitals have been built previously in various parts of the country.
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medical insurance, the principal outlay
being made to insure hospital costs.

During the 30-year period since 1930
the medical bill has grown with respect
to other costs. The rate of hospitalization
per capita has more than doubled; the
demand for physicians’ services has near-
ly doubled; and the expense for medica-
tion has increased proportionately. As a
result the share of the national income
going to medical care has risen from 3.5
to 5.2 per cent in this period. This com-
pares with 4.7 per cent in both Sweden
and Great Britain. The extensive investi-
gations of the Health Information Foun-
dation have shown that a “large bill"—
in excess of $200—may be due to such
varied causes as the purchase of drugs,
physician services and hospitalization. It
seems likely, however, that the truly
major problems of paying for medical
care are most often those related to epi-
sodes of hospitalization that, in addition
to hospital bills, also involve larger fees
paid to the doctor.

Americans today receive a lm‘ge
amount of hospital care. About 125 per-
sons per 1,000 are hospitalized each year.
This is not only twice the rate of 30 years
ago but also is substantially higher than
the rate of 86 per 1,000 in England and
Wales. The availability of insurance
funds to pay for hospitalization has un-
doubtedly played a part in this develop-
ment. Among the uninsured the rate of
admission is 90 per 1,000 per year, com-
pared with 140 among the insured.

The part that is also played by the
organization of medical practice is illus-
trated by a study of the much studied
Health Insurance Plan of Greater New
York. Enrollees in this plan have a lower
rate of hospitalization than other New
Yorkers with the same hospitalization
insurance provided by the Blue Cross.
The implication is that the group-prac-
tice units caring for the enrollees in
the Health Insurance Plan are able to
care for their patients more effectively
outside the hospital or that they are more
selective in prescribing admission of
their patients to the hospital. It is also
worth observing that the group-practice
units are paid a flat annual capitation for
rendering comprehensive care to their
subscribers and do not receive a fee for
the service that happens to involve send-
ing the patient to a hospital. A parallel
study shows that steelworkers cared for
in California by the Kaiser Foundation
Medical Care Program—a prepaid medi-
cal-care plan that also provides compre-
hensive services through group-practice
units paid through a combination of
capitations and salaries—show a ccrre-
spondingly lower rate of hospitalization



NURSING STATION at center of hospital floor is in area closed
to the public. The typical patient floor contains 23 beds in each

than steelworkers elsewhere in the coun-
try who are covered by Blue Cross hos-
pitalization insurance and a variety of
insurance plans that pay the doctors on
a fee-for-service basis.

The differing rates of hospitalization
may be due to many factors other than
those cited. But one thing is clear: there
can be great latitude in the rate of hos-
pitalization without danger to health.
European experts cite the U.S. experi-
ence as evidence of the need for control
of admissions by well-paid, well-trained,
full-time specialists on hospital staffs.

The growth of health insurance in the

PLAN OF OBSTETRICAL FLOOR shows nursing stations at con-

venient places near every room. Some infants room in with moth-

U.S. evidently reflects the consumer’s
prudence in the face of his exposed posi-
tion in relation to the costs of illness.
Several investigations have shown the
popularity of comprehensive insurance.
In the State of Washington physicians
provide a remarkably all-inclusive in-
surance plan to cover doctors’ bills.
George A. Shipman and his colleagues
at the University of Washington have
found that the purchasers’ satisfaction is
tempered only by their desire for still
more comprehensive prepayment.

The most intriguing unanswered (ues-
tion is why physicians, who are so
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circular unit, every bed only a few steps from the nurse. Visitors’
lobby is in another service area between circular patient units.

concerned about Government interven-
tion in health insurance, have not tried
to forestall it by imitating more widely
the successful precedents established by
their colleagues and by nongovernmental
lay institutions. Even though all the costs
of illness probably should not be in-
sured, the fact is that only about a fifth
of personal medical-care expenditures
are now covered. Because the best of
medical care, such as heart surgery, is
often expensive, our present rather lim-
ited provision for insuring medical care
must be much improved if the best of
medical care is to be available.

ers. Clarence W. Mayhew was the architect and H. L. Thiederman
associate architect. Sidney R. Garfield was the medical consultant.
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ORBITING ASTRONOMICAL OBSERVATORY is shown under 3,300-pound craft, scheduled for launching next year, will carry into
construction at the Grumman Aircraft Engineering Corporation in orbit one 16-inch and four eight-inch reflecting telescopes. They
Bethpage, N.Y. A prototype is visible in the background. The

will provide the first view of the sky from above the atmosphere.
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OBSERVATORIES IN SPACE

The best view man has ever had of the universe should be obtained

from telescopes placed above the atmosphere. The first of several

Or])iting Astronomical Observatories will be launched mnext year

he year 1946, when the first astro-

I nomical observation was made
from outside the earth’s atmos-
phere, will take its place with two other
memorable dates in astronomy: 1609
and 1932. In 1609 Galileo opened the
age of optical astronomy with a crude
telescope of his own construction. Al-
though the instrument had been in-
vented by the Dutch, they did not
perceive its astronomical use. Galileo’s
observations of mountains on the moon,
the phases of Venus and the satellites
of Jupiter overturned centuries of phil-
osophical speculation. In 1932 Karl G.
Jansky of the Bell Telephone Laborato-
ries opened the era of radio astronomy
with an antenna mounted on the wheels
of a Model T Ford. In the course of try-
ing to identify the source of radio noise
that was disrupting transatlantic radio-
telephone communications, he discov-
ered that a small part of it emanated
from the center of our galaxy. If the sun
had not been in one of its quiet periods
in 1932, Jansky would surely have de-
tected radio emission from the sun as
well. Jansky’s discovery enabled astron-
omers to observe a far greater range of
electromagnetic radiations than could be
detected by optical instruments, thereby
opening a new window on the universe.
All windows were opened in 1946
when a group at the U.S. Naval Research
Laboratory under Richard Tousey
mounted a small spectrograph in one of
the V-2 rockets that had been captured
from the Germans. The rocket, launched
at White Sands, N.M., soared far above
the stratosphere. During the flight the
spectrograph made the first recordings
of the sun’s radiation in the ultraviolet
region of the spectrum that is blocked
by the earth’s atmosphere. Even in 1946
few would have predicted that only 11
years later the first artificial earth satel-
lite would present the possibility of sus-

by Arthur I. Berman

tained astronomical observations from a
space platform. Just a month before the
launching of Sputnik I a different sort of
high-altitude platform, the Stratoscope I
balloon, conceived by Martin Schwarz-
schild of Princeton University, produced
superb photographs of the sun from an
altitude of more than 15 miles [see “Bal-
loon Astronomy,” by Martin and Barbara
Schwarzschild; SCIENTIFIC AMERICAN,
May, 1959]. Early this year Stratoscope
II made observations of the water-vapor
content of the Martian atmosphere and
in future flights will carry a 36-inch tele-
scope to photograph the Martian sur-
face. Balloon astronomy is relatively
inexpensive, and for some purposes it
should be able to supply results almost
as good as those that can be obtained
from an observatory in space.

The first true space observatory was
launched on March 7, 1962, under the
direction of John C. Lindsay of the God-
dard Space Flight Center. The space-
craft, known as the Orbiting Solar Ob-
servatory, or OSO, was the first of a series
of vehicles designed to make observa-
tions over the full 11-year cycle of sun-
spot activity. During 77 days of almost
perfect operation, the OSO transmitted
nearly 1,000 hours of data on solar radia-
tion and related phenomena.

Scheduled for launching in a few
months is the Orbiting Geophysical Ob-
servatory (OGO), being built by the
Space Technology Laboratories, Inc.
The first of a family of spacecraft, the
OGO is designed to be continuously ori-
ented toward the earth from an eccentric
orbit in the upper atmosphere and exo-
sphere. It will record the flux of charged
particles, the strength of magnetic fields
and radiation of various wavelengths.

The OSO and OGO, neither of which
carry image-forming telescopes, are fore-
runners of a series of spacecraft desig-
nated Orbiting Astronomical Observa-
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tories (OAO), which will carry reflect-
ing telescopes of various sizes. The first
OAO, a 3,300-pound craft, is nearing
completion at the Grumman Aircraft
Engineering Corporation [see illustra-
tion on opposite page]. It is being built
under the supervision of James E. Kup-
perian, Jr., for the Goddard Space Flight
Center. If all goes well, the OAO will be
launched next year and will provide the
first optical views of the sky from outside
the earth’s atmosphere. The craft will
carry four eight-inch reflecting telescopes
with which the Smithsonian Astrophysi-
cal Observatory will attempt a complete
sky survey of ultraviolet radiation. The
craft will also carry a 16-inch reflector
with which workers at the University of
Wisconsin plan to study several hundred
selected stars and other objects in the
ultraviolet region between 1,100 and
3,000 angstrom units. In 1965 OAO II
will carry a 36-inch reflector, which
should provide ultraviolet spectograms
of extremely high resolution.

he increased knowledge and under-

standing of the universe promised by
space astronomy can justify much of the
monumental cost of the nation’s space
program. An observing platform in space
will overcome at a stroke four fundamen-
tal limitations placed on earthbound in-
struments. First, a telescope on the earth
—whether optical or radio—can record
only a small part of the electromagnetic
spectrum, because most of the spectrum
is blocked by the atmosphere. Second,
background sky radiation—light scattered
by the atmosphere or radiated by proc-
esses within it—fogs photographic plates,
thereby limiting exposure times and as a
result making it impossible to record ob-
jects below a certain magnitude. Third,
the atmosphere is a turbulent fluid that
blurs the images of everything observed.
Finally, the earth’s gravity, by bending
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and distorting optical systems, sets a
practical limit to the size of earth-based
instruments. The orbiting telescope sur-
mounts all these limitations. It introduces
a few problems of its own, but they are
technological ones, not fundamental.

Let us consider each of these four
limitations in somewhat greater detail.
Except for the optical window, a narrow
infrared window and the radio window,
the atmosphere forms a solid wall against
much that is of interest in the electro-
magnetic spectrum of celestial objects
[see illustration below]. The optical win-
dow admits the visible spectrum and
some radiation of shorter and longer
wavelengths. The admitted wavelengths
shorter than those of light are in the near
ultraviolet: from about 4,000 angstroms
down to 3,000. The ultraviolet wave-
lengths below 3,000 angstroms are
strongly absorbed by ozone in the strato-
sphere and by oxygen at higher alti-
tudes. The admitted optical wavelengths
longer than those of light are in the near
infrared: from about 7,000 angstroms
up to 10,000 angstroms, or one micron.
At longer wavelengths carbon dioxide
and water vapor strongly absorb incom-
ing radiation; the atmosphere is fairly
opaque between one and 24 microns, ex-
cept for a narrow but important window
that lies roughly between eight and 12
microns. This window enables earth-
bound instruments to sample the infra-
red radiation emanating from other plan-
ets, thereby providing a good indication
of their temperatures.

Between 24 microns and several milli-
meters the electromagnetic window is
tightly shut. Then it gradually opens be-

tween one centimeter and about a meter.

GAMMA RAYS
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BALLOON
(16 MILES)

EARTH

10-12

10-10

RADIATION FROM SPACE is heavily absorbed by the earth’s
atmosphere. The colored areas in the bottom band show how little
of the electromagnetic spectrum can reach earth-based optical and

(0%)

0

X RAYS ‘

It shuts tightly again at about 15 meters,
at which point free electrons in the iono-
sphere begin to reflect the incoming ra-
diation.

Thus all the wavelengths below 3,000
angstroms—the far ultraviolet, the com-
plete X-ray and gamma-ray spectrum—
and the long radio waves above 15
meters are blocked completely even at
balloon altitudes. Balloons, however,
can float to a point where 97 per cent of
the mass of the atmosphere lies below
them, including all the water vapor and
carbon dioxide, so that at least the in-
frared-microwave region is accessible to
balloon-based telescopes.

The second obstacle—background ra-
diation—consists of airglow in the upper
atmosphere and scattered light in the
lower regions. If there were no light-
scattering, one could see stars even dur-
ing the day. At night the scattered light
from cities and towns has been a grow-
ing problem at most observatories. Even
at the most secluded sites, however, the
scattering of starlight contributes to the
fog on photographic plates. Fortunately
light-scattering is not serious at balloon
altitudes, but airglow, the steady emis-
sion of light by the air itself, remains
to plague the balloon astronomer.

The next problem is the constant ther-
mal wavering of the atmosphere, which
causes stars to twinkle. The same shim-
mering effect is produced by air rising
from a fire or from a hot pavement. It is
largely to minimize atmospheric shim-
mer that observatories are often built at
high altitudes. Anyone who has looked
at Mars through a large telescope will
recall his disappointment. Instead of a
sharp, clear, cloudless surface all that

can be seen are diffuse patches of light
and darkness. Suddenly there may be a
momentary clearing and one can almost
imagine catching a glimpse of Schiapa-
relli’s canals, but whether or not it has all
been an illusion one will never know.

In spite of these three limitations, it
would still be worthwhile to have a tele-
scope two, three or 10 times the size of
the 200-inch Palomar telescope, which
was built almost two decades ago. The
extra light-gathering power of a larger
instrument would produce a gain in
image-to-fog ratio and allow photogra-
phy (and spectrography) of stars and
galaxies fainter than any yet recorded.
Why, then, has no one sought to build a
telescope much larger than the 200-inch?
The answer is gravitational flexure. The
mirror must be capable of movement in
many directions, yet the sag across the
entire mirror must never exceed two
millionths of an inch—a tenth of the
wavelength of light. The task of properly
supporting even the 200-inch mirror is
near the limit of engineering capability.
The U.S.S.R. is now building a telescope
with a 236-inch mirror, but it seems un-
likely that anything larger will ever be
attempted on the earth.

Gravity can be eliminated as a prob-
lem if a telescope is placed in orbit,
where its weight simply vanishes. There
still remain limitations on size, but they
are of a totally different nature. The de-
cision to put a 36-inch telescope in one
of the orbiting astronomical observa-
tories was an audacious one. The OAO
mirror must be polished to a higher
degree of optical perfection than any
other mirror of comparable size if it
is to exploit fully the opportunities pre-

VISIBLE
LIGHT
ULTRA- MICRO-
VIOLET ‘ \ INFRARED WAVES RADIO WAVES
] I 1 I I |
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radio telescopes. At balloon altitudes (middle band) the full infra-
red region becomes accessible. At the altitude of space observa-
tories (top band) the entire electromagnetic spectrum is visible.



sented by a location in outer space.

A 36-inch mirror has only about a
thirtieth of the area, and hence only
about a thirtieth of the light-gathering
power, of a 200-inch mirror. But in
actual practice the OAO telescope
should not require exposures 30 times
longer than the Palomar telescope in or-
der to obtain images of stars and galaxies
never recorded at Palomar. The reason
is twofold: the absence of plate-fogging
radiation and the higher resolving power
of the space telescope. The angular re-
solving power of the largest earth-based
telescopes for photographic work is
about .3 second of arc, which is no bet-
ter than the theoretical resolving power
of a 12-inch telescope. No gain is real-
ized in larger instruments because the
theoretical improvement is canceled by
the shimmering of the atmosphere. The
36-inch reflector to be placed in the
OAO—-as well as the similar instrument
in Stratoscope II—should be able to
attain an angular resolution of .1 second
of arc. The task of maintaining guiding
accuracy within this limit is severe but
has already been achieved in the guiding
mechanism designed for Stratoscope I1
by the Perkin-Elmer Corporation. If the
same accuracy can be attained in the
OAO telescope, it should be able to re-
cord faint stars and galaxies that are
smeared into the background fog in plates
made by the 200-inch telescope. The
gain in resolution alone should make it
possible to reduce exposures considerably
because the star image will be concen-
trated in a much smaller area and show
up more readily against the fog. The
virtual absence of fog should allow a
further significant reduction. Thus in
order to record objects in the visible-
wavelength range the exposures required
with the 36-inch space telescope should
compare well with those of the 200-inch
reflector.

rl‘he success of an orbiting observatory

will depend largely on the accuracy
of its guidance. The altitude of 500 miles
was chosen for the OAO in an effort to
minimize two major disturbing influ-
ences. The altitude is below the magneto-
sphere, the region of the Van Allen radia-
tion belts, and yet within the exosphere,
where molecules are so widely separated
that they should normally interfere little
with the satellite’s course. Even at 500
miles, however, aerodynamic drag can
become significant as an aftermath of
solar flares, which can suddenly expand
the atmosphere by radiation heating.
The orbit of Echo 1, originally about
1,000 miles above the earth, was per-
turbed by such flares.

TWO VIEWS OF STAR CLUSTER M 8 in the constellation Sagittarius were taken in yellow
light (top) and in the near-ultraviolet region of the spectrum (bottom). The latter exposure
was made with wavelengths between 3,100 and 3,850 angstrom units, barely within the optical
window in the atmosphere. The difference in the two views illustrates what can be expected
when celestial objects are observed in regions of the spectrum blocked by the atmosphere.
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PERTURBING FORCES of several kinds can interfere with the
¢uiding accuracy of a satellite. Simple aerodynamic drag is sup-
planted at higher altitudes («) by bombardment with individual

Future observatories may be placed in
a synchronous orbit above the Equator,
that is, a circular orbit 22,300 miles high
where the satellite’s period of revolution
will coincide with the rotational period
of the earth. At this altitude an observa-
tory will be above most of the magneto-
sphere as well as above the atmosphere,
and it will have the additional advantage
of continuous direct communication with
a single data-receiving and control center
on the earth. Furthermore, observatories
in synchronous orbits will be able to keep
a given celestial object in view longer
than observatories closer in, where oc-
cultation by the earth is frequent.

Another factor interfering with steady

L EXPERIVENT

ORBITING GEOPHYSICAL OBSERVATORY (0GO), built by
the Space Technology Laboratories, Inc., will be launched this year.
It will stay pointed continuously toward the earth from an eccen-
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guidance is gravity-gradient torque, or,
as it is sometimes called, tidal torque.
This develops because the parts of a
satellite that are at varying distances
from the earth are attracted unequally
by the force of gravity. Unless the satel-
lite is symmetrical about a line passing
through the earth’s center, the unequal
attraction will tend to rotate the satel-
lite around its center of mass. The effect
decreases with the cube of the distance
from the earth’s center, thereby provid-
ing another argument for placing an
observatory in a high synchronous orbit.

The pressure of solar radiation can
also exert a torque on satellites, particu-
larly those with extended solar panels,

ANTENNA
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ATTITUDE-CONTROL JET

molecules of gas. Gravity-gradient torque (b) arises because all
parts of a satellite are not the same distance from the earth. Radia-
tion terque (c¢) can occur if different parts of the satellite reflect

unless the center of pressure coincides
with the center of mass. In the case of
the Orbiting Solar Observatory, the solar
radiation torque was nullified by making
the satellite symmetrical around an axial
line that was kept pointing toward the
sun. The Orbiting Geophysical Observa-
tory, which is designed to face the earth,
will be subjected to a small radiation
torque. The Orbiting Astronomical Ob-
servatory, on the other hand, is so mas-
sive and compact that solar radiation will
have only a small effect.

Another pertm‘bing torque is pro-
duced when the earth’s magnetic field
interacts with various current loops in
the satellite’s electrical system. An in-

N

EXPERIMENT

tric orbit carrying it through the upper atmosphere and exosphere.
It will record the fluxes of charged particles, the strength of
magnetic fields and the intensity of electromagnetic radiation.



CONTROL JETS

ORBITING SOLAR OBSERVATORY (0SO), built by the Ball
Brothers Company, transmitted almost 1,000 hours of solar data last
year. Instruments in wedges were aimed toward sun sequentially.

sunlight unequally. Magnetic torque (d) is produced by the interaction of current loops
inside the satellite with the earth’s magnetic field (color). Such torques can be deliberately
induced to provide stabilization. Meteoroid bombardment (e) can also upset guidance.

tensification of this effect can occur in
satellites, such as the Orbiting Solar Ob-
servatory, that are spun for stability. The
spinning produces eddy currents that can
damp out the spin and destroy pointing
accuracy. To reduce magnetic disturb-
ances satellites are sometimes provided
with dual circuits that generate cancel-
ing torques. Magnetic torques would be
negligible at the altitude of a synchro-
nous orbit, which is above most of the
magnetosphere.

Little can be done in satellite design
to prevent the disturbances caused by
meteoroid bombardment. The only re-
course is to install fast-acting mech-

anisms that can restore orientation
ROLL AXIS YAW AXIS
(SPIN AXIS)
/

Y

CONTROL

ol ORIENTED INSTRUMENTS
(X-RAY AND ULTRAVIOLET
SPECTROMETERS)

by providing a compensating torque.

Neither the Orbiting Solar Observa-
tory nor the Orbiting Geophysical Ob-
servatory (which has still to be launched)
requires exceptionally precise aiming
systems. The maximum pointing accu-
racy achieved with the Solar Observatory
was == 1 minute of arc. The pointing tol-
erance for the Geophysical Observatory
will be only = 2 degrees. For the Orbit-
ing Astronomical Observatory, however,
the designers hope to maintain a point-
ing precision of at least .1 second of arc,
equal to the resolving power of the tele-
scope in the visible region of the spec-
trum. Fine guidance will be provided by
the variable turning of three “inertia”
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ORBITING ASTRONOMICAL OBSERVATORY (OAO)
need the most precise guidance system ever designed for a satellite
to exploit the high resolving power of its reflecting telescopes.

wheels oriented along each of the three
perpendicular axes. In the absence of an
external torque the turning of a wheel
would force the satellite to turn in the
opposite direction. If an external torque
were present, the appropriate wheel or
combination of wheels would turn just
enough to keep the satellite in a fixed
orientation. In the OAO containing the
36-inch mirror the optical system of the
telescope itself will be used to detect any
change inorientation. If there is sufficient
movement to displace the image even
minutely, an appropriate signal will be
fed at once to the inertia wheels.

To cope with torques too large for the
wheels to handle, the Astronomical Ob-
servatory will have two additional cor-
rection systems. One will use gas reac-
tion-jets. The other will employ electric
currents and coils to create a magnetic
field that will react against the earth’s
magnetic field. The initial stabilization
against tumbling will be achieved by
means of gas jets, and the orientation in
particular directions will be achieved
with another set of inertia wheels that
are larger and less sensitive than the
guidance wheels. A set of co-ordinate
axes fixed in galactic space will be pro-
vided by a star-tracking system.

Strict temperature control is of critical
importance in an observatory intended
to produce focused images. In the Astro-
nomical Observatory temperature gradi-
ents of more than one degree centigrade
in the optical components can shift and

-4
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blur the image. The satellite is being de-
signed so tnat internal temperatures will
not fluctuate more than one degree
whether the OAO is in brilliant sunlight
or in the earth’s shadow. This will be ac-
complished by reflecting sunlight (and
earthlight) away from the coated alumi-
num skin and by insulating the skin from
the interior. The electronic equipment
will similarly be insulated from the tele-
scope structure. In addition, two radi-

ating surfaces will help to maintain the
interior heat balance.

It is difficult to predict the advances
in astronomy that will follow the orbit-
ing of telescopes. The possibilities seem
limitless. A great many stars, including
young blue stars and white dwarfs, have
surface temperatures far in excess of the
sun’s relatively cool 6,000 degrees C.
Much of their radiation is in the ultra-
violet region obscured by the earth’s at-

OBJECT

FOCUSING OF X RAYS is difficult but can be achieved. In one method (top) a narrow
beam of X rays from space comes to a focus as a result of having grazed off two cylindrical
mirrors placed at right angles. In a second method (bottom) the rays pass through openings
in a Fresnel zone plate, an arrangement of opaque rings and annular passages each of which
has the same area as a small central aperture. Wavelets of a given wavelength constructively
interfere to produce a pointlike image. Both methods still need much development.
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mosphere. Even for studies of cool stars,
the small sample of their radiation that
passes through the optical window pro-
vides only a rough indication of their
absolute energy emission and precludes
detailed knowledge of their energy proc-
esses. Many of the chemical elements
emit or absorb radiation at specific fre-
quencies between 1,000 and 3,000 ang-
stroms; these resonant lines cannot be
observed from the earth, and as a result
virtually nothing is known of the abun-
dance of many elements in the sun and
other stars. Conceivably the ability to
record ultraviolet radiation, which pro-
vides most of the energy absorbed by
interstellar matter, may show that in-
terstellar space contains large amounts
of hydrogen in molecular form. At
present there is no way to detect it. The
existence of interstellar atomic hydrogen,
in amounts comparable to the total mass
of the stars, has been established only
within the past dozen years by radio
astronomy.

Many of the phenomena taking place
in the sun’s chromosphere and corona,
where temperatures reach a million de-
grees and more, emit short-wavelength
ultraviolet radiation and “soft” X rays:
radiation with a wavelength of between
five and 100 angstroms. Radiation asso-
ciated with solar flares, a serious hazard
to manned space flight, is rich in pene-
trating, or “hard,” X rays, which have
wavelengths shorter than five angstroms.
X-ray studies will not only be invaluable
in determining the absolute spectral in-
tensity of stars; they should also shed
light on the complex interactions of mag-
netic fields and charged particles within
stars and within our galaxy as a whole.
These interactions are the province of
magnetohydrodynamics. Many of the
X rays that reach the solar system are
thought to be generated by the accelera-
tion of charged particles in space, in
much the same way that X rays are gen-
erated within a synchrotron.

One can safely predict that the Crab
nebula, the remains of a supernova that
flared up in a.p. 1054, will be a prolific
source of X rays. Last year a strong X-ray
source was found near the center of our
galaxy in one of the first X-ray surveys
of the night sky carried out by rocket.
The discovery was reported by Riccardo
Giacconi, Herbert Gursky and Frank
Paolini of American Science and Engi-
neering, Inc., and Bruno B. Rossi of the
Massachusetts Institute of Technology.
The nature of the source remains to be
determined. It is expected that inter-
stellar matter will extinguish much of the
soft X radiation produced by the stars
and other sources, but certainly a great
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ORBITING X-RAY OBSERVATORY (0OXO) is hypothetical. It
would focus X rays by means of an array of zone plates, which
would continue to provide useful images even if some plates were
damaged. The multiple images formed in the detecting chamber

deal of the hard and near-hard X radia-
tion will penetrate to the solar system.

Much study is being given to the prob-
lem of transmitting back to the earth the
high-resolution images that will be pro-
duced by telescopes in orbit. One pos-
sibility is to record the images on
high-resolution photographic plates, to
develop the plates automatically and to
transmit them to the earth bv a hlgh reso-
lution television scanning system. A far
more profitable and direct method would
be to transmit not images but numbers
indicating intensity readings of points
throughout the image. Such digital data
would comprise all the information in a
photographic (or spectrographic) plate
and would present it in a form that could
most readily be used. If desired, of
course, the digital data could be used to
reconstruct a photographic image.

The sharp star images obtainable with
a 36-inch reflector in orbit, combined
with the elimination of much background
radiation, should lead to a gain of many
stellar magnitudes over photoglaphlc
images recorded on the earth. It is ex-
pected that stars as much as 100 times
fainter than those discernible with the
200-inch telescope can be recorded by
the space telescope. Whole galaxies
should suddenly appear where none
have been seen before. If this expectation
is realized, the “edge” of the visible uni-
verse may be pushed bevond the present
estimate of six billion to eight billion
light-vears. In addition, many objects

VIENT

that now appear to be single stars should
be resolved into double stars. The centers
of some star clusters and parts of many
galaxies should be resolved into individ-
ual stars, leading to a more accurate esti-
mate of the distance scale of the uni-
verse. It may even be possible to detect
surface detail on some of the nearest and
mgest stars.

f a way can be found to produce X-ray

images of stars and galaxies, the gain
in resolution should be even more strik-
ing than it is in the optical region. In
theory, the resolution improves as the
wavelength decreases. Thus a point
source of X ravs with a wavelength of
five angstroms will yield an.image disk
having only a thousandth of the diameter
of the disk made by vellow light of
5,000 angstroms. This thousandfold im-
provement assumes that the instruments
making the images have the same focal
length and the same aperture, or radia-
tion-gathering power. Conversely, one
can reduce the aperture for X rays by
a factor of 1,000 and achieve the same
angular resolution attainable with visible
radiation.

But how can X rays be focused? Cer-
tainlv not bv conventional optical sys-
tems. Pamdoxwallv the X rays of greatest
interest to astronomers have such low
penetrating power that they are absorbed
even by the gelatin in photographic
emulsions. There is, therefore, no hope
of bending them by passing them through
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would be combined electronically.
centimeter in diameter and brought X rays of 50-angstrom wave-
length to a focus at a distance of 25 feet, its theoretical resolving
power would exceed that attainable with any terrestrial telescope.

BAEZ ZONE-PLATE ARRAY

*STAR-TRACKERS

If each zone plate were one

lens systems. In any case the refractive
indexes of X rays are so close to unity
that manv feet of optical path would be
needed to produce significant bending.
Reflection of X rays by conventional mir-
ror systems is equally out of the (uestion.
Only a few materials (for example, plat-
inum) will reflect a high-incidence beam
of X rays shorter than 400 angstroms and
even then nearly all the rays striking the
surface are absorbed rather than reflect-
ed. Gigantic mirrors would be required
to produce usable images from the weak
flux of X rays originating in space.

All is not hopeless, however. When X
rays strike a polished surface at grazing
incidence—that is, at an angle of less
than a few degrees—they are totally re-
flected. The phenomenon is the same as
the total reflection that occurs when light
strikes the internal surface of water or
glass at a low angle. In the case of light
the reflection takes place at the dense-to-
rare interface; in the case of X rays the
reflection is external, at the rare-to-dense
interface.

An X-ray focusing svstem can there-
fore be constructed, at least in principle,
by allowing a beam of divergent rays to
graze two surfaces in succession. The sur-
faces must be concave cylinders placed
at right angles, as shown in the top dia-
gram on the opposite page. The use of
such a system for an X-ray microscope
was proposed some years ago by Paul H.
Kirkpatrick of Stanford University [see
“The X-Ray Microscope,” by Paul Kirk-
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JUPITER

X-RAY OBSERVATORY ORBITS ideally should take the craft
away from the sun, for stellar and galactic studies, and then back
to its vicinity for solar observations. An initial large thrust from
the earth would send the craft directly out to the region of Jupiter’s
orbit (top), where a small reverse thrust would send it back within
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Mercury’s orbit. If the craft were continuously powered by a small
ion rocket, the orbit would be a spiral (bottom). The trip to
Jupiter’s orbit would take about two and a half years by the first
propulsion method and less time by the second. Long exposures
may be needed to record the X radiation from stars and galaxies.
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patrick; SciextiFic American, March,
1949].

One of Kirkpatrick’s former students,
Albert V. Baez (whose daughter Joan is
the well-known folk singer), devised a
somewhat similar crossed-mirror system
at the Smithsonian Astrophysical Ob-
servatory to produce a long-focus X-ray
image of a distant object. His device con-
sists of multiple crossed reflectors, resem-
bling two sets of slightly curved Venetian
blinds crossed at right angles, one in
front of the other. The system was suc-
cessfully tested in visible and ultraviolet
radiation and the results are expected to
be equally good for X rays. The reflected
Xrays passing through the array of open-
ings converge at a single point. The ef-
fective aperture that determines the reso-
lution is unfortunately fairly small, a
square pinhole a few tenths of a milli-
meter on a side. It can be increased by
increasing the plate width. The radia-
tion-gathering power, however, depends
on the total number of pinhole openings.
Since all wavelengths obey the same law
of reflection, this system brings X rays of
different wavelengths to a common focus.

Baez has also experimented with a
second system for imaging X rays, which
may or may not prove easier to construct.
The principle, which has long been
known for light rays, is based on diffrac-
tion by means of a Fresnel zone plate,
a series of annular openings separated
by opaque rings. At the center is a pin-
hole opening that establishes the area
for each of the openings and rings. This
means that the openings and rings grow
progressively narrower the farther they
are from the center [see bottom diagram
on page 34]. Baez designed a zone plate
of thin gold foil held together by radial
struts. The X rays pass through the an-
nular openings but are absorbed by the
gold foil rings. After passing through
the openings the wavelets of a given
wavelength reinforce each other in such
a way as to create a disk image at a
common focal point. Since the focal
length is inversely proportional to wave-
length, sharp images can be obtained
only by limiting the converging radiation
to selected wavelengths. In spite of this
limitation the aperture can be 10 to 100
times larger than it is in the crossed-plate
system, with a corresponding increase
in resolution.

If either of Baez’ two methods were to
lead to a practical X-ray telescope, one
might consider building an OXO—Or-
biting X-Ray Observatory. For maxi-
mum usefulness its orbit would have to
be carefully selected. First, it should be
placed in an orbit far beyond the range

of the Van Alien radiation belts, which
contain a high flux of energetic elec-
trons as far as 40,000 miles from the
earth. If such energetic electrons were
to strike the spacecraft, they would gen-
erate a shower of X rays. Second, an
X-ray observatory designed to make stel-
lar and galactic studies must be well
shielded from the sun’s X rays and from
solar charged particles that could gen-
erate additional X rays. Third, long ex-
posures must be planned, since the flux
of stellar and galactic X rays will prob-
ably be fairly low. Such exposures present
guidance problems at least an order of
magnitude more severe than have been
faced in designing the Astronomical Ob-
servatory.

These requirements point to an orbit
that would carry the OXO far out into
the solar system for stellar and galactic
studies and close to the sun for solar ob-
servations. Fortunately both X-ray imag-
ing systems described are light and
compact, so that it should not be too
difficult to place them in wide-ranging
orbits. An orbit with many advantages
is one that would take the X-ray tele-
scope almost as far out as the orbit of
Jupiter, or about 450 million miles from
the sun, but not necessarily near the
planet itself. When the observatory had
reached aphelion, a small reverse thrust
would send it back to a pointinside Mer-
cury’s orbit, or to within 20 million miles
of the sun. The observatory would take
about two and a half years for the out-
bound flight and another two years to
return. If the observatory were continu-
ously powered by an ion rocket, it could
reach Jupiter’s orbit somewhat faster.

During the leisurely interplanetary
voyage long exposures could be made
without the perturbing influence of tidal
torques, planetary magnetic fields or
earth occultations. (The hazard of me-
teorite collisions must be reckoned with,
however, when the observatory crosses
the asteroidal belt between Mars and
Jupiter.) One of the most important
assignments of such an observatory
would be to make precise parallax meas-
urements of the nearer stars, using a base
line two or three times longer than is
possible from the earth.

Itis easy to see why most astronomers
are looking forward more keenly to the
launching of space observatories, be-
ginning next year with the Orbiting
Astronomical Observatory, than to a
manned flight to the moon. As the oldest
science, astronomy has learned that new
tools are crucial to a deeper understand-
ing of the universe. The observatory in
space is such a tool.
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STELLAR DISTANCES could be measured
with unprecedented accuracy by an X-ray ob-
servatory. The job requires a telescope of
high resolving power and a long base line
from which it can observe nearby stars
against a background of more distant stars.

37



The Evolution of Bowerbirds

It now seems that the complex matin

g stages these birds maintain

and their specialized sexual displays constitute an advanced form

of avian behavcior that tends to speed up evolutionary processes

19th-century naturalist once sug-
A gested that just as mammals were
4 commonly divided into two
groups—man and the lower forms—all
birds should be split into two cate-
gories: bowerbirds and other birds. No
one who has observed the behavior of
these remarkable creatures of Australia
and New Guinea and examined their
artifacts can scoff at this proposal. The
males of some species build elaborate
walled bowers of sticks and decorate
them with bright objects and even with
puint. Others construct towers up to nine
feet high, some with tepee-like roofs and
internal chambers, on circular lawns that
they tend carefully and embellish with
U()]den resins, ganshlv colored berries,
nldescent insect skeletons and fresh
Howers that are replaced as they wither.
The bowers are stages set by the males
on which to perform intricate routines of
sexual display and to mate with the fe-
males of their species. The bowerbirds’
architectural, engineering and decorat-
ing skills and their courtship displays
constitute behavior that, as G. Evelvn
Hutchinson of Yale University has said,
“in its complexity and refinement is
unique in the nonhuman part of the ani-
mal kingdom.”

The student of evolution inevitably
asks how such extremely specialized be-
havior came about. The answer, I sus-
pect, can be unmasked if one steps back
to survey all the birds with behavioral
affinities to the bowerbirds, that is, those
birds that practice the pattern of court-
ship behavior known as arena behavior.
There are only 18 species called bower-
birds, at least 12 of which actually build
bowers, but there are in all some 85
species that have been described as
arena birds. This is still a small propor-
tion—about 1 per cent—of the avian
species of the world. But arena birds
are a world-wide assemblage including
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by E. Thomas Gilliard

species in such disparate families as
sandpipers, grouse, bustards, blackbirds,
small tropical manakins and the bizarrely
beautiful birds of paradise.

It has fallen to my lot to be able to
make comparative ethological investiga-
tions of many of these species in the
tropics of New Guinea and South Amer-
ica. As a result I have been able to reach
some conclusions that seem to be new.
I believe that arena behavior, wherever
itappears, probably has a common origin
and that it represents an advanced stage
in avian development. Once set in mo-
tion, I think, it has a predictable evolu-
tion leading rather quickly to the devel-
opment of the highlv specialized combi-
nations of structure and behavior found
in all the far-flung arena species. The
bowerbirds are at the pinnacle of arena
evolution. They have gone a step beyond
the most richlv ornamented arena birds,
substituting fancv houses and jewelry
tor colorful plumage.

X’ena behavior was defined by the
B ornithologist and student of evolu-
tion Ernst Mayr as a pattern of territorial
behavior in which the males establish
a mating station that has no connection
with feeding or nesting. I would add that
it is a rather rare form of courtship be-
havior involving a group of males usually
living in an organized band on or about
a long-established mating space: the
arena. Each arena is composed of a
number of courts, the private display
territories of individual males. To estab-
lish their right to a territory the males
go through ritualistic combat routines,
fighting, charging, displaying their plum-
age or brandishing twigs, singing or
producing “mechanical” sounds. Once
territories are established there is little
fighting for mates because the females
do the choosing. The sexes live apart for
long periods of the vear and are often
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so dissimilarly dressed as to look like
different species. Since there is no true
pair bond, the males play no part what-
ever in building or defending the nest
or in rearing the young.

This advanced courtship pattern is in
sharp contrast to the less advanced be-
havior of the other 99 per cent of the
world’s birds. For them the central event
is the establishment of a pair bond be-
tween a male and a female, with the pair
proceeding to share the work of raising
the young. (The word “advanced” is not
intended to imply a value judgment on
the state of matrimony. Ornithologists
simply assume that pair-bonding and
work-sharing habits represent the less
advanced evolutionary condition in birds
because these habits are so nearly uni-
versal.) The pair-bond pattern is found
regularly not only in the phylogenetical-
ly recent passerine (perching) order of
songbnds which is currently the most
numerous  and  highly differentiated
avian group, but also in the older non-
passerine birds; it is a “conservative” be-
havioral pattern that has resisted modi-
fication. Yet the breakthrough to arena
behavior seems to occur, apparently at
random, just about anywhere in the
world and at scattered points on the
family tree of birds [see illustration on
page 42].

rl’he characteristics that define arena

behavior and argue for its common
origin and line of evolution emerge from
the studv of a fairly large number of
arena birds. The pattern is most evident
when the arena is small, as in the case of
the rufl, a sandpiper of northern Europe
and Asia whose behavior has been de-
scribed in detail by C. R. Stonor. The
males and females apparentlv live apart
except for a few minutes in the breed-
ing season. Each spring the males gather
in isolated clans, each of which populates



MALE COCK OF THE ROCK (Rupicola rupicola) perches above ber of the cotinga family is an arena bird: the males live apart from
its court in a British Guiana forest. Like the bowerbirds, this mem- the females in clans and establish individual breeding stations.
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THREE COCKS occupying adjacent courts in a small arena were tories and displayed to visiting females. The cock at left is postur-
watched by the author for 20 days as they defended their terri- ing on its terrestrial court; the others perch above their courts.
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CRESTED BOWERBIRD (Amblyornis macgregoride) of, New '1_-!' sticks surrounded by courtyards. A. macgregoriae, the most
Guinea is a member of a remarkablé genus that builds higit towenrs colorfully plumed of the genus, builds the least complex bower.

GREATER BIRD OF PARADISE (Paradisaea apoda) is native to ony established in 1909 on Little Tobago in the Caribbean Sea.

the New Guinea region. This bird is a member of a breeding col- Photographs on this page and preceding one were made by author.
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a small, grassy hillock in rolling meadow-
land. After a period of fighting and dis-
plav among themselves the males learn
to recognize one another as individuals,
and arrange themselves on the mound in
a social order that presumably remains
fairly fixed throughout the breeding sea-
son. Each male’s territory is a private
court about two feet in diameter that he
defends vigorously against other males.
The clan waits day after day for the visits
of occasional females in search of mates.
When one appears, the males go to their
courts and assume strangely stiff pos-
tures, extending the colorful plumage of
their neck ruffs. Displaying in this man-
ner thev reminded Stonor of a bed of
flowers. The female wanders through
this cluster and pecks at the neck feath-
ers of the bird she prefers. Mating occurs
immediately—whereupon the rejected
males immediately collapse on their
courts as if in a fainting spell.

Arena behavior of a similar sort but on
a larger scale is practiced by the sage
grouse and prairie chicken of North
America. The grouse’s arena may be half
a mile long and 200 vards wide, with
400 males within its boundaries, each
standing 25 to 40 feet apart on its pri-
vate court. The zoologist John W. Scott
was able to study the breeding hierarchy
in a clan of these grouse. He found that
the great majority of matings went to
four “master” and a few “submaster”
cocks with courts located along the cen-
ter line of the long, narrow arena. Of
114 observed matings involving males
whose place in the hierarchy had been
determined, 74 per cent went to the four
master cocks. Only after these birds had
become satiated did 13 per cent of the
matings go to the submasters, and the
few remaining matings went to scattered
owners of peripheral courts. These and
other observations make it clear that
arena matings are not random: the co-
ordinated clan activities that serve to
establish the territorial hierarchy, and
thus the breeding rights, are of primary
evolutionary importance.

Qome years ago on an expedition to

South America I studied arena be-
havior in a very different bird, a cotinga
called cock of the rock (Rupicola rupi-
cola). T found a clan of these brilliant
orange birds, which wear a great semi-
circular crest resembling that of a Roman
helmet, in the Kanuku Mountains of Brit-
ish Guiana. The males held and defended
an arena some 40 by 80 feet in extent in-
cluding about 40 small courts—cleared
areas on the ground under saplings and
vines that provided convenient perches.
For 20 consecutive davs I watched three

members of the clan, readily recogniz-
able as iadividuals, that held adjacent
courts in one part of the arena. I was
struck by the silence and deliberateness
of movement that characterized their
behavior on the courts; it was reminis-
cent of the behavior of a pair-bonded
male at its nest. During the period of
observation females visited the arena
several times. Whenever a female ar-
rived, the three males, if they were not
already on the ground, would fall almost
like stones from their perches to their
courts. There, with bodies flattened and
heads tilted so that the crests were sil-
houetted against the bare ground, they
would posture stiffly for many minutes.
Again there was a resemblance to the
attitude of a male attending a nest. The
three birds jealously defended from one

another their own courts and a cone-
shaped space above them. Bat when a
wandering nonclan male visited them,
they would fly up and attack him as
a team with violent chasing displays,
wing-buffeting, strange cries and whin-
nying sounds.

The 24 species of birds of paradise
in which arena behavior is seen vary
widely in physical characteristics and in
the details of their displays. Some clear
courts on or near the ground, some in-
habit the middle levels of tropical forests
and some display high in the treetops.
In many of them the arena is so large
that it has not usually been considered
an arena at all. The distances between
the individual courts can mislead one
into believing that each male is operat-
ing in solitude, but this is almost cer-

MALE RUFFS display on small private courts close to one another in a tight arena. When
reeves (female ruffs) are in the vicinity, the males posture stiffly on their courts, extend-
ing their colorful plumage (top). Two reeves approach (middle) ; one selects a mate by
pecking at its neck feathers (bottom). The photographs were made by Arthur Christiansen.
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tainlv not the case. Apparently these
species have “exploded” arenas; the
birds” calls and mechanisms for the pro-
duction of other sounds are always high-
Iv developed and powerful, so that the
males can interact in spite of their seem-
ing isolation. Strong evidence in favor of
the exploded-arena hypothesis is the fact
that in many of these species the courts
have been found to be concentrated in
certain areas of the forest year after year.

I have studied two of the species that
clear courts on or near the ground be-
neath low branches, vines and saplings:
the magnificent bird of paradise (Diphyl-
lodes magnificus) and Queen Carola’s
bird of paradise (Parotia carolae). For
both species the court is the property of a
single male that remains in attendance
many hours a day, probably for several
months a year. Austin L. Rand of the
Chicago Natural History Museum has
described how the magnificent bird of
paradise spends countless hours trim-
ming away the forest leaves above its
court, thereby enabling a shaft of sky
light to enhance the bird’s iridescent
coloring. Similar but less well developed
court-clearing is practiced by other
arena birds. In an arena of blue-backed
manakins on Tobago in the West Indies
I saw that much of the foliage had been
cut around the arboreal courts. Frank M.
Chapman of the American Museum of
Natural History studied clans of Gould’s
manakins located miles apart in Panama
that had cleared many small, platelike
clearings in 200-foot-long strips of the
rain-forest floor. The cock of the rock
clears its court with violent wing-
thrashing, whereas most other arena
birds use their bills for this purpose.
However it is done, the court of many
arena birds is swept clean of fallen
debris if it is terrestrial, and stripped of
many leaves and twigs if it is arboreal.

t seems not too big a step from the
court-clearers to such elementary
bower-builders as Archbold’s bowerbird
(Archboldia papuensis) . These are clear-
ly arena birds: the males and females
apparently live apart most of the year.
The males spend the breeding season

ARENA BEHAVIOR has developed at a
number of apparently unrelated points on
the tree of avian evolution. Families that
include arena birds are shown in color, to-
gether with the number of known arena
species in each, a number that is subject to
upward revision. In this highly schematic
diagram have been
grouped into 28 orders of birds, from the
oldest (bottom) to the most recent (top).

the major families

on or close to table-sized stages on the
ground in high mountain forests of New
Guinea. Each stage is owned and de-
fended by a single male who carpets it
with ferns, decorates it with shafts of
bamboo, piles of resin, beetle skeletons,
snail shells and lumps of charcoal. Each
is within audible range of other stage-
tending males. On one slope of Mount
Hagen I found five stages concen-
trated in a zone about two miles in
diameter, and my native hunters re-
ported others I did not see. Although the
species seemed rather common, a num-
ber of expeditions failed to find any of
these birds elsewhere on Mount Hagen;
however, a similar group was discovered
on another mountain some 20 miles
away. In my opinion each of these
groups represents a clan, and its gather-
ing place is the clan’s arena. The males
within each clan maintain contact with
one another by uttering mighty whistles
and harsh, rasping notes, and it seems
likely that they all know when a female
is in the arena and act in concert as many
other arena birds do.

I watched one male receiving a visit
from a female. As soon as the female ar-
rived near the court the male dropped
to its colorful stage and began to act in
a manner resembling that of a young
bird begging food. With its wings out-
stretched and its tail spread, it crawled
tortuously toward the female, which
perched at the edge of the court and kept
moving around its periphery. The male
held its head up like a turtle, made gasp-
ing movements with its bill and kept
up a deep, penetrating “churr” song. In
spite of the vigor of this display the cere-
mony was apparently not consummated
by mating. After 22 minutes something
disturbed the birds and the female flew
off. Soon the male began rearranging
the piles of ornaments and resumed its
long, solitary wait.

Another New Guinea bowerbird with
an exploded arena is the extraordinary
gardener bowerbird (Amblyornis). A
male of this genus builds its bower by
piling sticks against a sapling on the floor
of a mountain rain forest and clearing a
mossy saucer around the tower. Some
species build large towers with roofs and
internal chambers and decorate the moss
court with snail shells, insect and spider
silk and fresh flowers changed daily for
months on end. Others build only a small
roof and use fewer ornaments, and still
others merely maintain a clearing around
a modest tower of intertwined sticks.

Some years ago I noticed that there
is an inverse ratio in the three known
Amblyornis species between the com-
plexity of the bower and the plumage of
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the male bird (the three females are vir-
tually indistinguishable). In the species
A. macgregoriae, which builds the sim-
ple bower, the adult male wears a long
golden-orange crest [see top illustration
on page 40]. In A. subalaris, which
builds the somewhat more complex bow-
er, the male wears a shorter crest. And
in the aptly named species A. inornatus,
which builds the most elaborate bower
(with a broad roof overhanging a court
decorated with berries, shells and piles of
flowers), the male wears no crest at all
and cannot be distinguished from any
of the females!

I believe that in these birds the forces
of sexual selection have been transferred
from morphological characteristics—the
male plumage—to external objects and
that this “transferral effect” may be the
key factor in the evolution of the more
complex bowerbirds. This would ex-
plain the extraordinary development and
proliferation of the bowers and their
ornaments: these objects have in effect
become externalized bundles of sec-
ondary sexual characteristics that are
psychologically but not physically con-
nected with the males. The transfer also
has an important morphological effect:
once colorful plumage is rendered un-
important, natural selection operates in
the direction of protective coloration
and the male tends more and more to
resemble the female.

’Further evidence of this sort came from
4 observations of Lauterbach’s bower-
bird (Chlamydera lauterbachi), a grass-
land and forest-edge species of New
Guinea. In an area several miles in
diameter I once found 16 bowers of this
“avenue-building” species hundreds to
many thousands of feet apart. One bow-
er I examined contained almost 1,000
pale pebbles weighing nearly 10 pounds.
More than 3,000 sticks and 1,000 hair-
like strands of grass had gone into the
four-walled structure. The sticks were
interlocked to form a rigid structure and
the grass was used to line the vertical
walls facing the inner court. Three times
during the many days I watched a fe-
male entered a bower. The male became
highly excited and began to dance. The
temale jumped quickly within the walls
and then stood still and alert. Almost as
soon as she was in the bower the male
picked up with its bill a marble-sized
red berry, held it high and displayed it to
the female much as it would have dis-
played its bright crest feathers—if it had
had any [see painting on the cover of this
issue]. C. lauterbachi, like A. inornatus,
is the most advanced builder of its genus.
It is also a species in which the male and
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INVERSE RATIO was noted by the author between the complex-
ity of gardener bowerbirds’ bowers and the brilliance of their
plumage. The most complex bower, seen at left in a photograph

temale cannot be told apart except by
dissection. The transferral effect seems
to be operating in this case too.

It appears that once the female has
selected a bower-owner she stays for sev-
eral davs. (This has also been reported
in some arena birds, such as the argus
pheasant.) These stays may be respon-
sible for the assumption made by many
investigators that there is a pair bond
in bowerbirds. Pair-bonding cannot be
proved or disproved except by marking
and observing females; my investiga-
tions indicate that at least most of the
bower-building bowerbirds are polygy-
nous, with exploded arenas like those of
their close relatives, the birds of paradise.

One further observation bearing on
the transferral effect should be men-
tioned. In the Finisterre Mountains of
New Guinea I watched and filmed the
courtship behavior of the fawn-breasted
bowerbird (Chlamydera cerviniventris),
in which both sexes are an identical drab

in this sequence of drawings. The male builds a walled bower
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brown. When a female entered the two-
walled avenue bower and squatted on
the floor, the male immediately ap-
proached. On the ground several feet
from the bower the male suddenly ap-
peared to be overcome by a spasm. Its
head seemed to turn involuntarily away
from the female again and again. Finally
the bird appeared to regain control,
scized a sprig of green berries in its
bill, faced the female and waved the
berries up and down as it slowly ap-
proached the bower. I saw several more
such visits by a female, and each time
the male went through the curious twist-
ing motions that presented the back of
its head to the female.

Later, watching the films I had made
of these movements, I was struck by the
thought that the head-screwing might
constitute crest display—except for the
tact that C. cerviniventris has no crest!
But manv males closely related to this
species do have glittering violet-to-pink
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made by S. Dillon Ripley of Yale University, is built by the crest-
less Amblyornis inornatus. The simplest bower (right) is that of
the orange-crested 4. macgregoriae [see top illustration on page 401.

crests at the nape of the neck and the
Australian ornithologist John Warham
has described how they twist their necks
to display the crest to a female in the
bower. I concluded that the head-
twisting of C. cerviniventris is a relict
movement dating from the time when
the species had such a crest. With the
later incorporation of the berries as orna-
ments in the courtship ceremony, I pos-
tulated, the crest became unimportant.
Since it was now simply a liability in
terms of protective coloration, it was
lost through natural selection—but the
movement associated with it persists.
This I consider a strong second line of
evidence for the transferral effect.
Again it must be emphasized that
the courtship behavior of this species
and probablv that of all other ground-
displaying bowerbirds, even though
complicated and camouflaged by refine-
ments of ornamentation and stick archi-
tecture, follows the basic pattern of

by inserting thousands of sticks into a foundation mat tleft)
and decorates it with pebbles and berries (second from left).



arena behavior the world around. It is
the behavior of a clan of males interact-
ing in an arena, each on its own territory
and competing with the other males for
itinerant females. Many arena species
clear courts and some do it more effec-
tivelv than others; some build stages or
erect walls, towers or houses. All these
actions, I believe, are merelv levels of
refinement of the same basic behavior.

I’s the history of the bower, then, the
same as the historv of the arena bird’s
court? I think so. Arena behavior, I sug-
gest, can develop fortuitously at anv
period in the history of anv bird group
as a result of a shift in the work load
shared by a pair-bonded male and fe-
male. The division of labor in nest con-
struction and care and the rearing of the
voung varies from species to species. In
extreme cases the males may be com-
pletely released from all nesting duties—
perhaps because natural selection favors
a stock in which brightly colored males
stav away from the nest. Emancipated
from the pair bond, the males can live
apart from the females in bachelor clans.
Now sexual selection can operate freely,
tending in the direction of brighter
plumage and more complex display be-
havior that will attract more females.
The next step, from elementary arena
behavior to bower-building, may not be
so great as it seems at first. I have
pointed out that most arena birds clear
some sort of display space for them-
selves. In the species that have come
down from the trees to the ground, such
as the cock of the rock and some birds
of paradise, the males spend much of
their time clearing away twigs and leaves
and perhaps berries, stones and shells, if
there are any about. A. J. Marshall of
Monash University in Australia and
Erwin Stresemann of the Berlin Natural
Historv Museum have speculated that

tho handling of these objects mayv acci-
dentallv have become incorporated in
and importantto the courtship ceremony
for which the court is maintained, and so
have led to bower-building. I think it
likelv that both court-clearing and bow-
er-building are deeply rooted in the nest-
ing impulses of the male birds. Nest-
building and the actions associated with
it by each species constitute fixed be-
havioral patterns that are not easily
abandoned and are more likely to be di-
verted into new directions. Other inves-
tigators have noted actions in arena
birds, and particularly in bowerbirds,
that reminded them of nesting behavior.
V. G. L. van Someren remarked some
years ago that in shaping its court the
male of the weaverbird species known as
Jackson’s dancing whydah “creates re-
cesses resembling the early stages of a
nest, butting into the grass and smooth-
ing it down with his breast.” Edward A.
Armstrong commented in his classic
book on bird behavior that “this per-
formance would seem to be due to the
survival of the nest-building impulse.”

Marshall, a leading student of the
bowerbirds, has called attention to many
activities he believes stem from dis-
placed nesting habits. Certainly as one
looks at a New Guinea stick bower, par-
ticularly that of Lauterbach’s bowerbird,
one cannot but feel it is some sort of
monstrous nest. The wall of sticks, the
lining of grass, even the way the male
places egg-sized berries or pebbles near
the center of the basket-like structure—
all suggest aspects of nest-building that
still survive in males that have had no
nesting responsibilities for tens of thou-
sands of vears and probably much longer.
In other bowerbirds and arena birds this
impression of a physical nest is, to be
sure, not so vivid. But, as noted in the
case of the cock of the rock, I have often
been impressed by the male’s strangely

quiet and attentive manner when it visits
its court or bower, a manner that re-
minds an ornithologist of a parent bird
arriving at its nest.

To sum up, I would define arena be-
havior as courtship behavior reshaped
by emancipated males to include their
nondiscardable nesting tendencies. I
would further suggest that bower be-
havior has developed in certain arena
birds under the influence of natural and
sexual selection, that some of the ground-
clearing arena birds are even now on
the way to becoming builders of bowers,
and that the dully dressed bowerbirds
that build the most complex and orna-
mented structures are at the leading
edge of avian evolution.

rrhis hypothesis does not in itself ex-
plain the great variety and variabil-
itv of bowers or the complexities of be-
havior and plumage in arena birds, all of
which seem to imply that these birds are
evolving at an accelerated rate compared
with other birds. The biological advan-
tage of arena behavior may be preciselv
that it does speed up evolution. Because
of promiscuous polygvny a few males in
each generation are enough to propagate
a species. Losses by predation can be
very acute (and indeed must be in the
case of terrestrially displaving males),
and both natural and sexual selection
can operate more severely than usual.
An indication that some such process
may be at work is the fact that “inter-
generic hybrids,” although extremely
rare in all animals, are rather more com-
mon in arena birds. Since a species—a
limb-tip on the avian tree of evolution—
is identified as such by its “reproductive
isolation” from the other limb-tips, it is
difficult to explain even one case of inter-
fertility between genera, the main limbs
of the tree. Yet in our collection at the
American Museum of Natural Historv

With the male in attendance, a female enters the bower (third
from left) and, after the male displays, sits on the floor (third from
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right). The two birds mate (second from right). Then the female
leaves to build a nest and rear her young by herself (right).
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“TRANSFERRAL EFFECT” is illustrated by a relict head-turn-
ing movement in a bowerbird. Chlumydera nuchalis (left) displays
to the female a bright pink crest at the nape of its neck. C. cer-

we have no less than 11 adult male inter-
generic hybrid offspring of the magnit-
icent bird of paradise (Diphyllodes
magnificus) and the king bird of para-
dise (Cicinnurus regius), which were
long ago classified in different genera.
The number of hybrids occurring be-
tween these birds leads me to suspect
that Diphyllodes and Cicinnurus mayv
not be nearly so distantlv related as their
fundamental structures seem to indi-
cate. Perhaps arena behavior, once it
takes hold of a species, fashions struc-
tural changes (bodv form) more rapidly
than it does genetic changes (reproduc-
tive barriers). Such uneven radiation

EVOLUTION OF BOWERBIRDS is diagramed here according
to the author’s hypothesis in highly simplified form. “Ordinary”
birds (left) develop a pair bond, with a male and female mating
and then tending the nest. If that pair bond is broken, there is a
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might explain  the hvbrids between
arena birds so different in size, shape and
color that any taxonemist would accept
them as distinct genera. Is there perhaps
a correlation between such birds and
the many varieties of domestic dogs,
in the case of which man has acted as
the agent of rapid selection and has bred
such different but interfertile forms as
the Pekingese and the great Dane?
This idea is probably premature and
mav be fancitul. Keeping to firmer
ground, it is safe to say that the highly
specialized combinations of structure
and behavior seen in arena birds argue
most cloquently that these birds are
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viniventris (right) makes a similar movement although it has no
crest. This bird’s use of berries as ornaments made the crest un-
necessary and it disappeared, but the turning motion persists.

evolving at a faster rate than most birds
and that this accelerated evolution is
due to their behavior. One has onlv to
consider the magnificent plumage of the
argus pheasant, the great inflatable bibs
of the bustard, the radiant orange para-
phernalia of the cock of the rock and the
lacy plumage of the birds of paradise to
be seized bv the notion that some rapidly
operating mechanism is directing the
evolution of these birds. The same holds
true for the even more wonderful are-
na birds called bowerbirds, with their
houses and ornamented gardens and
their courtship displavs that replace
plumage with glittering natural jewelry.

\ N
SRR T

breakthrough to arena behavior (center) and a consequent prolif-
eration of specialized plumage and courtship behavior. A few arena
birds go one step further, to bower-building (right). With sexual
selection transferred to objects, males may become dully colored.
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a wrong that makes a right . .. the kind of decision where we can help ... work done
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Aqueous vitamin E

This is vitamin E dissolv-

ing in water. Most teachers /' ;

would mark a student /

wrong for placing vitamin ' .

E among the water-soluble ) “
vitamins, and rightly so;

but we find that when the &P

acid group of crystalline -

d-alpha tocopheryl acid ua
succinate is esterified with

poly(ethylene glycol) of average molecular weight 1000, we
obtain a waxy solid that melts at about 40°C and dissolves in
water to 20% by weight, which provides 70 International
Units of Vitamin E per gram. We supply this material in bulk
only, to pharmaceutical manufacturers for use in oral multi-
vitamin preparations. Investigators prepared to furnish a brief
statement of professional background and proposed research
are invited to apply for samples of d-Alpha Tocopheryl Poly-
ethylene Glycol 1000 Succinate to Research Laboratories,
Distillation Products Industries, Rochester 3, N. Y. (Division
of Eastman Kodak Company).

The latest copier

If among your burdens of office
is the need to display wisdom in
such decisions as choice of
office copiers, we respectfully
point out that our brand-new
item in that line is the VERIFAX
CavaLcaDe Copier, that it in-
volves no horses nor pouring of
liquids, that it looks like this,
that it is as automatic as makes sense, that it gives up to seven
copies of a document at as low a unit cost and as high a legi-
bility and permanence as you’ll find, and that we have too
much of an investment in your esteem of us to risk our name
on anything you or we might regret.

For the actual pitch, preferably delivered live by a dealer, make
your interest known to Eastman Kodak Company, Copv Products
Division, Rochester 4, N. Y.

If there is an offset duplicating machine in your department (or if
there could be one) and if you had the KobAk EKTALITH Method
working for you, you could turn out in quantity material enlarged, re-
duced, or for other reasons photographically copied from the original.
About that, ask Eastman Kodak Company, Photo Reproduction Prod-
ucts Division, Rochester 4, N. Y.

10X, 20X, or 40X

Not all hardware bearing our
nameplate looks as smooth as the
VERIFAX CAvALcaDE Copier or
finds such broad use wherever
businesslike human activity
occurs. Business that calls for
this confusing configuration is
carried on only under the very
highest of auspices. Not only
have the styling artists kept their
deft wands off it, but we have
only the presence of a nameplate
to suggest that the customers
with the eagles on their hats are

This is

technically buying an instrument rather than a service.

The service consists of setting them up to select rapidly an
0.9”, 0.45”, or 0.225” square in any orientation anywhere on
a roll of negative film up to 500 feet long and making a 9”X 9”
enlargement of the little square. The negative can be of any
width from 70mm to 9% inches. The enlarged print can be
on film, paper, or glass. The one special requirement is to be
able to claim with truth and confidence that in the present
state of the art of information-packing and information-
picking, it would probably be impossible to extract more in-
formation from the particular little square selected on the
negative.

Perhaps it is worthwhile to remind the technical community once
in a while that we take on this kind of job when circumstances are
right. Only a few work stations like the one pictured have been made.
Perhaps they are all that ever need to be made. We would appreciate
your refraining from asking for further information about them unless
convinced it is reasonable to consider mobilizing the ty pe of engineer-
ing forces represented here. In that case, please without delay address

Eastman Kodak Company, Apparatus and Optical Division, Special
Products Sales, Rochester 4, N, 1

Inside TV

Though you probably won’t buy any yourself and though we
hope you won’t have to have any bought for you, you may
find it useful in business to know that we now offer a product
called Kopak Special TV Cinefluorographic Film, Type
SO-210. This indicates the substantial presence and present
health of a growing market based on electronic gear that fills
an absolutely genuine, quite unpolitical, but sometimes un-
fortunate need. More and more radiological examinations
being done in the hospitals today are dynamic instead of
frozen. Doctors are looking at how blood and internal organs
move. To keep down the radiation exposure to patients and
themselves, they amplify the x-ray image with photoelectron-
focusing intensifiers.

Presentation is often done today through TV circuits. Even
if they watch the focused-electron picture direct, they need a
photographic record. They have to watch the action over and
over again to understand it. Therefore a button is now usually
provided that starts a camera at the right moment so that the
film can be projected over and over again instead of exposing
the patient over and over again.

Our new addition to the line is intended for this work. It is fine-
grain, blue-sensitive, suitable in speed and contrast, Il6mm, perforated
on both edges, wound emulsion in, on camera spool, Spec 449. If you
want to be an actual customer, a convenient x-ray dealer will have to

order no less than $100 worth, which comes to 40 100-ft rolls, de-
livered in about six weeks.

About paper for direct-writing oscillographs

Always order as ‘“Kopbak LiNAGRAPH Direct Print Paper.”
The name has been around for a while, but what it covers is
always subject to improvement. Today’s Kobpak LINAGRAPH
Direct Print Paper permits the same high writing speed as
hitherto. The trace pops up quicker, however. It’s darker on a
lighter background. It keeps longer before treatment for
permanence. It looks better after the treatment.

Why not have the benefit oflittle advances like that as soon as they
come out? Keep in touch with Eastman Kodak Company, Photo-
recording Methods Division, Rochester 4, N. Y.

Price subject to change without notice.

another advertisement where Eastman Kodak Company probes at random for mutual

interests and occasionally a little revenue from those whose work has something to do with science
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MEETING MANY
OF THE MOST
ADVANCED*
SPECIFICATIONS
WRITTEN FOR
COLD-DRAWN

STAINLESS AND

SPECIAL ALLOY
TUBING Sl

*Security Specs are TMI specialties: Air-
craft’s 2500 mph high-speed, high altitude
goals . . . nuclear reactors and the whole
range of allied applications . . . space explo-
ration vehicles highlight the experience that
has proved and is proving the real worth of
TMI tubing.

If your tubing application is a quality
challenge, TMI should be a satisfying source.
By our constant reaching for new ways to
.make better tubing we stand ready to helpyou
make your product better. TMI is as close
as your telephone with technical field repre-
sentatives throughout U.S.A. and Canada.
Area 215, BRoadway 9-7700.

SMALL DIAMETER
COLD DRAWN TUBING SPECIALISTS —
0.D. SIZES .050” TO 1.250".

TUBE METHODS INC.

Metallurgists, Engineers, Manufacturers Since 1941
BRIDGEPORT, Montgomery County, Pa.
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Test Ban and Overkill

s U.S., British and Soviet negotia-
A tors assembled in Moscow in mid-
- & July for a renewed cffort to nego-
tiate a ban on further testing of nuclear
weapons, comments by officials in the
U.S. and U.S.S.R. suggested that ad-
vances in military technology may have
tacilitated the task of arriving at an
agreement. Unnamed U.S. officials, ac-
cording to The New York Times, have
said that the Administration has begun
to explore the possibility of curtailing the
production of nuclear weapons. In the
U.S.S.R. Premier Khrushchev stated that
his country had stopped producing sur-
face warships and long-range bombers.
Behind the U.S. discussions lies the
belief that the nuclear arsenal may have
reached the point of “overkill.” As one
official put it to the Times: “We have tens
or hundreds of times more weapons than
we would ever drop even in an all-out
war.” Another official estimated that it
might be possible to cut $1 billion from
the Atomic Energy Commission’s $1.8
billion annual budget for the production
of nuclear weapons.

Premier Khrushchev made his disclo-
sure to Harold Wilson, British Labor
Party leader, during the latter’s recent
visit to Moscow. Wilson quoted Khrush-
chev as saying that the U.S.S.R. had de-
cided to stop making surface warships
and long-range bombers “because of
their total vulnerability” in the missile
age. The plain implication was that Mos-
cow regards itself as adequately armed
with submarine-borne and interconti-

| nental ballistic missiles. Earlier this year
U.S. Defense Secretary Robert S. MceNa-
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mara had declared in the same vein that
“our forces today could still destroy the
Soviet Union without any help from the
deploved tactical air units, or carrier task
forces, or Thor or Jupiter intermediate-
range ballistic missiles.”

Doubled Fallout

\"uclezu* tests by the U.S. and the
E U.S.S.R. during 1962 doubled the
quantity of radioactive debris in the
atmosphere.  As a result the level of
strontium 90 in the U.S. diet this year
will rise to 50 strontium units (micromi-
crocuries of strontium 90 per gram of
dictary calcium), a fourfold increase
over 1962 and a twelvetold increase over
the low reached in 1961 after the mora-
torium on ;1tm()sphcric testing.

The forecast was made by the Federal
Radiation Council in a summary of at-
mospheric nuclear tests by the U.S. and
U.S.S.R. last year. The U.S.S.R. explod-
ed 39 devices with a total energy yield of
180 megatons; the U.S. set off 36 with
an energy vield of 37 megatons. The
Soviet explosions were bigger but “clean-
er”” Only a third of their yield, or 60
megatons, came from radioactive-debris-
producing fission reactions, compared
with 43 per cent, or 16 megatons, for
the U.S. explosions. No immediate threat
to health was foreseen, although the
council predicted that the amount of
strontium 90 deposited in new bone in
infants and children would now rise to
a quarter of the level set by the council
as acceptable.

Supersonic Transports

timulated by a 20-month-old British-
~ French plan to build a supersonic
commercial jet transport, the Adminis-
tration has asked Congress to authorize
up to $750 million for the development
of such an aircraft by U.S. manufac-
turers. It is telt that the cost of develop-
ment, estimated at $1 billion, would be
too great for private industry. This would
be the first time the Government has pro-
vided a direct subsidy for the develop-
ment of a commercial airplane.

Najeeb E. Halaby, head of the Fed-
eral Aviation Agency, envisions a 1,500-
to-2,000-mile-per-hour transport in op-
eration before 1971. The craft would
have a range of approximately 4,000
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miles, would weigh 350,000 pounds and
would have a payload of 35,000 pounds.
It would carry up to 163 passengers and

a ton of cargo and mail. In addition, Hal- |

aby told a Congressional hearing, the
plane should be capable of operating at
airports designed for today’s jets and
should produce no more noise on land-
ing and take-off than the subsonic jets.
Halaby believes it will be possible to
produce a craft that is faster than the
British-French Concorde and to intro-
duce it at about the same time.

The first step in the development of
the plane would be a design competition
during the rest of this vear. Next, the
companies that produce the best designs
for airframe and engines would spend
1964 on detailed designs; the Govern-
ment would invest $60 million in this
phase. In 1965 the building of the air-
craft would start.

Among the difficulties to be over-
come, according to Halaby, are the high
temperatures that the aircraft will gen-
erate in flight: 306 degrees Fahrenheit
at Mach 2.2 (2.2 times the speed of
sound), 600 degrees at Mach 3 and 882
degrees at Mach 3.5. Here U.S. experi-
ence with supersonic military aircraft
will be helpftul. Two other problems are
sonic boom and whether or not super-
sonic transports are economically sound.
(The Government does not plan to offer
operating subsidies.) Halaby Dbelieves
that both problems can be solved.

An airline that wishes to obtain one
of the aircraft will have to meet the
manufacturer’s price and also pay to the
Government a royalty and perhaps 1.5
per cent of the revenue produced by the
craft for 12 years. If an order for an
airplane is placed within six months after
the detailed design is completed, the
royalty will be $200,000; if the order is
placed later, the royalty will be $500,-
000. The payments to the Government
would be applied to amortize its invest-
ment in the development of the transport.

Nongenetic Genetic Code?

Evidence is rapidly accumulating that

all living organisms use the same
“language” in making protein molecules
from instructions coded in the giant
molecules of DNA (deoxvribonucleic
acid). This in turn introduces the sur-
prising possibility that the translation of

GUARANTEED
TO SHRINK .
THROUGH
IONIZING
RADIATION

The use of ionizing radiation as an indus-
trial processing tool is gaining increased
attention — especially for cross-linking
polymers.

For instance, materials fabricators
use this new form of process energy to
induce “shrink memory” in polyethylene
tubing used for electrical insulation and
connectors.

Other companies use ionizing radia-
tion to develop new methods of curing
and bonding coatings, to pioneer steri-
lized-in-the-package techniques for dis-
posable hospital supplies, and to
custom-tailor semiconductors. All this —

g
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and more — can be accomplished under
the electron beam, on a production basis.

Perhaps ionizing radiation can im-
prove your products, too. And to help
you find out how, High Voltage Engi-
neering, leader in the development of
this new form of process energy, invites
you to write today describing your poten-
tial application. High Voltage Engi-
neering Corporation, Burlington, Mass.
Subsidiaries: lon Physics Corporation,
Electronized Chemicals Corporation,
Burlington, Mass.; High Voltage Engi-
neering (Europa) N.V., Amersfoort, The
Netherlands.

HIGH VOLTAGE
ENGINEERING
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FOR SUPER-FINE

CUTTING OF HARD,

BRITTLE MATERIALS...

Mk Airbrasive® Unit

The Airbrasive is not the way to open your breakfast egg. But it is
often the only way to cut many extremely hard, fragile materials.

It would pay you to look around your production line or laboratory to
see where you can use the Airbrasive. Any tool that can make tricky
cuts like these in such a fragile object as an empty egg-shell can surely
do jobs for you that you previously thought were impossible.

The secret of its unique ability lies in a finely controlled stream of
microscopic abrasive particles gas-propelled through a precise nozzle.
This stream cuts or abrades or cleans without shock, heat, or vibration.

Use it to make cuts as fine as 0.005” . . . remove surface coatings . . .
adjust microminiature circuits . . . debur tiny parts . . . and many more
delicate tasks. The cost is low. For under $1,000 you can set up your
own Airbrasive cutting unit.

]

Send us samples of your
“Impossible” jobs and let us
test them for you at no cost.

WRITE FOR
BULLETIN 6006.
Complete information.

|
S. S. WHITE INDUSTRIAL DIVISION /
Dept. SA, 10 East 40th St., New York 16, N. Y. ¢ Telephone MU 3-3015 collect

éf/é é INDUSTRIAL
AIRBRASIVE'
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the genetic code may not be genetically
determined. The possibility was put for-
ward by I. Bernard Weinstein of the
Columbia University College of Physi-
cians and Surgeons at the recent Sym-
posium on Quantitative Biology in Cold
Spring Harbor, N.Y.

The first major step in the decipher-
ment of the genetic code was taken late
in 1961 by \Lu shall W. Nirenberg of the
National Institutes of Health, wh() em-
ployed the protein-svnthesizing machin-
ery of the colon bacillus in hls studies
[see ‘The Genetic Code: I1,” by Mar-
shall W. Nirenberg; SCIENTIFIC AMERI-
caN, March]. \Tnenbew and other work-
ers, notably Severo Ochoa and his col-
leagues at the New York University
School of Medicine, eventually worked
out a “dictionary” in which the incorpo-
ration of a given amino acid into the
chain of a protein molecule is related to
a genetic code “word” (or words). The
words, or codons, are sequences of the

| chemical units called bases found in

“messenger” RNA (ribonucleic acid),
the molecule that transcribes the genetic
code from DNA and carries it to the site
of protein synthesis. Each of the 20
amino acids is specified by at least one
codon, and most of the amino acids are
specified by more than one. This causes
no contusion, however, in the construc-
tion of proteins. It simply means that
messenger RNA can use more than one
“word” in calling for a particular amino
acid. Each of the 20 amino acids is de-
livered to the site of protein synthesis by
a specific form of “transter” RNA, which
must perform a dual function. It must
recognize both an amino acid and its
particular codon, thereby bringing about
the pairing specified in the code-word
dictionary.

It is generally believed that the codons
are sequences of three bases, but this has
not been fully established. There are
four bases: adenine, uracil, guanine and
cytosine. Taken three at a time, the four
bases can be arranged in 64 different
combinations. In the colon-bacillus sys-
tem more than 40 of the 64 possible
codons have now been found to have a
meaning, that is, to specify the incorpo-
ration of some amino acid.

From the outset of the coding work it
was a matter of great interest to discover
whether or not a given codon would
have the same meaning in an organism
other than the colon bacillus. It was gen-
erally thought that the dictionaries
would differ among species and that the
difference would be greater the greater
the evoluti()nary gap between ()rganisms.

At Cold Spring Harbor, Weinstein re-

ported results in protein-synthesizing



svstems obtained from several kinds of
cells, including the protozoon Chlamy-
domonas, rat liver cells and mouse tumor
cells. All the amino acids tested so tar
(six) are identified by the same groups
of codons in all the systems.

If the code is indeed universal, as
these and other results suggest, it implies
that it has been fixed throughout most
of organic evolution, in other words, that
it is not subject to mutation. This may
mean either that no change can produce
an improvement, which seems rather
unlikely, or that transter RNA’s can make
only certain fixed associations. It had
been thought, for example, that a trans-
ter RNA that delivers amino acid A to
codon A in the colon bacillus might in
another species, as a result of genetic

modification in the transfer RNA, deliver

amino acid A to some other codon, say
codon D. If such a modification cannot
take place, the pairing of amino acid and
codon must be subject to constraints for
which there is no provision in present
theory.

Plant-Human Virus Family

<\ virus that infects plants has been
+ X shown to be closely related to a virus
that infects human beings. The plant
virus is the wound-tumor virus, which
causes a tumor to grow at the site of a
wound on a previously infected plant.
The human virus is a reovirus, f()rmer]y
known as the ECHO Type 10 virus, an
agent ot infection that causes upper res-
piratory and gastrointestinal diseases.

Immunological studies showing that
the two viruses share certain antigenic
characteristics established that they are
closely related, although not identical.
The work was done by Gert Streissle and
Karl Maramorosch at the Boyce Thomyp-
son Institute for Plant Research in Yonk-
ers, N.Y. The study was suggested by
André Lweft and his associates at the
Pasteur Institute in Paris, who observed
that the plant virus and the reovirus bear
a strong structural resemblance to each
other. It has since been found that the
aenetic material of both is ribonucleic
acid, not deoxyribonucleic acid.

It has been known for some time that
certain viruses can infect both plant and
animal cells. Insects often carry such
viruses trom plant to plant [see “Friend-
ly Viruses,” by Karl Maramorosch;
SCIENTIFIC AMERICAN, August, 1960].
The wound-tumor virus infects several
species of plants and at least three
species of leat hoppers.

In their paper in Science Streissle and
Maramorosch say that the discovery of
the close relation between the reovirus

| Professor Arthur Schawlow of Stanford University, with W. E. Bell of Spectra-Physics, evaluates the Model 130

CW gas laser as an educational tool.

COMPACT LASER

FITS MOST BRIEFCASES, MOST BUDGETS

When you compare the Model 130 with other CW gas lasers
— our own Models 112 and 115 included — you may wonder
how it is possible to get so much laser into so small a package
(approx. 10 Ibs., 13" long) at such a reasonable cost ($1525).

Part of the secret is that the Model 130 is d-c excited and
self-contained; it operates without the need for a bulky r-f
power source. But equally significant is the fact that Spectra-
Physics has developed, through the experience of making al-
most all the commercial CW gas lasers now in use, the ability
to make them smaller and less costly without sacrificing quality.

Designed for the lecture platform and the laboratory, the
new Spectra-Physics Model 130 gas laser generates a 6328A
beam of coherent light in the confocal configuration. With it
you can perform all the important classical optical experiments.
In addition, the Model 130 affords you a capability not avail-
able in any laser of comparable price: the ability to operate in
the hemispherical configuration, providing complete spatial
coherence in a single phase wavefront.

ONE YEAR WARRANTY. When you buy a Spectra-Physics
Model 130, (or a model with more sophisticated performance
capabilities for advanced laboratory work), you can expect it
to serve you well. To insure sustained performance, every laser
we make is backed, plasma tube included, by a full year’s war-
ranty. Write for details on Models 130, 115, and 112. Address

us at 1255 Terra Bella Ave.,
a Spectra-Physics

Mountain View 2, Calif. (or
call collect [415] 961-2550).
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an amplifier
which could
detect the
signal from
a wisp

of smoke

specifications:

® Threshold sensitivity: 5 x 10-20 watts
¢ Frequency range: .08 to 10 cps

¢ Temperature range: — 30F to + 140F
* Power drain: 60 milliwatts

¢ Input impedance: 15 megohms

¢ Independent of : orientation and
motion

TI was asked to solve a difficult signal
recovery problem. This low-noise
amplifier, based on parametric prin-
ciple, was custom designed and
developed as part of that successful
effort.

May we discuss your needs for a
system involving this device or similar
advanced R & D? Write —

S For a career with this equal

[7 opportunity employer, contact
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and the plant virus will have “far-reach-
ing implications in the studv of virus
reservoirs, virus survival in nature, fun-
damental aspects of virus-host inter-
actions and in public-health problems.”
Maramorosch and his associates are now
investigating the possibilitv that the
plant virus can infect mice, perhaps
causing tumors. They are also trving to
find out if the reovirus can infect plants,
either by direct injection or through an
insect vector.

Primordial Adenine

<\dcninc, one of the celebrated four re-

peating subunits of DNA and RNA,
has been made from simple starting ma-
terials under experimental conditions
approximating those believed to have
prevailed on the earth four billion vears
ago. The svnthesis, accomplished by a
group of workers at the University of
California at Berkelev, shows how a kev
constituent of the genetic material might
have ()rigimlted on the primitive earth
and thus fills an important gap in efforts
to reconstruct the origin of life. Adenine
is also a subunit of compounds involved
in the energv-vielding reactions of the
cell: adenosine tnph()splmte (ATP), tri-
phosphopyridine nucleotide (TPN) and
coenzyme A.

The synthesis was carried out by bom-
barding a mixture of gases —metlmne
ammonia, hvdrogen and water vapor—
Helieved present in the primitive atmos-
phere with electrons from a 4.3-million-
volt linear accelerator. Electrons with
comparable energies are released by
many naturalradioactive elements. Chro-
matography and other analvtical tech-
niques confirmed the appearance of
adenine in the irradiated mixture.

The experiment was performed at the
Lawrence Radiation Laboratorv of the
University of California by Cyril Pon-
namperuma, Ruth Mariner, Richard M.
Lemmon and Melvin Calvin and was re-
ported in Proceedings of the National
Academy of Sciences. Tn 1951 Calvin,
who in 1961 won a Nobel prize for his
work on photosynthesis, and several col-
leagues initiated modern experimental
investigation of the origin of life by ex-
posing a primitive-utmosphere mixture
to alpha particles from a 60-inch cyclo-
tron. The irradiation yielded simple or-
ganic compounds such as formic acid,
malic acid and lactic acid. Two years
later Stanley L. Miller, working under
Harold C. Urey at the University of Chi-
cago, synthesized amino acids with a
laboratory analogue of a lightning storm
on the primitive earth: an electric dis-
charge passed through the primitive-
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utmosphere mixture. Numerous other
biological molecules, including fatty

acids, hydroxy acids and amines, have
since been produced by similar pro-
cedures. In all these experiments the
vield of biological molecules is small.
Calvin and his associates note, however,
that adenine is resistant to destruction by
radiation and could have accumulated
on the surface of the earth until enough
of it was available for the synthesis of
more complex molecules.

Parched Planet

'I‘lle first direct proof that the atmos-

pherc of Mars contains water vapor
has been secured with a large spectro-
graph and the 100-inch telescope on
Mount Wilson, with an assist from nearly
pertect atmospheric conditions. The ob-
servation also demonstrated whyv the
Martian water vapor has been so difficult
to detect: its concentration is between
1.000 and 2,000 times lower than that of
water vapor in the atmosphere of the
carth. Indeed, if all the water vapor in
the atmosphere of Nars were to con-
dense, it would cover the planet with a
film of water only a three-thousandth of
an inch thick.

The observation was reported in The
Astrophysical Journal by Lewis D. Kap-
lan and Hyron Spinrad of the Jet Pro-
pulsion Ldl)()mt(nv of the California In-
stitute of 'leclmolovv and Guido Miinch
of the Mount \Vllson and Palomar Ob-
servatories. The measurements were
made by projecting a magnified image of
Mars, formed by the telescope, into the
spectrograph. The infrared portion of the
spectrum revealed absorption bands for
water vapor and carbon dioxide in light
passing through the Martian atmosphere.
The Martian bands could be distin-
guished from those (1ue to water vapor
and carbon dioxide in the earth’s atmos-
phere because the earth was moving
away from Mars at the time. This pro-
duced a Doppler shift in the Martian
bands and separated the two sets of
spectra.

The spectra also revealed that the con-
centration of carbon dioxide in the atmos
phere of Mars is considerably higher than
has been thought. As on earth, the carbon
dioxide participates in the “greenhouse”
effect: it passes the light that enters the
atmosphere but traps the reradiated in-
trared wavelengths. Although this slight-
lv warms the Martian atmosphere, its
maximum temperature at the equator is
70 degrees Fahrenheit. The new obser-
vations reinforce the view that if life
exists on Mars, it does so under the ex-
treme conditions of a cold, dry desert.



Construction in Blue and Black, Aluminum. Jose Ruiz de Rivera. Collection of Whitney Museum of American Art, New York. Motion-study photograph by Herbert Matter.

How to upgrade raw materials

The man who created the sculpture shown above started
his career as a tool and die-maker. The disciplines he
learned in that exacting profession, coupled with creative
imagination, give his work technical perfection and design
vigor that have made him one of the world’s most sought-
after architectural sculptors.

Imagination and technological skill, wherever simul-
taneously applied, usually yield spectacular results.

At Celanese, the complex processes of upgrading raw
materials into products of higher value, through the dis-
ciplines of polymer chemistry, require a great many
technological skills. No less important, we believe, is the
imagination needed to put these skills to effective use. For
the scientist shares with the artist the ability to see not
only what the world looks like today—but how it will

appear tomorrow.
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The painting, which hangs in Peiping, is reproduced from a photo-

IDEALIZED PORTRAIT of Chingis Khan was made by a Chi-

graph owned by L. Carrington Goodrich of Columbia University.

nese artist sometime after China overthrew the Mongol rule in 1368.
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Chingis Khan

and the Mongol Conquests

The storied conqueror of the steppe was no simple savage warrior.

He manipulated tribal politics te organize the nomad world before

launching his light cacalry against the citadels of civilization

monk of St. Albans near London, re-

corded in his Chronica Majora testi-
mony of Europe’s dread of the Mongol
cavalrvmen who were then ravaging the
settlements and cities of Russia. It was
said that the Mongol horses were so
huge they ate branches and even trees
and the Mongols had to carry around
three-step ladders in order to mount the
beasts. In 1242 the chronicler got hold
of a letter from an unnamed bishop in
Hungary, whose country the Mongols
had now overrun. The bishop was able
to give a more accurate account of the
Mongol remount system: Manv horses
follow them, entnelv without bemg led,
so that if one man is riding, 20 or 30
horses follow him.” This was the svs-
tem that gave the Mongol invasions
their wide-ranging rapidity. The bishop’s
report also indicated that the Mongol
cavalrymen were still riding the tough
little horses with which they had started
trom faraway Mongolia and were not de-
pendent on local remounts.

Down to the very present two themes,
toreshadowed in these reports, have nev-
er been disentangled in attempts to ex-
plain the Mongol conquests of the 13th
century. On the one hand, they were
a convulsion of nature, a manifestation
of the wrath of God; the name Tatar,
by which the Mongols were known for
centuries in Russia, became “Tartar” in
Eur()pe, from Tartarus, the Latin name
tor Hell. This theme has been resur-
rected most recently by Arnold Toynbee;
in his A Study of History Toynbee at-
tributes the irruption of violence from
Asia to a supposed period of climatic
desiccation, in which the drying up of
the pastures forced the Mongols into

[11 the year 1240 Matthew Paris, a

by Owen Lattimore

migration and conquest. On the other
hand, the “great man” theories of history
have tended to explain the whole Mon-
gol outburst by clothing Chingis Khan,
the first in this line of conquerors, in
a kind of “cult of personalitv.” Even
B. Ya. Vladimirtsov, the Soviet scholar
who pioneered the sociological analysis
of the primary source materials, summed
up Chingis Khan as “a savage of genius.”

The persistent mystification of history
as written in the West may perhaps be
explained by the fact that the Mongols
disappeared from Europe (although not
trom Russia) as suddenly and inexplica-
bly as they had come. In 1241 they had
won a great battle at Liegnitz, in the
present Oder-Neisse territory of Poland,
against forces that included the heavily
armed knights of the Teutonic Order.
They had despoiled Hungary and Bo-
hemia and sent raiding columns into
Austria and the Balkans. Then the news
reached them of the death of ()gedei, the
son and first successor of Chingis Khan.
The Mongol commanders immediately
turned around and rode home to Mon-
golia. For them a new conquest was
something they could organize at anv
time; they had not met any troops they
could not beat. The election of a new
khan was urgent business, however, de-
manding the presence of all the great
men.

The West was again saved in 1260. In
that vear the Mamelukes of Egypt de-
feated a “Mongol” army by the shores of
the Sea of Galilee. Although this has
been celebrated as a feat of arms, the
truth is that the Mongol army was far
below strength and was composed most-
ly of Turkish auxiliaries. Its commander,
Hiilegii, a grandson of Chingis Khan,
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had alreadv turned back toward Mon-
golia with his best troops on learning of
the death of Méngke Khan, the third in
succession from Chingis Khan.

It was at this moment that the great
Mong()l conquest-empire begun to break
up into a cluster of states: the Golden
Horde that held the Russian kings and
princes in vassalage until 1487; the
House of Chaghadai in Central Asia; the
Il Khans, of whom the first was Hiilegi;
and the Yiian dvnasty of China. The de-
cisive moment came in 1260, when
Qubilai Khan decreed that his capital
would be at Peking in China instead of
at Kharakhorum in Mongolia. The Mon-
gol domains then ceased to be cen-
trallv controlled from Mongolia, and
there was never a new, concerted drive
toward the West.

The Historical Record

Since Europe had done nothing to
bring about these changes, it is no won-
der Europe did not understand what it
was all about. The Middle East knew
more. Persian historians, such as Juwaini
in the 13th century and Rashid al-Din
in the 14th, served as high officials un-
der the Mongol sovereigns. Juwaini vis-
ited the Mongol capital at Kharakhorum.
Both he and Rashid al-Din knew the
Mongol language and had access to
written records, now lost, in the libraries
of their royal patrons. Moreover, a large
part of their Moslem world had been
ruled by Turks of nomadic origin before
the Mongols came and conquered both
Turks and Persians. They understood the
tribal politics of the great steppe world
of the nomads, stretching from southern
Russia to Manchuria, in its interaction
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with the politics of the civilized states
to the south.

In addition to what the Moslem his-
torians have preserved, parts of the origi-
nal Mongol record are quoted, para-
phrased or reflected in Chinese sources,
and there is material also in Tibetan
chronicles and relatively later Mongol
ones that contain excerpts from earlier
documents now lost. At the verv heart of
the tradition stands the noblest survivor
of them all: the Secret History of the
Mongols. Tt was written down in Mon-
golia in 1240, when manv who had
served under Chingis Khan were still
alive. It survived, however, onlv in a
version transcribed in Chinese char-

acters together with two Chinese trans-
lations, one following the Mongol word
order and the other written in con-
ventional Chinese. Because a Chinese
“character” represents a Mongol sound
only approximately, and because many
of the sounds in both languages have
changed in the intervening centuries, the
restoration of the Mongol text calls for
the skills of a code-breaker as well as
those of a philologist [see illustration on
page 68].

This unique crossword puzzle was re-
discovered in Peking less than a century
ago by the Russian Archimandrite Pal-
ladii. Since then scholars of manyv na-
tions—Russia, China, Japan, Turkey,

Germany, France and Belgium—have
worked and reworked the material. One
of the most valuable editions is a render-
ing from medieval Mongol into moderm
Mongol by Ts. Damdinsiiren. The con-
spicuous gap has been the lack of an
English edition; this is now being
bridged by Francis Woodman Cleaves
of Harvard University, whose work is
awaited nowhere more eagerly than in
Mongolia itself.

The word “secret” in the title shows
the influence of China, where it was the
custom to keep “classified” records, set-
ting down the discreditable incidents
and details as well as conduct more ap-
propriate to imperial dignity. Emperors
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MONGOL CONQUESTS of the 13th century are mapped. Chingis
Khan began by unifying the tribes in the area labeled Mongolia.
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The extent of his empire is shown by the heavy colored line. His
successors pushed on to the west and the outh, a~ shown by the cal-



could thereby be recalled to proper hu-
mility and made to ponder how much
their predecessors owed to the favor of
heaven—a heaven that might withdraw
its mandate and let the dynasty fall.
Thus the Secret History records that
when Chingis Khan was a boy he joined
with one of his brothers to murder one
of his half-brothers. It also records the
suspicion that the eldest son of the con-
queror was a bastard, begotten when the
conqueror’s bride Borte was for a time
the captive of tribal enemies.

The great lesson to be learned from
the Secret History and the related
source material is that the career of
Chingis Khan was the recognizable out-
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ored areas. The Mongol domains split into
four separate empires beginning in 1260.

come of an intelligible historical proc-
ess. Chingis Khan was a genius but not
a savage; illiterate but not ignorant. He
was born into a tradition that embraced
war as a profession and also included a
sophisticated knowledge of the political
and economic uses of power. All his
natural talent would not have got him
very far, however, if he had not been
born into this tradition at a propitious
moment and in just the right geographi-
cal region.

Chingis Khan had a clear idea of the
structure of power in his time. The
backbone of that structure in the poli-
tics of the nomad tribes on the frontier
of civilization was supplied by the sys-
tem of blood relations of the extended
patrilineal kinship system that, among
the nomads, had replaced the matri-
lineal system found so universally among
the preagricultural peoples of the world
[see “Primitive Kinship,” by Meyer
Fortes; ScIENTIFIC AMERICAN, June,
1959]. This kinship system also supplied
the occasions for blood feuds that sharp-
ened the mettle of the nomad warriors in
recurrent fratricidal wars. Across tribal
alliances and tribal feuds alike there lay
the shadow of great-power politics.
Alliances by marriage and by oath were
counterpoised against blood feuds and
the inherited duty of revenge, and both
were manipulated by whatever dynasty
happened to be ruling the seats of settled
agricultural civilization in China on the
other side of the Great Wall.

Some of the tribes fighting one an-
other out on the steppe were always
available for service in the defense of
the imperial frontier. This was exactly the
Roman formula of Divide et impera. The
Chinese put it just as succinctly: I i chih
i—“Use barbarians to control barbari-
ans.” When the formula worked, it
worked very well indeed. When it failed,
the seats of civilization in China came
under the domination of a new dynasty
established by barbarian conquerors.

Thus in 937 the Khitantribe had estab-
lished a dynasty that held sway in north-
ern China for nearly 200 years. This
dynasty is known in Chinese history as
that of the Liao. The tribal name Khitan
explains why Marco Polo called north-
ern China Cathay and why the Russians,
Mongols and others still use one or an-
other variant of the name Khitan. In the
decade 1115 to 1125, half a century be-
fore the birth of Chingis Khan, there
came another “time of troubles,” when
the Khitan were overthrown by a tribe
called the Jurchid, which took the Chi-
nese dynastic name of Chin. On each
occasion the new dynasts inherited the
problems and techniques of the old and
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turned to holding the frontier by setting
tribe against tribe.

The Secret History is packed with in-
dications that Chingis Khan compre-
hended the theory, propounded in the
19th century by the Prussian general
Karl von Clausewitz, that “war is the
continuation of policy by other means.”
To become attached to the frontier serv-
ice of a great empire was to gain an
illusion of power. Those attached to the
frontier could always be attacked from
the front by the great power and from
the rear by rival tribes. For a man born
on the steppe the only true road to power
was first to unite “all the people of the
felt-walled tents” and then to turn
against the civilized states. Both the an-
cestors of Chingis Khan and their rivals
had made the mistake of leaving nomad
powers in their rear. He would never
do that.

Chingis Khan left the conquest of
northern China to subordinate generals
and the conquest of southern China
eventually to his grandson Qubilai
Khan, whereas he himself relentlessly
sought out and brought under his con-
trol every nomad tribe all the way to the
Dnieper River in the southern plains of
Russia. Even his conquests of the rich
oases and cities of Khwarezm (modern
Uzbekistan) on the northern edge of
Persia were secondary to his conquest of
the rulers of nomad Turkish origin who
had until then ruled them. His principle,
trom which his successors departed (but
less in Russia than elsewhere), was to
stay outside “civilization,” exact tribute
and maintain a cavalry army of nomads
to enforce it. Although he transtormed
the tribal institutions to the service of
his imperial, feudal aims, he anchored
his power in the self-sustaining and self-
renewing vitality of the nomad culture
from which he sprang.

The Early Life of Chingis Khan

Chingis Khan was probably born in
1167, the son of Yesiigei Baghutur, chief
of the minor Kiyad tribe in northeastern
Mongolia. At the moment of his birth
his father was returning from a revenge
campaign against the numerous and
powerful Tatars. The Tatars were also
Mongols, but the name “Mongol” re-
mained to be established as a collective,
all-inclusive tribal name by the ultimate
triumph of the future Chingis Khan.
Typically the occasion for this blood
feud had been supplied a generation
earlier, when the Tatars had betrayed
a Mongol chieftain to the imperial
Chin dynasty. Yesiigei had captured a
Tatar chief, Temiijin, a name that means

57



TWO BATTLES in 1241 (colored dots) in which the nomad cavalrymen defeated heavily
armed knights were the high points of a four-year foray into eastern Europe some 15 years
after Chingis Khan’s death. The Mongol commanders swept on through the Balkans. Then,
on receiving word of the death of Ogedei Khan, they suddenly turned and rode for home.

“ironworker.” (This is the origin of the
legend that Chingis Khan himself began
life as a smith.) On reaching camp he
tound that his wife had given birth to
a son. Following an ancient custom he
gave his son the name of the captured
chief: the “virtue,” or strength and cour-
age, of the killed or captured enemy was
supposed to pass on to the newborn son.

When Temiijin, the future Chingis
Khan, was only eight vears old, he was
betrothed to Borte, daughter of a chief
of the Onggirad tribe, and was left to
grow up in her father’s camp. Borte was
several years older than Temdijin, as was
quite common. It was assumed that an
aristocrat, if he became a successful war
leader and tribal chief, would later have
other wives and concubines, but it was
considered a good thing for the first wife
to be a few years older. She would reach
puberty earlier, would be ready to initi-
ate her husband sexually and also be
able to guide and counsel him in world-
ly matters.
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No later favorite ever displaced
Borte as Temiijin’s trusted adviser. His
love for her is described in the passage
of the Secret History that tells how, after
she had been captured from him and
given to another man, Temiijin and his
allies made a night attack on the camp
of the Merkid, her captors. She was be-
ing carried away in a cart, but “Temiijin
went seeking her in the midst of the
panic-stricken people, calling out ‘Borte,
Borte!” And Borte, in the midst of the
panic-stricken people, hearing and rec-
ognizing the voice of Temiijin, jumped
down from the cart...came running,
and caught the reins and halter-cord of
Temiijin’s horse. In the moonlight night
Temiijin looked, saw that in truth it was
Borte, and caught her to his breast.”

Marriage had a great deal to do with
politics. Under the Mongol system a man
could not marry a girl whose tather was
descended from the same clan ancestor
as his own father. He could not marry
a girl cousin who was the daughter of
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one of his father’s brothers, but he could
marry one who was the daughter of one
of his mother’s sisters (if that moth-
er’s sister had not been married to one
of his father’s brothers). In this way
marriage alliances grew up. Generation
after generation Clan B would give its
daughters in marriage to the sons of
Clan A, but it could not take the daugh-
ters of these women as wives for its own
sons, because this was called “the moth-
er’s flesh returning to the mother’s clan”
and was considered incestuous. Clan B
therefore had to look for wives from
Clan C or Clan D, so that the circle of
marriage alliance included more than
two clans or tribes.

On the other hand, marriage also led
to war, because if a man captured a
woman who was betrothed or married to
someone else, it was the duty of that
man’s tribe to back him up in taking re-
venge. Temiijin’s father, in fact, had
captured the bride of a Merkid, and in
the next generation the Merkid cap-
tured Temiijin’s bride!

Mongol Feudalism

Contemporary Mongol historians re-
gard the early career of Temiijin as “pro-
gressive” in the Marxist sense because,
they sav, feudalism is a higher form of
organization than a loose dispersion of
eternally warring tribes, and Temiijin
imposed a feudal unity on all the Mon-
gol tribes. In doing so he had to under-
mine, destroy and replace many tribal
institutions. One of these was the oath
of anda, a form of “naturalization” by
which warriors were sworn to alliance
with one another as if they were de-
scended from a common ancestor. There
was pressing need for such devices when
chronic war and feuding were constantly
upsetting the standards of theoretically
“pure” blood loyalty. By the oath of
anda young Temiijin was sworn to one
of his earliest close and powerful allies,
a chief named Jamukha. Artificial blood
brotherhood, however, like true brother-
hood, introduced questions of seniority
and standing that in military alliances
sometimes clouded the title to leader-
ship. In a later contest for leadership
Temiijin and Jamukha were to become
bitter enemies. For his purposes Temii-
jin found the institution of niikiir more
useful than that of anda. The word niikiir
means “friend,” and Mongol Commu-
nists now use it in the sense of “com-
rade.” In Temiijin’s time it meant a
warrior who freely declared himself “the
man” of a chosen leader, even to the
repudiation of his own tribe or origin.
The loyalty of a niikiir was thus unmis-



takably chivalric, if not feudal. Temiijin,
when he became Chingis Khan, used his
niikiid (plural of niikiir) as generals
and governors; he could trust them more
than his own relatives.

Temiijin acquired his first niikiir
when he was still only a boy. Raiders
had stolen the small herd of horses be-
longing to Temiijin’s family. The only
one left was a horse that one of Temii-
jin’s brothers had taken to go hunting
marmots. When he returned, Temiijin
took the horse and set out to track the
horse thieves. Far from home in strange
country he encountered a youth named
Bo'orchu and asked him if he had seen
the stolen horses. Not only had Bo’orchu
seen them but also on the spot he gave
Temiijin a fresh mount, volunteered to
accompany him and declared himself
Temiijin’s niikiir. Stressing this new loy-
alty, the Secret History says that Bo’or-
chu did not even stop at his own camp
to tell his father he was leaving; the new
loyalty superseded even filial piety. In
a later, embellished version of the story,
a further symbol is added: When Temii-
jin asks about the stolen horses, Bo’or-
chu thinks his manner is too haughty and
angrily challenges him to wrestle. Te-
miijin throws him and Bo’orchu, getting
up, says that he has never before met
his match at wrestling and declares him-
self Temiijin’s niikiir. The two boys ride
on and recover the horses, and Bo’orchu
refuses all reward—he is not a mercenary
but a free-sworn niikiir.

The historv of two other institutions
reflects the methods by which Temiijin
made himself Chingis Khan. One was
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rulers of a united Mongol empire are shown in bold type, together

GUYUG
(1246-1248)

tribal in origin but was easilv and ad-
vantageously incorporated into his
emergent feudal system. The other was
so purely tribal that it had to be de-
stroyed in order to make a feudal system
possible.

The first was the subordinate tribe.
Such tribes have been called “slaves,”
but this is a mistake. They were not
“property.” They were collectively un-
der the protection of and simultaneously
exploited by a stronger tribe. They could
own property consisting of cattle and
horses; they had their own clans and
families, and their daughters could mar-
ry “upward” into the patron tribe. Their
chiefs, of course, were not on the same
footing as the chiefs of ruling tribes, but
they had a kind of headman status. Al-
though some subordinate tribes had been
conquered and forced to submit, others
sought the protection of an overlord of
their own accord.

The existence of a margin of choice is
interesting. Undoubtedly in medieval
Europe too some men were reduced to
serfdom by force, whereas others be-
came serfs as a way of seeking protection
in the incessant feudal wars. There is a
great difference, however, between peas-
ants and nomads. If a peasant serf tried
to run away from an oppressive lord to
seek the protection of someone with a
better reputation, he had nothing to
offer. He could not carry with him his
plow and other farming tools. Every-
thing favored a gentleman’s agreement
among the lords to return one another’s
runaway serfs. Nomad “serfs,” however,
if that is the right word for them, were
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in charge of four-footed property. In a
well-organized escape they could take
livestock with them. Most tempting of
all, they could offer themselves to a new
lord. If they had horses fit for military
use, he might well decide not to send
them back to their old lord.
Maintenance of the mtegjutv of the
subordinate tribe helped to block de-
fection. Its members collectively and its
headman individually could be made re-
sponsible for mutual loyalty. The con-
ditions of life, however, sometimes made
this safeguard ineffective. In fluid, rapid-
ly moving nomadic warfare there were
times when the subordinates could tip
the scale by abandoning a detested lord
and going over to an admired new lead-
er. The Secret History shows that Temii-
jin knew this. He was once captured
by his kinsmen and bitter enemies, the
Tayiji'ud. He hit his guard on the head,
escaped and (leaving out some of the
exciting details) took refuge with a man
who was a kind of subordinate headman
under the Tayiji'ud. This man had de-
cided “by the fire in his glance and the
radiance of his face” that Temiijin was
a coming leader, and so he was willing
to take risks. He hid him in a cartload
of wool, and when the searchers came
and started to prod the wool he said
casually: “On a hot day like this, anv-
body would suffocate under all that
wool.” The searchers agreed and left.
Temiijin got back safely to his own
people. Later he fought an indecisive
battle with the Tayiji’'ud. The two sides
camped on the field. Everything depend-
ed on whether, when the fighting began
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(CHINGIS KHAN)
(1206-1227)
OGEDE! TOLUI
(1229-1241)
QASHI QADA'AN  MONGKE HULEGU QUBILAI ARIGH BOKE
| (1251-1259) (1260-1294)
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]
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with the dates of their reigns. When Qubilai moved his capital to
Peking from Mongolia, the empire broke up into four domains.
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TEMUJIN. having triumphed in a series of tribal wars, is proclaimed Chingis Khan, “all-
encompassing lord,” in 1206. He is seated on a throne before his tent. At the left are three of
his sons: Chaghadai, Ogedei and Jochi. This illustration and the next two are reproductions
of prints in the History of the Mongols, by the great Persian historian Rashid al-Din.

IMPERIAL AUDIENCE is depicted in this print. Chingis Khan (seated) is receiving hom-

age from tribal leaders, one of whom prostrates himself and grasps the emperor’s sleeve.
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again, someone on one side or the other
would lose heart. With fate in the bal-
ance, Temiijin’s liberator deserted the
Tayiji'ud and came over to Temiijin.
“Why not sooner?” Temiijin asked him.
“In my heart,” the man replied, “I rec-
ognized vou as my lord. But why hurry?
It T had moved too soon, my lords the
Taviji’'ud would have scattered like ashes
myv wife and sons, mv herds and posses-
sions, that I would have had to leave
behind.” In other words, it required
nerve and good timing to elude the ob-
ligations of collective responsibility im-
posed by the institution of the subordi-
nate tribe. To this explanation Temiijin
laconically replied: “Dzob” (“Right™).

The tribal institution that Temiijin
had to destr()'\', on the other hand, in or-
der to create a new kind of imperial-
feudal unity was that of the double
tribe, or, to use later NMongol terminolo-
gv, “right hand” and “left hand.” Among
those who mav be called in anticipation
the “Mongols proper” the main division
was between the Taviji'ud and the Bor-
jigid line, to which Temiijin belonged.
Each of these had many subdivisions
down to the closest kinship groups, such
as Temiijin’s own Kivad clan. Among the
Tatars, with whom Temiijin had a hered-
itarv blood feud, there was also a main
double division with manv subdivisions.
In tribal mythology and genealogy such
divisions were tvpicallv accounted for as
lines of descent from two brothers.

The same structure and the same
problems existed in the West. Romulus
and Remus were brothers—and let us not
forgetthat Romulus killed Remus. There
is a key to the explanation in the fact
that in the later Roman system there
were two consuls. If one consul was away
on a campaign, the other had to be in
Rome. This suggests that the original
structure of the Latin tribes alternatelv
assigned halt of the tribe to a tour of
dutv for war and protection, and the oth-
er halt to production, by furming or
herding as the case might be. It is easy
to see how antagonisms could arise (“We
did a better job of protecting vou than
vou did when it was vour turn”). In the
case of Temujin the leadership had be-
longed to his line until the death of his
tather, when the other line, the Tayiji’ud,
tried to take over. This illustrates a prob-
lem inherent in the system. There had
to be a supreme command. Normally it
alternated between the two, but inevi-
tably there was a tendency to uswp
and dominate.

In his feud against the Tayiji'ud,
Temiijin for a while set up an alternative
two-line alliance with Jamukha, his
brother by the oath of anda. The breakup
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prize-winning experiments
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But NMR (Nuclear Magnetic Reso-
nance) has grown rapidly, in its use-
fulness and in its applications. No
longer restricted to laboratories where
dedicated research chemists struggled
with rudimentary equipment, today’s
NMR instruments are used routinely
in many industrial plants, laboratories,
and research facilities.

Many applications use “wide-line”
NMR for non-destructive analytical
study and quality control of products
and processes. The instrument is
Varian’s PA-7 Process Analyzer. It is
highly sensitive, simple to operate, can
take hundreds of measurements a day,
and provides direct readout.

Applications for the PA-7 are virtu-
ally unlimited. Its sensitivity to hydro-
gen makes it ideal for monitoring the
moisture level of samples, or for meas-
uring per cent crystallinity of fats,
oils, and glycerides. It can be used to
observe solid-to-liquid phase transi-
tions in polymers, and can provide
quantitative measurements of other
nuclei such as fluorine, sodium, phos-
phorous, boron, lithium, and alumi-
num. Nearly any material falls within
the scope of the PA-7—latexes, pulps,
starches, resins, pigments, colloids,
alkalies, foodstuffs.

To make personal inspection of
Varian NMR and EPR instruments
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‘pointment to visit one of these labs,
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The scientific

method entails obser-
vation, analysis, hypothesis
and experimental verification.
Yet without permanent records per-
mitting quantitative comparison, ex-
periments may be merely qualitative
transients. As an invaluable extension
of the scientific hand and eye, Varian's
new X-Y potentiometer recorder
shown below combines a set of capa-
bilities and specifications never before
assembled in a single instrument.

Would you like to see for yourself
what we mean? Your local Varian
representative will be happy to show
you our X-Y recorder. He'll demon-
strate the unique full-platen vacuum
hold-down that grips full-size 1 1" x 17"
charts or 2" x 2" scraps without mask-
ing ; seven time-base settings— 50 sec/
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instantly removable, magnetically-held
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that speak for themselves, with quality
instrument specifications which invite
comparison.

Get in touch with Dick Stark, Instru-
ment Recorder Products, for the whole
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Oceanography

1s the chemistry and
physics of the sea. [t matches

in scientific intensity of pur-
pose, if not in public glamor or fund-
ing, the quest for complementary data
from space.

Magnetism, along with such natural
phenomena as gravity, depth, current,
temperature, salinity, turbidity and
others, is a basic variable sensed. And
proton free precession magnetometers
have become the oceanographer’s
accepted standard since Russell Var-
ian’s discovery of the principle.

The invariant natural relationship
between ambient magnetic field and
proton precession (23.4874 gammas
per cycle) is harnessed in these sys-
tems to give rapid, absolute field data
to =1 gamma from a simple, rugged
transducer virtually insensitive to
orientation. Designed for 750-foot
cables to reduce the anomaly created
by the towing ship, some systems have
been modified in the field under emer-
gency circumstances to deliver origi-
nal one gamma sensitivities through
four miles of cable. This feat gains
stature when you consider that the
decaying proton precession signal (see
oscilloscope trace) is at microvolt lev-
els in the transducer—no pre-amplifi-
cation is used except in the on-board
console itself!

Varian proton magnetometers are
mapping spatial variations of the
earth’s field in oceanographic vessels
all over the world. The new higher-
sensitivity, optically pumped magnet-
ometers are opening research into
magnetic-field time variations at sea.
To learn more about either technique,
for oceanography or other geophysical
applications, write Lee Langan, Instru-
ment Special Products.




of this alliance shows what was involved
in nomadic warfare, which demanded
more than normally frequent movement
of the herds. Moving the herds too often
and too far wore them down and weak-
ened the economic strength of the tribe.
There were bound to be crises of leader-
ship. Had the tribe won enough vic-
tories to make it safe to rest for a while
and build up the condition of the flocks
and herds? Or was it necessary, even at
the cost of weakening them, to win a few
more battles?

The break between Temiijin and Ja-
mukha is described in the Secret History
as follows: One day on the march Ja-
mukha said to Temiijin: “Let us camp
near the hills and there will be tents
tor the horse-herders. Let us camp near
the stream, and there will be food for
the shepherds and the watchers of the
lambs.” Temiijin, without answering,
dropped back toward the end of the line
of march, where the carts with the
womenfolk were coming along, and
started to ask his mother if she could
guess the meaning of this riddle, but be-
fore she could answer Borte broke in—a
mark of the “un-Oriental” independence
of women among the nomads. She said
that the question boded no good; they
must break with Jamukha immediately;
instead of camping with him that night
they must march on through the whole
night. This they did, and a new feud be-
gan, to end only when Temiijin—who by
then was Chingis Khan—sentenced Ja-
mukha to death.

This passage was the occasion for con-

troversy between Vladimirtsov and his
colleague V. V. Barthold. Both these dis-
tinguished scholars lived their formative
years in the tsarist period, but both pub-
lished some of their most important work
in the Soviet period. The issue that di-
vided them was whether or not favor-
ing the warriors—that is, the horsemen—
would be more “feudal” and favoring
the shepherds more “democratic.” Dam-
dinsiiren, one of the greatest of living
Mongol scholars, has made another sug-
gestion: Jamukha was proposing that
they divide their force, half camping by
the hills and halt by the stream. I think
the key to the riddle lies in the condi-
tions of nomadic warfare: should they
rest and build up the livestock or should
they go on fighting? Jamukha was forc-
ing a crisis of leadership. Had Temiijin
answered, Jamukha would have opposed
him, whatever his answer.

Unifying the Tribes

It was by maneuvering in and out be-
tween the conventions and oppositions
of the tribal system that Temijin was
able to make himself the supreme chief,
strong enough to destroy the tribal sys-
tem and create something new. With
him policv always came first, and war
was never anything but “the pursuit of
policy bv other means.” His order of
priority is interesting. The most danger-
ous feud was with his closest kinsmen,
the Tayiji'ud. Then came the Tatars, his
remoter kinsmen. Then came what may
be called the “outer tribes,” the Kereyid

and Naiman of western Mongolia. Then
the Turks of Central Asia, particularly
those who were nomads like the Mon-
gols. Only then came the great civilized
states—Khwarezm in Central Asia, the
Tanghud, or Hsia, in northwestern China,
the Chin, or Jurchid, in northern China.

Nothing could be more different from
the conventional picture of the savage
warrior, blindly ferocious and conquer-
ing for the sake of plunder. It is true
that Chingis Khan contributed to this
legend himself when he said, in words
attributed to him by Rashid al-Din, that
the best things in life were to conquer,
to despoil the defeated, to ride their best
horses and to possess their women. This
is the conventional “ideology,” to use a
modern word, of the barbarian warrior.

Against the words must be set the
pattern of action. Temiijin, on his way
to making himself Chingis Khan, was not
blinded by either greed for booty or lust
for women. All his moves were political-
ly calculated, and the calculation, from
early in his career, was directed toward
the building of a structure of power that
would be capable of extension in both
time and space.

At first he was dealing with men
whose outlook was completelv tribal. To
induce them to transfer to him personal-
ly their hereditary tribal loyalties, he
took care always to be able to justifv
each move “morally,” by the standards of
the very system he was going to destroy
and supplant.

He would not turn against a former
ally, therefore, just because the oppor-

SIEGE OF BAGHDAD by the army of Hiilegii, grandson of Chingis
and the founder of the house of the Il Khans of Persia, is depicted
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in this detail from a large print in the Persian history. The battle
is almost won and the Mongols are about to enter the city.
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TRADITIONAL SHELTER of the Mongols was—and still is—the yurt, a tent made by

stretching sheets of felt over a wooden frame. These light “felt-walled tents”

were carried

by Chingis’ troops on campaigns and are still the standard dwelling of Outer Mongolia.

tunity looked good. He would first let
the situation develop, and if possible
help it to develop, in such a way that the
other man could be accused of dislovalty
in act or intent, and if there remained
any shadow on his own lovalty, he would
make out a case that what he did was
“for the common good.” The politically
valuable victories were those that en-
abled him to divide defeated enemies by
winning some of them over to his own
side.

A famous example is that of the war-
rior who on surrendering admitted that
he was the man, fighting to the last, who
had loosed the arrow that wounded the
horse Temiijin was riding, but who now
offered him single-minded loyalty. Prais-
ing his forthrightness, Temu]m gave him
the new name Jebe, meaning arrowhead,
and accepted him as a niikiir. Jebe be-
came a famous general. There are other
stories of this kind. Twice Temiijin
praised men who defected to his side but
who told him that, although thev could
have captured and brought to him a
chiet who was his enemy, thev thought
it wrong to appear before him as men
disloval to their tribal chiet. Once when
men came to deliver his most personal
enemy, Jamukha, and again when a man
reported that he had abandoned his
chief in the desert but knew where he
could be tound, he accepted deliverv of
the men betraved but put to death the
betravers. He knew that in creating new
standards of loyalty and m()ldhtv’ he
could not put himself under ob]xtmtmn to
men who, “by raising their hands against
their nrrhtfu] lords,” had made treachery
their main recommendation.
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Temiijin triumphed in his tribal wars
when in 1206 he was “elevated,” to use
the Mongol term, to be supreme chief of
all the Mongol tribes with the title of
Chingis Khan. In this title Khan means
simply “chief.” Temiijin seems never to
have used the title “khaghan,” although
his successors did. There is no precise
explanation of the difference between
“khan” and “khaghan,” but in a general
way they seem to correspond to the
Chinese wang and huang, usually trans-
lated “king” and “emperor,” and to the
Iranian shah and shah-in-shah, “king”
and “king of kings.” As for Chingis, it
is from the Turkish tengi “a large b()dv
of water, the ocean.” In the (()sm()]o“v
of the time the earth was flat and sur-
rounded by an ocean, so Chingis Khan
meant “the all-encompassing lord.” Lat-
er the Mongols began to use their own
word for “ocean”: dalai. This is why the
title conferred on the chief prelate of
Tibet by his Mongol overlord was Dalai
Lama and not Tengiz or Chingis Lama.

Even before he was completelv su-
preme over the tribes Temiijin began to
invent new institutions to super sede the
tribal structure. His first innovation was
an imperial guard composed of Day
Guards and \1Gl1t Guards. This created
a new ehte—puvates ot the guard out-
ranked officers of the regular armv—
whose loyalty was based not on blood
and tribe but was, so to speak, “profes-
sional.” Membership in the imperial
guard opened the path to glory and pow-
er for promising voung warriors; a
guardsman could sudden]v find himself
appointed the governor of a province.
At the same time it provided a hostage
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svstem, because the sons of important
generals also served in the guard.

As a further step away from tribalism
and toward feudalism Chingis Khan be-
gan to break up conquered tribes, “con-
ferring” them as vassals on various rela-
tives and favorite followers. He also came
to bestow “appanages” on men of his
own blood and on important command-
ers. These were regions, plainly in the
feudal mold, in which the descendants
of the first appanage-holder were to be
hereditary rulers, bound to furnish mili-
tary Contingents to the successors of
Chingis Khan. The new standard of dis-
cipline required a man to be obedient
to the local ruler, who was usually not
of his own tribal blood, and to perform
his military service and pay his tribute
within a geographicallv defined region
from which he was not allowed to move.

As a result of these assignments, al-
though there have been reversions to-
ward tribalism in times of war and
change of dynasty, Mongol “tribes” have
not been truly tribal for many hundreds
of vears. Within a so-called tribe it will
be found that there are a number of clan
or family names, that many of these clan
names were once tribal names and that
thev are found widely scattered in vari-
ous parts of \Ionvo]m They preserve
the evidence of the breaking up of tribes
by Chingis Khan and similar redistribu-
tion in later centuries.

Mongol Diplomacy

With the development of a new struc-
ture of Mongol society went the develop-
ment of institutions for conducting di-
plomacy and international relations.
Although there is no explicit statement
in the documents, it is clear enough that
Chingis Khan was wary of the great civi-
lization geographically nearest to him,
that of the Chinese: it was too protean,
too absorptive; it had undermined the
conquering dynasties of the Khitan and
the Jurchid, which loomed so large in
recent centuries of Mongol h]st()lv He
needed and emploved a few (hmese
but he kept a careful balance. An ad-
viser who had great influence on him
was Yeh-li Ch’u-ts’ai, a Khitan who
knew the Chinese culture thoroughly but
who, as a Khitan, was felt to be a tribal
kinsman. Chingis Khan also employed
many Uighur Turks trom the oases of
Sm]\]angj an(l Ongvud Turks from the
tringe of Inner Mongolia. He was quick
to see the uses of the Uighur-Nestorian
script written by these peoples and or-
dered that his sons be instructed in it. A
great ndvantnge of such a script was that
it was independent of the Chinese writ-
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ing—one of the most important cultural
weapons used by the Chinese in estab-
lishing psychological ascendancy over
the barbarians of the north. Tribe after
tribe attempted to evade this domination
by inventing or adapting a script of its
own, and the Mongol attempt succeeded
better than most.

A particularly interesting part was
played by Moslems in the service of
Chingis Khan. It is not always possible
to be sure whether thev were Turks,
Iranians or Arabs, but most of them be-
gan as merchants, traveling about the
vast regions between the Near East and
China, dealing in all kinds of goods and
getting to know what was going on in
many countries. It was through them
that Chingis Khan learned about the
power of the Turkish nomads far to the
west of Mongolia. This intelligence prob-
ably was influential in shaping his con-
viction that he must establish complete
domination over all the nomad peoples,
Turks as well as Mongols, before getting

involved too deeply in invasion of the
great agricultural and urban civiliza-
tions. He used these merchants first as
intelligence agents, then as go-betweens
and finally as more formal ambassadors.
As his power increased he appointed
some of them governors and administra-
tors—just as Marco Polo and his father
and uncle, coming to China as merchant
adventurers, were given appointments
by Qubilai Khan. In the Moslem world
at this time wealthy merchants were
more often well-traveled, well-educated
men of the world than they were in
China, where the merchants were de-
spised by the landowners. Certainly the
use of these men as administrators
helped the Mongols to win over many
of the upper class in western Central
Asia and northern Iran.

The Khan as a General

As a military genius, able to take over
new techniques and improve them,

Chingis Khan stands above Alexander
the Great, Hannibal, Caesar, Attila and
Napoleon. In 1206 he became the khan
of a group of tribes whose only skills in
war were the use of the horse and the
bow; the long, rapid march; the swift
raid; and the discipline—like that of the
ancient Parthians—that enabled them to
pretend defeat so that the enemy would
break ranks in order to pursue them,
then wheel, close ranks and annihilate
the dispersed enemy. Yet when Chingis
Khan set out to campaign in Turkistan
and Khwarezm 13 years later, he was
able to co-ordinate the use of his cavalry
with elaborate siege weapons—powerful
catapults, battering-rams and sappers
who tunneled under walls and blew them
up with gunpowder—against strongly
fortified cities.

He certainly recruited his first engi-
neers in northern and perhaps north-
western China, where the originally
“barbarian” military power of the Jur-
chid, or Chin, state and the Tanghud, or

MONGOL HORSES, tough little range-bred animals, were an es-

sential element in Chingis’ conquests. The same stock of horses is
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still ridden by Mongol herdsmen. This group, approaching the capi-
tal city of Ulan Bator, is on the final stretch of a 50-mile race.
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Hsia, state had acquired Chinese tech-
niques. When he took these men west-
ward with him, he brought about a cross-
stimulation of Chinese and Iranian
engineering and technology. This in turn
almost certainly had something to do
with the development of the cannon
from the use of gunpowder in sapping
operations. Unfortunately we do not
know the step-by-step details. At any
rate the use of cannon both as siege
weapons and as field weapons followed
very quickly the Mongol conquest.
Although Chingis Khan used the tech-
nology of civilization to overpower the
walled cities of civilization, his cavalry
remained always his main arm. The pe-
culiarity of this cavalry has never vet,
it seems to me, been fully appxecmted
Throughout history, all across the steppe
zone from the Black Sea to the Yellow
Sea, there was an alternating dominance
of tribal cavalry and feudal cavalry. This
alternation is explainable. A horse that
grazes only on the open range, with no
shelter in the bitter winter and no hay or
grain for supplementary teed, becomes
a very tough animal. Its growth is stunt-
ed, 1]0\\76V61, to roughly the size of a
small polo pony; its endurance is great
but limited. Even today a Mongolian
horse that can be lassoed on the range,
saddled and with no further preparation
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ridden nonstop for more than a 100
miles is typical, not exceptional. But it
cannot be ridden again the same way
the next day; it has to be allowed sev-
eral days of grazing. So the warriors of
pastoral tribes that had little or no agri-
culture had to have large herds of re-
mounts, and any warrior, if he had
enough remounts, was about as good as
any other warrior.

The alternation came when a tribe of
this kind became strong enough to draw
in toward the oases of Central Asia or
the Great Wall of China and establish
itself on a new kind of footing, exploit-
ing trade and subsidiary agriculture—
often by importing Chinese or Central
Asian peasants to irrigate a suitable
stretch of territory. In this phase a kind
of feudalism or protofeudalism devel-
oped (the terms are approximate), in
which an elite of nobles and a class of
tree wamiors were distinguished from
the subject classes of herdsmen and cul-
tivators. To maintain their superiority
over the commoners, the elite wore
heavy body armor and used heavy
swords and lances in addition to the bow
and arrow; for this they needed bigger,
weight-carrying horses. They developed
the hmses they needed partly by selec-
tive breeding but more by feeding them
well with hay and grain.
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PASSAGE FROM SECRET HISTORY is reproduced from a modern printed version of a
Yiian dynasty manuscript. In each of the four outer columns the Mongolian original is tran-
scribed into Chinese characters at left, with a word-for-word Chinese translation at right.
The six middle columns give a full Chinese translation of the story of Borte’s recapture.
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Weknow of these alternations from the
burying of horses with both “tribal” and
“feudal” chiefs, and from documents. In
the famous inscriptions of the Orkhon
Turks in Central Mongolia the elite and
their horses are singled out; in the in-
scription to the warrior Kiil Tegin each
war horse he rode is identified, and its
fate is mentioned if it fell in battle. Par-
ticularly curious and suggestive is the
story that about 2,000 years ago the
Chinese were obsessed with reports
about the fine horses of the oases in
Turkistan. At last an ambassador-ex-
plorer succeeded in bringing some back
to China. When he did, he also brought
with him the seeds of lucerne, or alfalfa,
until then unknown in China. Presum-
ably the people from whom he got the
horses told him that they had to be given
this special fodder.

Although Chingis Khan, in founding
an empire and making the Mongols into
the elite of that empire, began to change
the structure of Mongol society from
tribal to feudal, and although he re-
placed the tribal system with regiments
and divisions under professional com-
manders, he did not limit the mobility of
his armies by trying to equip them with
big horses that needed hay, grain and
winter shelter. He drew the essence of
his power from archers riding tough
little range-bred horses, with plenty of
remounts.

And so we return to the beginning of
our story and the Hungarian bishop’s
report on the Mongol remount system.
At this point we can also sum up the
characteristics of the Mongol conquest:
the manipulation of the tribal politics of
alliance and feud to destroy the tribal
system and replace it with a feudal-
imperial pyramid—an emperor at the
top and regional appanages below, sus-
tained by tribute in kind and taxes paid
in money; the use of the engineers and
machines of civilization, combined with
mobile cavalry, to destroy the strong-
holds of civilization; and, after the con-
quest, the quartering of the main Mongol
forces as a mobile reserve in the steppes
of Mongolia, Turkistan and southern
Russia, rather than the dispersing of
them in garrisons in the conquered coun-
tries. At least this last was Chingis Khan’s
intention. It was when his successors—
notably Qubilai Khan in China—turned
their backs on the steppe and began to
concern themselves primarily with civi-
lization that the old nemesis of civiliza-
tion began to erode the empire of the
great barbarian genius, as it had the em-
pires of many similar but lesser bar-
barian conquerors.



ADVANCEMENTS IN LIQUID METAL TECHNOLOGY

LITHIUM—Operated a columbium loop with pumped lithium at 2260°F, in a vacuum of 10-6 torr. Determined corrosion and mass
transfer; measured creep in containment alloys; built pump, purification and handling equipment.

CESIUM AND RUBIDIUM—Operated a columbium loop with pumped rubidium at 1850°F; determined liquid density to 1300°F,
vapor pressure to 1800°F, specific heat to 1400°F, and latent heat of vaporization to 1800°F. Operated cesium loop for
2000 hours unattended; determined corrosiveness of cesium and rubidium on a wide range of containment alloys at
2000°F.

NaK—Designed the SNAP-8 heat exchanger for operation at 1300°F. Determined corrosiveness of NaK in columbium-stainless
steel bi-metallic capsules at 700°F for 1000 hours.

MERCURY—Designed zero gravity boiler and radiator for SNAP-8; operated boiling Hg condensing loop to determine flow
stability and heat transfer; determined solubility of containment alloys in Hg up to 1150°F; determined compatibility
of alloys in Hg at temperatures up to 1250°F over a 10,000-hour period.
® For further information on AGN's progress in liquid metal technology, write for AGN Active Files #3 and #6.

AGN

AEROJET-GENERAL NUCI.EI)NII:S/San Ramon, California

69

© 1963 SCIENTIFIC AMERICAN, INC



* 5 I?

This MP-3 does the work of a view camera, micro/macro camera,copy camera,
slide maker, enlarger and darkroom. And does the job in 90 seconds or less.
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It’s virtually an industrial studio in itself.

If you need a picture of an assembly, for instance, you
can put it on the lighted base, click the shutter and peel
out a finished picture 10 seconds later. If you need a
macrophotograph of a small part you can make a4 x 5
print in 10 seconds. If you need a photomicrograph put
a microscope under the camera. If you need any of these
in color, you can get them in 50 seconds. If you want to
make a black and white slide of a wall chart, you can
swing the camera head 90°, and with transparency film,
get one in 90 seconds. If you want a negative you can
make one in 20 seconds. If you need multiple records,

make multiple originals. And finally, if you aren’t in a
hurry, use any conventional roll or sheet film.

The MP-3 does all this with interchangeable camera
backs. With them, you can use any of eleven different
Polaroid Land films plus conventional films.

For allits flexibility, the MP-3 is extremely simple to
use. Controls are almost self-explanatory. You set up
your shot and focus at eyelevel on a bright ground glass
screen. And if you don’t get exactly the picture you want
the first time, you can take another on the spot.

May we send you more details? Write Polaroid Cor-
poration, Technical Sales Dept., Cambridge 39, Mass.
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THE STRENGTH OF STEEL

Control of strength-produ(;mg mechanisms 1s closmg the great gap

between the attainable strength of steel and the theoretical value.

The traditional strengthener. carbon. is missing from one new alloy

he difference between the actual
I tensile strength of a crystal of pure
iron and the theoretical strength
of the crystal is represented by a factor
of about 1,000. The actual strength is
some 1,500 pounds per square inch; the
theoretical strength is about 1.6 million
pounds per square inch. Long before
these figures were known—indeed, be-
fore anything was known of the composi-
tion and intimate structure of steel—
artisans little by little discovered ways
to increase the strength of iron alloys to
about 150,000 pounds per square inch.
This approximates the strength of the
finest sword blades made in Damascus
and Japan. Ordinary low-carbon, or
structural, steel, which accounts for most
of present production, has a tensile
strength of between 45,000 and 60,000
pounds per square inch. Tool steels go
up to about 300,000 pounds per square
inch, and cold-drawn fine steel wire—
the strongest commercial steel product—
goes up to about 600,000.

Within the past few years, as a result
of slowly developing insight into the
factors that strengthen steel, new proc-
esses have been developed for producing
a steel in bulk form that has a tensile
strength of more than 400,000 pounds
per square inch. Almost as strong as the
steel in cold-drawn wires, the new ma-
terial is being tested for a variety of
automotive, aircraft and other applica-
tions in which the utmost in strength-to-
weight ratio is required.

One of the tough new steels is made
by the Ausform process, developed in
the Scientific Laboratory of the Ford
Motor Company. The process is an ex-
tension of concepts introduced by Dutch
metallurgists. A second new process,
called Maraging (a contraction of “mar-
tensite aging”), was developed by the
International Nickel Company, Inc. The
unique feature of Maraging steels, which
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by Victor F. Zackay

are almost as strong as Ausform steels
and even tougher, is an almost total ab-
sence of carbon. Historically the strength
of steel has been related to carbon con-
tent. In the Maraging alloys the role of
carbon is taken over by substantial per-
centages of nickel, cobalt and molyb-
denum, amounting to more than 25 per
cent of the total alloy. The discovery that
carbon is not essential to high strength
should encourage the design of a whole
new class of ductile alloys, both ferrous
and nonferrous, free of an element
known to cause embrittlement.

[ncreased understanding of the strength

of steel and other metals has gone
hand,in hand with the development of
instruments for seeing finer and finer
details of physical structure. The first
indication that steel and cast iron are
crystalline solids came from the exami-
nation of their fractured surfaces with a
hand lens. Later, when the surfaces were
examined under the microscope, it was
found that much greater detail could be
seen if the samples were polished and
etched to increase the contrast between
crystals having different phases, or struc-
tural states. Such studies showed that
metals are a composite of crystalline
grains within which reside other crystal-
line phases varying greatly in shape, size
and distribution. Today the electron
microscope is widely used for studying
metallic structure just above the level
of the atom. And with X-ray diffraction
methods and the field-ion microscope
the probing can be carried down to the
atomic level.

Early in this century it became pos-
sible to make a rough approximation of
the theoretical strength of metals, based
on the binding forces between the atoms
in a crystal lattice. For iron the computed
values were between a million and two
million pounds per square inch. The
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problem then became one of explaining
why real metals are so weak. The answer
was suggested independently in 1934 by
Geoffrey I. Taylor, Egon Orowan and
Michael Polanyi. They postulated that
metals contain dislocations, or linear de-
fects, that move easily when extremely
small stresses are applied [see “Observ-
ing Dislocations in Crystals,” by W. C.
Dash and A. G. Tweet; SCIENTIFIC
AniericaN, October, 1961]. The com-
monest form of dislocation occurs when a
plane of atoms is missing from a crystal
lattice, as shown in the top illustration on
pages 74 and 75. (The dislocation can
also be thought of as being produced by
an extra plane of atoms.) When a small
stress is applied, the missing plane (or
the extra plane) slips freely through the
lattice. The theory explained satisfac-
torily why real metals are far weaker
than ideal, or defect-free, crystals. The
theory also explained why “whiskers,”
or single-crystal fibers, of many met-
als have strengths equal to the the-
oretically ~calculated values. Either
there are few dislocations in whiskers
or those present are almost completely
immobilized.

Conversely, the weakest form of a
metal should be one containing disloca-
tions that are not immobilized. A very
pure single crystal that has been grown
to bulk size meets this specification; it
contains neither grain boundaries nor
impurity atoms to impede the movement
of dislocations. Thus very pure single
crystals and metallic whiskers represent
the floor and the ceiling of the strength
of a given metal.

With the insight provided by disloca-
tion theory, metallurgists have gained
a better understanding of the traditional
methods used to strengthen steel. They
are effective to the extent that they im-
pede or block the movement of disloca-
tions. Five particularly effective methods



AUSFORM PROCESS, developed by the Ferd Motor Company, heated preparatory to quenching and deforming. Bottom photo-
creates a steel of great strength by deforming, or cold-working, graph, taken on infrared-sensitive film, shows the billet being de-

suitable alloys. Top photograph shows an experimental billet being formed in a rolling mill. To the eye the billet is not luminous.
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See e

MOVEMENT OI' DISLOCATION accounts for the weakness of

iron and other metals. The dislocation, represented by the black

for increasing the strength of steel are:
(1) addition of carbon, (2) reduction of
grain size, (3) deformation of structure
by “cold-working,” (4) inclusion of hard
particles or precipitates, (5) quench-
ing, or quick cooling, to produce a struc-
ture whose strengthening mechanisms
are only partially understood. Each of
these will be discussed in turn.
Increasing the amount of carbon dis-
solved in very pure iron from .0001 to
.005 per cent increases the strength of
the metal by a factor of four. The carbon
dissolves in the crystals of iron, which
are in the form of ferrite, cubic crystals
with an atom of iron in the center. The
potent strengthening is thought to be
related to the position of the carbon
atoms in the iron lattice. The carbon may

CRYSTAL OF FERRITE, one

interlocking cubes, producing a “body-centered” structure (left).

74

form of pure iron, consists of

either be squeezed into the interstices
of the lattice or clustered around the dis-
locations [see bottom illustrations on
these two pages]. In either event the dis-
locations tend to be immobilized and a
greater stress has to be applied to make
them move.

The second method for limiting the
movement of dislocations is to decrease
the size of the crystal grains in the metal.
Although a dislocation can move through
the crystal in which it originates, it can-
not jump across a grain boundary and
propagate itself in an adjacent crystal.
By decreasing the grain size tenfold,
thereby presenting many more barriers
to dislocation movement, the strength
of iron can be tripled. Grain size is estab-
lished by the combination of thermal and
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T-shape, occurs where a plane of atoms is missing from the
lattice of a crystal. When a small shearing force is applied, a sim-

mechanical processing that the metal has
undergone. The upper electron micro-
graph on page 78 shows how dislocations
have piled up at a grain boundary in
stainless steel.

The third way to raise the strength of
steel is to hammer, roll, forge, extrude
or otherwise deform it. If the deforming
is done at a temperature at which the
metal is not in the plastic state, it is
called cold-working. Severe deforma-
tion of iron at room temperature doubles
its strength. The deformation produces
complex tangles of dislocations that im-
pede the motion of other dislocations
[see lower illustration on page 78].

The fourth method of blocking dislo-
cations is to disperse hard particles or
precipitates in alloys. Steel normally con-

Carbon can dissolve in ferrite to a small extent (right). A dis-
solved atom (black) occupies a site along the edge of a cube.



ple flip in atomic bonding allows the dislocation to jump one
cell to the right (second panel from left). Ultimately the disloca-

sists of hard and brittle iron carbides dis-
persed in a relatively soft matrix of cubic
ferrite. The closer the spacing of these
carbides and, to some extent, the smaller
their size, the stronger the steel. Two
of the most important forms of steel,
pearlite and bainite, owe their strength
to the particular shape and distribution
of hard iron carbides. Pearlite contains
alternating plates of hard carbide and
soft ferrite. Bainite has a more complex
structure in which the individual car-
bide and ferrite phases can be plate-
like, needle-like or feather-shaped. The
strength of both pearlite and bainite can
be raised by decreasing the distance
between carbide particles by alloying
and heat treatment. Pearlite and bainite
are included in the class of plain carbon

CARBON-STRENGTHENING OF IRON may take place in two
steps. Carbon atoms dissolve at the site of a dislocation tleft). After

tion reaches the edge o
such slips will lead to

steels in which the carbon content runs
between .1 and .8 per cent. Their usable
strength is between 30,000 and 150,000
pounds per square inch.

To obtain still greater strength one
must resort to the fiftth method of treat-
ment, in which steel is quenched from
a high temperature. The rapid cooling
prevents the formation of carbide-ferrite
microstructures like those of pearlite or
bainite and yields the structure known
as martensite. As a result of this type of
heat treatment all or most of the carbon
is retained in a supersaturated solution.
Martensite can contain tens or even hun-
dreds of times more carbon in solution
than ferrite can. The strength of mar-
tensitic steels is directly proportional to
the dissolved carbon. When the carbon

(right), which interfe
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f the crystal, producing a unit of slip. Many
a visible change in the shape of the metal.

is .4 to .6 per cent, the strength runs as
high as 300,000 pounds per square inch.

The various types of steel mentioned
—pearlite, bainite and martensite—are
simply names for particular microstruc-
tures that arise spontaneously as a con-
sequence of carbon content, temperature
treatment and one other factor: time.
These relations are diagramed at the top
of page 79. The black curve (a) in the
diagram shows how a medium-carbon
steel can exist in various phases, depend-
ing on temperature and time. Above
1,450 degrees Fahrenheit the steel is in
the form of austenite. If it is cooled
quickly, it becomes metastable austenite
and, below 450 to 650 degrees F., mar-
tensite. If it is not cooled quickly but is
held at a temperature between 750 and

a unit slip occurs, the carbon atoms create a stressed region

res with the passage of other dislocations.
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1,450 degrees, it decomposes spontane-
ously into ferrite and carbide. If the
decomposition takes place near the
higher temperature, the ferrite and car-
bide take the form of pearlite; if it oc-
curs near the lower temperature, they
become bainite.

In making martensitic steel the aus-
tenite must be cooled fast enough to
avoid decomposition into ferrite and car-
bide. Yet the quenching rate must not be
so fast as to crack the hard but brittle
martensite. Ductility is achieved later
by a tempering operation, in which the
steel is reheated to a temperature below
1,000 degrees and held there for about
an hour [see first panel in top illustra-
tion on page 80]. Tempering sacrifices
some of the strength and hardness of
martensite for additional toughness. It
is little wonder that in ancient times
truly good swords were priceless and

ELEMENT  THEORETICAL YIELD

0 i
MAGNESIUM
ALUMINUM
ZIRCONIUM
TITANIUM i
VANADIUM
COPPER L
PLATINUM
MANGANESE

URANIUM

IRON

NICKEL
CHROMIUM
MOLYBDENUM
TUNGSTEN
BERYLLIUM ‘
RUTHENIUM
RHODIUM
RHENIUM

IRIDIUM

STRENGTH (MIL

exceptional ones became the source of
legends.

In 1954 two Dutch metallurgists, E.
M. H. Lips and H. van Zuilen, an-
nounced a process for raising the
strength of martensitic steel a full third
over the previous values of 300,000
pounds per sqquare inch. In their process
austenite is either continuously de-
formed as it is cooled from about 1,700
degrees or it is deformed at a constant
temperature just above the point at
which martensite starts to form. When
the metal is cold-worked above this tem-
perature, an entirely new variety of soft,
strain-free grain is created. This pro-
duces a stronger austenite from which
the martensite subsequently arises. The
deformed austenite is then quenched
and tempered as in the conventional
heat treatment of martensitic steels. The
Dutch process is shown in the second

LIONS OF POUNDS PER SQUAREINCH)

2 j 4

THEORETICAL STRENGTH is shown for 20 metals. The currently attainable bulk yield
strength for six of them is indicated by dark color; the numbers indicate per cent of the
theoretical value. The theoretical strength represents the atomic binding forces in a crystal.
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panel in the top illustration on page 80.

A major difficulty in the Dutch process
was that the cold-working of austenite at
comparatively low temperatures caused
the austenite to decompose rapidly, so
that the final product was usually a mix-
ture of ferrite, carbide and martensite of
low strength. The initial encouraging
results reported by Lips and van Zuilen
were achieved with wires and thin
sheets, in which quick deformation and
quick quenching did not give the de-
composition reactions time to take
place. It therefore was clear that a new
process was required if this technique of
strengthening were to be employed in
bulk steel parts having cross sections
larger than those of wire, foil and thin
sheet.

% search for such a process was begun

about 1954 by a group of us at ‘the
Ford Scientific quomton, and after an
intensive six-vear effort the Ausform
process was developed. Applicable to a
wide variety of steel alloys and fabrica-
tion techniques, it solves the problem
that frustrated the Dutch process. In the
Ford process the decomposition of aus-
tenite is delayed by certain alloying
elements, notably chromium. It had
been known for many years that when
chromium is used in a suitable alloy, a
“bav” develops in the curve marking the
dec0mp051t10n boundary between aus-
tenite and martensite. This bay, shown
by the colored curve (h) in the top illus-
tration on page 79, indicates that the de-
composition of austenite to ferrite and
carbide is strongly suppressed over a
wide region in the neighborhood of 600
to 1,000 degrees F. Once this region
had been identified there was no great
problem in confining the cold-working
operations to it. The deformation is
carried out under close temperature
control so that no decomposition into
pearlite or bainite takes place [see third
pancl in top illustration on page 80].
The cold-worked austenite is quenched
to martensite and tempered. Many com-
mercially available high-strength steels
have compositions that lend themselves
favorably to the Ausform process. One
such steel, known as Type H-11, re-
sponds particularly well. In addition to
iron it contains 5 per cent chromium, 1.3
per cent molybdenum, .5 per cent vana-
dium and .4 per cent carbon.

The principal factors controlling the
strength of Ausform steels are the
amount of deformation, the temperature
at which the deformation is done and
the carbon content. Lesser variables are
the tempering temperature and the alloy
content. The strength of any cold-



worked metal or alloy increases with the
amount of deformation and decreases as
the temperature of deformation rises. In
other words, the lower the temperature
at which the cold-working takes place,
the better.

These general principles have been
found to hold for Ausform steels [see
bottom illustration on page 80]. It is
uite clear that the strength of the mar-
tensite of the Ausform steels directly re-
flects the increased strength of the cold-
worked austenite from which it forms.
An increase of 100,000 pounds per
square inch in strength without a con-
comitant loss in ductility can be ob-
served in Ausform steels in which the
austenite has been severely deformed.

The highly distorted and deformed
structure of the austenite of Ausform
steels can be seen by deliberately allow-
ing austenite decomposition to take
place. This is most conveniently done by
allowing the cold-worked austenite to
cool slowly instead of quenching it. The
decomposition products of ferrite and
carbide precipitate preferentially on the
slip bands, or flow lines, of the de-
formed austenite grains [see illustration
at top left in the group of four at bot-
tom of page 82]. Slip bands marked by
such precipitates are said to be deco-
rated. When only a few martensite plates
are allowed to form, the interaction of
these plates with decorated slip bands
can readily be seen, as shown in the il-
lustration at top right in the group of
four on page 82. Conventionally formed
martensite is observed within the un-
distorted grain in the bottem third of
the photomicrograph. Several badly dis-
torted martensite plates are seen in the
deformed grain in the upper portion of
the photomicrograph. Careful examina-
tion reveals that the forming martensite
plates are offset each time they intersect
a decorated slip band.

The strength and hardness of Ausform
steels is maximized in a highly alloyed
high-carbon steel that has been severely
deformed in the austenite condition at
a relatively low temperature. The me-
chanical properties of such a steel (Vas-
cojet MA), containing .55 per cent car-
bon and a total of 12 per cent alloying
elements, are shown as a function of tem-
pering temperature in the top illustration
on page 82. The strength (equivalent
to that of a metal-cutting tool) is remark-
ably insensitive to tempering tempera-
ture. The yield strength of this steel is
more than 400,000 pounds per square
inch and its tensile strength is more than

75,000 pounds per square inch, over a
wide range of tempering temperatures.
The ductility is equal to or better wian
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STRUCTURE ' STRENGTH

IRON WHISKERS

COLD-DRAWN
STEEL WIRE

AUSFORM STEEL

MARTENSITIC STEEL

BAINITIC STEEL

PEARLITIC STEEL

COLD-WORKED IRON

IRON OF
SMALL GRAIN SIZE

IRON CONTAINING
DISSOLVED CARBON
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OF PURE IRON
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STRENGTH OF IRON, given in pounds per square inch, can be raised by introducing
various obstacles to the movement of dislocations. Such obstacles include dissolved carbon,
grain boundaries and hard precipitates. Pictures are by U.S. Steel Corporation and Ford.

© 1963 SCIENTIFIC AMERICAN, INC

77



PILEUP OF DISLOCATIONS is shown by the series of lines that bunch up at a grain
boundary (dark vertical region) in stainless steel. The boundary limits dislocation move-
ment. Micrograph is by W. Roser and G. Thomas of the University of California, Berkeley.

TANGLE OF DISLOCATIONS is produced when a metal is cold-worked. The tangles them-
selves provide an obstacle to the movement of other dislocations, which are not visible. This
micrograph of nickel was made by R. Nolder and Thomas of the University of California.

that of its conventionally heat-treated
counterpart.

The Ausform process combines fabri-
cation and heat treatment in one opera-
tion. This is its source of both strength
and weakness. The requirement that the
steel be cold-worked at or below the
comparatively low temperature of 1,100
degrees F., and that this be done over
a limited temperature range, currently
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poses some manufacturing limitations on
the process. At this temperature the steel
becomes stronger as it is cold-worked,
and equipment must be rugged to deform
it. There is also a need for fast-acting
temperature-sensing devices to maintain
the steel at the proper temperature. Steps
are presently being taken to meet both
needs

Because Ausform steels are strong,
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hard and ductile they should be useful
for making tools such as punches, dies
and shears. Great strength, coupled with
excellent resistance to fatigue failure,
also recommend their use in automotive
suspension systems, aircraft landing gear
and high-strength bolting. Several of the
highest strength experimental bolts ever
tested were made of Ausform steel.
Other applications of interest include the
manufacture of missile cases and vehicle
armor.

Where extreme toughness and ductili-
ty are required, Ausform steels have now
been surpassed by International Nickel’s
Maraging alloys—the alloys that sur-
prised metallurgists by containing vir-
tually no carbon. A typical Maraging
steel contains, in addition to iron, 15 per
cent nickel, 9 per cent cobalt, 5 per cent
molybdenum and .5 per cent titanium.
When heat-treated as shown in the
fourth panel in the top illustration on
page 80, its tensile strength is more than
300,000 pounds per square inch. The
alloy is heated to about 1,500 degrees I'.
and allowed to cool to room temperature
in air. Drastic quenching is not required,
nor is cold-working. The martensite that
forms is soft and malleable, unlike that
in quenched steels, and it can easily be
fabricated into useful shapes prior to
further heat treatment. The martensite
is then aged at about 900 degrees F. for
several hours. The aging step turns the
soft martensite into a tough, hard mate-
rial. Exactly why this happens no one
knows.

Maraging steels have about twice
the ductility of conventional martensitic
and Ausform steels. Furthermore, their
toughness is in a class by itself. Maraging
steels have exceptional ability to resist
brittle fracture when they are flawed
by deep scratches or nonmetallic in-
clusions. Their advantages include sim-
ple heat treatment, excellent welding
characteristics and good strength and
ductility at temperatures well below
zero Falirenheit. Suggested applications
include highly stressed rotating mechan-
ical parts, aircraft landing gear, hulls for
deep-diving submarines and containers
for holding liquid hydrogen in rockets.
At present Maraging steels are several
times more costly than Ausform steels.

The structural features responsible
for the excellent combination of strength
and ductility in the Maraging alloys arc
being intensively sought. P. Swann of
the United States Steel Corporation
Laboratory has identified a precipitate,
visible only in the electron microscope,
that may be the first clue to the strength
of these alloys. Evidently some compo-
nent in the allov is playving the role nor-
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PHASE DIAGRAM OF IRON AND STEEL shows the effect of
temperature and carbon content (left) and the further effect of
time (right). Ordinary steel («) decomposes quickly into pearlite
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MICROSTRUCTURE OF STEEL varies with time, temperature
and deformation. In the conventional process austenite is directly
quenched to martensite. In the Ausform process the austenite is

and bainite, alloys that contain hard precipitates. The Ausform
process requires alloys (b) in which the decomposition is post-
poned, allowing time for metastable austenite to be cold-worked.

s~ COLDWORKED™
v AUSTENITE [

quenched to an intermediate temperature and cold-worked. As a
result of cold-working the strength of martensite is raised from
about 300,000 to more than 400,000 pounds per square inch.
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FOUR STEELMAKING PROCESSES, described in the text, all
yield a strong product. The Dutch process was devised by E. M. H.
Lips and H. van Zuilen and the Maraging process by International

mally played by carbon in conventional
high-strength steels, and playing it more
effectively.

Somewhat more has been learned
about the factors contributing to the
strength of martensite, but even here
there is no general agreement among ex-
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STRENGTH OF AUSFORM STEEL increases with the amount of

deformation, or cold-working (left), and decreases as the deforma-
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perts. Morris Cohen and P. G. Winchell
ot the Massachusetts Institute of Tech-
nology concluded from studies of iron-
nickel-carbon alloys that carbon in solu-
tion and precipitation-hardening by car-
bides are the chief strengthening mech-
anisms in martensite.
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Nickel Company, Inc. Cold-working is symbolized by rollers. In
the Dutch process the broken line indicates an alternative path.
“M.” signifies the temperature at which martensite starts to form.

P. Kelly and J. Nutting of the Uni-
versity of Leeds postulate a different
mechanism. They find that the strength
of martensite is proportional to the num-
ber of martensite plates incorporating
fine internal twin crystals. The twins
show up in electron micrographs as very
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DEFORMATION TEMPERATURE (DEGREES FAHRENHEIT)

tion temperature increases (right). The per cent deformation is
the per cent reduction in cross section when a billet is rolled.



straight, thin, paired structures, and
characteristically many twins are found
lving side by side in a regular array [see
illustration at bottom left in the group
of four on next page]. There is no doubt
that such structures must present an
effective barrier to the movement of
dislocations. Moreover, Kelly and Nut-
ting have shown that the number of
twinned plates is proportional to the
amount of carbon in solution, thereby
satistying the empirical observation that
the strength of martensite is proportional
to carbon content. Although twinning
undoubtedly contributes to the strength
of conventionally quenched and tem-
pered steels, other mechanisms are prob-
ably also important.

At the Ford laboratory D. J. Schmatz,
F. W. Schaller and I have concluded that
Ausform martensitic steels are primarily
strengthened bv precipitation-hardening
or by solid-solution-hardening. Although
we also see more twins in Ausform steels
than in conventional martensitic steels,
we hesitate to credit them as a major
source of strength. The argument in
favor of precipitation-hardening or solid-
solution-hardening runs as follows. As
noted above, the strength of Ausform
steel is relatively insensitive to tempering
temperature. This implies that most of
the strength in the steel is developed
during either cold-working or quench-
ing. In either case the time available for
the formation of a precipitate is limited
and, if a precipitate forms, it will have
to be uniformly dispersed and consist of
particles less than 100 angstrom units in
diameter. (An angstrom unit is a hun-
dred-millionth of a centimeter.) The al-
ternative explanation is that the carbon
is not in the form of a precipitate but is
actually held in solid solution. Disloca-
tion theory predicts that either a fine
precipitate or a solution of carbon atoms
could account for the high strength of
Ausform steels.

By a suitable technique it is possible
to see in the electron microscope whether
or not a sample of steel contains hard
carbide precipitates that are larger than
50 angstroms in diameter. When this
technique is used to compare Ausform
and conventional heat-treated steel, it
is found that the density of coarse car-
bides is much less in the Ausform steel
[see illustration at bottom right in the
group of four on next page]. It is evident
that the large amount of carbon in the
Ausform steel is either in solid solution
or in the form of a precipitate smaller
than 50 angstroms in diameter.

Looking toward the future, one can
make a few fairly safe predictions. Duc-
tile steels with a tensile strength of

SEVEN REASONS WHY THE - SIS
UPPER RIGHT HAND CORNER

OF YOUR NEXT GENERAL PURPOSE

DIGITAL COMPUTER WILL LOOK LIKE THIS:

m Reliability increased by an
order of magnitude

m The only high speed, low cost
computer with Fortran 11

m Add time: 16 upsec. Multiply
time: 32 usec.

m Silicon semiconductors used
throughout

m Floating point and multi-pre-
cision operations

m Built in buffers; five integral
input/output systems

m Priced up to $50,000 under
comparable machines

In scientific/engineering applica-
tions, SDS 900-Series computers
give more answers per dollar, more
reliably, than comparable ma-
chines. The SDS920 costs $98,000.
The smaller SDS 910 costs only
$48,000. Although both are new
from the ground up (the first unit
shipped in August, 1962), alert
users such as JPL, Bell Labs.,
NASA, Motorola, G.E., Honey-
well and RCA are already on the
customer list. Care to join them?

——
SCIENTIFIC DATA SYSTEMS
1649 Seventeenth Street, Santa Monica, Caiif.
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TEMPERING TEMPERATURE (DEGREES FAHRENHEIT)

STRENGTH AND DUCTILITY are generally traded when conven-
tional martensitic steel is tempered (black curves). Ausform steels

TEMPERING TEMPERATURE (DEGREES FAHRENHEIT)

(color) match conventional steels in ductility (left) without
significant loss of strength at high tempering temperatures (right).

500,000 pounds per square inch will be
an engineering reality before the end of
the decade. To an increasing degree non-
carbon alloys will replace carbon-con-
taining steels for difficult jobs. Later,
perhaps not in this decade, noncarbon
alloys will begin to replace the more

common structural steels. This develop-
ment, however, will await a detailed un-
derstanding of how the Maraging alloys
are strengthened without carbon. Wher-
ever the paths of research may lead, they
will probably support the canny obser-
vations of the 17th-century natural

philosopher Joseph Glanvill, who wrote:
“Iron seemeth a simple metal...but in
its nature are many mysteries . . . and men
who bend to them their minds shall, in
arriving days, gather therefrom greater
profit, not to themselves alone but to
all mankind.”

DEFORMATION MARKINGS, or slip bands, can be made visible
if Ausform steel is allowed to cool slowly after deformation. Hard
carbides precipitate along the slip bands, “decorating” them.

TWINNED MARTENSITE PLATES appear as fine parallel lines
in this electron micrograph of Ausform steel by P. M. Kelly, Uni-
versity of Leeds. Such crystal twins block movement of dislocations.
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MARTENSITE PLATES, dark jagged shapes, grow to large size
(lower left) in nondeformed region of martensite. In deformed re-
gion (upper right) plates are deflected when they meet slip bands.

SN T SR t
CARBIDE PARTICLES larger than 50 angstrom units in size are

shown in ordinary martensitic steel (left) and in Ausform steel
(right). Most Ausform carbon is in solution or in fine particles.
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Sigma’s Cyclonome® Stepping Motor—

An Uncomplicated Approach to Accurate Positioning, Counting, Converting

From Sigma comes an electro-
magnetic drive that delivers
torque in precise 18° steps . . .
...up to 1,000 steps per second
... up to 5 inch-ounces of torque
.. with no standby power to
maintain high holding
torque
.. with only one moving part
(no catches, ratchets,
escapements)
... with size as small as 1 cu.in
And requiring only the sim-
plest input circuitry.

Engineers are already apply-
ing the Cyclonome stepping
motor in chart and tape drives,
in analog-digital converting, in
impulse counting, in step ser-
vos, In remote positioning, in
timing.

If you position, count or con-
vert, the Cyclonome stepping
motor can benefit you. Our ap-
plication engineers will be glad
to work with you. Or perhaps
you would first prefer to read
more about the Sigma Cyclo-
nome. If so, send for a copy of
The Cyclonome Technical
Bulletin. Write to Dept. 11.

See the Cyclonome stepping
motor demonstrated at Wescon.
Booth 3621-3622.

SIcMA DVISION @& SIGMA INSTRUMENTS INC

~= Assured Reliability With Advanced Design/Braintree 85, Mass.

What is a Stepping Motor?
A stepping motor is like a syn-
chronous motor in principle, ex-

: the motor is energized. Instead,
i ceptthatitsrotor does notrevolve

on command from the input, the
rotor travelsanincremental step,
stops instantly and locks magnet-
ically in position. When a signal

|
of opposite polarity is applied, |
the rotor advances another pre- L
cise step, delivering torque in ex-
act proportion to and at the same

smoothly and continuously when rate as the input.

© 1963 SCIENTIFIC AMERICAN, INC
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HOW SLIME MOLDS COMMUNICATE

Slime-mold amoebae are free-living microorganisms that periodically

gather together to form macroscopic fruiting bodies. It now seems

that secreted gases play several important roles in this development

iving things generally grow “up” be-
& & ) I
cause the earth’s gravity pulls

them “down.” A stand of pines
thus points to the zenith from a hillside
as well as from a flood plain. The tiny
fruiting body of the cellular slime mold
is also lofted upward into the air—by
as much as two whole millimeters—
above the surface from which its spindly
supporting stalk happens to spring. Now,
a great many (uestions remain to be
answered about this peculiar organism.
In the first place, it is formed by the in-
tricate and transitory collaboration of a
number of single-celled animals. The
system of intercellular communications
that brings these social amoebae together
and causes them to differentiate in form
and function and find their proper places
in the rigorously ordered structure of
their fruiting body holds clues to the
developmental processes of multicelled
plants and animals that arise in the usual
way from a single cell. The fact is, how-
ever, that gravity does not supply any
significant cue to the orientation of the
growth of the microscopic slime mold.
Presumably the weights involved here
are too insignificant.

Not long ago in our laboratory at
Princeton University we came on an-
other principle of action at a distance
that may explain the orientation of the
upward reaching of the social amoebae.
We were not at the time worrying about
what the cells say to one another in the
process of marshaling a unified multicel-
lular organism. We had become interest-
ed in what might be termed the conver-
sations between the cell masses and their
neighbors. We had raised the level of dis-
course, in other words, from that of cells
to that of organisms composed of num-
bers of cells. It now appears that the
same principle of communication is en-
zaged at both levels. Slime-mold amoe-
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by John Tyler Bonner

bae have turned out to be even more
social than anyone had suspected.

Of the dozen or so known species of
cellular slime mold, Dictyostelium dis-
coideum has played the leading role in
the laboratory ever since it was discov-
ered and described by Kenneth B. Raper
of the University of Wisconsin in 1935.
In the free-living, single-celled state this
amoeba has the size and appearance of
one of our white blood cells. It feeds
on bacteria in the moist humus where it
dwells and, under favorable conditions,
undergoes repeated division every three
or four hours. By the time the local food
supply is depleted there is a consider-
able accumulation of amoebae wander-
ing about in different directions. Sudden-
ly they shift their attention and begin
streaming into central collection points.
Much work has been done on this ag-
gregation stage; it is known that an
evanescent substance called acrasin is
given off by the amoebae, and that the
amoebae tend to move up the gradient
of concentration of this substance, form-
ing a clump of cells often visible to the
naked eve [see “Differentiation in So-
cial Amoebae,” by John Tyler Bon-
ner; SCIENTIFIC AMERICAN, December,
1959]. If the aggregation is sufficiently
large, it will form a sausage-shaped slug
that crawls about and orients toward
sources of light and warmth with re-
markable precision and sensitivity.
Eventually the mass rights itself and
the leading (now upper) third of the
cells begin to differentiate into stalk
cells. These cells form a central cylin-
drical stalk, stiffened by cellulose fibers
that the cells secrete. The rest of the
cells stream upward to the top of the
stalk, where they form a little sphere,
each cell encapsulated into a spore ready
to start a new generation.

All sorts of intercellular communica-

© 1963 SCIENTIFIC AMERICAN, INC

tion play their parts in this curious
life history. E. W. Samuel of Antioch
College has shown that, before aggre-
gation begins under the influence of
acrasin, the amoebae tend to repel one
another. Like sheep, they separate to
graze; once the food is gone they come
together. After aggregation the inter-
cellular communication system regulates
the differentiation and sorting out of
the cells to form the stalk and fruiting
body. Only a few features of this system
have been demonstrated by experiment.

he first clear indication of communi-
- cation between cell masses was un-
covered by two college seniors working in
our laboratory, J. Rorke and G. Rosen-
thal. They were investigating a phe-
nomenon we first noticed in 1941. If a
migrating slug is cut into three pieces,
each piece will regroup and before long
culminate, that is, rise into the air to
form a small but otherwise normal soro-
carp, or fruiting body. If the three pieces
remain close to one another, they will
tend to bend away from one another
as they rise, instead of growing straight
up. The readiest explanation appeared
to be that the forward third of the
slug grew faster and so pointed for-
ward. whereas the slower growing hind
third grew slower and pointed rearward.
In one experiment, however, Rorke and
Rosenthal noted that the forward frag-
ment had wandered around and settled
in position between the middle and
hind fragments before the three frag-
ments began to culminate. When they
rose into the air, the two end cell masses
still leaned away, whereas the new mid-
dle piece went straight up.

In other words, the orientation of
the rising sorocarp has nothing to do
with what part of the slug the cells
come from. The ()nly signiﬁcemt point



is their relation to one another as thev
rise. If they are close to one another,
they will repel one another. We con-
firmed this deduction by trving all the
different permutations of forward, mid-
dle and hind fragments, as in the shell
game, and even got the same result when
we pushed two complete and unrelated
cell masses close to each other. In everv
case they leaned away from each other
as they rose.

The most obvious conclusion—one that
has been supported by all the experi-
ments—was that the fruiting bodies give
off a gas and that they orient in a gradi-
ent of the gas, leaning away [rom re-
gions of high concentration. Our proof,
however, still remains somewhat indi-
rect, because the fruiting bodies are so
minute and because it is not practicable
to sample and assay a gas gradient of
such tiny dimensions.

We did get a measure of the sensitiv-
ity of the mechanism. When the cell
masses are placed more than .8 milli-
meter apart, they grow struight up in the
air; at less than this distance thev repel
one another. The shorter the distance be-
tween them, the greater the mutual re-
pulsion. With the cell masses side by
side and touching, the two stalks rise
at an angle of 45 degrees to the surface
and make a perfect 90-degree angle to
cach other.

Similarly, we found that the stalks
will lean away from the surfaces of in-
ert objects, such as agar blocks, when
they are placed close enough to allow
a significant concentration of gas to de-
velop in the space between stalk and
surface. A growing stalk will even lean
away from a glass rod planted next to it
in the agar culture medium. With thin
glass cover slips we were able to demon-
strate geometricnl precisi(m in the re-
sponse: the stalks alwavs grow or lean
equidistantly from the confining walls,

If a gas is given off, it should be pos-
sible to blow it awav. With the help
of D. C. Hazen of the Princeton aero-
nautical engineering department we
constructed the world’s smallest wind
tunnel, with an aquarium pump for the
source of its wind. Exposed to a breeze
of 30 to 200 centimeters per second,
solitary cell masses invariably gave rise
to fruiting bodies that leaned into the
wind. This was strong support for the
gas hypothesis. Because the wind blew
the gas to the leeward of the slime mold,
the fruiting body would tend to grow
“upwind” and away from the gas.
Given the tiny dimensions of the fruit-
ing body and therefore of the gas gradi-

AGGREGATION of social amoebae is the first stage in the formation of slime-mold fruit-
ing bodies. In the photograph at the top thousands of amoebae are spread evenly over an
agar surface; an unknown substance repels them from one another as they forage for bac-
teria. In the second picture the food has been depleted and the amoebae begin to stream
toward central collection points, attracted by a substance called acrasin, which is secreted by
a few “founder cells.” In the third and fourth pictures most of the amoebae in the area have
become concentrated into central cell masses. The even spacing of the aggregates is accom-
plished by means of an aggregation-inhibiting gas, also given off by the founder cells.
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LIFE CYCLE OF A SLIME MOLD, typified in this series of draw-
ings by the species Dictyostelium discoideum, covers the period
from aggregation (far left) to the development of a mature fruiting

body (far right). Between these two stages the cell mass migrates
about for a time in the form of a slimy, sausage-shaped slug before
settling into its final fruiting position. Times are only approximate.

ent, one could predict that in a very
small chamber the total concentration
of the gas would rise to such a level that
the gradient would effectively disappear.
A small piece of glass tubing, three milli-
meters in diameter, was heat-sealed at
one end and the other was plugged with
agar containing one or two cell masses.
Culmination took place even though the
volume of the chamber was only about

|
S
|

CRUCIAL EXPERIMENT that indicated the operation of a gas
mechanism in the orientation of slime mold fruiting bodies was
performed by two senior students at Princeton University, J. Rorke
and G. Rosenthal. The drawing at top left shows a migrating slug
cut into three pieces; when these fragments culminate (bottom
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20 cubic millimeters. But the fruiting
bodies showed a total lack of orienta-
tion; the stalks grew neither straight nor
upward, nor did they avoid each other
or the glass or the agar surface. With
mineral oil, a strong absorber of gases,
we found that we could produce the
same effect but for exactly opposite
physical reasons. Submerged in the oil,
the cell masses threw up fruiting bodies,

left),

(bottom right).
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ments are exchanged

nothing to do with what part of the slug the cells come from;
only significant factor is their relation to each other as they rise.

but in a completely disoriented fashion.
In this case the gas phase was totally
eliminated by the oil.

The best evidence for the gas hvpoth-
esis came from an experiment in which
we placed a cube of charcoal alongside
the cell mass. Instead of being repelled
by this mass of material, the fruiting
bodv culminated right into the charcoal.
Plesumdbly the charcoal absorbs the gas

they tend to lean away from each other. If two of the frag-

(top right), the identical effect ensues

This experiment showed that orientation has

the



What's a chemical company doing taking ‘‘bugs’ out of bags?

It all started when an Enjay Market Development
man ran into the president of an important package
machinery firm at a trade show. They got to talking
about the problems of running polypropylene film
on conventional bag-making machines without get-
ting “angel hair” at the cutting edge.

The manufacturer invited our man to visit his
plant in Minnesota. The “visit” lasted for four weeks
— time spent experimenting with various machine
modifications. Meanwhile, resin chemists back at

Enjay Laboratories were building new properties
into the film and supplying samples for testing.

The result was a new attachment by the machine
maker, a new market for film producers, and an at-
tractive new material for packagers. It’s the kind of
thing that happens when you deal with Enjay, the
chemical arm of Humble, America’s Leading Energy
Company. For help with problems or opportunitiesin
your field of interest, write to Enjay, 60 West 49th
Street, New York 20, New York.

ENJAY CHEMICAL COMPANY, a division of Humble Oil & Refining Company
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You might call Western Gear’s
75 years of growth a product of
higher learning. Learning, that is,
to reach out to new horizons this
boy probably couldn’t have seen
from his schoolhouse steps. West-
ern Gear was around then. But
Western Gear is everywhere now.
The word “gear” in our name has
grown to mean as many things as
there are new industries and sci-
ences. In the electromechanical
power transmission field, for ex-
ample, Western Gear designs and
manufactures special and stand-
ard products ranging from minia-
ture rotary electrical equipment,
to printing presses, to marine deck
machinery. We build equipment
for lumbering, mining, food proc-
essing, steelmaking, space and
hydrospace. In fact, it’s hard to find
an industry where Western Gear
isn’t. Isn’t it likely that one of our
seven divisions could be of special
service to you? It’s easy to find out.
Write for our Corporate Capa-
bilities Bulletin 5900. Address
Western Gear Corporation, Box
182, Lynwood, California, or cable
WESTGEAR, Lynwood, California.

WESTERN GEAR CORPORATION

...our 75th year

Everett, Washington; Belmont, Lynwood, Pasa-

dena, California; Houston, Texas. Offices in all

principal cities. Executive offices in Lynwood.
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FOUR DEMONSTRATIONS of the sensitivity of a cellular slime mold’s gas-orientation
mechanism are depicted. A cell mass placed at the base of an agar cliff («) tends to bisect
the angle of intersection of the two surfaces. A cell mass placed at the crest of the cliffl (b)
culminates at an angle of about 135 degrees from each surface. When a small glass rod is

planted in the agar near a rising fruiting body (c¢), the stalk leans away slightly from the
rod. In a wind tunnel (d) the orienting gas is blown to the leeward of the fruiting
body, causing the stalk to lean away from the gas and into the wind. In all four of
these cases the fruiting body tries to maintain an equal concentration of gas on all sides.

and as a result there is less gas on the
charcoal side. Subsequently B. M. Shaf-
fer of the University of Cambridge
showed that a drop of mineral oil would
produce the same effect and would also
cause migrating slugs to change course
and approach the drop.

As for the chemical identity of the
gas, we know at least that it is not spe-
cific to species; the gas given off by
any species of slime mold will repel any
other species. This suggests a common
product of metabolism, such as carbon
dioxide or ammonia. As will be seen,
however, the uestion remains unsettled.

\Whatever the nature of the gas, it is
apparent that a vertical concentration

© 1963 SCIENTIFIC AMERICAN, INC

gradient of the gas, under natural and
normal circumstances, causes the fruit-
ing body of the slime mold to grow
straight up at right angles to the sur-
tace. The next question is: What good
does this do the slime mold? There is no
certain answer because we do not even
know the evolutionary significance of the
aggregation of the amoebae into cell
masses in the first place.

For the moment let us grant that rear-
ing the fruiting body into the air is ad-
vantageous and further assume that it
serves the protection and dispersal of
the spores. In nature, fruiting occurs
in the small caverns and chambers that
riddle the humus and upper crust of the
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LACK OF ORIENTATION of slime mold fruiting bodies was achieved in two different
ways. A thin piece of glass tubing was heat-sealed at one end to form a tiny chamber (left)
in which the concentration of gas rose so high that the fruiting bodies inside were unable
to establish an effective orientation gradient. When mineral oil was poured over some cell
masses (right), they also culminated successfully, but in an entirely disoriented fashion.

soil. If it is advantageous to store the
spores free from any surface, obviously
the gas orientation will be extremely
useful: it will keep the spore mass in
the center of any cavity. It may be that
dispersal is pl]lTldIllV effected by worms
and grubs slithering by and touchmg
the ball of spores. As soon as an object
touches the spores, they come off and
stick to the foreign ob]ect by surface
tension. Finally, if a number of fruiting
bodies should grow close together in a
large pocket in the soil, the gas-orienta-
tion mechanism will space the rising
spore masses so that thev spread over
the whole area in an optimal way, filling

ELEGANT CURVE in the stalk of a rising fruiting body can be

produced by placing a microscope cover glass over the cell mass
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all the available space. The mechanism
works with such precision that it is per-
haps not unreasonable to expect that the
growth of many other primitive plants—
for example, simple fungi—is also ori-
ented by gas gradients.

\/Ieun\\'hile we had been working on
= what we thought was an entirely
separate problem. In 1937 the German
biologist A. Arndt observed that the
number of fruiting bodies that formed
in a culture dish appeared to be inde-
pendent of the total population of amoe-
bae in the culture. We confirmed this
observation in experiments with five

© 1963 SCIENTIFIC AMERICAN, INC

different species. To put the story the
other way around, it appeared that the
size of the territory in which an aggrega-
tion of amoebae forms is constant (under
given experimental conditions). Rough-
ly speaking, if there are 10 amoebae in
the territory, they will aggregate to pro-
duce one hmtm(r body of 10 cells, and
if there are l(),()()() amoebae, the 10,000
will join in a single, much larger ag-
gregation.

All of this was of interest as a lead
to the mechanism that initiates aggre-
gation. Such evidence was inconsistent
with the “initiator cell” hypothesis of
Maurice Sussman of Brandeis Univer-
sitv. He had proposed that one cell in
every 300 or 2,000 (depending on the
species) was somehow capable of start-
ing aggregation. The finding that ag-
gregation is a function of space rather
than cell density fitted in more readily
with an observation by Shaffer; he dem-
onstrated that a single cell, which he
calls the founder cell, is the focal point
of aggregation and that this cell inhibits
other founders from forming in its im-
mediate vicinity.

I n the fall of 1962 we performed a sim-

ple experiment that immediately sug-
gested the nature of the inhibitory in-
fluence exerted by the founder cell. We
placed amoebae of the species Dictyo-
stelium mucoroides in tightly stoppered
culture tubes. No aggregation took
place; this was not surprising because it
had been shown by James H. Gregg of
the University of Florida that the cells
require oxygen for aggregation and the
later stages of development. In one of
these tightly stoppered tubes, however, 1
added a spatulaful of activated charcoal.
Within an hour aggregation was fully un-
der way in this tube. More careful repeti-
tions of this experiment showed that it

Vs
|
4
Vs
y \
P \
y \
7 \\
4 \
- \
ra \
4 \ f
\
\ {
y \ =
e — ~
. = —
& _—
v _—
i e,
Vs 1 | __—
===
—

during culmination. The slime mold’s gas-orientation mechanism
tends to keep it equidistant from both the cover glass and the agar.



was not the absence of oxvgen but the
accumulation of some inhibiting gas that
prevented aggregation in the closed
tubes. We found also that aggregation
would occur if we reduced the number
of amoebae per culture tube below a
certain threshold. From this it could be
calculated that the presence of more
than approximately 250 cells per cubic
millimeter of air space would inhibit
aggregation. Apparently if the cells
were fewer, the gas did not accumulate
in sufficient concentration to prevent ag-
gregation. At threshold concentrations
the amoebae formed abnormal aggrega-
tions or disoriented fruiting bodies. All
these peculiarities disappeared when we
added a small heap of charcoal to the
culture.

From the known size of the chamber
and the concentration of the amoebae
it was possible to compare territory size
or, conver: selv to compute the numbel
of hmtmé’ b()dles per square centimeter
in the presence or absence of charcoal.
It turned out that the fruiting bodies
were approximately four times denser
or more crowded together in the pres-
ence of charcoal. In other words, re-
moval of the inhibiting gas reduced the
size of the aggregation territory. This
conclusion was dramatically fortified
when we submerged the cultures in min-
eral oil—the territory size then became
minute. In this case, however, it is not
certain that the effect is exclusively due
to the removal of the inhibitor. Raper
showed some vears ago, for instance,
that drying mall\edlv reduces territory
size; oil might somehow promote this
cffect.

On the precedent of our wind-tunnel
experiments in the orientation of the
growth of fruiting bodies, we compared
the sizes of territories formed in still and
in circulating air. In circulating air the
density of the fruiting bodies was four
to nine times greater than in still air.
Therefore by disturbing the normal dit-
tusion pattern of the gas and blowing
it away as well one can effectively re-
duce the territory size.

Other experiments showed that the
gascous “spacing substance” is not spe-
cies-specific: each one of four different
species cultured in the same confined
chamber with Dictyostelium mucoroides
produced a gas that inhibited the forma-
tion of centers of aggregation and corre-
spondingly increased the territory size
of the Dictyostelium mucoroides fruit-
ing bodies.

rmnm& to the task of identifving the
spacing substance chemically, we
found that carbon dioxide is the one
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Join us for a trip along “Research River” to meet the
U. S. NAVAL LABORATORIES OF THE POTOMAC

The term “Research River” may seem just an allitera-
tive coining, but is actually indicative of a fascinating
—and still developing—situation. For there are today
more than 200 government and private organizations
along the Potomac, and in the Washington, D.C. area
—making this one of the FOUR top R & D areas of the
country. Foremost among these research organizations
are the eight U.S. NAVAL LABORATORIES OF
THE POTOMAUC, including some 4200 professional
scientists and engineers, and hundreds of in-house
R & D projects.

Join us for a minute or two as we travel down the
Potomac and meet these Naval research activities. Al-

though such meetings must be brief, you can easily see
why each activity is renowned in its own right . . . and
offers a unique blend of important, wide-ranging work,
better-than-average compensation, and a promising
future free from the job-permanence worries that
plague the defense industry these days.

We hope you will wish to explore career possibilities
further by getting in touch with the Employment Of-
ficer at the organization in which you are interested.
Keep in mind the many benefits of Career Civil Serv-
ice, plus the unusually fine graduate degree programs
offered by the Navy in cooperation with local uni-
versities.

U.S. NAVAL LABORATORIES OF THE POTOMAC
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Starting 12 miles northwest of Washington, where the

new Circumferential Highway crosses the Potomac,

is the DAVID TAYLOR MODEL BASIN , a complex of

four laboratories (Hydromechanics, Structural Mechanics,

Aerodynamics & Applied Mathematics) conducting

fundamental & applied research in submarine, surface

ship, aircraft, and missile design concepts . . . applied

mathematics . . . and related instrumentation.

Moving from the River to White Oak, Maryland,

we find the 875-acre NAVAL ORDNANCE

LABORATORY where more than 1,000 graduate

professionals (plus support personnel) originate, develop,

and evaluate new ideas in surface, subsurface, air

and space weaponry to a point where they will be

reliable and effective with the fleet. More than 95

weapons devices developed at NOL are now in active use.

Back towards the River, and delightfully situated on

““Embassy Avenue'’ is the famous NAVAL OBSERVATORY
where astronomers and mathematicians pursue

research in astrophysics, stellar positions, and celestial

mechanics, as well as provide the almanacs and

standards for time and frequency.

Further southward along the River is the NAVAL

RESEARCH LABORATORY , main basic research facility

for the Office of Naval Research. NRL employs a wide

variety of physicists, mathematicians, metallurgists,

chemists, electronics and mechanical engineers—and is

now adding advance laboratory facilities—to better

investigate all the physical sciences with the end

objective of improving materials, techniques, and

systems for the entire Navy.

Come away from the Potomac River again just

east of the D.C. line, where the NAVAL

OCEANOGRAPHIC OFFICE (formerly the Hydrographic

Office) conducts environmental investigations and

develops new techniques and eguipments in

oceanography, hydrography, gravity, magnetism,

instrumentation and related navigational science.

Once more along the ever-widening Potomac, welcome to

Indian Head, Maryland, and the

NAVAL PROPELLANT PLANT where chemists,

chemical engineers, and related-area professionals

research and develop processes, materials, handling

devices and pilot plant operations of solid and

liquid propellants. They manufacture, inspect, and

test missile propulsion units as well.

A few miles farther south and across the Potomac

is Dahlgren, Virginia, home of the NAVAL

WEAPONS LABORATORY . NWL performs two

broad-ranging functions; first, in studying and

analyzing ballistics, astronautics, and advanced weapons

systems through basic & applied research in

mathematics, physics and engineering . . . and second,

in working on various classified DOD projects with the

latest computer technology and systems. Finally, we

reach the shores of the Chesapeake Bay and the

NAVAL AIR TEST CENTER , Patuxent River, Maryland.

Here Aerospace, Electronic, and Mechanical Engineers,

and Physicists, too, perform stability and control,

aircraft and engine performance flight evaluations of

experimental, prototype, and early production aircraft—

and of new airborne weapons systems.

As you have seen, each of the eight U. S. NAVAL

LABORATORIES OF THE POTOMAC is so located as

to be accessible to the government, and to

each other—allowing optimum interplay of ideas and

developments. Get in touch, and relocate yourself

permanently in the Washington, D. C./Potomac River

area . .. where research is king.

An Equal Opportunity Employer

gas that will produce the same effect.
On the one hand, the addition of ap-
proximately 5 per cent carbon dioxide to
the atmosphere of the culture tube total-
ly inhibits aggregation in Dictyostelium
mucoroides. On the other hand, sub-
stances that absorb CO, selectively will
lift the inhibition, although not so effec-
tivelv as charcoal. The gas chromato-
graph showed no additional spikes other
than the ones common to room air in
samples of gas taken from tubes in which
cultureswere inhibited. CO, is, of course,
one of the gases common to room air.
Can we conclude that the spacing sub-
stance is CO,? It would be most unwise
to do so at this time. The gas mav merelv
imitate the natural spacing substances,
one of which mav be CO,. I have a par-
ticularly strong reason for caution. We
made all these tests with five species and
found onlv two of the five sensitive to
the gas, although they all produced it.
Two species are totallv insensitive at all
times to either naturally produced spac-
ing substance or added CO,. Most mvs-
tifving of all, the fifth species sometimes
exhibits sensitivity to the gas and
other times appears to be totallv in-
sensitive. It seems to be able to switch
its sensitivity on and off. Much more
work must be done before we can say we
have identified the spacing substance.
In the case of Dictyostelium muco-
roides, one of the species sensitive to the
gas, we were able to demonstrate that it
produces the gas not only at the initia-
tion of the process of aggregation but also
throughout the entire process and dur-
ing migration and culmination as well.
Thus when the fruiting body of a large
cell mass rises above a culture swarming
with amoebae in the preaggregation
phase, the evolving gas totally inhibits
aggregation in the rest of the culture
until fruiting is completed. This suggests
that in nature agdle(mtlon may occur
in waves, each one staltmg only after
all the fruiting of the previous wave is
complete. We found also that, if condi-
tions allowed a high accumulation of
the spacing substance, migration is cur-

eral oil (right) lowers the concentration of gas on the side of the adsorbent, causing the

tailed. Barbara Wescott, working in
Raper’s laboratory, had shown pre-
viously that a concentration of 5 to 10
per cent CO, in the atmosphere of the
culture inhibits migration.

The fact that the gaseous spacing
substance is produced during migration
and culmination strongly indicates that
this gas and the gas that orients the
growth of the fruiting body are one and
the same. Neither gas shows species-
specificitv and both are adsorbed by
charcoal and mineral oil. What is more,
from the point of view of their function
thev both do the same thing. At aggrega-
tion the substance controls the spacing
of the aggregates; as the cell masses rise
from the surface, they are again “spaced”
by the mechanism of gas orientation. In
the first case the spacing is in two di-
mensions; in the process of orientation
the spacing effect is three-dimensional.
Certainly we are justified in calling both
gases spacing substances.

t is now permissible also to speculate
about how the spacing substance pro-
duces its effects. One hypothesis that
simultaneouslv accounts for the inhibi-
tion of dgglegatlon and for orientation
of the fruiting body suggests itself: the
spacing substance tends to speed up the
movement of the cells. Centers of ag-
gregation are formed by a localized
slowing of cells; if the cells are speeded
up, the' are inhibited from forming cen-
ters. Similarly, if two fruiting bodies are
close together, the gas concentration will
be highest between them; the cells on
this inward side will then move more
rapidly, and the growing stalks will bend
away from each other. This hypothesis
is attractive, but it remains to be tested.
What is established is that the multi-
cellular cell masses of the slime mold
can converse with one another by means
of a gas. We have always known that the
social existence of many higher animals
is influenced by odors. Now we have to
learn more about the gas communica-
tions of slime molds and of other micro-
organisms as well.

stalk to lean in that direction. Migrating slugs can also be attracted toward these adsorbents.
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The Sea that Spills

into a Desert

The Caspian empties into a shallow gulf,

the high salinity of which gives rise to

odd geological and ecological phenomena

by Maurice A. Garbell

water and snow that fall on the land
are drained by streams that ultimate-
ly empty into the world ocean, from
which, of course, there is no exit. Then
the water evaporates from the oceanic
surface and completes the cycle by pre-
cipitating on the continents again. A
most unusual variation on this grand-
scale theme is represented by the Cas-
pian Sea of the southern U.S.S.R. and
northern Iran. Each year more than two
cubic miles of the Caspian’s water spills
through a narrow strait into a shallow,
thirsty depression in the desert to the
east. This basin is the Zaliv (gulf) Kara-
Bogaz-Gol, a gigantic natural evapora-
tion pan that is parched by a blazing sun
and a searing east wind. The rate of
evaporation with respect to the volume
of water is such that the gulf has become
the saltiest large body of water in the
world—even saltier than the Dead Sea,
which is widely thought to be the saltiest.
The water in the gulf is a fully satu-
rated brine, mostly of sodium sulfate
(NaySOy). Only 30 years ago the water
stood at the level of the Caspian. In re-
cent years a severe drop in the level of
the Caspian has resulted in an even
greater drop in the level of the gulf,
creating a thundering miniature Niagara
at the end of the once navigable strait. A
strange, shifting marine delta has grown
below the falls, sustaining an unusual
animal and plant community based
partly on Caspian fish and other organ-
isms killed by the lethal waters of the
gult and cast ashore. The gulf itself has
long supported a small community of
people; they harvest the concentrated
sodium sulfate for industrial purposes.

IH the normal course of events the
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The Caspian, which lies in the border-
land between Europe and Asia, is fed by
the Volga, the Ural River and several
minor rivers that descend from the Cau-
casus. Covering more than 150,000
sqquare miles, an area comparable to that
of California, it is the largest enclosed
salt lake in the world. It is 750 miles long
from the great delta of the Volga in the
north to the Iranian shore in the south;
200 miles of water separates the Cau-
casus on the west from the Turkmenian
shore and the Kara-Bogaz-Gol on the
east. The surface of the Caspian now lies
92 feet below sea level. The main body
of the sea attains a depth of some 1,500
feet in its northern basin and 3,240 feet
in its southern basin. The two basins are
separated by a sill, an underwater ex-
tension of the Caucasus.

The Kara-Bogaz-Gol once covered
7,000 square miles, but now it has an
area of only 4,000 square miles. Today
its greatest depth is about 10 feet, com-
pared with more than 40 feet three
decades ago. Over the ages the Caspian
has risen and fallen many times as a re-
sult of changes in the precarious balance
between inflow from the rivers and “out-
flow” in the form of evaporation and
seepage. Each modest rise inundated
broad areas of the adjacent northern and
eastern flatlands; each retreat laid bare
the same expanses. On one occasion the

KARA-BOGAZ-GOL, the gulf where the
Caspian spills into the Turkmenian desert, is
marked by the cross in this television pic-
ture made by the U.S. Weather Bureau re-
search satellite Tiros ¥V on June 22, 1962.
White shore-line areas of gulf are salt flats.
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Caspian rose higher than usual and
breached the natural dike that separated
it from the shallow depression in the
Turkmenian desert to the east. The out-
rushing water filled the depression and
created the Kara-Bogaz-Gol; the break in
the dike remained as a permanent pas-
sage, the Proliv (strait) Karabogazskiy.
The most recent rise of the Caspian oc-
curred in the latter half of the 19th cen-
tury, slowing gradually to a standstill
around 1889. Now for more than 70
vears the level of the sea has been falling
with only seasonal remissions. Over the
past 25 years the recession has accel-

California and elsewhere and about 40
per cent from the by-product of certain
of the strait. industrial chemical processes. Presuma-
bly the U.S.S.R. also uses hundreds of
thousands of tons of the salt.) In the
early part of this century three produc-
tion facilities grew up on the Kara-
Bogaz-Gol: Sartas on the northwestern
shore, Chagala on the northeastern shore
and Kizil-Kup in the far south. Each had
jetties where the sulfate was loaded onto
small seagoing vessels that sailed into the
Caspian through the strait to deliver
their cargo at Krasnovodsk and other

major Caspian ports.

erated, bringing the dramatic changes in
the level of the gulf and in the condition

Since the turn of the century the Kara-

Bogaz-Gol has been exploited as
an important source of sodium sulfate, in
the form of Glauber’s salt (Na,SO, -
10H,0) deposited by the waves on the
shallow shores. Sodium sulfate is used in
the production of brown wrapping paper
and paperboard boxes and of glass and
detergents. (The U.S. consumes more
than a million tons annually, about 60
per cent of it from natural sources in

o II - —_—— — ——— 4‘& — — - —————— L e (RN e e——
! | 1
;’ VOLGOGRAD ¢ |‘
J ; ~
r'l u S | ) H
1 \ | . l
ROSTOV o z :
" Foi NG
Ao | (I \\ |
AzOV N I . N _ |
/ III ASTRAKHAN b7 -
r' A -
| T Il }
/ Dt
f g e i
| | .- = _l| ARAI
| |
[ SEA
' |I (53 | %
| |
. ! A |
5 {7 | U"' |
G o
BLACK SEA s & |
o |
> ZALIV KARA-BOGAZ-GOL
= :
2 KRASNOVODSK * *~ o s
m ; , ;
5 -2 =]
| ,
| SR Sy
_;:J‘- Ty
‘| -
4‘_;-"-
|
Jig |
oTEHERAN |
R A N sl
|

CASPIAN SEA, the largest enclosed salt lake in the world, covers
more than 150,000 square miles. Its surface is 92 feet below sea
level; white land areas on map are also below sea level. A sill ex-
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tending from the Caucasus Mountains across the middle of the
Caspian divides the sea into two basins. Darker color is deeper
water. Caspian receives the inflow of the Volga and other rivers.
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The svmptoms of a falling sca level
in the Caspian were first detected, al-
though their true nature was not recog-
nized, in the region of the Volga delta,
where the waters were retreating rapid-
ly. At some points the rate of retreat ex-
ceeded one mile per decade. In 1920 a
surveyor named G. Migalkin retraced
surveys of the sea made from 1855 to
1858 and soundings taken between 1854
and 1874. He reported that the shore line
had “undergone such changes that it is
hardly possible to use maps. .. published
in 1876-1878.” In one locality the sea
had retreated nearlv five miles in 40

vears. Migalkin attributed the change
primarily to the heavy loads of sand and
silt deposited by the Volga and did not
seem to be aware that the level of the
Caspian was falling.

By 1930 the Karabugazsul'tat Trust,
which operated the salt workings of the
gulf, found itself in urgent need of ac-
curate maps and information on navi-
gable channels and approaches to exist-
ing and projected shipping centers. The
only cartography of the gulf, which had
become hopelesslv obsolete, dated back
to an 1845 naval map, some explorations
of 1864 and a few astronomical deter-

1897. Continuous
hydrometeorological records had been
made at only two stations beginning in
1921. At the request of the trust the
Soviet Administration of Navigational
Safety dispatched a special hydrographic
expedition aboard the research vessel
Maxim Gor’kiy to take soundings in the
gulf and survev its shore lines. The re-
port of this expedition, published in the
Hydrographic Notes of the Soviet Main
Hydrogmphic Administration, presents a
vivid picture of this forlorn corner of the
world as it appeared some 30 vears ago.

After a briet exploration of the Cas-

minations made in

— - —— — e
| o CHAGALA r
| | e ,""’ \.\ [
| /’ i ) | ; |
e | { |
1 1 1
=~ — : B I i i S e ! 1]
V’I ] | |
| —’f f ‘ |
L
| / : [
l‘_‘ ]
/ o
S, ] l
SARTAS e ik|
b ol il
b 8 POND NI 6 (i
| | P ¥
| ;’ ;{l ”I' I
.: L, Ii I
Bar i 5 E
| Lo ¥ I; \ :
[ < BEKDASH ! | v
.t ! %
% / o
! 2 / e
] ‘ ZALIV KARA-BOGAZ - GOL “ .
1 N |
v ‘. | | |
YoX | | ~ =-|
(@) i \\. | "'“\_\ I
| > IR < |
| Vil S#KHODZHA-SU |
[ (L %
| 0 ' |
o f |
™ H PROLIV KARABOGAZSKIY
I
= .
® KARA-BOGAZ-GOL
l 3
1
’ ¥
' |
' ; ,‘ £54 FEaeN ;
II‘ ' ¢ I\“‘ i '.I TAEBA L5 .‘ \\‘__,__‘__;
“ ‘"i'n‘_,' o e = I\ ISLAT EoS A= e L
i [ M o T e’ / |
] | ] YN it s
‘ ¢ 1) e T e L e e |
/ Nag og bl =T *KIZIL-KUP |
/ ' |
. 1
‘. |
4 |
i/ 1
i O] i i o N | gl i |

SHALLOW DESERT BASIN, the Zaliv (gulf) Kara-Bogaz-Gol.
absorbs more than two cubic miles of Caspian water annually.
Broken line marks its 1889 shore line; colored dots indicate salt

flats left by retreat of water as level of Caspian Sea has fallen. Area
of gulf has shrunk from 7,000 to 4,000 square miles. Older salt work-
ings, such as Sartas and town of Kara-Bogaz-Gol, are abandoned.
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STRAIT AND WATERFALLS where Caspian water spills into gulf
are shown in schematic cross section. Vertical scale is greatly ex-
aggerated. Broken-off stones agitated by falling water have carved a

pian shore off the northern Kara-Bogaz-
Gol peninsula (the northern half of the
breached dike), the vessel, which drew
10 feet, entered the strait but went
aground on an eight-foot shoal; finally
it got off and made its way to the jetty at
the headquarters of the trust on the
eastern shore of the strait. About 200
persons, mostly Turkmenians living in
nomad tents, made up the highly un-
stable population of the town of Kara-
Bogaz-Gol. These people would receive
assignments to various salt workings on
shortnotice and would at once dismantle
their tents and leave for the sites. Al-
though some fresh and brackish water
was available in the town, most of the
drinking water and all the food came by
ship from Baku across the Caspian Sea.

In order to make their surveys, the
scientists and technicians of the expedi-
tion switched to a broad-bellied Turk-
menian sailing bark drawing only four
feet and equipped with an auxiliary
engine. The vessel could reach the vari-
ous salt workings through all but the
shallowest coastal waters. The first stop
was Sartas, some 45 statute miles north
of the strait. The population of about 300
were found living in nomad huts and

93

tents, but in the town there were also
warehouses, a newly established hydro-
meteorological station, a chemical labo-
ratory, a bakery, a co-operative store, a
communal dining hall and the embarka-
tion jetty. Salt gathered there was car-
ried by camels westward across the pen-
insula to be loaded aboard ships on the
Caspian at the beach of Bekdash Bay.

About nine miles south of Sartas lay
Kurguzul, another working. Surveyors
had found a large natural saltpond a
short distance inland, and the trust was
planning to anchor a ship offshore to
pump the highly saline water of the gulf
into a sluice leading to the pond, which
bore the designation “Evaporator Pond
Number 6.” The trust had calculated
that the quick evaporation there would
yield salt in 25,000-ton batches. It had
dispatched dredges to carve a shipping
channel to the beach and to dig the
sluice.

From Kurguzul the expedition crossed
the gulf eastward toward Cape Kulan-
Gurlan (or Kulan-Kirlygan, “the ceme-
tery of horses”) and noted that the
greatest depth sounded was 25 feet. The
landscape around the cape was described
as a playa, resembling the bottom of a

© 1963 SCIENTIFIC AMERICAN, INC

pocket 26 feet deep under falls. Surface of gulf (right) is now 15
feet below surface of Caspian (left) and is probably still dropping.
Thundering waterfall is a development of the past decade or two.

dried-out bay or flat, surrounded by hills
450 to 600 feet high. Vegetation con-
sisted of a few clumps of saksaul, a
hardy, salt-resistant Asiatic shrub. The
clay and gypsum soil had been washed
down from the hills. Tracks of rabbits
and foxes, horns shed by dzerens (Per-
sian, or goitered, gazelles) and remains of
sheep and camels bore silent witness to
occasional visits of animals to this other-
wise lifeless desert. The coastal heights
continued inland as a fairly level plateau,
and among the sparse vegetation north
of the cape the scouts of the expedition
encountered a few birds—snipe, martlets
and marlins. The desolate beach was
scattered with cockleshells, dead fish and
driftwood cast up by the surf.

'I‘i-- expedition proceeded tc the
1 southernmost workings at Kizil-Kup,
where a rocky, sandless shore rose direct-
ly from the limestone bottom of the gult.
Several long spits extended from the low
coastal plateau into the water. Farther
inland the plateau rose gently, forming
hills about 1,000 feet high. During the
heavy storms of winter the rocky coast
became a natural repository of pure
Glauber’s salt, free of sand. Workers



simply gathered it and loaded it aboard
shallow vessels for transfer to the strait.

East of Kizil-Kup and opposite the off-
shore island of Taraba (named for a
prayer recited during the Mohammedan
fast of Ramadan) the expedition visited
a coastal gorge two and a half miles long
cut into the 500-foot-high plateau. Ero-
sion caves pockmarked the sheer walls
of the gorge, which were of gray, yellow-
ish and red sedimentary rock. At the
mouth of the gorge lay large piles of
sulfate awaiting shipment. Wells of
brackish water some 500 feet inland
formed the hubs of settlements of Turk-
menian nomad huts.

Following a narrow road up the gorge,
the explorers encountered a few birds,
including a screech owl, a kite and some
rooks and martlets. The plateau itself
was a desert, with sparse salt-marsh
grasses and brush the only forms of vege-
tation. A desolate Turkmenian cemetery
provided the sole evidence of human
occupancy of the bleak flats.

The expedition touched briefly at
Taraba Island, an elongated triangular
rocky bulge covered with fine salty sand.
On a bar off its eastern shore the men
found large accumulations of dead lo-
custs, dried, salted pike and perch of
various sizes, and butterflies and beetles.
Entering the shallowest part of the gulf,
the expedition approached the Yangi-Su
peninsula, which jutted westward into
the water. The boat went aground re-
peatedly at distances between a mile and
halt a mile from the shore. Eventually it
rounded the spit with ample leeway,
crossed the southeastern bulge of the
gulf, went along below a striking jagged
formation on the eastern shore known as
the White Hills and visited the post of
the Khodzha-Su Gostorg (State Export
and Import Office). This remote trading
station consisted of a small stone build-
ing and a few nomad huts; its principal
item of commerce with the Turkmenian
and ‘Kirgiz nomads was wool. The wells
along the shore yielded salty water only,
hence the name Khodzha-Su (bitter
water).

The call there completed the tour of
the gulf. In addition to general ecological
explorations, the expedition made a
number of astronomical observations and
placed many survey marks along the
coast. The explorers proceeded by boat
to the strait, boarded the Maxim Gor'kiy
and sailed home to Baku.

During the early 1930’s the town of

Kara-Bogaz-Golbecame a fair-sized
community. New facilities included a
plant for processing the sodium sulfate

(heating drives the water out of Glau-
ber’s salt), a laboratory, an expanded
hydrometeorological station, a hostelry
and a recreational club. In 1932 the trust
set up a workers’ village at Evaporator
Pond Number 6 and built a seaport on
the Caspian at Bekdash.

Between 1935 and 1960 conditions
changed radically as the level of the
Caspian Sea dropped more than eight
feet. This reduced the annual flow of
Caspian water into the gulf from the six
cubic miles of 1930 to two and a half
cubic miles in 1960. The area covered
by the gulf shrank from 7,000 to 4,000

square miles and the grcatest depth de-
creased from 42 to 10 feet.

When the strait became too shallow
for navigation, all the production facili-
ties of the town of Kara-Bogaz-Gol were
moved 70 miles north and a new town
of Bekdash arose adjacent to the old
Caspian port facility. Sartas has also
been abandoned. All that remains of the
old towns are the outlines of streets
and wind-blown barkhans, or dunes,
piled in waves to the second floor of
stone houses and reaching the bridge of
stranded boats.

Although the Caspian has continued

CASPIAN SEA

33 ey
e i
A
3
‘2:
S
&
3]
oS
N
X
N
=~
oS
<

FLOW OF WATER through the Proliv (strait) Karabogazskiy and over divided waterfall
is depicted in diagram based on 1956 Soviet survey. Vegetation, fish and other organic matter
at the “delta” islands, which tend to change shape, support many birds and other animals.
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APPLIED AND
BASIC RESEARCH
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to drop, the strait has not disappeared.
A stream five-eighths of a mile wide
flows out of the Caspian eastward into
the desert. In a swift run of nearly seven
miles the clear bluish-green water rushes
at an increasingly rapid pace over the
sandy bottom of the strait, then splits
into two branches and leaps over a lime-
stone and flagstone sill. It thunders into
a water pocket 26 feet deep, wells up
again and finally comes to a foaming,
whirling halt three miles farther on in
the gulf itself. A huge curtain of foam
and spray rises thunderously from this
place where the rushing waters meet the
dunes. The east wind carries the roar and
even the spray back to the shores of the
Caspian, almost 10 miles to the west.
The decrease in size and depth of the
gulf has enabled the hot easterly desert

| winds to evaporate the water at an in-

creasing rate. The Caspian water that
enters the gulf with a total dissolved-
salt content of approximately 13 parts
of salt per 1,000 parts of water soon
“boils down” to a saturated brine that
carries more than 300 parts of salt per
1,000 parts of water. This makes the
Kara-Bogaz-Gol the saltiest body of wa-
ter on earth. The world ocean has about
35 parts of salt per 1,000 of water, the
Great Salt Lake of Utah 200 or so and
the Dead Sea up to 250 parts of salt.
Most of the salts in the gulf precipitate
on the bottom and along the shores; only
the most soluble—those containing the
rare-earth elements—remain completely

| in solution.

For ages the nomads have watched
the unceasing inflow of Caspian water.
They speak with awe of a bottomless
“black sink” under the gulf that, they
believe, drains away all this water. In a
sense the legend is true, but the “sink” is
not a hole at the bottom of the gulf; it is
the dry, thirsty air above.

r[‘he flow of Caspian water over the

flagstone and limestone sill at the top
of the waterfall is split by a bulky island,
the Ostrov Dzheyraniy (Gazelleland Is-
land). The southern branch of the cas-
cade, known as the Kara Kum waterfall,
is 400 feet wide, whereas the northern
branch, named the Mangyshlak water-
fall, is 250 feet wide. Below the falls the
bluish-green water is blanketed with a
lacework and even a “head” of saline
toam that is swept into the desert by the
gusty winds. Whitish foam covers the
dark gray sandstone of the shores. Mov-
ing away from the falls, the flow broad-
ens, loses speed and begins to drop its
heavy load of silt, forming bars and is-
lands that make an unstable delta. Two

| major flat islands emerge at the center
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of the flow and divide it again. One is
Ostrov Pelenkaniy (Pelicanland Island) ;
the other is Ostrov Baklaniy (Cormorant-
land Island ). A relatively rich vegetation
carpets their emergent flat surfaces, fed
and fertilized by the steady stream of
dead organisms and organic matter sup-
plied by the water.

Beneath the waterfalls, on rocks that
pierce the whitish mass of foam, lone
desert eagles perch motionless as statues,
their sharp eyes seeking the hapless
Caspian pike, mullet, sturgeon and sev-
riuga that are thrust by the current into
the whirlpool. Ultimately most of these
fish are ejected into the lethal salt brine
beyond the delta. The easterly winds
and waves cast the dead fish ashore, still
fresh and with comparatively low salt
content, a welcome booty for seagulls,
corsac foxes and wolves. Once they be-
come permeated with the salt brine,
however, they cannot be eaten by the
other animals and often remain un-
touched on the beach for months, until
an itinerant desert sheepherder picks
them up, dried, salted and thoroughly
preserved.

The waterfalls attract still another
group of animals from the desert that
surrounds the Kara-Bogaz-Gol: the
sheeplike sayga antelope, the gazelle
and the desert hare. All are chronicallv
thirsty, and to their salt-adapted systems
the slightly saline Caspian water prob-
ably tastes sweet. These denizens of the
parched wastes are said to race 100 to
125 miles overnight to “fill up” with Cas-
pian water at the falls, rest and return to
their usual haunts in the desert by dav-
break. Desert foxes too converge at the
delta to feed on freshly cast-out fish and
on the plentiful seafowl. The presence of
all the other animals lures the predatory
gray desert wolf to the water hole.

The seafow] are also attracted by the
limitless supply of Caspian fish and mol-
lusks weakened or overcome by the ex-
cessive salinity of the water. Great
flocks of seagulls, snipe, pelicans, grav
geese and swans occupy the delta is-
lands. In the shallower reaches of the
delta channels pink flamingos patrol
the waters. The bird traffic becomes
particularly heavy in spring and fall,
when seasonal migrations bring manv
transients.

Altogether the strait, its marine wa-
terfall and the Zaliv Kara-Bogaz-Gol
make up one of the strangest geo-
graphical and ecological provinces on
earth. The world’s largest deposit of
Glauber’s salt and the wildlife bent on
survival in a narrow zone of chemical
death owe their existence to the sea that
spills into a desert.



BE THE FIRST IN YOUR NEIGHBORHOOD TO LIVE 100 YEARS

Think ahead. Far ahead—to your one
hundredth birthday. And think big—
about what you’d really like for this
very special birthday present. A two-
week Martian cruise with a quick
side-trip to the Moon for some free-
port bargains? A round-the-world-
in-80-minutes rocket tour? Or a
quiet family dinner to celebrate,
after the doctor has said you’re good
for another twenty years?

These things are by no means as
preposterous as they sound. Lon-
gevity experts say that today, ac-
cording to actual—and actuarial—
calculations, 1 in 10,000 Americans
can look forward to a birthday cake
with 100 candles to blow out. Long
odds ? Not half aslong as your ances-
tors’. Back in 300 B.C. Euclid’s
actuarial tables showed the average
Greek’s or Roman’s life expectancy
to be something around 25 years.
Your grandfather could look for-
ward to reaching, at best, the ripe
old age of 47.

Youw're the lucky one in the family.
You were born at a much better
time, a time when, after moving at a
snail’s pace for centuries, we soared
into the rocket age of knowledge. In
little more than a century, we saw
and understood things about health
and longevity that had previously
escaped our vision.

Scientists everywhere—in univer-
sities, in laboratories, in corpora-
tions like American Cyanamid
Company—started asking questions,
questions about disease, about why
the human body aged so quickly,
about the effects of heredity, nutri-

tion and environment on our life
span. They found answers, and ap-
plied them in practical ways. As a
result, you just may be the first in
your neighborhood to live 100 years.

Look what you’ve already sur-
vived. The childhood diseases that
used to clip years off young lives are
checked by modern vaccines and se-
rums, by antibiotics like Cyanamid’s
DECLOMYCIN® demethylchlortetracy-
cline. Thanks to modern insecticides,
mosquitoes have almost no chance to
injectmalariaintoyour bloodstream.
You can handle the increased stress
of modern life and still stay healthy,
thanks to a scientifically balanced
diet, an abundant intake of high-
quality proteins.

Cyanamid has played its part in
these advances. Anything that can
make you live better or longer is,
for us, a matter of major concern.
Drugs, for instance. And specifically,
AUREOMYCIN® chlortetracycline, the
first broad-spectrum antibiotic,
which was developed by Cyanamid’s
Lederle Laboratories. You’ve heard
about that one, of course. But you
may not know about DIAMOX® aceta-
zolamide, a newer drug used in the
treatment of congestive heart fail-
ure and glaucoma. It’s just one in
a long list of drugs developed by
Lederle scientists for the treatment
of many of the dread degenerative
diseases.

Some Cyanamid scientists take a
different approach toward helping
you live longer and more comfort-
ably. They try to check and control
conditions that might make you sick

or uncomfortable. They’re working
to perfect a catalyst that removes
smog-forming impurities from auto-
mobile exhaust. Others are trying
to find safe and more effective ways
to control noxious weeds, insects,
fungi and animal pests.

Still others at Cyanamid work
down on the farm—on one of the
largestprivatelymaintainedagricul-
tural research centers in the world,
at Princeton, New Jersey. Here,
products to help protect our sources
of proteins and carbohydrates are
explored, experimented with, im-
proved. The goal: to let you eat
better—and spend less.

Well nourished, well cared for as
it may be, the human machine occa-
sionally breaks down. When surgery
is needed to repair the damage,
chances are that one or more prod-
ucts from Cyanamid’s Davis & Geck
Division are right on hand in the
operating room. They help today’s
highly skilled surgeons perform real
miracles in preserving and extend-
ing human life.

Cyanamid, of course, is a profit-
making business. But for the 29,860
people who work in its plants, offices
and laboratories across the country
and around the world, it is also
a personally satisfying business. The
job being done is meaningful. It’s
important.

You may or may not be the first
in your neighborhood to live 100
years. The important thing is to
enjoy that life, in comfort and good
health. And that’s one of the things
we work for at Cyanamid.

< CYANAMID __ >

AMERICAN CYANAMID COMPANY
WAYNE, NEW JERSEY
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What new data acquisition system provides data ready for processing? AMPEX DAS-100

Introducing: the new DAS-100 from Ampex. It's
the first complete magnetic tape data acquisi-
tion system. And it's designed to permit easy
editing, precision retrieving and rapid searching.
So you can have your data ready for processing
far sooner and have your answers far faster than
ever before. The DAS-100 can accept data from
transducers or electrodes, recording the events
simultaneously with a continuous time code. It
providesits own signal conditioning with a choice
of preamplifiers depending on input. It locates

data rapidly and automatically to a resolution of
one millisecond, feeds analog data to a graphic
recorder and permits visual monitoring during
and after the experiment. The system includes
a 7-orl4-track FR-1300 recorder/reproducer,
preamplifiers and their associated input cou-
plers, a time code generator, an oscilloscope
monitor, a level indicator and a master control
panel for ease of operation. For more data about
the new DAS-100 write Ampex Corporation,
Redwood City, Calif. Worldwide sales, service.

SEE THE DAS-100 AT WESCON—AUGUST 20-23, SAN FRANCISCO
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AUTOBIOGRAPHIES OF CELLS

Advances i radioautography, in which molecules labeled with

racdhioactive atoms reveal themselves in photographic emulsion,

now make 1t possil)le to trace the hife cevele of cells in detail

by Renato Baserga and Walter K. Kisieleski

as one can study the life of a man,

it would not be difficult to discover
the fundamental laws of biological or-
ganisms. On the macroscopic scale one
knows how a human being is born, grows
and reproduces, how long he lives, how
and where he travels, behaves and in-
teracts with others. All of this is acces-
sible to observation and even to measure-

If one could study the lives of cells

ment. In the microscopic realm of the
cell, on the other hand, one must largely
grope in the dark, and such information
can be won only with great labor.

The tools emploved by the student
of cells, however, are becoming sharper,
and in the past two decades devices
tor exploring the lives of cells have en-
tered a new range of resolving power.
This article is an account of a particulur~

]y promising technique: the rzldi()auto&—
raphy of cells. A refinement of the use
of radioactive tracers, it has already
vielded much new information about cell
behavior.

Radioautography is a form of photog-
raphy. Just as light forms an image in
a photographic emulsion, so do the vari-
ous kinds of ionizing radiation: X rays,
gamma ravs, alpha rays, beta rays and

RADIOAUTOGRAPH OF CELLS from an Ehrlich ascites tumor
of a mouse is stippled with black dots, each made by the decay of an
atom of tritium (the radioactive isotope hydrogen 3). Eight hours
earlier these cells had been given a dose of tritiated thymidine. a
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substance used in the synthesis of DNA. Those cells that were syn-
thesizing DNA incorporated the radioactive atoms, which later re-
vealed how the DNA is localized within the cell nuclei. In the di-
viding cell at top center the DNA is localized in the chromosomes.
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so on. When struck by any of these
radiations, the crystals ct silver bromide
embedded in the gelatin of the emulsion
are ionized, with the result that the
chemical action of a developer can then
reduce the bromide to silver atoms.
Atfter the film is developed and fixed,
each little aggregate of reduced silver
atoms becomes a black dot visible under
a microscope, and the black dots make
up a picture of the radiation to which
the film was exposed.

The honor of having made the first
radioautograph belongs without ues-
tion to the French physicist Antoine
Henri Becquerel. The story has often
been told of how he laid a crystal of
uranium salt on a photographic plate,
wrapped the plate in black paper and
put it away in a drawer and later found
that radiations from the uranium had
darkened the plate—thereby revealing
the phenomenon of radioactivity. The
deliberate use of this method to make
pictures of radioactive specimens did not
begin, however, until the 1920’s, when
the Hungarian chemist Georg von
Hevesy performed tracer experiments
with radioactive lead in plants and the
French biologist A. Lacassagne did the
same with radioactive polonium in ani-
mal organs. After World War II, when
radioactive isotopes became available
in appreciable quantities, radioautog-
raphy came into its own.

"I"he development that currently lends
¥ the greatest promise to radioautog-
raphy is the use of tritium (radioactive
hydrogen), introduced in the 1950’s by
Patrick J. Fitzgerald and his co-workers
of the State University of New York. This
isotope provides sufficient resolution to
locate radioactively labeled substances
not only in individual ceils but also in the
chromosomes and other structures within
the cell.

To achieve this kind of resolution two
conditions must be met: (1) the cells
must be in close contact with the photo-
graphic emulsion and (2) the radiation
from the radioactive element in the cells
must be of very short range, otherwise
it would fan out too widely in the emul-
sion and fail to pinpoint the source.
When these conditions are fulfilled, the
telitale black dots will appear in the
film just above the cell or the part of
the cell from which the radiation came.

The second condition—shortness of
range—is satisfied by tritium: its radia-
tion (beta particles) travels only about

RADIOAUTOGRAPH IS MADE by dipping a glass slide covered with a sample of cells . T
into a special flask filled with a liquid photographic emulsion (top). The slide is then one limcr()n, a much shorter (115&}11(‘6
removed, placed in a light-tight box (bottom) and stored in a refrigerator to preserve the t]mn is traversed by the beta particles
cells. After the emulsion has been exposed to the radioactive atoms for the prescribed time, from the radioactive isotope carbon 14,
the slide is removed and developed. All these operations are of course performed in the dark.  for instance. The close contact between
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cells and emulsion is achieved simply
by dipping the slide with cells on it into
a melted emulsion, a film of which then
clings to the slide. First a suspension
of the cells is spread, like a blood smear,
on a glass slide. The slide is then
dipped in a special, slot-shaped flask
containing the melted emulsion [see il-
lustration on opposite page]. Finally the
slide is dried, put in a light-tight box and
kept in a refrigerator for the desired
period of exposure of the emulsion to
the radioactivity from the cells. This ex-
posure takes days or weeks, in contrast
to the brief exposures in ordinary
photography. After completion of the
exposure the slide is developed and
fixed like a photographic plate, and a
stain is applied that penetrates the emul-
sion to show the outlines of the cells and
their structures.

Now examine the slide under a micro-
scope. If a cell has incorporated the
radioactive tracer in both the nucleus
and the surrounding cytoplasm, there
will be black dots in the emulsion above
the entire area of the cell; if only the
nucleus has taken up the tracer, the dots
will appear over that part of the cell; and
above a cell with no radioactive material
in it the emulsion will display, of course,
no dots except possibly a few produced
accidentally by light or mechanical arti-
tacts [see illustration at top right].

All of this is clearly illustrated by the
radioautograph on page 103, which
shows a group of cells that were fed a
labeled material. The cells are those of
a transplantable tumor known as Ehrlich
ascites, which grows vigorously in the

i CYTOPLASM 1

NUCLEUS !
) AND NUCLEUS ]  LABELED | UNLABELED CELLS
t LABELED I ' '

EMULSION IS EXPOSED only above those parts of the cell that have incorporated radio-
active atoms into their molecules. Each beta particle from a decaying tritium atom ionizes
a single crystal of silver halide, which, upon development, shows up as a black dot. In this
diagram, which exaggerates the range of the beta particles, the dots make it appear that
the particles move vertically; in actuality they radiate in all directions from the source.

peritoneal cavity of mice and usually
kills a mouse in 10 to 15 days. This tumor
tissue had been exposed to a tritiated, or
tritium-labeled, substance that is used
by cells in the synthesis of DNA. Since
DNA is manufactured in the nucleus,
one would expect the labeled material
to show up in the nuclei of those cells
that were synthesizing DNA at the time
the substance was injected into the
tumor. The radioautograph shows this
beautifully: the label is definitely located
in the nuclei, and one of the cells ac-
tually pinpoints its location more pre-
cisely within the chromosomes.

Note that such a picture enables one

to tell which cells were synthesizing
DNA at the time the radioactive label
was administered and which were not.
That information turns out to be of great
importance in following the life of a cell.

Every dividing cell goes through a

certain production cycle. In a typi-
cal case (epithelial cells of the small in-
testine of the mouse) the process of
mitosis, or cell division, takes about 45
minutes. After the division the daughter
cell enters a phase called G,, during
which it synthesizes RNA and proteins
but no DNA [see illustration below].
Then, six hours later, it starts another

PHASE OF
CELL CYCLE MITOSIS S G, MITOSIS
RNA -
DNA
PROTEINS —/
DURATION (HOURS) .75 6 8 1.25
PER CENT OF
TOTAL TIME 5 375 50 75 5

LIFE CYCLE OF A

TYPICAL CELL is divided into three

phases between one mitosis, or cell division, and the next. The
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horizontal lines indicate the level at which RNA, DNA and proteins
are synthesized during each of the phases and also during mitosis.
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phase, called S, in which it synthesizes
DNA, RNA and, at a stepped-up rate,
proteins. That phase lasts for eight hours,
and at the end of this time the cell stops
making DNA, reduces its production of
proteins and goes into a 75-minute phase
called G, which prepares it for a new
mitosis. During mitosis it produces no
DNA, very little protein and sometimes
no RNA.

The timetable of the cycle varies from
one type of cell to another and from
species to species, but the interesting
and helpful feature from the standpoint
of experimental studies by radioautog-
raphy is that, in general, dividing cells
spend a sizable part of their time syn-
thesizing DNA. This fact helps to give
us a measure of the multiplication rate
of the cells in a given cell population.

In the 1950°s ]. Herbert Taylor and
a group of other workers at the Brook-
haven National Laboratory, including
Walter L. Hughes, Victor P. Bond,
Eugene P. Cronkite and the late Henry
Quastler, opened up this field of investi-

VILLUS

CRYPT

INTESTINAL MUCOSA of a mouse, like that of other animals, is
replenished by cell division, a process that can be followed by
labeling the cells. The diagram at left shows a fold of the mucosa.
The bottom of the fold is called the crypt; the top, the villus.
Above the villus is the lumen, or open channel, of the intestine.
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gation by labeling DNA with tritiated
thymidine, the precursor of thvmidylic
acid, which is one of the four building
blocks of DNA. Because thymidine is
used by cells solely for the synthesis of
DNA, the presence of this marker unmis-
takably identifies the nucleic acid. There-
fore an experimenter who takes a sample
of cells from an animal shortly after thy-
midine has been injected into its tissues
can be sure that the marker represents
DNA and that the cells containing it
were synthesizing DNA at the time the
thymidine was injected. The percentage
of cells bearing the label tells what pro-
portion of the cells are svnthesizing
DNA at a given time; hence this index,
called the thymidine index, is a measure
of the rate of cell division, or of how fast
the cell population under investigation
is proliferating.

One of the things one can learn by
this technique is the percentage of cells
in the body that are capable of dividing,
that is, the percentage of cells that are
embryonic rather than differentiated.
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This in turn indicates the daily rate of
turnover, or the death rate of cells that
have to be replaced. Experiments with
labeled thymidine confirm that most of
the cells in an adult animal body do not
divide at all. In the human body only
about 3 per cent of all the cells are ca-
pable of dividing for purposes of tissue
repair.

\ "hat happens now if one injects tri-

tiated thymidine into a mouse?
When a cell that takes up the label di-
vides, each daughter cell gets about half
the radioactive atoms that were incor-
porated in the parent cell. By measuring
the rate of dilution of the label with time,
one can determine the time interval be-
tween one mitosis and the next, or the
duration of the cell cycle. By similar pro-
cedures one can also measure the length
of each phase of the cycle.

One of the most interesting facts that
have come to light in this study of in-
dividual cells is the discovery that the
two daughters of a cell division usually

£ /o
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33 HOURS

Thirty minutes after the mouse has been given a dose of tritiated
thymidine, the cells at the bottom of the crypt are labeled (colored
dots). After 15 hours (second from left) labeled cells are found
farther up the crypt. After 33 hours (third from left) labeled cells
have arrived at the top of the crypt and are shed into the lumen.



have different destinies. As a spectacu-
lar example, let us take the epithelial
cells that form the lining of the small
intestine of the mouse.

The lining is a washboard affair of
folded tissue, resembling the nap of a
rug. At the base of each fold is a small
loop called the crypt, and the part of the
mucous membrane extending from the
crypt to the lumen, or cavity, of the in-
testinal tube is called the villus. It is in
the crypt that the membrane is continu-
ally replenished and renewed. There
each cell divides and produces two
daughters. One daughter stays in the
crypt and divides like its parent. The
other daughter cell is fated to die. It
migrates to the villus and once there be-
comes incapable of synthesizing DNA.
Gradually it moves up along the villus,
pushing the other cells ahead of it. When
it reaches the tip of the villus, it is in turn
shoved off into the lumen, where it per-
ishes and is carried away in the stream
of matter passing through the intestine.
In the picturesque description of C. P.
Leblond of McGill University: “The in-
testinal epithelium glides lumenward to-
ward its death.”

The entire process has been followed
and timed by labeling the cells with radio-
active DNA by means of tritiated thymid-
ine. A few minutes after the thymidine
is administered to the mouse about half
the cells in the crypts become labeled,
because they have synthesized DNA.
Some 24 hours later many of the labeled
cells have traveled into the villus. Final-
ly, several hours later, some of these cells
begin to fall into the lumen [see illustra-
tions on these two pages]. The period
from the birth of a cell in the crypt to its
death plunge from the tip of the villus
(called the “transit time” by Michael
Fry and his co-workers at the Argonne
National Laboratory) has been found to
be about 33 hours.

This is perhaps the best example so
far of how fruitful radioautography can
be in investigating the demography of
cells: the fertility of the population, the
identification of the fertile members, the
length of the gestation period, the life
span and so on. These cells also provide
important information about the differ-
ence in rates of proliferation between
normal cells and malignant cells, as we
shall see.

Studies of the same kind have been
conducted on various other tissues and
types of cells, including cultures of pro-
tozoa and bacteria. One of the most thor-
oughly investigated subjects is the life
history of the red and white blood cells.
With tritiated thymidine as the labeling
material, investigators are learning the

RADIOAUTOGRAPHS DEPICT THE THREE STAGES outlined in the diagrams on the
opposite page. The radioautograph at bottom shows labeled cells at the bottom of the crypt.
The autograph in the middle shows labeled cells farther up the wall of the crypt. The auto-
graph at top shows labeled cells at the top of the crypt and being shed into the lumen.
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rates of production of these cells, their
rates of migration into the bloodstream
and their life spans.

radioautographic tech-

\x There the
nique shows its greatest power,
however, is in the study of cancer cells.

N

Why does a cancer grow so wildly if the
growth of normal cells maintains a con-
trolled equilibrium? Is it because the
tumor cells divide faster than normal
cells?  With tritiated thymidine and
radioautography we can answer this
question.

/\

RN

Let us take one of the fastest grow-
ing tumors we know: the Ehrlich ascites
tumor that grows in the peritoneal cav-
ity of mice. If we plant these cells in a
mouse and follow their growth with
labeled thymidine, we find that the
length of their cycle—their gestation pe-
riod between divisions—is 18 to 20 hours.
In other words, the cells double every 18
to 20 hours. This is the rate during the
first week of the tumor’s growth; after
that it slows down.

It turns out that the division rate of
these cells is actually slower than that
of many normal cells. The crypt cells in
the mouse’s small intestine, for instance,
divide every 10 to 15 hours. Epithelial
cells in its duodenum divide in less than
12 hours. And the myeloblasts, or mar-
row cells, of a dog have a still shorter
cycle: only nine hours.

So it is not the speed of cell division,
or shortness of gestation time, that ac-
counts for the malignant growth of a
tumor. The answer lies rather in the un-
usual fertility of these cells.

In the tumor every single cell is ca-
pable of dividing. During the first week
each cell in an Ehrlich tumor of a mouse
gives rise to two daughters, each of the
two daughters in turn gives birth to two
others, and so on. After the first week
some of the progeny fail to divide, but
the multiplication curve of the cell pop-
ulation is still increasing. In short, what
we have is a population explosion, re-

N

N\
& © @ © ¢

NORMAL AND ABNORMAL CELL DIVISION can be traced by
radioautography. In normal division (top) only one of the two
daughter cells is capable of dividing, and the radioactivity is dis-
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tributed accordingly. In the division of cancer cells (bottom) both
daughter cells can divide. The autograph experiments indicate,
however, that cancer cells divide more slowly than normal ones.



NOW
Completely new!

WELLINGTON SEARS
HANDBOOK OF
INDUSTRIAL TEXTILES

From Wellington Sears—a new 757-page definitive source of use-
ful, up-to-date information on ail aspects of modern industrial
textile technology. This important book belongs on your desk.
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sulting from a very rapid rise in births
that far outstrips the death rate.

A normal dividing cell, on the other
hand, does not produce two fertile
daughters. As we saw in the case of the
mouse’s crypt cells, only one of each pair
of daughters divides again; the other
moves away, produces no DNA and dies
in about 33 hours. That is to say, the
death rate of normal cells is about equal
to the rate of new births.

This general picture, traced in the
mouse, applies also to man. Radioauto-
graphic studies of human cells have been
made in cancer patients at Northwestern
University and Brookhaven. These show
that normal human cells divide faster
than cancer cells. At Brookhaven, Mar-
tin Lipkin and his co-workers found
that the interval between divisions of
epithelial cells in the human gastroin-
testinal tract is about 25 hours. On the
other hand, in the fastest growing hu-
man tumor we have studied (a colon
cancer) the cell-division interval was
27 hours, and other tumors had con-
siderably longer cell cycles: 75 hours
in another colon cancer, 10 days in a
liver tumor and months in an ovarian

cancer. What makes the tumors malig-
nant is not the speed of cell division but
the fact that each division doubles the
number that can divide again.

rl*racer studies with tritiated thyvmidine

have also told us something about an-
other aspect of cancer—the fatal process
of metastasis. Today most cancer deaths
are caused by secondary growths that
have spread through the body rather
than by primarv tumors. A primary
tumor can often be extirpated by sur-
gery, but surgery and radiation therapy
are helpless after a tumor has sent out
malignant colonies to many other sites
in the body.

Fragments of tissue detach themselves
from the primary tumor and are trans-
ported throughout the body by the
lymph and the blood. A bit of the tissue—
usually only a single cell or a tiny cluster
of 10 to 20 cells—lodges in some distant
organ and begins to grow. This minus-
cule germ of malignancy of course
cannot be detected; in fact, a tumor nod-
ule usually is not detectable until it is at
least one centimeter in diameter, which
corresponds roughly to 500 million cells.

HUMAN CANCER OF THE LIVER is revealed by this radioautograph. Some cancer cells
are labeled by black dots. The study indicated that the cells divided only once every 10 days.

10
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Let us follow the process in a mouse.
We inject a suspension of Ehrlich tumor
cells into the mouse’s bloodstream.
After a short time many of these cells
will turn up in the lungs, where thev
lodge in the capillaries. The body’s de-
fense mechanisms will kill most of them
within 48 hours. But a few of the mi-
grants—less than 1 per cent—will survive,
synthesize DNA and give birth to colo-
nies. These groups, clustered around the
blood vessels, will grow into nodules; the
nodules will combine to form metastases
visible to the eye; and in two to three
weeks they will kill the mouse.

From the information gained in tracer
experiments we can picture the course
of a metastasis in man. Imagine that a
single migrant tumor cell has lodged in
the liver. Its reproduction cycle there is
10 days; thus after 10 days the cell di-
vides in two, 10 days later the two be-
come four, and so on. With a doubling
time of 10 days it will take 10 months for
the original cell to grow into the one-
centimeter nodule of 500 million cells
that can be detected. In the case of a
tumor with a doubling time of one
month, the metastasis will remain unde-
tectable by ordinary means for two
years. This explains why, after a surgeon
has apparently cut out all of a primary
tumor, metastases may crop up months
or years later. Cells may already have
migrated from the tumor to distant parts
of the body at the time of the surgery,
but the metastases were then too small to
be detected.

Tumor cells grow much like bacteria
or protozoa in a culture, or like a ferti-
lized egg cell in its early stages. That is,
they do not differentiate but keep on di-
viding and producing identical offspring
in a primitive fashion. Thus the cells of
cancer behave like elementary forms of
life and seem to represent a throwback
to its early history.

The story of investigation of the life

of the cell with high-resolution radio-
autography has, of course, just begun.
Tritium labeling (not only of DNA but
also of RNA and components of pro-
teins) offers a wide range of possibilities
for detailed study of the careers and ac-
tivities of the various kinds of cells. This
powerful technique adds an entirely new
perspective to cell biology. We can think
of it as a hybrid offspring of two fields of
20th-century research that have trans-
formed the study of biologyv—biochemis-
try and the microscopic investigation of
the anatomy of the cell. If the rule
of hybrid vigor holds, radioautography
should become a very lively child
indeed.



Tests conducted by Republic Aviation Corp., Farmingdale, N.Y., under a
contract awarded by International Latex Corp., developer of the suit for
United Aircraft’s Hamilton-Standard Division, NASA’s prime contractor.

The other day, at Republic Aviation’s Life Science Labs, where we are running the life-support and mobility
tests on the Apollo Space Suit, somebody asked the guy in the suit how the tests are going, and he said:

-
v

’

© 1963 SCIENTIFIC AMERICAN, INC




Topreserve
your copies

of

SCIENTIFIC
AMERICAN

§ A choice of handsome and durable li-
brary files—or binders—for your copies of
SCIENTIFIC AMERICAN.

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

¢ Files—and binders—prepacked for sale in
pairs only.

Index for entire year in December issue.*

FILES
Hold 6 issues in each.

Single copies easily accessible.

Price: $3.00 for each pair (U.S.A. only).
Address your order, enclosing check or
money order, to: Department 6F

BINDERS
Hold 6 issues in each.
Copies open flat.
Price: $4.00 for each pair (U.S.A. only).
Address your order, enclosing check or
money order, to: Department 6B

New York City residents please add 4% Sales Tax

*Supply of back copies of SCIENTIFIC AMERICAN
is limited. To replace missing copies, mail re-
quest with your order for files or binders,

SCIENTIFIC AMERICAN
415 Madison Ave., New York 17, N.Y.

112

MATHEMATICAL GAMES

Permutations and paradoxes

in combinatorial mathematics

by Martin Gardner

¢ Amid the action and reaction of so
A dense a swarm of humanity,”
Sherlock Holmes once remarked

in reference to London, “every possible
combination of events may be expected
to take place, and many a little problem
will be presented which may be striking
and bizarre....” Substitute “mathemati-
cal elements” for “humanity” and the
great detective’s remark is not a bad de-
scription of combinatorial mathematics.
In the language of set theory, com-
binatorial analysis is concerned with
the arrangement of elements (discrete
things) into sets, subject to specified
conditions. A person playing chess is
faced with a combinatorial problem:
how best to bring about an arrangement
of elements (chess pieces) on an eight-
by-eight lattice, subject to chess rules, so
that a certain element (his opponent’s
king) will be unable to avoid capture. A
composer of music faces a combinatorial
problem: how to arrange his elements
(tones) in such a way as to arouse aes-

thetic pleasure. In the broadest sense,
combinatorial tasks abound in daily life:
seating guests around a table, solving
crossword puzzles, playing card games,
making out schedules, opening a safe,
dialing a telephone number. When you
put a key in a cylinder lock, you are us-
ing a mechanical device (the key) to
solve the combinatorial problem of rais-
ing five little pins to the one permutation
of heights that allows the cylinder to
rotate.

Combinatorial number problems are
as old as numbers. In China 1,000 years
before Christ mathematicians were ex-
ploring number combinations and per-
mutations. The Lo Shu, an ancient
Chinese magic square, is an exercise in
elementary combinations. How can the
nine digits be placed in a square array
to form eight intersecting sets of three
digits (rows, columns and main diago-
nals), each summing to the same num-
ber? Not counting rotations and reflec-
tions, the Lo Shu [see bottom illustration
on page 116] is the only answer.

In the 13th century Ramén Lull, an
eccentric Spanish theologian, built a
flourishing cult around combinatorial
thinking. It was Lull’s fervid conviction
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Ways of folding two, three and four stamps

that every branch of knowledge could
be reduced to a few basic principles and
that by exploring all possible combina-
tions of these principles one could dis-
cover new truths. To aid the mind in
such endeavors Lull used concentric
disks mounted on a central pin. Around
the rim of each disk he placed letters
symbolizing the basic ideas of the field
under investigation; by turning the
wheels one could run through all com-
binations of ideas. Even today there are
survivals of Lullism in techniques de-
veloped for “creative thinking.”

Until the 19th century most combina-
torial problems were, like magic scjuares,
studied as either mystical lore or math-
ematical recreations. To this day they
provide a large share of puzzle problems,
some of which are trivial brain teasers:
A drawer contains two red socks, two
green socks and two blue socks. What is
the smallest number of socks you can
take from the drawer, with your eyes
closed, and be sure you have a pair that
matches?

There are moderately difficult ques-
tions such as: In how many different
ways can a dollar be changed with an
unlimited supply of halves, quarters,
dimes, nickels and pennies?

And there are problems so difficult
they have not yet been solved. Find a
formula for the number of different ways
a strip of n postage stamps can be folded.
Think of the stamps as being blank on
both sides. Two ways are not “different”
if one folded packet can be turned in
space so that its structure is the same as
the other. Two stamps can be folded in
only one way, three stamps in two ways,

|14

four in five ways [see illustration above].
Can the reader give the number of dif-
ferent ways a strip of five stamps can
be folded?

It was not until about 1900 that com-
binatorial analysis began to be recog-
nized as an independent branch of math-
ematics, and not until the past decade
that it suddenly grew into a vigorous
new discipline. There are many reasons
for this upsurge of interest. Modern
mathematics is much concerned with
logical foundations, and a large part of
formal logic is combinatorial. Modern
science is much concerned with proba-
bility, and most probability problems
demand prior combinatorial analysis.
Almost everywhere science looks today
it discovers not continuity but discrete-
ness: molecules, atoms, particles, the
quantum numbers for charge, spin, par-
ity and so on. Wolfgang Pauli’s “exclu-
sion principle,” which finally explained
the structure of the periodic table of ele-
ments, was the outcome of combinatorial
thinking.

The great revolution that is now un-
der way in biology springs from the
sensational discovery that genetic infor-
mation is carried by a nucleic acid code
of four letters taken three at a time in a
way that recreational mathematicians
have been exploring for more than a cen-
tury. Information theory with its bits and
code words, computers with their yes
and no circuits raise a myriad of com-
binatorial questions. At the same time
the computer has made possible the solu-
tion of combinatorial problems that had
previously been too complex to solve.
This too has surely been a factor in stim-
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ulating interest in combinatorial mathe-
matics.

The two main types of combinatorial
problem are “existence” problems and
“enumeration” problems. An existence
problem is simply the question of wheth-
er or not a certain pattern of elements
exists. It is answered with an example or
a proof of possibility or impossibility. If
the pattern exists, enumeration problems
follow. How many varieties of the pat-
tern are there? What is the best way to
classify them? What patterns meet vari-
ous maxima and minima conditions? And
so on.

We can illustrate both types of prob-
lem by considering the following simple
question: Is it possible to arrange a set
of positive integers from 1 to n in a hex-
agonal array of n cells so that all rows
have a constant sum? In short: Is a magic
hexagon possible?

The simplest such array of cells is
shown below. Can the digits from 1 to
7 be placed in those seven cells in such
a way that each of the nine rows has
the same sum? The sum, called the
magic constant, is easily determined. We
have only to add the digits from 1 to 7
and then divide by 3—the number of
rows that are parallel in a given direction.
The sum is 28, but it is not evenly divis-
ible by 3. Since the magic constant must
be an integer, we have proved that an
“order 2” magic hexagon (the order is
the number of cells on a side) is impos-
sible. For an even simpler impossibility
proof consider corner-cell A. It belongs
to two rows that contain only two cells.
If both rows have the same sum, cells
B and C will have to contain the same
digit, but this violates a condition of the
problem that was given.

Turning attention to the next largest
array, an order-3 hexagon with 19 cells,
we find that the numbers sum to 190—
which is divisible by 5, the number of
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“Order 2” magic hexagon impossibility proof
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The only possible magic hexagon

parallel rows in one direction. The magic
constant is 38. The previous impossibil-
ity proof has failed, but of course this
does not guarantee that an order-3 magic
hexagon exists.

In 1910 Clifford W. Adams, now liv-
ing in Philadelphia as a retired clerk for
the Reading Railroad, began searching
for a magic hexagon of order 3. He had
a set of hexagonal ceramic tiles made,
bearing the numbers 1 to 19, so that he
could push them around and explore
patterns easily. For 47 years he worked
at the task in odd moments. In 1957,
convalescing from an operation, he
found a solution [see illustration above].
He jotted it down on a sheet of paper
but mislaid the sheet, and for the next
five years he tried in vain to reconstruct
his solution. Last December he found
the paper, and early this year he sent
me the pattern. Each of the 15 rows
sums to 38. The colored lines connect
consecutively numbered cells in sets of
twos and threes to bring out the pattern’s
curious bilateral symmetry.

When I received this hexagon from
Adams, I was only mildly impressed. 1
assumed that there was probably an ex-
tensive literature on magic hexagons and
that Adams had simply discovered one
of hundreds of order-3 patterns. To my
surprise a search of the literature dis-
closed not a single magic hexagon. I
knew that there were 880 different vari-
eties of magic squares of order 4, and
that order-5 magic squares have not yet
been enumerated because their number
runs into the millions. It seemed strange
that nothing on magic hexagons had
been published.

I sent the Adams hexagon to Charles
W. Trigg, a mathematician at Los An-
geles City College who is an expert on
combinatorial problems of this sort. A
post-card reply confirmed the hexagon’s
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unfamiliarity. A month later I was stag-
gered to receive from Trigg a formal
proof that no other magic hexagon of any
size is possible. Among the infinite num-
ber of ways to place integers from 1 to n
in hexagonal arrays, only one pattern is
magic!

Trigg’s proof of impossibility for or-
ders above 3 calls on Diophantine anal-
ysis, the obtaining of integral solutions
for equations. Trigg first worked out the
formula for the magic constant in terms
of order n:

9(nt — 2n3 + 2n2 —n) + 2
 2(2n—1)

Applying Diophantine techniques that
cannot be explained here, he was able
to show that this formula has integral
values only when n is 1 or 3. A magic
hexagon of one cell is of course trivial.
Adams had found one pattern for order
3. Are there other arrangements of the
19 integers (not counting rotations and
reflections) that are magic? Trigg’s neg-
ative answer was obtained by combin-
ing brute force (he used a ream and
a half of sheets on which the cell pat-
tern had been reproduced six times)
with clever short cuts. Perhaps a reader
with access to a computer can verify his
surprising result.

As an elementary exercise the reader
is invited to see if he can rearrange the
19 digits in Adams” hexagon so that the
pattern is magic in the following way:
each 3-cell row adds to 22, each 4-cell
row to 42, each 5-cell row to 62. Magic
hexagons of this type have been explored
before and there are large numbers of
them. (The problem is solved easily with
the right insight. Hint: The new pattern
can be obtained by applying the same
simple transformation to each number.)

A pattern of integers arranged in a
unique, elegant manner usuallv has
many bizarre properties. Even the an-
cient Lo Shu still harbors surprises. A few
years ago Leo Moser of the University of

A 4 9 2

B 3 5 7
[

cC | 8 1 6

The Lo Shu, ancient Chinese magic square
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Alberta discovered an amusing paradox
that arises when the Lo Shu is regarded
as a chart of the relative strengths of
nine chess players [see illustration at
bottom left]. Let row A be a team of
three chess experts with the playing
strengths of 4, 9 and 2 respectively. Rows
B and C are two other teams, with play-
ing strengths as indicated. If teams A
and B play a round-robin tournament, in
which every player of one team plays
once against every player of the other
team, team B will win five games and
team A will win four. Clearly team B is
stronger than A. When team B plays
team C, C wins five games and loses four,
so that C is obviously stronger than B.
What happens when C, the strongest
team, plays A, the weakest? Work it out
for yourself. Team A is the winner by five
to four! Which, then, is the strongest
team? The paradox brings out the weak-
ness of round-robin play in deciding the
relative strengths of teams. Moser has
analyzed many paradoxes of this sort, of
which this is one of the simplest. The
paradox also holds if teams A, B and C
are the columns of the Lo Shu instead of
the rows.

Similar paradoxes, Moser points out,
arise in voting. For example, assume that
one person’s preference for three candi-
dates is in the order A, B, C. A second
person prefers B, C, A and a third prefers
C, A, B. It is easy to see that a majority
of the three voters prefers A to B, a ma-
jority prefers B to C and (confusingly)
a majority also prefers C to A!

The arrangementof elements in square
and rectangular matrices provides a
large portion of modern combinatorial
problems, many of which have found
useful applications in the field of experi-
mental design. In Latin squares (dis-
cussed in this department for Novem-
ber, 1959) the elements are so arranged
that an element of one type appears no
more than once in each row and column.
Here is a pretty combinatorial problem
along such lines that is not difficult but
conceals a tricky twist that may escape
many readers:

Suppose you have on hand an unlim-
ited supply of postage stamps with val-
ues of one, two, three, four and five cents
(that is, an unlimited supply of each
value). You wish to arrange 16 stamps in
a square formation so that no two stamps
of the same value will be in the same
row, column or any diagonal (not just
the two main diagonals). In other words,
if you place a chess queen on any stamp
in the four-by-four square and make a
single move in any direction, the queen’s
path will not touch two stamps of like
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value. There is one further proviso: the
total value of the 16 stamps in the square
must be as large as possible. What is the
maximum? The answer to this and the
preceding questions will be given next
month.

Readers may recall that in this depart-

ment for May, 1962, in a discussion
of rotational symmetry, mention was
made of a remarkable series of comic
strips by Gustave Verbeek that ran in a
New York newspaper in 1903 and 1904.
Each strip has six panels, which are read
in order; then the page is inverted and
the same six panels, taken in reverse
order, complete the story [see illustration
above]. George Naimark of Summit,
N.J., has reproduced 20 of these fantastic
strips in large format and bound them in
a booklet called The Incredible Upside-
Downs of Gustave Verbeek. Interested
readers can obtain copies, postpaid in the
U.S., by sending $2 to the Rajah Press,

Box 23, Summit, N.J.

'I‘I-- first of last month’s two topolog-
4 ical problems was to make two loop
cuts in the torus model that would pro-

Here they come to a manh with very high grass,

And Q&de.;b— 2 huge snake confronts them . -

A typical upside-down cartoon by Gustave Verbeek

duce two interlocked bands. This is
solved by first ruling three parallel lines
on the unfolded square [see illustration
at bottom right]. When the square is
folded into a torus as explained last
month, the lines make two closed loops.
Cutting these loops produces two inter-
locked bands, each two-sided with two
half-twists.

The second problem was to find a loop
cut on the Klein bottle that would
change the surface to a single Mobius
strip. On both left and right sides of the
narrow rectangular model described last
month you will note that the paper is
creased along a fold that forms a figure-
eight loop. Cutting only the left loop
transforms the model into a Mobius
band; cutting only the right loop pro-
duces an identical band of opposite
handedness.

What happens if both loops are cut?
The result is a two-sided, two-edged
band with four half-twists. Because of
the slot the band is cut apart at one
point, so that you must imagine the slot
is not there. This self-intersecting band is
mirror-symmetrical, neither right- nor
left-handed. You can free the band of
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self-intersection by sliding it carefully
out of the slot and taping the slot to-
gether. The handedness of the resulting
band (that is, the direction of the helices
formed by its edges) depends on wheth-
er you slide it out to the right or the left.
This and the previous cutting problems
are based on paper models that were in-
vented by Stephen Barr and are de-
scribed in his forthcoming book on topo-
logical recreations.

Solution to torus-cutting problem

e



. THE AMATEUR SGIENTIST

Conducted by C. L. Stong

U.S. Government’s surplus-prop-

erty agencies put up for sale 100
disks of Pyrex glass 16 inches in diam-
eter. They had been planed on one side
to a thickness of three inches for use in
industry as reference flats, and they ap-
peared to be ideal for conversion into
telescope mirrors. Amateur telescope
makers, sensing a once-in-a-lifetime op-
portunity to own a telescope of profes-
sional caliber at a fraction of the usual

: ;hortly after World War II one of the
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A large telescope for a home observatory

and a light meter for use in the darkroom
g

cost, eagerly snapped up the entire lot
at $12.50 each. What happened to most
of these Pyrex blanks I do not know, but
I have been able to trace four of them.
One was last heard of in Omaha, Neb.
Another, scratched and chipped beyond
reclaim, is part of an ornamental stone
fence in Connecticut, a perpetual re-
minder to its purchaser that the diffi-
culty of constructing a reflecting tele-
scope increases exponentially with the
diameter of the objective mirror. The
third, much thinner for having been
abraded by some 2,500 pounds of car-
borundum grit, still awaits completion
as a telescope mirror in Virginia. The
fourth disk has fulfilled its owner’s
dream: it now reposes, as an aluminized
paraboloid, in a precision mounting be-
neath the dome of a trim observatory in

22" declination
M circle with brass rim

5", f/1o0
finder,

"4

i
#

sluing crank 35-mm.
s

D camera

'\""-. without lens
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electric
IR.A. drive and
slow motion

A 16-inch reflecting telescope built by « New York amateur
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Putnam County, N.Y., the proud posses-
sion of Frank Aime, a retired engineer
and amateur astronomer.

“This project,” writes Aime, “would
never have reached the drawing board
15 years ago had I then realized its full
proportions. Like all stargazers, I had
long wanted a good telescope; in the
1920’s I had acquired a few acres of
inexpensive mountainside in Putnam
County, 50 miles from the lights of New
York, with the hazy notion that the plot
would make a good site for an observ-
atory. Until the end of World War II,
however, I did most of my ‘observing’ in
the city, at the Hayden Planetarium of
the American Museum of Natural His-
tory. Then I learned of the availability of
the 16-inch Pyrex blanks. My close friend
the late Albert G. Ingalls, who at that
time conducted in Scientific American
a department largely devoted to amateur
telescope making, warned me that a 16-
inch instrument was no undertaking for
a beginner. ‘If you are determined to
make a big telescope,” he said, “first con-
struct at least two small ones. You can
make a six-inch, a 10-inch and a 16-inch
in much less time than you will waste if
you first tackle the 16-inch.” I ignored
his sound advice. As a result I have
spent more than 6,000 hours during the
past 11 years at the drill press and lathe
alone, a figure that omits the machining
time required by parts that were too
large for the shop of the Hayden Plane-
tarium, where I did much of the work.

“Other thousands of hours have gone
into such related tasks as procuring ma-
terials and erecting the telescope. One of
the largest parts, the hour circle, once
functioned as the 1,500-pound flywheel
of a rock-crusher. It was given to me for
the taking by the owner of a gravel bank
—but taking it involved the use of a 50-
ton hydraulic jack and a husky friend.
We managed to remove the wheel from
its shaft and load it onto a truck in less
than two hours. The smaller parts in-
clude odds and ends picked up from
scrap piles all over the northern half of
the hemisphere. A special electrical fit-
ting, for example, was recovered from
the gutter of the Avenida Juarez in Mexi-



co City. Luck at the scrap piles, in fact,
played no little part in the final choice
of materials.

“In its present form the telescope is
of the Cassegrainian type: a perforated
paraboloidal mirror of f/4 aperture di-
rects converging rays of starlight to a
convex mirror on the optical axis that
in turn reflects the rays back through
the perforation to a focal plane behind
the objective mirror. The image can be
examined through an eyepiece or photo-
graphed. The arrangement enables the
designer to fit a relatively long optical
path into a short mechanical structure
and still achieve the high magnification
made possible by extended focal length
without sacrificing the convenience of a
short instrument. The focal length of
the objective mirror is 64 inches. Star-
light, after reflection by the secondary
convex mirror, comes to focus at the op-
tical equivalent of 256 inches. Objects
examined through an eyepiece of one-
inch focal length are magnified 256
diameters; objects viewed through an
eyepiece with a focal length of six milli-
meters are magnified 1,085 diameters.
At this maximum magnification the
moon is seen at an apparent distance of
about 230 miles and can be picked apart
crater by crater.

“The mechanical structure, or mount-
ing, that supports the optical parts in
physical alignment and keeps them
trained on a desired star or other celes-
tial object resembles the design proposed
by the late Russell W. Porter, who with
Ingalls founded amateur telescope mak-
ing as a hobby in the U.S. Essentially the
structure consists of a skeleton tube sus-
pended by bearings between the tines of
a stiff fork that rotates about an axis
parallel to that of the earth, as shown in
the accompanying drawing [opposite
page]. The tube, in addition to support-
ing the mirrors and eyepiece, serves as
the mounting for a 6%-inch achromatic
telescope of 96-inch focal length that is
used for guiding the instrument when
photographing stars. It is an excellent
instrument in its own right; it resolves
to Dawes’s limit and presents a flat field
substantially free of color. The tube also
mounts two smaller achromatic tele-
scopes of four and 4-3/16 inches respec-
tively that serve as finders.

“The supporting fork is made of
welded boiler plate and channel sections
rigidly attached to one end of a solid
steel shaft four inches in diameter that
functions as the polar axis. The south end
of the shaft rests in a thrust bearing that
can be adjusted both laterally and ver-
tically to point the shaft precisely toward
the north celestial pole. The north end of

the shaft makes a close fit with the center
hole of the 1,500-pound flywheel, the
rim of which rides on a pair of solid steel
cylinders that are rotated by a clock
mechanism. The cylinders and the thrust
bearing thus form a three-point suspen-
sion, with the front points—the two cyl-
inders—spread 15 degrees to the east
and west of center. The entire instrument
rests on a triangular pier of concrete that
extends down to the solid rock of the
mountain. The image is correspondingly
rock-solid, even when the instrument is
used at magnifications 36 per cent above
the normally accepted limit of 50 diam-
eters per inch of aperture.
“Although the tube and the movable
parts of the mounting weigh more than
% tons, the assembly can be rotated
easily by hand in both right ascension
and declination. For convenience and
particularly for photographic observing,
the tube is driven in both axes by elec-
tric motors. Sidereal drive is supplied by
a 1/150-horsepower synchronous motor
that operates from the 60-cycle power
line. It carries the load easily without
heating. The tube is advanced or re-
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tarded in right ascension by a second
1/150-horsepower motor geared to the
drive mechanism through a differential.
The drive mechanism also includes a
gearshift for tracking either stars or the
moon, and an electric clutch that allows
the tube to be slued by hand. A universal
motor drives the tube in declination
through a train of gears at a rate that
enables the observer to cut the moon’s

3° taper on end of
4’polar axis fits
sleeve in yoke

%

5336°di. x 2" rollers
carried by % ball-
bearing pedestals

star gear
ifferential

J “50-h.p. synchronous motoyr drive
e “s0-h.p. D.C. slow-motion motor

Drive mechanism for right-ascension axis
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disk easilv into eight parts. All three
motors are controlled through a cable
that terminates in a portable switch box
at the eyepiece.

“The tube carries a platform just
behind the cell of the objective mirror
for supporting cameras, spectrographs,
photometers and related accessories at
the Cassegrainian focal plane. All in-
struments seat against stops in the plat-
form so that thev can be removed and
then returned precisely to their former
positions. I use either of two cameras as
plateholders: a Leica M2 with or without
its lens and a Medalist II. The Leica is
focused by means of a microscope at-
tachment and the Medalist is focused
through a ground glass. When fitted with
these plateholders, the optical assembly
acts as a camera of substantial light-
gathering power.

“The circular observatorv is con-
structed of concrete blocks topped by an
aluminum dome slightly more than 16
feet in diameter. The dome rolls on eight
pullev wheels that ride a circular track
of 3/4-inch pipe and is rotated by an
electric winch controlled from the eye-
piece position. Access to the skv is pro-
vided bv a pair of quadrant shutters that
roll laterally on similar tracks and are
moved by a hand winch. The clear area
measures four feet in width and extends
from the horizon to the zenith.

“In general the telescope is pleasant to
use and capable of doing good work. On
the other hand, several disadvantages
should be mentioned. The optical ele-
ments are not easy to collimate, or align,
and the field of view is (uite narrow—
only a tenth of the moon’s diameter. This
means that the optical axis of the finder
telescope must be aligned within 1}

minutes of arc with respect to the pri-
mary cbjective, and this was not an easv
task. Until the finder was adjusted to the
proper position I had difficulty in locat-
ing objects even as brilliant as Jupiter
in the main scope, to sav nothing of
specific stars. The problem of pointing
the polar axis directly toward the north
celestial pole was even more difficult, in
spite of jackscrews for shifting the south
bearing laterally in small increments.

“Although the construction started as
a one-man project, many friends were
drafted for specific jobs. The figuring of
the objective mirror, for example, was
done by Stanley Brower, a former ama-
teur turned professional. Friends also
helped me to erect the observatory wall,
weld the fork, lay the floor and pour
the concrete pier. The heaviest machine
work was done in a commercial shop.

“No amateur can expect to avoid er-
rors in a project of this size, and I was
no exception. I should not, for example,
have geared the instrument directly to
the motors for rotation in right ascension.
I did not know much about observing
when I designed the drive or I would
have applied the power to the hour cir-
cle and linked the hour circle to the polar
shaft by a clutch arrangement. The hour
circle could then be set as a clock at the
beginning of an observing session and
the instrument thereafter clamped at anv
desired right ascension without the need
for computing sidereal time when shift-
ing from one celestial object to another.
I am now reconstructing the drive to
include this feature.

“Several scraps of knowledge emerged
from the project that may prove useful
to others who undertake the construction
of an instrument with an aperture of
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more than six inches. First, decide what
kind of objects you want to observe and
what kind of observing you want to do
before vou attempt the design. Are you
interested in visual observing or do you
intend to go in for photography? Will
the instrument be used primarily for ob-
serving the moon, planets and star clus-
ters or individual stars or nebulae? No
single instrument can perform equally
well on objects of all classes.

“Second, complete the mechanical de-
signbefore you cut or grind a single part,
including the optics, the drive mecha-
nism and the observatory. Nothing is
more exasperating than to discover
an omission that must somehow be
squeezed into an otherwise completed
assembly. Procure materials well in ad-
vance and make no component until all
its essential parts are at hand. Devote
enough time and care to the job so that
each piece reflects credit on your crafts-
manship and is worthy of the instrument.
Remember, you will be looking at the
parts for years and they will be staring
right back at you. Prepare a sketch of
each part before you attempt to make it.
Parts that seem ideal in the mind’s eye
have a way of becoming much simpler
on the drawing board. Finally, if you do
not know how to design a component,
don’t guess. Ask someone who knows.”

According to Aime, the observance of
these simple rules spared him manv
headaches, cut his construction time sub-
stantially and resulted in a better tele-
scope. Now that Aime’s dream has been
fulfilled, what does he intend to do with
the instrument? I put the question to him
a few weeks ago during a short session
at the observatory.

“That’s easy,” he replied. “I have had
a lot of fun playing with it already. Lu-
nar detail interests me in particular and
I am looking forward to having a ring-
side seat when the next spacecraft
reaches the moon. I tried to observe the



FROM SOLAR COMPASS TO AVIONICS

Solar Compass (American-1836)—Used to indicate the direction of true north by a single observation
of the sun's position. A similar device was used in 1926 by Adm. Richard E. Byrd on his historic flight
over the South Pole, an area where anomalies render the magnetic compass inaccurate. (Dossin Museum)

AVIONICS BY AC MEANS—LOW SYSTEM COST,
ON-SEHEDULE DELIVERY, ACCURACY AND RELIABILITY

AC Spark Plug Avionics Systems are the advanced descendants of a long and
illustrious line of bombing-navigational systems which traditionally have been
produced to guide the air fleet of the Strategic Air Command. By combining the
most recent developments of inertial guidance, digital computation and integrated
circuits, AC Avionics Systems provide accurate, lightweight, reliable systems for
manned aircraft. The pilot is thus provided all of the capabilities vital to all-weather
operation: precision self-contained navigation, mission scheduling, terrain avoid-
ance, blind ordnance delivery, and integrated controls and displays.

AC Avionics Systems provide, for manned aircraft, such
vital functions as precision inertial navigation, terrain
following, ordnance release and integrated displays.

MASTER NAVIGATORS THROUGH TIME AND SPACE

AC SPARK PLUG « THE ELECTRONICS DIVISION OF GENERAL MOTORS
7929 South Howell, Milwaukee 1, Wisconsin

© 1963 SCIENTIFIC AMERICAN, INC

123



"Sheer

"Recordings

HAYDY

listening joy!"—that’s
how Leonard Bernstein described
Library of Recorded Masterpieces
exciting VIVALDI recording proj-
ect. And now the London Times
praises LRM’s new HAYDN SYM-
PHONY series, recorded by the
Vienna State Opera Orchestra un-
der Max Goberman:

of exceptional
quality. Mr. Goberman has
an extraordinary knowledge of
Haydn’s style.” And, Roland Gelatt
in Reporter Magazine writes:
“Goberman’s sense of the sonic
framework proper to Haydn is un-
matched on records.”

18 of Haydn's masterpieces

"Their

are included in the first nine re-
leases—newly recorded in mono
and stereo—and ranging from the
“Morning, Noon and Night” cycle
(Nos. 6, 7 and 8) to the powerful
Nos. 96 and 98. Some are recorded
for the first time; others for the
first time in stereo; many for the
first time are correctly played
from the original scores with all
the authentic instruments called
for, under the supervision of, and
with program notes by, the noted
HAYDN scholar, H. C. Robbins

Landon.

finest recording to
date" says High Fidelity Maga-
zine of LRM’s recording of Sym-
phonies 98 and 22. “Goberman
seems to be as authoritative a
spokesman as Haydn has had in
many years.” As with LRM’s
VIVALDI and CORELLI series,
the complete orchestral scores ac-
company each record.

And all this at little more than

the scores alone would cost—beauti-
fully recorded with the most advanced
fidelity and stereo techniques by the
Vienna State Opera Orchestra with
conductor Max Goberman, and avail-
able in both mono and stereo.

Haydn’s wide-ranging genius finally
receives its due—you are invited to
send for full details.

‘Write today for free Prospectus,
“HAYDN”

Library of Recorded Masterpieces

Dept. S-4
150 W. 82nd St., N. Y.24,N. Y.
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impact of the first Soviet moon probe but
had no luck, perhaps because the instru-
ment had not been properly collimated
at that time. Not all my hobby hours are
spent at the observatory, however. I
enjoy working with my hands and for
several years have taught mirror making
to beginners at the Hayden Planetarium,
where the Optical Division of the Ama-
teur Astronomers Association of New
York conducts evening courses for ama-
teurs. The observatory is made available
on a scheduled basis without charge to
graduate students in astronomy and
other qualified observers.”

I asked Aime what he knew about the
remaining 96 Pyrex disks. He shrugged.
The question is of more than passing
interest because several school groups
have indicated a desire to make large
telescopes. Readers having knowledge of
any 16-inch blanks in good condition can
get in touch with these institutions
through this department.

]N,Iost amateur photographers use light
: meters for determining correct ex-
posures but rely on guesswork in the
darkroom when they select printing pa-
per of the proper contrast and the correct
lens opening of the enlarging projector.
George Ginn, an electronics engineer
and amateur photographer of Mountain
View, Calif., writes that he used to print
by guess, “and after practicing for 10

years I became so proficient I could
sometimes make a good black-and-white
print in 30 minutes without wasting
more than a dozen sheets of projection
paper. Now I use a simple light meter
that enables me to make a good print
every time on the first try.

“There is nothing essentially new in
the idea of controlling the process by
measurement. Commercial laboratories
long ago adopted densitometers for the
purpose, but these devices cost sub-
stantially more than the average amateur
can afford. My meter measure is not the
density of the negative but the intensity
of the light at the enlarger easel.

“I assembled my meter largely from
parts found in the scrap box; it could be
duplicated even with new parts for less
than the cost of an ordinary exposure
meter. It consists of a photocell con-
nected by an extension cord to a few re-
sistors, a regulated power supply and a
microammeter. All parts except the pho-
tocell are housed in a small metal box.

“Proper exposure and paper contrast
are fully determined by two measure-
ments made by placing the photocell in
the lightest and darkest parts of the
negative image projected on the enlarg-
ing easel. The photocell does not gener-
ate current but acts as a resistance that
varies inversely with the intensity of the
impinging light. This property immedi-
ately suggests a circuit. The photocell,

cell & meter

. %

—bdttcr}-

Evolution of circuit design for light meter
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Calibrated instrument scale for meter

battery and microammeter can be con-
nected in series, as shown by the first
drawing of the accompanying set of cir-
cuit diagrams [opposite page]. This sim-
ple arrangement would work, but exam-
ination of the circuit discloses two obvi-
ous disadvantages. First, accidental ex-
posure of the photocell to bright light
would minimize the photocell resistance
and the resulting high current could

damage the microammeter. This defect |

can be corrected by inserting a limiting
resistor in the circuit to keep the current
to a safe value when the photocell is
short-circuited, as shown in the second
schematic diagram. The other disadvan-
tage stems from a common property of
all photocells: their resistance rises to
maximum but does not become infi-
nite in the absence of light. The current
of constant minimum amplitude trans-
mitted by photocells even in total dark-
ness would deflect the needle of the mi-
croammeter to some point on the scale
above zero, thereby wasting a portion
of the scale. Most experimenters prefer
light meters that indicate zero in dark-
ness and full-scale deflection when ex-
posed to light of maximum intensity.
This can be achieved by two more modi-
fications of the basic circuit. The first
modification balances out the ‘dark cur-
rent” and the second provides an adjust-
ment for controlling full-scale deflection.
To balance out the dark current a vari-
able balancing resistor is connected
across the cell and microammeter and a
fixed resistor across the microammeter
and current-limiting resistor, as shown in
the third diagram. The circuit configura-
tion now constitutes a bridge, with the
photocell and balancing resistor forming
the upper branches of the bridge and the
fixed resistor and current-limiting resistor
forming the lower branches. The micro-
ammeter connects across the center of
the bridge between the upper and lower
branches. If the resistance of the variable
resistor is adjusted to equal that of the
photocell in darkness and the resistance

22 UNUSUAL"S i

See the Stors, Moon, Planets Clese Up!

3" ASTRONOMICAL REFLECTING TELESCOPE

Photographers! Adap! your camera to this Scope for ex-
cellent Telephoto shots and fascinating photos of moon!

a0 to (RO Power—Famous M1, Palomar Type! An Unusual Buy!

See the Rings of Saturn,
the fascinating planet
Mars, huge craters on
the Moon, phases of
Venus. Equatorial
mount with lock on both
axes. Aluminized and
overcoated 3” diameter
high-speed /10 mirror.
Telescope comes
equipped with a 60X
eyepiece and a mounted
Barlow Lens. Optical
Finder 'Telescope in-
cluded. Hardwood, port-
able tripod. FREE with
Scope: \alu’lblo STAR

HEAVENS”’
&(()PF ’ BOOK.
$29 95 Postpaid

44" Astronomical Reflector Telescope!
255 Power. New Vibration-I'ree Metal P’edestal Mount.
Stock No. 85,105-S $79.50 F.0.B. Barrington, .

CHART plus
Jlus CITOW l
Stock No. 85, 050-5

SUPERB 6” REFLECTOR TELESCOPE
Inc. electric clock drive, setting equatorial mount,
pedestal base, 4 eyepleccs for up to X.
Stock No. 85,086-S.. $195.00 F.0.B. Barrington, N. J.

‘FISH" WITH WAR SURPLUS MAGNET

Go Treasure Hunting On The Bottom

i, 4l
———

Great idea! Fascinating fun and sometimes 1
tremendously pmmahle' Tie a line to our 5-
Ih. Magnet—drop it overboard in bay, river, lake or

ocean. Troll it along the bottom—your ‘‘treasure’”
haul can be outboard motors, anchors, fishing e
tackle. all kinds of metal valuables. 5-l1b. Magnet

is war surplus—Alnico V Type—Gov’'t Cost, $50.
Lifts over 125 lbs. on land—much greater weights
under water. Order now and try this new sport.

Stock No. 70,571-S 5 Ib. Magnet... ..$12.50 Postpaid

Stock No. 70,570-S 3! Ib., lifts 40 Ibs. $8.75 Postpaid
Stock No. 70,572-S8 7Y, Ib., lifts 150 Ibs. ...$18.75 Postpaid
Stock No. 85,152-S 15 Ib., lifts 250 Ibs. ...........$33.60 FOB

MINIATURE SUBMERSIBLE WATER PUMP
FI'IH H{IBE]ES EII’EIIII!ENTS

Stock No. &0,307-5.....

...52.98 Postpaid

THE STARS

Give your den, office,
% hobby room or lab an
astronomical atmosphere
with slip covers and
window draperies fea-
turing this unusual Galilean motif. Guaranteed vat colors
and pre-shrunk. Residual shrinkage 1% ; can be safely dry
cleaned or laundered. 48” to 50” wide. Scene repeated ap-

prox. every 20%”.
3 ..per yard $2.50 Ppd.

Stock No. 25,110-S
ANALOG COMPUTER KIT

Ideal introduction to the increas-

Jy /% DRAPES OF
x W

= (OMUND ANALGG COMRYTIE ]I

ingly important electronic com-

® || puter field. For bright students,

2 | or anyone interested in this new

- science. Demonstrates basic ana-

log wmuutmg principles—can be used for multiplica-
tion, division, powers, roots, log. operations, trig
problems, physics formulae, electricity and magnetism
problems. Kasily assembled with screwdriver and pliers.
Operates on 2 flashlight batteries. Electric meter and

3 potentiometers mounted on die-cut box. Answer indicated

on dial. 20” long. 9”7 wide, 2”7 deep. .
Stock No. 70,341-S. .$14.95 Postpaid

Shimmering Rainbows of Gem-Like COIor
DAZZLING DIFFRACTION JEWELRY
ND WOMEN

FOR ME
NOW AVAILABLE IN GOLD
This science-inspired jewelry glows with
the twinkling magic of rainbows. It uses
circular _patterns of 17 DIFFRACTION
GRATING REPLICA to break up light into
all the rich, deep colors of nature's
grandest phenomenon. Incorporated into
beautiful jewelry, these exquisite new
fashion accessories are now available in
lustrous gold as well as sterling silver.

Other items available. Write for complete list.

ITEM GoLp siver  RRICES
EARRINGS No. 1814-S  No. 1704-S  $2.20
CUFF LINKS 1827-s 1714-5 2.2
PENDANT 1818-S 1729°s 250
34" Tie Clasp 1831's 17435 385
& cul Link et
BRACELE 1816- 173s-s 7.70

(Six 354 gratings)
ORDER BY STOCK NUMBER .SEND CHECK OR
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SCIENTIFIC ITEMS &5

Maorvels of the Universe
ON SLIDES

6.00 Postpaid

War Surplus!
American-Made 7x50 Binoculars
Big savings! Brand new! Crystal-
clear viewing—7 power. Every optical
element is coated. An excellent night
glass—the recommended for
satellite view ng. Individual eye
focus. Exit pupil 7 mm. Approx. field
at 1,000 yds. is 376 ft. rrying
Case included. American 7x50’s nor-
mally cost $274.50. Our war surplus

price saves you real money

Stock No. 1544-S........................ only $74.80 pstpd.
7 x 35 AMERICAN MADE BINOCULARS

Stock No. 964-S, $60.50 pstpd.

(Tax inel.)

8 x 30 Binoculars—similar to above and a terrific bargain.

Stock No. 963-S pstpd. (Tax included)

MAKE YOUR OWN POWERFUL
ASTRONOMICAL TELESCOPE
GRIND YOUR OWN ASTRONOMICAL MIRROR

Kits contain mirror blank, tool, abrasives, diagonal mirror,
eyepiece lenses. You build instruments valued from $75.00
to hundreds of dollars.

Stock No Dis Mirror  Thickness  Price

70,003-S a1y 3a" $,7-50 postpaid
70,004-S & 1 1.95 postpaid
70,005-S n- 13/8” 15:25 postpaid
70,006-S 10” 137 30.75 F.0
70.007-S 1315% 21/g” 3332 ROk

American Mode—
Over 50°: Saving
STEREO MICROSCOPE

Years in development. Equals $300 to $400
instrument. Precision American made.
Used for checking, inspecting, small as-
sembly work. Up to 3” working distance.
Clear, sharp, erect image. Wide 3 dimen-
sional field. 2 sets of objectives on rotating
turret. 23X and 40X. 10 Day Free Trial.

Stock No. 85,056-S. .$99.50

| O Q Mow . .. Accurate Weather
I \

Forecasting for Schools,
New “‘Weather Station’

Homes, Hobbyists
is highly sensitive to weather
changes. Consistently accurate thermometer, barometer
and humidity meter. Foretells weather changes from 12
to 24 hours in advance. Humidity meter calibrated in
“‘percent relative humidity’’. Thermometer accurate to 1°F.
Excellent for teaching weather phenomena and meteorological
hobby work. Instruments mounted on handsome wood-
grained panel 15%” x 53”. Meter cases heavily metalized
—combine heauty and proteclmn Dials, in etched alumi-
num, made with micrometer precision. Full instructions.
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of the current-limiting resistor is selected
to match that of the fixed resistor, the
bridge will be balanced when the photo-
cell is in darkness and each side will
transmit equal current. No current will
then appear in the microammeter. In
effect, the dark current has been bal-
anced out. The problem of adjusting the
circuit for maximum meter deflection
when maximum light falls on the photo-
cell can be solved by installing a poten-
tiometer across the battery for adjusting
the voltage applied to the bridge circuit,
as shown in the fourth diagram.

“A meter so constructed would work,
but I wanted mine to operate from ordi-
nary 110-volt, 60-cycle house current. So
Iadded a rectifier and a small neon lamp
that doubles as a light for the microam-
meter scale and as a regulator for main-
taining the rectified voltage at constant
amplitude. The final form of the instru-
ment is shown in the fifth diagram.

“It turns out that the sensitivity of the
meter is high at low values of light in-
tensity and progressively less sensitive at
higher intensities. This is an advantage
because the measurement that deter-
mines exposure is made in the darkest
area of the negative image, where maxi-
mum sensitivity is needed. A new scale
was made for the meter and calibrated
so that each scale division corresponds to
one stop of the enlarger lens, or a factor
of two in brightness. This conforms to
the standard ASA scale used on exposure
meters. Each of the divisions was then
subdivided into three parts, which repre-
sent a change in density of .1, as shown
in the accompanying drawing [preced-
ing page].

“All components except the Clairex
CL-4 photocell are assembled in a stand-
ard apparatus box five inches high, four
inches wide and three inches deep. A

Claivrex Cl-4 photocell

Internal and external views of completed meter
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window in the front cover provides ac-
cess to the scale of the microammeter,
which is mounted behind the front cover
on tubular spacers and long bolts. The
neon lamp is located behind the front
cover and beneath the window to shield
the cell from direct exposure to the lamp.

“To relate the light measurements to
the characteristics of printing papers, I
test each batch of paper as it is opened.
For this purpose I made a test negative
by masking a strip of process negative in
increments and doubling the exposure
of each increment to produce a 10-step
gray scale. With this test strip in the en-
larger, I determine for each paper the
stop that causes a dark area of the nega-
tive to produce a barely discernible
high-light gray in a print exposed for 15
seconds and a light area to produce a
black just short of maximum. The next
step is to take a meter reading, at the
easel, of the light and dark areas of the
negative image with the enlarger set at
that stop. The difference between these
two measurements is my contrast index
for the paper in question. Depending on
the individual meter, differences of 1, .8,
77, 6 and .5 may be found to character-
ize papers of contrast grades 0, 1, 2, 3
and 4 respectively.

“To print a negative, finally, insert it
in the enlarger and open the lens until a
meter reading in the darkest area of the
negative image indicates that the high
light will just register. Then take a read-
ing in the lightest area. Subtract the low-
er reading from the higher one to find
the difference between the two. Select a
paper that matches this difference. A
print made with this paper exposed at
this lens opening for 15 minutes and de-
veloped as recommended by the manu-
facturer should come out right on the
button.”

) self-
shorting
Jack
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MARS OPPOSITION AUGUST 10

At Lockheed Missiles & Space Company,
a dedicated team of scientists devotes
its entire attention to problems in inter-
planetary navigation. Of particular interest
are problems attendant to the guidance
of a manned vehicle to another planet.
With many successful accomplishments
to their credit (such as the Polaris and
various Agena missions), this group faces
every new challenge with confidence.

A promising means for manned space-
craft guidance includes taking celestial
and planetary optical sightings, feeding
that information into an onboard com-
puter, and computing the spacecraft's
position and velocity to predict its future
course. The computer will then calculate
the predicted destination planet error,
decide if a correction is necessary, and

LOOK AT LOCKHEED ' .

compute its value. These procedures
would be repeated continually until the
planet is reached. The optimum timing
and magnitude of correction, in view of
the information obtained from the obser-
vations, is the subject of continuing study.

Even before work on hardware for an
interplanetary mission is begun, orbit
characteristics must be determined to set
therequirementsto be builtinto the space-
craft. An optimum trajectory must be
shaped for the specific mission, in order
to realize ultimate effectiveness. An out-
standing accomplishment by Lockheed
scientists is the computation of some
250,000 different orbits to Mars and a simi-
lar number to Venus. Each orbit varies as
to speed, fuel, departure, arrival, and
elapsed time,

£

Further advances in space flight leadership
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LOOK AT LOCKHEED...AS A CAREER
Consider Lockheed's leadership in space
technology. Evaluate its accomplishments
—such as the Polaris missile, the Agena
vehicle's superbrecord of space missions.
Examine its outstanding advantages—
location,advancement policies, creative
climate, opportunity for recognition.
Then write for a brochure that gives you
a more complete Look at Lockheed.
Address: Research & Development Staff,
Dept. M-47F, P.0O. Box 504, Sunnyvale,
California. Lockheed is an equal oppor-
tunity employer.
SCIENTISTS & ENGINEERS: In addition
to positions relating to flight mechanics,
such as mission & trajectory analysis,
guidance & controls analysis, other im-
portant openings exist for specialists in:
Orbit thermodynamics - Electromagnetics
+ Gas dynamics « Chemical & nuclear
propulsion « Systems engineering « Com-
puter research » Electronic engineering «
Communications & optics research

LOCKHEED

MISSILES & SPACE COMPANY

A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION

Sunnyvale, Palo Alto, Van Nuys, Santa Cruz,
Santa Maria, California « Cape Canaveral,
Florida « Huntsville, Alabama « Hawaii
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by A. Rupert Hall

Tue SciexTtiFic INTELLECTUAL: THE
PsycHoLOGICAL & SocroLoGicaL ORI-
GINS OF MODERN SCIENCE, by Lewis S.
Feuer. Basic Books, Inc. ($10).

: ;ome 70 years ago Andrew D. White

gave classical expression (in his

History of the Warfare of Science
with Theology in Christendom) to the
conviction of a generation of scientists
who remembered Bishop Wilberforce’s
attack on Huxley: that science was the
professed enemy of superstition, dogma
and unreason. Servetus, Bruno and Gali-
leo were to them martyrs at the hands of
theology for science’s sake, and it was
only in so far as religion had been forced
to retreat that science had been enabled
to advance. Lewis S. Feuer has under-
taken the defense of views that, if they
are considerably more sophisticated than
White’s, are nevertheless closer to his
than to the popular ones of recent times.
Feuer has little patience with neore-
ligious explanations of the sudden flow-
ering of science in western Europe and
America. He particularly rejects the
opinion, which he believes to prevail
among sociologists, that “makes the mod-
ern scientific spirit into an offspring of
Protestant asceticism.” Rather, Feuer
believes, true, progressive science has al-
ways been the product of what he calls
the “hedonist-libertarian ethic.”

Most readers will applaud Feuer’s be-
lief; we cannot resent being told that
what we prefer to do is the right thing
to do. Like him, many of us have doubt-
ed that the harsh Calvinistic creed was
as great a stimulus to the material and
intellectual development of Europe as
Max Weber and his followers supposed.
Even if it is granted that the Puritan’s
lust for salvation was readily converted
into a lust for gold, so that material suc-
cess became the measure of spiritual
purity, still it does not follow that the
virtues of sobriety, industry and preach-
ing led the Puritan to develop a love of

BOOKS

Was modern science stimulated by the ethic

of Puritanism or by

knowledge outside of the Scriptures and
the Institutes. Like ascetic Catholics,
Puritans were often likely to condemn
as vain all learning that was not divine
and to rate theology Queen of the Sci-
ences no less than the medieval universi-
ties had done. Neither Calvin’s Geneva
nor Knox’s Scotland was remarkable as a
center of science; it was rather the case
that science and other intellectual activi-
ties began to flourish in communities
where the Puritan spirit was already de-
clining. As Feuer points out in acute
analyses, from the end of the 17th cen-
tury on, in both Scotland and New Eng-
land, only the possibility of a dissident
spirit’s surviving in an atmosphere of
weakened theological rigor made science
possible. Often the very men now cele-
brated as scientists were then singled out
for the freedom of their lives or their
relative carelessness toward clerical
sanctions.

This is conspicuously true of England
when the Royal Society was founded.
The founders were actually seeking to
escape into intellectual discussion of
natural phenomena from the boring reci-
tation of religious platitudes. They be-
came, some of them, habitués of the
flippant and free-loving court of Charles
II, or time-serving Puritans who wel-
comed the bishoprics and other rewards
of the Anglican Church. Of the 94 out
of 119 Original Fellows of the Royal So-
ciety (1663) for whom evidence is avail-
able, no fewer than 54 were pleasure-
seekers by Feuer’s reckoning, and only
five were Puritans; 68 were Royalists and
only 12 were would-be Republicans.
Other investigators—notably the dean
of U.S. sociologists, Robert K. Merton, in
a magisterial monograph 25 years ago—
have put forward sharply contrasting
estimates. The discrepancy lies in the
fact that most men conform to the pow-
ers and the churches that be, outwardly
at least. Most of the founders of the
Royal Society accepted the rule of the
Independents before 1660, just as they
accepted Anglicanism afterward. Like
the Abbé Sieyes, they were capable of
surviving many vicissitudes, and al-
though they were by no means indiffer-
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the ethic of liberty?

ent to the reality of Christianity (scien-
tists were nothing if not devout), they
were latitudinarian as regards its forms.
Feuer seems to be largely correct in sug-
gesting that religion has not often driv-
en men to practice science, although it
has sometimes hindered their doing so.

In the 20th century, which no longer
experiences even the stuffiness of a Vic-
torian Sunday, to say nothing of the
harshness of Calvinistic intolerance, it
has become relatively easy to praise the
Puritan virtues of self-denial, industry
and parsimony—our society no longer
suffers the pangs that must accompany
them. It is refreshing that Feuer should
honestly avow the creed that is almost
universally adopted in the rich coun-
tries today, and should not hesitate to
add that in fact our riches are in part a
consequence of that creed. His is a mes-
sage of optimism:

“In this study I shall try to show that
the scientific intellectual was born from
the hedonist-libertarian spirit which,
spreading through Europe in the six-
teenth and seventeenth centuries, direct-
ly nurtured the liberation of human curi-
osity. Not asceticism, but satisfaction;
not guilt, but joy in the human status;
not self-abnegation, but self-affirmation;
not original sin, but original merit and
worth; not gloom, but merriment; not
contempt for one’s body and one’s senses,
but delight in one’s physical being; not
the exaltation of pain, but the hymn to
pleasure—this was the emotional basis of
the scientific movement of the seven-
teenth century.”

If it were true that the turning point
in the history of our Western civiliza-
tion was the Reformation, and that its
psychological foundations lay in the
Puritan ethic, then the hedonism of the
20th century ought to make us despair,
since we should by now have destroyed
the springs of our society. Only collapse
could lie ahead, as indeed the enemies
of hedonism (and science) have so often
predicted. The prophets of doom, almost
as in the days when penny pamphlets
confidently identified the Four Horse-
men and the Beast of The Revelation,
have increased the burden of guilt to the
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breaking point by proclaiming that the
increasing violence of 20th-century war-
fare is itself the measure of this in-
evitable ruin: Western humanity (at
least) must perish because it has sought
power and pleasure.

Against this gloom—which may well
be the cause of the catastrophe it la-
ments—Feuer arms us with hope. He as-
sures us that our civilization took not
the wrong road but the right one. The
17th century particularly, with its first
liberation of the human spirit from sec-
tarian bonds and its decisive revolution
in science, set the West on a track to-
ward material progress and intellectual
truth. This is a combination of empirical
merits hard to beat. The claim that peo-
ple are in some mysterious way “better
off” at the starvation level than in our
own more tense societies is simply per-
verse. The related claim that we have
sacrificed an equally mysterious insight
into Truth for the sake of scientific
truths is simply nonsense. Accordingly
we do not need to see science and tech-
nology as guilty companions in a rake’s
progress; instead, like our forefathers,
we can ask with Feuer why it was that
earlier civilizations failed to secure these
essential advantages.

The answer here proposed is that ear-
lier societies failed to develop the un-
inhibited release of energy that the prog-
ress of science requires. “All the classical
schools of Chinese philosophy were af-
fected by self-defeat and renunciation;
all looked upon nature through the mas-
ochist mode of resignation. There were
variations, to be sure, in the degree of
this acknowledgement of self-defeat, but
the general characterization holds, just
as does the opposite for European-Amer-
ican thought from the seventeenth cen-
tury on.”

Men trained to endure pain rather
than to covet joy do not seek knowledge
of or power over the sources of pain
and joy in nature; a Chinese psychologi-
cal revolution necessarily took place be-
fore modern science could be naturalized
in China. So in Japan the exaltation of
“nothingness”—the epitome of the ex-
tinction of self—was the fatal enemy of
science. Yet (in China at any rate) the
prevalence of ethical or psychological
values different from those of the West
did not wholly prevent the development
of technical skills or the study of mathe-
matics and astronomy. The achievements
of this alien civilization were perhaps
more remarkable than Feuer allows, and
the absence of an Epicurean philosophy
less complete. In turning to Judaism,
however, he considers the history of a
people who cut themselves off from the
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intellectual life of the Europe they in-
habited no less firmly than they were
excluded from participating in it; the
religious prejudice on both sides was
equally strong. Hence until the mid-19th
century Jewish learning was scholastic
and medieval, and the brilliant Jewish
achievement in science is a recent event.
Yet this, after all, is a merely negative
instance; it does not prove that the
“hedonist-libertarian ethic” has the crea-
tive virtue Feuer attributes to it.

If asceticism, mysticism and self-im-
molation are by no means sufficient con-
ditions for the development of science,
neither are they invariably hostile to it.
Manv creative individuals have been
personally frugal, ascetic and with-
drawn. Some good scientists, like Bosco-
vich,havebeen Jesuits; others, like Fara-
day, have clung throughout life to a
puritanical form of religious observ-
ance, Categorizations of an “either-or”
type such as puritan or hedonist are as
difficult to determine as they are doubt-
ful in value, except when they are ap-
plied to uninteresting polar examples.
The antithesis between atheist-material-
ists and deist-formalists can be traced
down the ages from Greek antiquity, and
both have made crucial contributions to
science—the vitalist, Catholic Pasteur,
for example, as well as the determinist,
agnostic Bernard. Consider the opposite
pole to Feuer’s: if the acme of hedonism
and libertarianism were a lotus-eating
Tahitian utopia, we should look in vain
for Salomon’s House. Presumably the
author of “A Jug of Wine, a Loaf of
Bread—and Thou/Beside me singing in
the Wilderness,” being a mathematician,
could (like the blind Galileo) while
away the long hours of siesta by solving
problems in his head; but if his investi-
gations had required the collection of
some dozen pounds of aphids or the per-
formance of a few thousand routine
analyses, Omar Khayyvam would have
found a puritan discipline in persever-
ance not altogether beside the point.

It is not difficult to think of examples
that run counter to Feuer’s thesis. The
hedonist ethic flourished more openly
by far in 18th-century England than
in the England of the 17th century, but
the excellence of English science was in-
verse. The upper levels of Russian so-
ciety from, say, 1800 to 1917 were not
notably austere, ascetic or superstitious.
Yet science did not flourish. The Otto-
man Empire in its later stages was no-
torious for its sybaritic ease, whereas
scientific eminence belongs to an earlier
period of tougher virtues. The Romans
knew both opulence and moral license;
Greek philosophy and science were the
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fruits of a poorer, simpler and stricter
society. And so on. Certainly the out-
look praised by Feuer may be associ-
ated with the love of freedom, intellec-
tual independence and advancement
that he rightly praises; yet it may also
be an aspect of a society that is decaying,
corrupt and hopeless. Everyone knows
the bad sense of the Epicurean phi-
losophy (Eat, drink and be merry, for
tomorrow we die); indeed, this is the
interpretation that—perhaps unjustly—
has been most often put on it.

The truth, as it appears from some
further examples studied by Feuer, is
that what he really finds most conducive
to scientific and material progress is not
free indulgence at bed and board (as
his insistence on the “hedonist-liber-
tarian ethic” might lead one to suppose)
but a combination of human qualities
hardly more esoteric than the puritan
ones of perseverance and frugality.
Against asceticism and other-worldliness
he sets common sense, receptiveness, im-
patience of dogma, healthy skepticism,
inquisitiveness and a normal enjoyment
of what is natural to man, such as de-
light in one’s work. He favors the open
society and the open individual, and he
argues (with complete justice, I be-
lieve) that when life has seemed to
promise broad vistas of opportunity to
men and when hope for a better life on
earth has been strong, men have accom-
plished great things in science and, one
might add, in other areas too. The en-
emies of science are narrowness and the
foregone conclusion. Hence Feuer writes
well of the freedom of Franklin’s Phila-
delphia and the subsequent closing in of
the gray fog of religious revival that
shrouded the bright dawn of American
genius. Men like Franklin, Bartram,
Rittenhouse and (most famous and al-
most the last of all) Jefferson avoided
religious bigotry and welcomed the de-
lights of life; it is no accident that in their
generation the craving for political free-
dom was joined to a striving for intellec-
tual freedom.

With the end of Jefferson’s democracy
came the beginning of a transcendental-
ist revival; the free outlook of the 18th
century was eclipsed even more com-
pletely in the U.S. than in post-Napo-
leonic Europe, and with it science was
eclipsed. If a measure “of scientific work
persisted in the American colleges dur-
ing the two generations of antiscientific
reaction...it was that minimum com-
patible with the clerical philosophy, and
it lived off the residual hedonistic-liber-
tarian energy of the eighteenth century.”
Science was not fostered by the great
democracy; it was better cherished by
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Prussian autocracy. A change in the U.S.
(typified by the founding of Johns Hop-
kins University in 1876) came only
when free inquiry replaced religious
dogmatism. Similarly, in France it was
the enormous liberation of the Revolu-
tion that made possible the brilliant ef-
florescence of science during the early
19th century.

Although these are indeed excellent
examples to offer against the “Puritan
ethic” history of science, together with
the earlier renaissance of science in
Italy that Feuer also discusses, they
hardly enforce more than a sound, old-
tashioned view of European history to
the effect that increase of freedom has
been a “good thing”—good for people,
for science, medicine, painting and
plumbing. It is very vight and proper
that this should be said, and said often.
But the point should not be overdone;
when Copernicus becomes the exponent
of a hedonist-libertarian ethic and Pla-
tonism becomes the unrelenting foe of
modern science, one begins to doubt.
The scientists of Napoleonic France
were not all atheists, still less were those
of Renaissance Italy. Nor were they all
deep drinkers and great lovers, nor all
champions of political radicalism. The
categorization begins to lack subtlety
and the explanation variety.

There is, in the end, a ghost in Feuer’s
time machine: the ghost of Dr. Freud.
It is not enough to show by historical
examples that creativity is more often
than not an attribute of normal, happy
men, of 'homme moyen sensuel; Feuer
feels his deductive generalization must
be given a sound theoretical basis. This
he finds in the Freudian account of per-
sonality. Now, a theoretical explanation
is no more valid than the theory on
which it depends; if one doubts that
we have today a universally accepted
and verifiable psychological theory, then
one must also doubt our ability to pro-
vide psychological explanations of his-
tory. Arguments turning on the super-
ego, the Oedipus complex and other
concepts of psychoanalysis do not yet
possess proved power to deal with the
problems of intellectual history, in spite
of all the progress that has been made
in psychology by different schools at
different levels.

In fact, the schematic, indirect and
undemonstrable character of the psycho-
logical conceptualization to which Feuer
turns on occasion is exactly parallel in
structure to that of the religious con-
ceptualization he would replace. He can
write:

“In the sixteenth century, however,
contempt for priests and monks, which
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Vesalius shared, had become wide-
spread. The eunuchoid monk became a
figure of ridicule with a touch of the
hypccerite. The Renaissance men experi-
enced a sense of liberation from some
emotional thralldom. We might say that
the unresolved Oedipus complex ceased
to dominate their feelings and percep-
tions. They could dissect bodies, picture
nude women, without feeling that they
were engaged in the violation of their
mothers; they could depict and dissect
men without thinking they were en-
gaged in bodily vengeance against their
fathers.”

This is exactly like saying (in fewer
words) “They were without original
sin” or “They were possessed by the
devil.” It is another appeal to the ghost
in the machine as the arbiter over human
history.

It would be unjust to insist heavily
on this feature of Feuer’s stimulating
book, partly because Freudian ideas are
separable from its structure and argu-
ment, and partly because the author’s
unquestioning  Freudianism  will no
doubt seem perfectly natural to many
readers. Nevertheless, the historian of
science and perhaps the scientist too may
have a sense of loss at the absence from
Feuer’s book of any concern for the in-
trinsic problems of science, and for the
internal  dialogue between successive
generations of scientists that is always
so fascinating and important. If one
holds, as Feuer seems to hold, that anat-
omists such as Vesalius had undergone a
form of spontaneous analysis or emo-
tional release, so that they no longer had
a neurotic regard for all corpses as those
of their parents, then the story of Renais-
sance anatomy as we know it (the re-
covery of Galen, the reaction against
Galen based on dissection and so forth)
becomes almost meaningless. Similarly—
although I imagine Feuer would resist
the inference—Lavoisier’s chemical re-
searches become the less significant if we
answer the question “Why did chemistry
become for a time virtually a French
science?” by appealing to the Revolu-
tion’s release in France of intellectual
energies that were elsewhere restrained.
Surely no one doubts that psychology, re-
ligion, economics, the structure of soci-
ety and so on have had a tremendous in-
fluence on the agelong development of
scientific thought, with now this and now
that external influence being the more
effective. But there is a danger in insist-
ing on the power of any of these in-
fluences if at the same time the truth that
the problems of science are intellectual
problems is neglected. Copernicus’ emo-
tional life is really irrelevant to his per-
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formance of one group of mental acts
(the formulation of well-known difficul-
ties within medieval astronomy in a
particular way) and then of a second
group (enabling him to remove these
difficulties in a particular way). It would
be fascinating indeed to have a Kinsey
report or a couchside tape recording of
Copernicus, but there is little reason to
believe that even such massive evidence
would help us much in understanding
Copernicus’ mental machinery.

Perhaps, therefore, it is worth noting
that although Feuer’s book is based on
wide and diverse reading, he makes rela-
tively few references to work in the his-
tory of science published in the last 10
years or so. Within this period historians
of science have been profoundly con-
cerned with the development of the in-
ternal structure of science and very little
with scientific thought as the play ball of
social forces. If it is true that sociologists
commonly consider the “Protestant eth-
ic” a determining influence in the rise of
modern European science, this is not now
a view shared by historians of science.
Among them the “Protestant ethic” has
not been much discussed for at least 20
years, although (like economic deter-
minism) it was indeed an issue of the
1930’s. Sociologists have studied science
as the creation of peoples; historians
have studied it as the creation of in-
dividual minds. There is no doubt which
gets closer to the actual content of
science, as one can see by comparing
Feuer’s book with, for example, C. C.
Gillispie’s The Edge of Objectivity. Of
course Feuer makes no claim to be relat-
ing the history of science; but what is
that history if the scientific intellectual is
omitted from it? A mere chronicle, a list
of discoveries and experiments. It is pre-
cisely the history of the scientific intel-
lect that mid-20th-century historians of
science are trying to construct.

They will welcome this book as an en-
ticing study and a revealer of new hori-
zons. There are perhaps grounds for say-
ing that the historians have too much
neglected the sociology of science. But
Feuer’s significance will be of a different
order if his book contributes toward dis-
pelling the prevailing doubt and despair.
Are we returning to a second dark age,
as Karl Popper has suggested? That
might happen if belief in the steady ad-
vance of knowledge is lost and if scien-
tific knowledge appears to humanity as
a curse rather than a blessing. Scientific
optimism and technological confidence
have been driving features of modern
Western society, qualified (and some-
times properly restrained) by those
doubts and “unreal” notions that should
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not be too lightly dismissed as mere
hindrances. Feuer is surely right in argu-
ing that a twin hedonism—the love of dis-
covery and the sweets of triumph—have
urged men forward in science as in other
fields. Can they do so any longer unless
the former simplicity of the scientific at-

| titude is restored? That is the problem

contemplated in the last chapter of The
Scientific Intellectual and, it must be
confessed, it remains unsolved there.
Feuer’s heart is in the right place: he
would like us to see science as the means
to a better life, which indeed it can be.
But he does not teach us how, in a prac-
tical world of administrators, politicians
and soldiers, of international crises and
ideological rivalries, the marriage of
science and power play is to be dis-
solved.

Short Reviews

rrmz CoxceprT OF THE PosiTron, l)y
Norwood Russell Hanson. Cam-
bridge University Press ($5.95). This
curious book purports to be an account
of Carl D. Anderson’s “discovery” of the
positron. (As is so often the case in
science, he was the discoverer not be-
cause he was the first to see the new
thing but because he was the first to
realize that it was a new thing.) In truth
all but the last chapter is a stout, his-
torically buttressed plea on behalf of the
“Copenhagen interpretation” of quan-
tum theory, whose champion was Niels
Bohr, seconded by Werner Heisenberg.
Another feature of the book leaves some-
thing to be desired on the side of candor:
many of the chapters were previously
published as journal articles, a fact that
seems so completely to have slipped the
author’s mind that it is nowhere men-
tioned—neither in the preface nor in the
text nor in the elaborate 42-page bag-
gage train of footnotes.

Accepting this, the reader can settle
down to an interesting—at times even
better than interesting—excursion into
the evolution and meaning of the mod-
ern theory of small events. At what point
was Newton overthrown, or is he still
with us? Does the dual wave-particle
interpretation of nature—said to have
been validated by the proof of Erwin
Schrodinger and others of the equiva-
lence of his wave mechanics and Heisen-
berg’s particle-centered matrix mechan-
ics—explain happenings without claim-
ing to be able to predict them? If so, is
this a serious flaw in a scientific theory?
Must we abandon all hope of picturing
the new world of phvsics or must it be
our fervent hope that we can abandon
our need for pictures? For those who can
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no more still this hunger than the tobac-
co addict can give up the weed, is there
a chance that the researches of David
Bohm and Jean Pierre Vigier will un-
cover a new promised land of determin-
ism, or will the subtle “conspiracies” of
particles and waves thwart this happy
endmg?‘ Is the uncertainty principle
man’s fate, a built-in blemish of the
world as it is, or are we simply in the
toils of a self-administered kind of logical
mescaline that both reveals and distorts?

These are among the (uestions Han-
son weighs. It must be said that he lays
about him mightily to prove that if the
famous Dane did not give the last word
on the subject, his positivist melancholy
is nevertheless much to be preferred to
the fatuous metaphysical optimism of
others. Without swallowing all of Bohr’s
“philosophy of ¢uantum mechanics,”
some of which is too much even for his
most ardent disciples, Hanson is unmis-
takably a Copenhagen man. One sus-
pects, from reading this argument, that
he would be prepared to accept for
physics a variant of Bertrand Russell’s
aphorism about mathematics, to the ef-
fect that phvsics is the science in which
we do not know what we are talking
about, nor if what we are saving is more
than probable. In the more passionate
periods of his advocacy Hanson is (uite
capable of misinterpreting or distorting
the ideas of those who argue with the
Copenhagen view. He can overestimate
the force of “proofs” that there is no es-
caping certain Bohr and Heisenberg
“fundamentals” (he misses, for example,
telling points that Bohm and P. K. Feyer-
abend have made against John von Neu-
mann’s proof of the “impossibility of hid-
den variables”); and he can so lose the
thread of his own positivist thesis that he
enlists common-sense, pict()rial, intuitive
points in defense of the very theories that
entirely repudiate the validity of such
props and guides. After all,
pointer reading is a picture, and without
the beautiful photographs of particle
tracks—which have to be run through our
optic nerves and by heaven knows what
cerebral processes “interpreted”—where
would modern phvsics be? Biting the
hand that feeds vou is not only a bad
thing; it is apt to be silly.

even a

ZANL\IAL SPECIES AND EvOLUTION, b_v

Ernst Mayr. Harvard University
Press ($11.95). One of the most active
areas of biological research is concerned
with how evolution happens and what
causes bring it about. Impinging as it
does on a wide range of subjects, from
phllOSOph\ and 900101057y to such in-
tensely “practical” disciplines as medi-



cine and agronomy, this branch of study
is full of exciting possibilities. The “syn-
thetic,” or biological, theory of evolution
was shaped in the late 1930’s and the
1940’s by the convergent efforts of zoo-
logical and botanical systematists, anat-
omists and ecologists, geneticists, cytol-
ogists and paleontologists. The pioneer
formulations of this theory are contained
in roughly half a dozen books, by as
many authors, published at that time.
One of these books, familiar to most if
not all biologists interested in evolution,
was Mayr’s Systematics and the Origin
of Species (Columbia University Press,
1942). In a way the book under review
can be regarded as a second edition of
the 1942 classic, but its new title is justi-
fied. The book has more than twice as
many pages as the old, twice as many
chapters and a bibliography of 107 in-
stead of 16 pages, and the plan of presen-
tation is entirely different. The new
book has a style of superb craftsmanship,
which can only be a product of years of
thought and patient scrutiny of ideas and |
arguments. Yet it does not have an air of
dogmatic finality; it could not, in view
of the tremendous expansion of studies
in the field of evolutionary biology in re-
cent years. In Mayr’s words, “the fact
that the synthetic theory is now so uni-
versally accepted is not in itself proof of
its correctness,” and he explicitly recog-
nizes that many problems are unsettled
and controversial and that these are key |
problems, not fringe ones. |
Mayr’s general conception of evolu- |
tion is, in broad outline, like that of |
other modern exponents of the biological |
theory. He recognizes that adaptation
to the environment is the principal di-
rective agency of evolutionary change
and that this adaptation takes place |
through the action of various forms of
natural selection on the genetic raw ma- |
terials as they are modified by the
processes of mutation and gene recom-
bination. As the title indicates, the study
of “microevolution”—the processes of
race and species formation—receives
most of the author’s attention. The dis-
cussion is, however, set in the context of
general biology: several chapters are de-
voted to evolutionary genetics, at least
one chapter to microevolution (“tran-
specific evolution,” as Mayr prefers to
call it) and one chapter to human evolu-
tion. It may be useful to quote Mayr’s
definitions of those perennially contro-
versial concepts, race (subspecies) and
species: “A subspecies is an aggregate of
local populations of a species, inhabiting |
a geographic subdivision of the range of |
the species and differing taxonomically
from other populations of the species”;
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species are “groups of actually or poten-
tially interbreeding natural populations
that are reproductively isolated from
other such groups.” “All the different
kinds of living man on the face of the
earth belong to a single species. They
form a single set of intercommunicating
gene pools.” Finally, “Biologically, it is
immaterial how many subspecies and
races of man one wants to recognize. The
essential point is to recognize the genetic
and biological continuity of all these
gene pools, localized in space and time,
and to recognize the biological meaning
of their adaptations and specializations.”

DRUGS IN PSYCHOANALYSIS AND Psy-

CHOTHERAPY, by Mortimer Ostow,
M.D. Basic Books, Inc. ($8.50). In re-
cent years pharmacotherapy, the use of
drugs in the treatment of mental illness,
has replaced most of the physiological
shock therapies. To date no adequate
rationale has been offered for the value
of the drugs, nor has any systematic at-
tempt been made to study their role
when they are used in combination with
psychotherapy. The author of this book
advocates a combined program of thera-
py and proposes a hypothesis to explain
how and why the drugs work. Based on
his experience with 13 patients in such
a program, Ostow presents a theory
founded on Freud’s libido concept, long
under attack by many behavioral scien-
tists and psychoanalysts. He charac-
terizes mental illnesses in broad terms as
either “ego libido deficiency” or “ego
libido plethora states” according to
criteria and a scale he has devised. The
drug is then chosen on the basis of this
rating and the general attitudes and be-
havior of the patient. Unfortunately the
lack of definition of the criteria makes
the scale purely subjective and difficult
to apply. Ostow’s speculations on the role
of psychic energy (libido) in mental ill-
ness yield the conclusion that tranquil-
izers tranquilize and energizers energize.
The psychoanalytic arguments used to
support this arresting thesis are windy
and bewildering.

Two CuLTURES? THE SIGNIFICANCE OF

C. P. Sxow, by F. R. Leavis, with an
essay by Michael Yudkin. Pantheon
| Books ($1.65). The main part of this
book consists of Leavis’ notorious polem-
ic against C. P. Snow, first given as the
| Richmond Lecture at Downing College,
Cambridge. It can be argued that Snow’s
Rede Lecture on the two cultures was
not particularly profound or original, and
that the response to it in both Britain
and the U.S. was quite out of proportion
to its merits. But it was an intelligent




essay, informed throughout with good |

will. It has had no good-will effect on
F. R. Leavis. Instead it has provoked him
to a disgracefully intemperate attack not
only on the contents of Snow’s lecture
but on Snow personally. Leavis, a long-
winded, turgid literary critic of the
highest reputation in Great Britain, first
denounces Snow’s lecture as a “nullity”
with “an utter lack of intellectual distinc-
tion and an embarrassing vulgarity of
style” and then works himself into a
froth denouncing the harm that this
“nullity” has done. An envy-ridden, pain-
ful performance.

BODILY CHANGES IN PaiN, HUNGER,

Fear anxp Racg, by Walter B. Can-
non. Harper Torchbooks ($2.45). THE
Wispom oF THE Bopy, by Walter B.
Cannon. W. W. Norton and Co., Inc.
($1.95). Soft-cover reprints of the best-
known books by the late Walter B. Can-
non, who is regarded as being one of the
founders of psychosomatic medicine.
The first of these volumes, considered a

classic in the literature of physiology and '

medicine, sets forth a fascinating account
of the connection between bodily
changes and social stimuli in circum-
stances ranging from a dog’s barking at
a cat to the excitement of armed combat
and religious hysteria. The second vol-
ume deals with the relation of the auto-
nomic nervous system to the self-regula-
tion of physiological processes, with
much material on the condition of
homeostasis, which Cannon was the first
to describe and define.

rI‘mg EvoLution or THE Human

Braix, by Gerhardt von Bonin. The
University of Chicago Press ($5). Von
Bonin’s book treats of the evolution of
the human brain from the Australopithe-
cines to modern man. One of its main
points is that exaggerated claims have
been made about what can be learned
from casts of fossil skulls. Nothing, of
course, is known about the mental life
of carliest man, but theories about men-
tal capacity have been put forward on
the basis of data on the size and com-
plexity of the frontal lobes of fossil man.
Von Bonin carefully examines these data
and concludes that they are too frag-
mentary to justify any dependable in-
terences. Moreover, as he points out,
even if our information on this point
were much fuller, we would scarcelv be
in a position to draw justifiable infer-
ences about early mental capacity, since
brain size is a poor indicator of intelli-
gence. Anatole France’s brain, for ex-
ample, weighed 1,100 grams, Byron’s
and Samuel Johnson’s 2,000 grams and
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sundry nitwits have had brains either
heavier or lighter than these.

rl“m: ORrGANIZATION OF CELLULAR

Activity, by Ch. M. A. Kuyper.
American Elsevier Publishing Co., Inc.
(7). A monograph by a Dutch bio-
chemist on the chemical and morphologi-
cal constitution of the cell and specifical-
ly on the interrelation of composition
and structure, of function and form. The
main object of this book, to show that the
brilliant successes of biochemistry have
tended to obscure the need for mor-
phological studies, has been stressed in-
creasingly in the past few years by other
investigators. Many good photogmphs
and other illustrations.

ALIENS axp DissextTers, by William

Preston, Jr. Harvard University
Press ($6.75). An account of the Federal
suppression of radicals and dissenters
from 1903 to 1933. Preston, a historian
at Denison University in Ohio, reminds
us of our heritage of intolerance, still
very actively felt today, and also—more
encouragingly—of the many Americans
who have resisted the dominant trend
and have kept alive the freedoms pro-
claimed by the Constitution.

THE HarpErR ENCYCLOPEDIA OF
Sciexce, edited by James R. New-
man. Harper & Row, Publishers
($29.95). An encyclopedia of the physi-
cal sciences, mathematics, logic and the
historv and philosophy of science, and
mc]udmg some 1,500 biographies of
scientists. The treatment is for the gen-
eral reader and for the specialist reading
in fields other than his own. Twenty-five
hundred illustrations, more than 250 in
color.

P:[[STORY oF Hixpu MaTHEMATICS, by
Bibhutibhusan Datta and Avadhesh
Naravan Singh. Asia Publishing House
(%9). A source book, first published in
1935 and 1938 in two volumes, treating
of the growth and development of
mathematics in India from the earliest
known times to the 17th century. Among
the topics considered by means of trans-
lations of relevant Sanskrit texts and
notes are the emergence of numeral no-
tation, elementary arithmetic operations
and the history of algebra.

THE Measure oF THE Moox, by Ralph

Baldwin. The University of Cthng
Press ($13.50). A detailed hlstow of the
moon from the time it reached its present
size, about 4.5 billion years ago, until
now. The author’s theories and con-
clusions are based on a large mass of
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data accumulated by others as well ason
his own research. Many illustrations.

NVIRONMENTAL Rabproacrmviry, by

Merril Eisenbud. McGraw-Hill Book
Co., Inc. ($12.50). This book consoli-
dates information developed over the
past 20 years. It considers the effects of
radiation on man; the mechanisms by
which radioactive substances are trans-
ported in air, water and the food chain
from soil to man; sources of environ-
mental radioactivity and methods of en-
vironmental surveillance.

HE MOSQUITOES OF THE SOUTH

Pacrric, by John N. Belkin. Univer-
sity of California Press ($20). The first
volume of this impressive work describes
all the species of mosquitoes of the South
Pacific and brings together all the readily
available information on bionomics, dis-
ease relations and distribution. The
second volume consists of maps, tables
and hundreds of drawings by Charles L.
Hogue.

KIRK-OTHMER ENxCYCLOPEDIA  OF
CueMICAL TECHNOLOGY: VOLUME
I, edited by Anthony Standen and others.
Interscience Publishers. John Wiley &
Sons, Inc. ($45). A revised and ex-
panded second edition of a comprehen-
sive summary of industrial knowledge of
materials, methods, processes and equip-
ment. Two volumes are to be issued each
year; the complete work is to have 18
volumes.

Notes

ELECTRON SCATTERING AND NUCLEAR
axp NUCLEON STRUCTURE, by Robert
Hofstadter. W. A. Benjamin, Inc. ($10).
For this volume the editor has selected
some 80 papers on nuclear and nucleon
structure, representing important inves-
tigations in this field beginning in 1928
(viz., Dirac’s celebrated paper on the
quantum theory of the electron), and in-
cluding a number of his own summary
articles.

Rapio WAVE PROPAGATION AND THE
IoxospHERE, by Ya. L. Alpert. Con-
sultants Bureau ($22.50). A transla-
tion from the Russian of a monograph
dealing with the basic phenomenologv
of the propagation of radio waves of
different wavelengths, based on the au-
thor’s research and that of others.

APPLIED ASTRONAUTICS: AN INTRO-
pUCTION TO SPACE FLIGHT, by Frederick
I. Ordway III and others. Prentice-Hall,
Inc. ($16). A survev of the techniques,
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equipment and operations involved in
space flight, written primarily at the de-
scriptive level. Tllustrations.

DICTIONARY OF ARCHITECTURE, by
Henry H. Saylor. Science Editions
(81.45). A paperback that, considering
its brevity, assembles a remarkable
amount of useful information. Ideal for
anyone who needs a small lexicon in this

field.

THE ROLE OF SCIENTIFIC SOCIETIES IN
THE 17TH CENTURY, by Martha Orn-
stein. Archon Books, The Shoe String
Press, Inc. ($8.50). A most welcome re-
issue of a respected study first privately
printed as a doctoral dissertation in
1913, then copyrighted and published in
1928.

Vovaces, by Richard Hakluyt. Everv-
man’s Library (eight volumes, $1. 95
each). A reissue of Hakluvt’s famous
Principal Navigations, Voyages and Dis-
coveries of the English Nation, a chroni-
cle of superb scholarship and broad
interest that is still a basic work for
students of geography and the history
of exploration.

AxivaLs oF EasT AFrica, by C. A.
Spinage. Houghton Mifflin Co. ($7.50).
A splendid collection of wildlife photo-
graphs taken in Kenya, Uganda and

Tanganyika. The accompanying text is
relaxed and chatty, filled with interest-
ing observations and obscure facts.

PHILOSOPHY OF MATHEMATICS AND
NaTuraL Science, by Hermann Weyl.
Atheneum Publishers ($1.65). A paper-
backed reissue of a well-known book on
the relation between science and philoso-
phv by one of the most penetrating
mathematicians of this century.

Croups, RAIN aAND RAINMAKING, by
B. ]. Mason. Cambridge University Press
($4.50). A clear and concise account of
researches on the formation of clouds
and on the genesis of rain, snow, hail and
lightning. Good photographs.

THE NATURAL PHILOSOPHY OF TIAME,
by G. ]. Whitrow. Harper Torchbooks
(81.95). A soft-cover reprint of a knowl-
edgeable examination of scientific and
philosophical speculations on time.

CrysTaL Dartas, edited by J. D. H.
Donnay and others. American Crystal-
lographic Association ($20). The second
enlarged and revised edition of a
standard work that presents determina-
tive tables of the properties of crystals.
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HOW AN RCA ELECTRON TUBE
Does Something About the Weather

A typhoon rages northward across the Pacific. Dense
sandstorms whirl out of the Sahara. Thunderheads
threaten Madagascar. Ice fields flow south from
Newfoundland.

450 miles above the earth an RCA electron tube “sees”
it all—takes television pictures of it—gives the
weatherman a bird’s-eye view of global turbulence
that helps him forecast weather for remote locations
around the world with unprecedented accuracy.

Operating in the television cameras of Tiros weather
satellites, built by RCA for the National Aeronautics

« Hurricane Anna over the Caribbean.
. Weather in vieinity of Great Lakes.

« Showers over Florida and Gulf of Mexico.
« Typhoon in Pacific Ocean near New Zealand.

« Ice in the St. Lawrence River.
. Florida,Lake Okeechobee reflecting the sun.

and Space Administration, this photo-sensitive RCA
electron tube, the VIDICON, works in much the same
way that a television camera tube operates in a TV
studio. It translates weather observations into electri-
cal impulses for transmission to stations on earth
where pictures are reassembled electronically.

Playing a vital role in this far-reaching advancement
of weather research, the VIDICON illustrates RCA’s
never-ending effort to enrich the life of man and
nation through the miracle of the electron tube—in
science, industry, and national defense.

RCA ELECTRONIC COMPONENTS AND DEVICES

The Most Trusted Name in Electronics
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7. Red Sea, Nile River and Dead Sea.
8. Large vortex near New Zealand.
9. Ice floes in the Gulf of St. Lawrence.

RCA VIDICON,
the “eye” of Tiros.
This tube is only
%5"” in diameter,

, no bigger than a

man’s finger,




"Happy is he who has been able to
learn the causes of things."
Virgil

The quest for facts which are close

to "the causes of things" is a difficult
and sometimes frustrating part

of our research effort.

Such a quest remains an art. It requires
individuals who possess a nicely
balanced blend of iron drive

and delicate touch. These are the
imaginative and perceptive men

Virgil described. We think we have
some of them working with us.

Allied Chemical Corp.,
61 Broadway, New York 6, N. Y,

llied

hemical

Divisions: Barrett * General Chemical
International * National Aniline
Nitrogen * Plastics * Semet-Solvay
Solvay Process * Union Texas Petroleum
In Canada:

Allied Chemical Canada, Ltd., Montreal

© 1963 SCIENTIFIC AMERICAN, INC



