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PHELPS DODGE ;' vonicrs ©

Houston is a Phelps Dodge city. _/S %5
Our wires and cables run beneath the streets R 4

and through office buildings, factories -
and homes. Even the Domed Stadium. The Manned

Flight Space Center counts on them, too. Along the

Ship Channel, miles of our condenser tube work

around the clock in the busy refineries and
petro-chemical plants. Aluminum screening we made is
also on the job, there. And when Houston calls

out of town, who knows when its across telephone wires
that bear our name. Thats how it is. You dont always see us.
But mm copper and aluminum, Phelps Dodge experience
and imagination are at work wherever you go.

Ac
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RECGENT
findings

RESEARCH LABORATORIES

MEASURING
HUMAN JUDGMENT

A variety of psychophysical techniques assist
Ford Motor Company scientists as they quantify human judgments

A prime problem in the measurement of subjective judg-
ments is the simple fact that human experience tends to
resist the basic rules of measurement. Techniques
developed by Ford Motor Company researchers aim to
establish a scale of measurement for “greater than” or
“less than” judgments with successive points not only in
increasing numerical order and equally stepped on the
subjective continuum but, ideally, on a ratio scale (a
scale with a true zero).

In one procedure the subject adjusts a known stimulus
to equal the sensation of a test stimulus. Sound, for
example, is matched to whole-body vibrations simulating
automobile ride motion. Figure 1 shows the average of
repeated trials of this experiment in which subjects sit
on a vibrating platform and adjust the volume of a noise
generator until noise loudness seems to match the sensa-
tion produced by the vibrations. In effect, the vibration is
being calibrated by a known subsidiary function. Al-
though the settings scatter widely, a sufficient statistical
clustering occurs to allow significant magnitude scaling.

Successful estimates of sensation magnitude, when
dealing with intensity-type stimuli such as noise, light
and vibration, led Ford scientists to expand their efforts
in an attempt to quantify preferences in the same way.

Figure 2 shows the results of a special test in which
seven different automobile steering systems were com-
pared, a pair at a time. Each test driver expressed his
degree of preference on a ratio scale. The scale value of
1.50 represents an appeal which, on the average, is
about 50% stronger than that of any other steering
system lying on the 0.99 contour. The solid circles rep-
resent the seven experimental steering systems which
were tried, arranged in a hexagonal ‘“‘response surface”
experiment design. Studies such as these assist Ford
Motor Company’s research scientists in applying scientific
principles to product improvements.
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Figure 1. Data obtained from tests matching vibration sensation to sound loudness
result in a reasonably straight-line function plotted on log-log coordinates. It is
known, (from the work of S.S. Stevens and others) that loudness of noise is a power
function of input level as follows:

Loudness = gP%6(where g = proportionality constant, P = sound pressure level.)

The slopes of the curves can then be used to solve for the exponent of similar
hypothesized power functions relating ““feel”” sensation to vibratory input acceleration
(A) because the subject has adjusted the two to match subjectively as follows:

Loudness = “Feel” = gP%6 = cA"?
In this case it was found that the value of n tended to be about unity.

Figure 2. A contour map showing preferences for steering systems in the two-
parameter space has been obtained. The procedure is to obtain the least-squares
solution for the coefficients in the following quadratic model relating the vehicle
parameters to human judgment.
Rel. Pref. = a + bX, 4+ cX, + dX + ex} +fX,X,

It is an inevitable consequence of human judgment that large differences among
people will exist, and that we cannot count on strong consistency in the same person
from time to time. Even though the figure shows a pronounced and meaningful
relation between human judgment and vehicle parameters, only half or less of the
total variances in the judgments could be accounted for by the least-squares fit.

PROBING DEEPER TO SERVE BETTER

€<
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FIRST MINUTEMAN |1 firing from an underground silo at
Vandenberg AFB was a complete success. Minuteman II’s nose
cone splashed on target, some 5,000 miles down the Western
Test Range. U.S. Air Force’s most advanced ICBM, Minuteman
II has increased range, improved guidance, more flexible target-

LUNAR HOT SPOTS. Boeing scientists,
using data they gathered during moonscans, are
developing thermal map showing temperature
peaks and plateaus of moon surface, as one of
many aids in selecting best moon landing spot.

SST. Model of Boeing supersonic jet, which
could cross the U.S. coast to coast in two hours.
Boeing’s variable-sweep wing design provides
ideal shape for fast cruise and slow landings.

© 1965 SCIENTIFIC AMERICAN, INC

ing and larger payload. Minuteman missiles can remain on alert
in underground silos for long periods with minimum mainte-
nance. As Minuteman weapon system integrator, Boeing con-
tinues its responsibilities for assembly, installation, test, launch
control and ground support equipment for new Minuteman II.

Capability has many faces at Boeing

SIMULATOR in new Boeing Space Center
uses earth and moon globes with TV and com-
puter systems to simulate space flight. Pilots
“fly” space missions, orbital re-entry and con-
trolled landings on earth and moon. The Space
Center is most advanced in private industry.

BOLFING

Space Technology e Missiles o Military Aircraft Systems ¢ 707, 720, 727,
737 Jetliners o Systems Management o Helicopters ¢« Marine Vehides o
Gas Turbine Engines o Also, Boeing Scientific Research Laboratories
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Grooveless record
demonstrates
anti-skating on the

AL UAALAS

Due to the offset angle of any cartridge
and the rotation of the record, all tone
arms tend to skate towards the center as
you see in this blank disc. The grooves
on ordinary records generally keep the
tone arm in place, but a side pressure is
constantly present, causing poor lruck-

ing, right channel distortion, and
uneven record wear.

The Lab 80 Automatic Transcription
Turntable has a patented, simple anti-
skating control which equalizes the pres-
sure. Here you see that even on the same
blank record, the Lab 80 tone arm tracks

perfectly, as if there were grooves!

Ask your dealer to demonstrate this important
feature, or for a complimentary copy of a Com-
parator Guide fully describing the Lab 80, write
Garrard, Dept. GA-426, Westbury, N.Y. 11591.

LAB 80—$99.50 less base and cartridge

THE COVER

The photograph on the cover shows the faceplate of a Vidicon tube with
the pattern of reticles that has become a familiar sight on television photo-
graphs of the moon taken by the Ranger series of spacecraft (see “The
Ranger Missions to the Moon,” page 52). Similar Vidicon tubes were also in
the television cameras carried by Mariner IV on its successful voyage to
Mars. The reticles define a square that is .4 inch on a side. They provide
precise reference points for photoanalysis and for rectifying photographs if
they have become distorted during transmission. The Vidicon tubes are
similar to those used in ordinary television cameras. An optical image is
focused on the face of the tube and is scanned from inside the tube by an
electron beam. The Vidicon tube on the cover and those on the successful
Ranger flights were manufactured by the Radio Corporation of America.
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Our powder metallurgy creates virgin alloys

Sylvania does exotic things with exotic materials.
A new alloy is born. A custom alloy. Better than
its predecessors. Often less expensive. With an im-
portance that grows as science advances. An alloy
made possible by our deep involvement in powder
metallurgy ever since we pioneered the process.

A recent example of such an alloy is MT-104, a
merger of molybdenum, titanium, and zirconium.
It’s proved against high temperatures. Harder
than TZM, its arc-cast counterpart. Stronger than
TZM. More uniform than TZM. But lower-priced.

Our powder metallurgy produces dramatic re-
sults like this with molybdenum, tungsten, nickel
and other specialized metals. Because of the con-
trol this process gives us. And because we assure
the results by developing special powder prepara-
tions, special sintering methods, custom-designed
sintering equipment.

Sylvania does unexpected things to produce un-
expected alloys that do what you dictate.

Sylvania Electric Products Inc., Chemical &
Metallurgical Division, Towanda, Penna. 18848.

SYLVANIA

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS Gr[ng
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CAN
BE
DO

TRY

I)ER Even skilled
engineers are

S sometimes not
fully aware of paper’s possibilities. Paper
is so much more than just something to
write on, read from, wrap packages with.

The potential in paper is growing
with every new development, every
new use. Perhaps you're faced with a
knotty problem right now. Would you
think of turning to paper for a solution?
Maybe you ought to.

To get an idea of what specialty
papers — custom-designed for the job —

are accomplishing in industrial and
technical applications, write for a free
copy of our “Creative Imagination”

booklet.

And if you're working on a great idea
that “can’t be done” — give us a chance
to think it through with you. You may
have some very pleasant surprises in
store.

s

e

Dept, 81, WATERTOWN, N. Y.

LETTERS

The note “The Moonlike Planet”
[“Science and the Citizen,” SciENTIFIC
AMERICAN, September, 1965] relates
Clyde W. Tombaugh’s prophetic de-
scription of the Martian surface, quoting
his views as published in The Astro-
nomical Journal for October, 1950: “The
lack of water erosion on Mars would
permit the surface to retain a visible
record of major events that happened
during the planet’s entire separate ex-
istence, similar to the moon.” This is
the same conclusion drawn by the
Mariner IV investigators 15 years later.

It is unfortunate that the note did not
quote further from The Astronomical
Journal, because Tombaugh goes on to
say: “The round ‘oases’ are depicted as
sites of impact craters caused by the
collisions of small asteroids. Great dust
clouds on Mars are observed occasional-
ly. They indicate some wind erosion,
which if extended over long geologic
ages would mitigate the abrupt slopes
of the craters.” Thus the crater-cov-
ered surface of Mars, which has so
amazed some of the Mariner investi-
gators, had long ago been inferred by
an observational astronomer.

It should be pointed out that Tom-
baugh’s conclusions were drawn from
an application of geological principles
to the results of his many visual ob-
servations of Mars, dating back to 1928.
Thus his predictions were based on a
careful evaluation of observational data
and not on mere speculation.

BRADFORD A. SMITH

Director, Observatory
New Mexico State University
University Park, N.M.

Sirs:

I strongly disagree with some state-
ments made by Martin Gardner in the
“Mathematical Games” section of your
August [1965] issue.

It is quite fashionable to relegate the
Martian canals to illusions. The people
who subscribe to such a view have
little or no experience in actually look-
ing at planetary detail. There are
several observing parameters necessary
to see the delicate subdivisions in
Saturn’s rings, the intricate “festoons” on
Jupiter, canals and oases on Mars and

© 1965 SCIENTIFIC AMERICAN, INC

minute clefts and craters on the moon.

Gardner writes: “Although some as-
tronomers enthusiastically confirmed
[Percival] Lowell’s observations of Mar-
tian canals, others with better telescopes
and better eyes could see no canals at
all.” The latter part of this statement
is incorrect. The Hartmann tests and
the optical performance of the 24-inch
Lowell and 36-inch Lick refractors show
that these telescopes are of extraordinary
optical quality. I have spent several
hundred hours observing the moon and
the planets with the Lowell 24-inch re-
fractor. Only during the rarest moments
of freedom from our own atmospheric
turbulence are the finest recorded details
visible. I would estimate that such
quality seeing exists for less than a
hundredth of 1 percent of the time one
spends looking through the eyepiece.
Now, what are the chances of an as-
tronomer’s seeing very fine planetary
detail if he takes a look at a planet for
a few minutes before beginning his stel-
lar program of observing for the night?

The late Dr. Robert Trumpler of the
Lick Observatory was doubtful of the
canals on Mars in his younger days.
Then he decided to observe Mars care-
fully throughout the 1924 opposition.
He saw and recorded a great number of
canals, as attested by his maps of Mars.
Dr. E. C. Slipher also had keen eyes
and saw well.

You learn to see fine planetary de-
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No matter from what angle you look at
the Allen-Bradley Series K motor starter...

i ; —
r

P T
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BULLETIN 709 Series K Size 2
motor starter rated 15 hp, 240 v;
25 hp, 480-600 v.

the lines are simple and clean—the mark of a “quality” starter

B Consequently, Allen-Bradley Series K motors add a mark of “quality” to
the machines which they operate. There’s an industrial beauty to the control
itself, as well as the enclosure, that carries a “family likeness” through the
entire Series K line. Becoming acquainted with one starter automatically
gives you an intimate knowledge of the entire line, including contactors,
reversing switches, multi-speed starters, combination starters, etc.

Of course, a “quality performance’ matches the starter’s ‘“‘quality look.”
All Series K starters use the justly famous Allen-Bradley solenoid design
having only one moving part—so simple and so rugged, nothing can go
wrong. This is your guarantee for many “extra’” millions of trouble free
operations. The failure-free record of the pressure molded coil makes possible
our offer to exchange at “no cost” any such coil that fails in service while
being operated at its nameplate specifications. Note also, that the weld-
resistant cadmium oxide silver contacts will never need a moment’s
service attention.

You’re not paying for such extra Series K quality—you’re merely getting
more for the control dollar which you spend with Allen-Bradley. Let your
local Allen-Bradley appointed distributor take care of your control needs— ; ; ) )
he has been factory trained to be of service to you. Besides, he carries such a ~ This shows the Bulletin 709 Series K Size 2

o 3 q g 3 & s motor starter in a NEMA Type 1 enclosure.
wide variety of A-B control in his local stock, it would be surprising if he Al Series K general and special purpose
could not take care of your every need. Allen-Bradley Co., 1204 S. Third  enclosures have the same attractive appear-
Street, Milwaukee, Wisconsin 53204. Export Office: 630 Third Avenue, 2n¢e—it reflects the true quality of the con-

trol. And the Allen-Bradley white interiors
New York, New York, U.S.A. 10017. cut down on the installation time.

f%% ALLEN-BRADLEY

Member of NEMA

WP’ QUALITY MOTOR CONTROL
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NGO |

DUST.DIRT, |
POLLEN ¢

00T COMES
CLEAN AR
ISEWIDE

New Honeywell Electronic
Air Cleaner filters
up to 95% of airborne
dust, dirt and pollen

The Honeywell Electronic Air Cleaner
brings a new dimension to clean air in
homes, one you should experience for
yourself to appreciate the difference.

It traps up to 19 times as many par-
ticles as the ordinary filters you see in
most warm air furnaces or air condi-
tioning systems.

The air in your home contains

millions of impurities

You can see only the larger particles of
dust that settle on table tops. What
you don’t see are the millions of par-
ticles of pollen, soot, smoke, cooking
grease, bacteria, and industrial waste
that make up 909, of the total. These
invisible particles do most of the real
soiling and staining.

New efficiency

Almost all these smaller particles pass
through ordinary filters, but the
Honeywell unit traps up to 959,* of
them from the air passing through the
system . .. traps particles so tiny it
would take about 7,000 of them to
stretch across this dot (-).

May relieve allergies

Your family will breathe cleaner-fresh-
er air. The electronic air cleaner is not
a cure, but it may relieve allergies.
Ask your doctor if it might help you.
Enjoy a cleaner home the easy way
Trade those ghostly white areas be-
hind pictures and that dingy haze on
furniture and windows for furnishings
and walls that look and stay cleaner
longer. You’ll save on cleaning bills.
You won’t throw away your dust
cloth because no system can remove
all the particles that settle before they
enter the system. But dusting will be
reduced.

Installs in any home

The Honeywell ‘“‘whole-house’” Elec-
tronic Air Cleaner fits in the return
air duct of any forced air heating-
cooling system. In a new home it may
be included in the mortgage for under
$2.00 per month.

If you don’t have a forced air system
or are renting, consider the Honeywell
portable Electronic Air Cleaner.

*As measured by National Bureau of Standards Dust Spot Method.

Honeywell

SEND FOR YOUR FREE NEW CLEAN AIR GUIDE

' Honeywell, Dept. SI11-410
i Minneapolis, Minn. 55408
: | am interested in a cleaner
| home with the Honeywell '
! Electronic Air Cleaner.
I O Please send new
! brochure,
|

|

|

O Please have represen-
tative call.

Name
Address
City

State

Zip

[ COR R ————
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| tail by much looking through a good
telescope, not by sitting in an arm-
chair in a warm office. A person with
normal eyesight can see canals when
the seeing is extraordinarily good, pro-
vided that the optical parameters of the
telescope are proper. Anyone who uses
a large aperture with too low a magnify-
ing power obtains a dazzlingly brilliant
image. This drowns out delicate dark
detail because of the fierce irradiation
from the overbrilliant surrounding area
on the planet’s disk.

In all probability the canals are likely
to be discontinuous dark patches in an
alignment. My studies of Mars indicate
that the canals are crustal faults and
are discontinuous where dust has
covered up portions of them. The bound-
aries of the angular maria are exactly
aligned with canals that proceed across
the Martian deserts for hundreds of
miles to dark spots called “oases,” which
are probably large impact craters (see
The Astronomical Journal, October,
1950, page 184).

There are certainly portions of canals
visible on some of the Mariner IV pic-
tures. You cannot measure truth by
popular vote, because only a few learn
the difficult techniques of seeing fine
planetary detail from much patience and
experience. The stronger canals of Mars
are also recorded on photographs. One
does not solve a scientific phenomenon
by wishing it out of existence.

CLyYDE W. TOMBAUGH

Observatory
New Mexico State University
University Park, N.M.

Sirs:

The controversy among astronomers,
between the small minority who report
seeing straight lines on Mars and the
majority who have been unable to see
them, has been a bitter one that is not
yet laid to rest. “The only possible
explanation of the differences,” wrote
the eminent British astronomer H.
Spencer Jones in his Life on Other
Worlds, “is that the observation of these
faint elusive details is subject to complex
personal differences. ... Subconscious in-
terpretation of what is faintly glimpsed
may be very different for two different
persons. The eye of one may tend to
bridge the gap between faint details
and to draw a marking as a uniform,
straight, continuous line unless he can
clearly see that there are irregularities,
bends and discontinuities in it. Another
may only draw it in this way when he



can see beyond the possibility of doubt
that it is uniform, straight and con-
tinuous.” Jones cites an experiment in
which dots, shady patches and short
lines were randomly drawn on a sheet
of paper, and a class of children was
asked to draw what it saw. Many of the
children, particularly those in back
seats, connected the prominent features
with straight lines.

One of the strongest indications that
Giovanni  Schiaparelli and  Percival
Lowell, the first two astronomers to map
the Martian “canals,” were victims of
optical illusions is that both men re-
ported an unaccountable “doubling” of
canals. Over a period of days, or even
hours, certain canals were mysteriously
and temporarily transformed into two
parallel lines. Lowell reported seeing
hundreds of such instances, although it
was pointed out at the time that the
distances on Mars, between pairs of

parallel lines, were much too small for |

the resolving power of the lenses he
was using.

Dr. Tombaugh’s more moderate view,
that there are linear structures on Mars
and that they are crustal faults con-
necting impact craters, is similar to
one advanced by Alfred Russel Wal-
lace in a fascinating and perhaps pro-
phetic little book called Is Mars In-
habitable? (London, 1907). Wallace
disagreed with Lowell’s belief that the
canals were the work of intelligent
beings—indeed, he concluded that Mars
was not only uninhabited but also “ab-
solutely uninhabitable”—although he did
not question the existence of a canal net-
work. He argued that Mars had been
so heavily pelted by meteors that its
surface became molten. As the planet
cooled, meteors continued to fall, caus-
ing more craters that became weak
spots in the crust. As the crust continued
to cool and shrink, it cracked along
straight lines that joined these large
impact craters.

In the next few years we may learn
exactly to what extent linear features
exist on the Martian surface, although
the controversy could drone on as a
cloudy semantic quarrel over whether
certain  features should be called
“linear.” In my opinion the word “canal”
should be reserved for the long, sharply
defined, extremely straight threadlike
lines mapped Dby Schiaparelli, Lowell,
Trumpler and others and not applied to
the broad, hazy, irregular markings that
show on some photographs.

MARTIN GARDNER

Hastings-on-Hudson, N.Y.

In the Spectroscopy Laboratory at MIT, Dean George R. Harrison and Stephen W. Thompson
inspect interferometrically controlled ruling engine.

Laser keeps ruling engine on the track

It sounds easy, but ruling parallel tracks on a mirror surface—
thousands per inch, every one parallel with every other one—can
be frustratingly difficult. Lifetimes have been devoted to improving
the diffraction grating, and for good reason: from this simple device,
which breaks light down into its component wavelengths, has come
more than nine-tenths of all that we know about the stars.

As astronomers probe deeper into space, they need ever larger
gratings to improve the resolving power of their spectrographs.
Some of the largest (10”) and best gratings today come, surprisingly,
from a 65-year-old ruling engine with warpage problems capable
of causing errors 100 times the tolerable limit. The engine’s secret:
servo-interferometric control methods’, recently enhanced by the
use of uniphase coherent light from a Spectra-Physics Model 119
single frequency CW gas laser.

A new laser-controlled engine, designed by Dean Harrison and
now taking shape at MIT, is expected to be able to rule gratings of
twice the width and five times the area of today’s largest. You may
never need one, but if you're involved in any technology where
precise measurement is important, you may someday be using a
gas laser. If you'd like to know more about gas lasers, and why the
Beam from Model 119 laser, mounted in control room ~ gf€at majority of applications
e S e PP e Spectra-Physics CW gas

lasers, write us today at 1255
Terra Bella, Mountain View, Cali-
fornia 94041. In Europe, Spectra-
Physics, S.A., Chemin de Somais
14, Pully, Switzerland.

1G.R.Harrison, Proc. Am. Phil. Soc.102, 483(1958).
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1. Advanced osmometers developed by Hewlett-Packard
have introduced speed, convenience and accuracy to open
areas of measurement previously unexplored because of
the time earlier techniques required.

2. Scientists examine an electron capture detector cell
from an F&M Scientific Division Model 402 High-Efficiency
Gas Chromatograph, widely used for the analysis of a
variety of samples in chemical research investigations.

3. Extremely useful in the chemical laboratory is the
Hewlett-Packard DY-2801A Quartz Thermometer, here
shown measuring the temperature difference between the
ice-point and triple-point of water.

4. This chromatogram shows the separation of the predom-
inately C5 cut of the hydrocarbon gas fraction on special
column installed in an F&M Series 810 Chromatograph.

5. A sample of a substance to be analyzed is injected in
an F&M Series 810 Research Gas Chromatograph.

6. Application areas where gas chromatography is finding
ever-growing applications include analysis of lunar soil and
planetary atmospheres, pesticide contamination control im-
portant in such areas as food processing, and the analysis
of constituents of vehicular exhaust.
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When the Chemist Turns to Hewlett-Packard

In analytical chemistry for research investigations and
quality control applications, improved chemical meas-
uring techniques have brought new degrees of accu-
racy to laboratory analysis and measurement. Indeed,
these techniques have introduced analytical capabilities
never before possible.

Hewlett-Packard, a leading designer and manufacturer
of electronic measuring equipment, is a significant con-
tributor to these advances, having pioneered new tech-
niques in gas chromatography, osmometry, viscometry,
spectroscopy and temperature measurement.

In gas chromatography (a technique for separating the
components of a mixture on the basis of differing chem-
ical and physical properties), Hewlett-Packard’'s F & M
Scientific Division has pioneered developments that per-
mit a technician to perform a fast, efficient analysis, thus
saving the valuable time of the research chemist.

In gas chromatography, a small sample of the substance
to be analyzed is injected into the instrument and is
moved by the carrier gas through packed, temperature-
controlled columns. As the constituents of the sample
leave the column, they are detected and recorded.
Hewlett-Packard’s F & M Scientific Division was the first
to introduce a high-temperature chromatograph, later
adding versatility and performance with the first tem-
perature-programmed instrument.

For preparative chromatography, Hewlett-Packard instru-
mentation has introduced new techniques for not only
separating but actually collecting volumes of the pure
constituents. This instrumentation can be operated auto-
matically and unattended. It has reduced preparative
time from months to weeks, from days to hours, and it
contributes to the research chemist’'s need for liter, milli-
liter and microliter amounts of high-purity substances.
Typical of the more advanced uses of chromatography
are the study of lunar soil, planetary atmospheres, pes-
ticide contamination control, constituents of vehicular
exhaust and biomedical research and analysis.

In the measurement of macro-molecular weight, one
Hewlett-Packard group pioneered in the development of

HEWLETT hp, PACKARD

vapor pressure and membrane osmometers, and vis-
cometers. In osmometry (an osmosis-measuring tech-
nique used for research, quality control and education)
Hewlett-Packard instrumentation has opened vast new
areas of measurement, previously unexplored because
of the time required with earlier techniques. In viscom-
etry, Hewlett-Packard’s automatic viscosity-measuring
instrumentation removed the inaccuracies of human re-
action time and stop watches in what is essentially the
timing of solvent flow. In both these techniques, Hewlett-
Packard equipment has introduced a high degree of
repeatability to precise measurements.

Using recent developments in electronic instrumenta-
tion, scientists and engineers at hp have joined forces
to design a unique microwave spectrometer. The Hew-
lett-Packard spectrometer makes available to the chemist
the higher resolution inherent to the longer wave length
portion of the electromagnetic spectrum. The spectrom-
eter detects the absorption of microwave energy by low
pressure polar gases, and precisely measures the abso-
lute intensity coefficient, as well as the frequency, of
these narrow absorptions. Through this technique, data
can be acquired on inter- and intra-molecular forces,
qualitative and quantitative molecular analysis, molecular
structure and dipole moments.

The Hewlett-Packard quartz thermometer is extremely
useful to the chemist, particularly in calorimetry and in
measuring molecular weights by their effect on the freez-
ing point of a solution. The thermometer gives a direct
digital reading of temperature with resolution as high
as 0.0001°C.

Where electronic measurement, the fastest, most accu-
rate, most economical of modern techniques, fits into
chemical research, quality control and process control,
Hewlett-Packard remains a leader in providing practical,
high-accuracy, efficient instrumentation. For detailed in-
formation on Hewlett-Packard instruments for chemical
application, write Hewlett-Packard, Palo Alto, California
94304, Telephone: (415) 326-7000; Europe: 54 Route des
Acacias, Geneva.

An extra measure of quality
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20 AND 100
YEARS AGO

SCIENTIFICAMERICAN ]

JANUARY, 1916: “A cursory view of
the military situation in Europe, as seen
from the outside of the so-called ‘iron
ring’ that the Allies have attempted to
maintain around the Central Powers,
would seem to justify the assertion of
the German Chancellor, von Hollweg,
that Germany is everywhere victorious.
She holds Belgium and one of the rich-
est sections of France in the West; Po-
land is hers, and recently, with the aid
of Bulgaria, she has overrun Serbia and
opened up a rail connection with Con-
stantinople. The question of German
success, however, is indissolubly bound
up with the question of German aims,
and thanks to the explicit teachings of
her military writers we know exactly
what the military aims of Germany were
when the Kaiser let loose the dogs of
war in the summer of 1914. Judged sole-
ly by the test of what Germany set out
to do, she has failed. The German lines
in France are holding, it is true, but the
Anglo-French drive in September gave
every reason to believe that when an-
other million of the British troops have
been thrown into France and the requi-
site supplies of ammunition have been
stored back of the Allied position, it will
be found possible to break through the
German line on a front wide enough to
cause a retirement of the whole front
to new positions. Failing that, the war
on the Western front must settle down
to one of attrition, and judging by the
acknowledged Prussian losses to date
of 2,250,000 men, and the monthly
losses on all fronts estimated by the
best military authorities at 300,000, the
decisive issue must surely come before
the close of 1917.”

“At the recent meeting of the Ex-
perimental and Academical Brewery in
Berlin, Prof. Delbriick made a startling
announcement. It had been, he said, the
constant endeavor of those attached to
that establishment, from the outbreak of
hostilities, to utilize yeast not only as a
producer of albumen but also for yield-
ing fat. Now, a pupil of the Institute
of Fermentation Industries, Herr Schrett-

12

kensager, had sent a package from the
trenches, the contents of which turned
out to be a dried mass of fungus. On
examining this under the microscope
Prof. Lindner found each individual
cell of it to be filled with a drop of
gelatine. The fatty yeast so long sought
had at last been discovered.”

“It is announced by the officials of
an American aeroplane manufacturing
company that orders have been placed
by the Allied governments for 11 huge
battle-planes of the most modern de-
sign. Each aeroplane will weigh in the
neighborhood of 30,000 pounds, and
the framework will be entirely of steel.
It is said that the wing spread is to be
180 feet, while the length of the aero-
plane from tail to propellers will be 104
feet. The framework will be constructed
on the cantilever truss principle, ensur-
ing great strength with a minimum
weight. Twin bodies will be used, each
body carrying an engine of 800 horse-
power. It is planned to arm the ma-
chines with four guns, two fore and two
aft, of a caliber of between 1% and two
inches and capable of firing 20 to 40
rounds per minute. Each airship will
carry a number of bombs of any size up
to 14 inches in diameter. The specifi-
cations call for a speed of 85 miles per
hour and a crew of six men.”

JANUARY, 1866: “The observations
of the eclipses of Jupiter’s first satellite
and those of the phenomena of aberra-
tion lead directly, although with a differ-
ent degree of approximation, to the de-
termination of the time light occupies
to run over the mean distance of the
sun from the earth. As this length is run
over by the light in eight minutes 18
seconds, or in 498 seconds, we conclude
that the velocity of light is 191,391
miles in one second. However, for some
years several circumstances have con-
spired to make us believe that the deter-
mination of 8.57 seconds given as the
value of the sun’s parallax is too small
and that the parallax ought to be aug-
mented by a quantity not less than the
thirtieth of its value, which would ele-
vate it to about 8.9 seconds. From this
increase in parallax results a diminution
in the earth’s distance from the sun and
consequently in the distance gone over
in eight minutes 18 seconds by the light;
the velocity of light will therefore be
reduced to a little less than 186,420
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miles in a second. The next transit of
Venus, which will happen in 1874, can-
not fail to set at rest all doubts which
may yet remain on this point.”

“M. Duchemin proposes to construct
Ampeére’s electric boat upon a suffi-
ciently large scale and to use it as a
warning buoy on shoals, etc. He pro-
poses to float, by means of cork, a car-
bon cylinder within a hollow cylinder of
zinc, the connecting wire to be made to
strike a bell in the usual way.”

“Some years ago M. Gaudin found
that by heating iron tolerably free from
carbon with a small quantity of boron
to a very high temperature, he obtained
a product which could not be forged
but which possessed extraordinary hard-
ness. He has now found that an equally
hard metal can be obtained by adding
to ordinary cast iron, phosphate of iron
and peroxide of manganese—he does not
mention in what proportions. The prod-
uct cannot be forged, but it casts easily
and is therefore readily applicable to
the construction of such machines, or
parts of machines, as require in their
material extreme hardness rather than
tenacity. The metal so produced is,
moreover, singularly sonorous, and M.
Gaudin accordingly proposes it as a
material for bells. He finds that a still
harder metal is produced by the addi-
tion of tungsten—again he omits to say
in what amount—to ordinary cast iron.
He states that this tungsten iron sur-
passes everything previously known as
a material for tools for cutting rocks,
and that crystals of it will cut glass as
readily as diamond.”

“The arrangements of the directors
of the Atlantic Telegraph Company as
to new capital are now completed, and
several hundred miles of the cord are
finished. The Great Eastern is chartered
to go to sea in June, 1866, for the
double purpose of laying an entirely
new cable and of raising the broken end
of the 1,100 miles of cable laid last year,
so as to splice additional cable to it and
thus, if successful, furnish to the public
a second means of communication. This
1,100 miles of submerged cable is as-
certained to be in the most perfect order
by tests taken at the time it broke and
still continued daily. The buoys at the
end of it are washed away, but this is
of no consequence, as they were in-
tended only for a temporary purpose,
the spot for grapneling having been
laid down by solar observations, so that
a good navigator can at any time sail to
within half a mile of the broken cable.”



Report from

BELL

LABORATORIES

Integrated circuits at microwave frequencies

Engineers at Bell Telephone Laboratories have devel-
oped integrated circuits for use as amplifiers in the micro-
wave range. Thin-film tantalum techniques are used to
provide the precise, stable resistors, capacitors and trans-
mission-line components required at microwave frequen-
cies. Improved transistors provide up to 10 db of gain per
stage and noise figures as low as 3 db.

A “balanced” design, using a power-splitting directional
coupler, makes possible wideband, stable gain character-
istics without the need for tuning adjustments. Up to the
highest frequency for which these amplifiers are now
usable—4 gigacycles—the electrical performance charac-
teristics are equal or superior to those of low-noise traveling-
wave tubes. In addition, they have the other advantages
of solid-state circuitry, such as long life and reliability.

Thin-film techniques are used in the integrated microwave amplifier. Starting from
bare ceramic substrates of about 2 x 2 inches (left), partially finished circuits are
shown during the multi-step fabrication process. Circuit at right, complete with
transistors, comprises one stage of amplifier. ‘Balanced” design with electrically
similar transistors gives precise wideband amplification in the low-microwave-
frequency range.

Laboratory model of a four-stage microwave amplifier
which can provide up to 40-db gain and noise figures as
low as 3 db in the 1- to 2-gigacycle frequency range.
Similar amplifiers have been developed to operate at
frequencies from 0.5 to 4 gigacycles with bandwidths
of 1000 mc.

Bell Telephone Laboratories

Research and Development Unit of the Bell System
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RIEGEL RESEARCH PRODUCES
NEW STRONG CLOTH SUBSTITUTE

“Synthacel®’ is a new cloth-like
paper made with synthetic fibers
and resin and latex binders. It
offers many interesting ideas for
designers, engineers and con-
verters. Strong in both directions,
it's tough, dimensionally stable—
can be embossed, fluted, crimped
with permanent retention of pat-
tern. Its surface bonds securely
with sizings, adhesives, and scuff-
resistant, washable coatings. It
is printable, and resists aging,
discoloration, oils and water.

Uses? Strippable wall coverings,
book bindings, covering for lug-
gage, cases, decorative appliance

panels, imitation leather. Eco-
nomical...it's made on a paper
machine!

Riegel's capabilities in technical
papers and functional coatings
and impregnations can help you
find better materials for work in
process and OEM applications.
Write to Riegel Paper Corporation,
Box 250, Murray Hill Station,
New York, N.Y. 10016.

“Riegel
TECHNICAL PAPERS

INNOVATION
~ RIEGEL
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THE AUTHORS

STEWART E. MILLER (“Communi-
cation by Laser”) is director of the
Guided Wave Research Laboratory of
the Bell Telephone Laboratories. He
joined the Bell Laboratories in 1941
after receiving bachelor’s and master’s
degrees in electrical engineering at the
Massachusetts Institute of Technology.
For eight years he did research on de-
velopment of coaxial-cable carrier sys-
tems and on radar. Then he joined the
radio research department, where he
worked at first on components for mi-
crowave radio systems. In his present
position he heads a group investigating
communication techniques for wave
regions ranging from the optical por-
tion of the electromagnetic spectrum
through waves of millimeter length.

BETTY J. MEGGERS and CLIF-
FORD EVANS (“A Transpacific Con-
tact in 3000 B.c.”) are united both in
matrimony and in professional activity,
being respectively research associate
and curator in the division of cultural
anthropology at the Smithsonian Insti-
tution. They met at Columbia Uni-
versity, where they received doctoral
degrees in anthropology. Since 1948,
when they made the first of several field
trips to South America, they have con-
centrated on the lowland areas of that
continent. “Traveling as a married cou-
ple,” they write, “contributes to a friend-
ly reception from local inhabitants, who
view a man alone with suspicion.” The
authors have found that work in the
little-known parts of South America “has
brought not only basic information on
the development and dissemination of
prehistoric cultures on the continent but
also unexpected discoveries such as the
evidence of transpacific contact de-
scribed in the present article.”

JOHN CAIRNS (“The Bacterial Chro-
mosome”) is director of the Cold Spring
Harbor Laboratory of Quantitative Bi-
ology. He was born in England and ob-
tained a medical degree at the Uni-
versity of Oxford. For several years he
did research in Australia on the multi-
plication of influenza virus and vaccinia
virus. Later he worked on the visualiza-
tion of DNA molecules by autoradiogra-
phy, a project he describes in part in the
present article. Cairns writes that since
assuming his present position he has
found himself “mainly occupied with
fiscal problems,” although he has done
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some work “on the effect of breaking
the bacterial chromosome on the repli-
cation of the chromosome.”

H. M. SCHURMEIER, R. L. HEA-
COCK and A. E. WOLFE (“The Ran-
ger Missions to the Moon”) are at the
Jet Propulsion Laboratory of the Cali-
fornia Institute of Technology working
on the Voyager project, which has the
objective of landing an instrumented
space vehicle on Mars. They were also
involved in the Ranger project, which
was supervised by the Jet Propulsion
Laboratory for the National Aeronau-
tics and Space Administration. Schur-
meier took degrees in mechanical and
aeronautical engineering at Cal Tech
and joined the Jet Propulsion Labora-
tory in 1949. Heacock, who joined the
laboratory in 1953, received bachelor’s
and master’s degrees in electrical en-
gineering at Cal Tech. Wolfe also is a
graduate of that institution and has
been involved in some phase of rocketry
for almost 20 years. He has been at the
Jet Propulsion Laboratory since 1952.

JOSEPH ARDITTI (“Orchids”) is in-
structor in botany and cell physiology at
the University of Southern California.
He was 12 years old when the Soviet
army advanced into Bulgaria, where he
was born; he and his parents left that
country for Palestine. Arditti later
served two and a half years in the Israeli
army. On his discharge in 1954 he emi-
grated to the U.S., arriving with $50 as
his total wealth. While working at a
commercial orchid farm in California,
first as a laborer and then as chief grow-
er, he attended the University of Cali-
fornia at Los Angeles, receiving a de-
gree in floriculture in 1959. Last year he
obtained a Ph.D. in plant physiology at
the University of Southern California.

RICHARD WOLFGANG (“Chemis-
try at High Velocities”) is professor of
chemistry at Yale University. Born in
Germany, he was educated in England
and the U.S. As a candidate for a doc-
tor’s degree at the University of Chi-
cago, he worked under Willard F.
Libby and was involved in the discov-
ery of tritium in nature. After obtaining
his Ph.D. in 1951 he spent some time
at the Brookhaven National Laboratory
and Florida State University before go-
ing to Yale. Wolfgang worked initially
on the mechanisms of nuclear reactions.
“This led me to wonder,” he writes,
“why some of the techniques and, more
particularly, modes of thinking could
not be applied to chemical reactions.”
That interest led to his work on “hot”



atoms, involving the field of chemical |

reactions that occur above the energies
obtainable by thermal methods. He is
also interested in the chemistry of atoms
of very high chemical potential, such as
atomic nitrogen and atomic carbon.

LAURENCE IRVING (“Adaptations
to Cold”) is director of the Institute of
Arctic Biology and professor of zoophys-
iology at the University of Alaska. A
graduate of Bowdoin College, he re-
ceived a master’s degree at Harvard
University in 1917 and a Ph.D. at Stan-
ford University in 1924. He has worked
in Alaska since 1947, going there after
more than 20 years of teaching, mostly
at Swarthmore College. “I have long
been inclined to study the physiological
adaptations that enable men and ani-
mals to succeed in extreme natural con-
ditions,” he writes. “It turned out that
the natural physiological reactions of
arctic animals to cold were of dimen-
sions large enough to demonstrate gen-
eral principles of adaptation to various
temperatures that we had been unable
to ascertain in mild climates and by the
use of domesticated animals.”

MARVIN SHINBROT (“Fixed-Point
Theorems”) is associate professor of
mathematics and engineering science at
Northwestern University. He worked as
a research scientist with the National
Advisory Committee for Aeronautics
and with the Lockheed Aircraft Cor-
poration for several years after receiv-
ing a master’s degree in 1949 at Syra-
cuse University, where he also did his
undergraduate work. Obtaining a Ph.D.
at Stanford University in 1960, he be-
gan a teaching career that took him to
the University of Chicago and the Uni-
versity of California at Berkeley before
he went to Northwestern this past fall.
He writes: “I am now working on the
Navier-Stokes equations, which govern
the motion of a viscous fluid. In addi-
tion I am writing a book on ‘the general
method of Wiener and Hopf.” This is a
method for, among other things, solving
boundary-value problems where two
different types of boundary data are
given on two parts of the boundary.”

HOWARD E. EVANS, who in this
issue reviews The Natural History of

Flies, by Harold Oldroyd, and A Cata- |
log of the Diptera of America North of |

Mexico, under the direction of Alan
Stone, Curtis W. Sabrosky, Willis W.
Wirth, Richard H. Foote and Jack R.
Coulson, is curator of insects at the Mu-
seum of Comparative Zoology of Har-
vard University.

Some things any optical
microscope can do.

Other things some can do.
A few things a few can do.

Photoautomat EPI Attachment Drawing Tube Projection Head

é\@ Ge] iﬁé&’ﬂﬂ

lllustrated are a few of the numerous accessory combinations. Permits every
observation method for your field of research. Precisely. Conveniently.

Write for Bulletin M-20

*First name in a complete line of instruments for Surveying, Photogrammetry
and Microscopy.

HEERBRUGG
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Variable Sweep Wings: A report from General Dynamics

A major step forward

in aircraft design:

This week, several pilots redesigned
their airplanes in flight. Shortly after
takeoff, each pilot moved a trombone-
shaped slide in his cockpit and folded
back the wings of his plane.

The ability to do this made the
F-111’s they were flying the first air-
craft that can (1) operate from short
landing fields, and (2) fly economically
for long subsonic cruise ranges or ferry
itself across an ocean, and (3) strike su-
personically at treetop height or dash at
two-and-a-half times the speed of sound
at an altitude of 12 miles.

The key is its variable sweep wing. To-
day the first eight developmental
F-111’s, built by General Dynamics,
are daily demonstrating the feasibility
of a movable wing—a development that
finally makes a truly multipurpose air-
plane practical.

The matter of
flight envelope:

Every aircraft has a specific “envelope”
—a set of limitations, or boundaries, of
speed and altitude, within which it can
operate effectively. The final design of
a plane depends upon which of several

Top: The F-111 with its wings extended straight out for high lift at takeoff.
Bottom: Wings being swept back to allow F-111 to reach supersonic speeds.

© 1965 SCIENTIFIC AMERICAN, INC

possible purposes is most important.

A long wing extended straight out is
best for short takeoff and landing, long
range and endurance, or high load-car-
rying characteristics. For the high lift
demanded, a large amount of wing sur-
face is needed.

But as speed increases, less lift is
needed from the wings. In fact, at high
speeds, large wings increase resistance
from the air. Such an airplane can be
pushed to supersonic speed by brute
power, but not efficiently.

This resistance is commonly called
drag, and one way to reduce it has been
to sweep the wing back. For instance,
the modern passenger jet, whose wings
are partially swept back, can fly effi-
ciently for long distances just below the
speed of sound. But the swept wing pro-
vides less lift, and such aircraft need
long runways, sometimes up to two
miles long, and special braking devices.

Very high speeds—faster than sound
—can best be reached with a very small
wing, sometimes in a triangle or delta
shape. But the still lower lift can re-
quire even longer runways, and addi-
tional braking devices such as drogue
parachutes. The very small wing offers
considerably less fuel efficiency for long-
range, subsonic flight.

Three aircraft in one:

A wing whose position can be changed
by a pilot in flight gives a single airplane
the special talents of all three types.
With the wing fully extended, the air-
craft has high lift for short takeoff or
landing or high-load capacity. With the
wings partially swept, efficient long-
range subsonic flight becomes practical.
Pulling the wings all the way back to
their smallest exposed area provides su-
personic dash, without having sacrificed
either high lift or cruise economy.
Previous—and impractical—attempts
to achieve variable wing geometry go
all the way back to 1911. The chief
problem: an undesirable relationship
between center of gravity and center of
lift as the wings moved would cause an
airplane to nose up and down sharply—
become longitudinally unstable.

How it operates:

Not until 1960 did the National Aero-
nautics and Space Administration con-
ceive the answer to this instability—
simultaneously sweeping both wings
around separate pivot points which
were moved out on the wingrootrather



than having a single pivot in the center
of the fuselage. The concept has been
refined and developed by General Dy-
namics through more than 22,000 hours
of wind tunnel testing, and more than
25 million man-hours of design and de-
velopment.

The F-111°s variable wing can be
moved in flight from its fully extended
position (technically with 16° of sweep
measured at the leading edge) to a full
sweep of 72.5°, with the wings tucked
back against (and much of them actual-
ly inside) the fuselage for a narrow delta
shape. The position of the wings can be
set and held at any position between
these two extremes, with the pilot him-
self deciding what wing setting is best
for maximum performance in a given
set of circumstances. He can normally
lever the wings from one extreme to the
other in about twenty seconds.

The precision of design is so exact
and the wing so balanced that negligible
elevator trim is needed to compensate
for full sweep of the wing.

Heart of the system:

The heart of the F-111’s variable sweep
system is a 14-foot steel yoke across the
fuselage (see drawing below).

The movable portions of each wing
are fastened to the yoke by 8%2-inch
diameter high-strength steel pivot pins.
Forward of the yoke hydraulically pow-
ered actuators, responding to the pilot’s
control selection, move the wings from
one position to another.

For additional high lift at takeoff and
landing, full span slats and flaps are
incorporated into the wing. The wing it-
self is ingeniously tapered so that much
of its area when fully extended is high-
ly cambered—that is, with a relatively

How the wing works. A 14-foot steel yoke,
with its 8%2-inch diameter pins, on which
the wings pivot, is the heart of the vari-
able sweep winged F-111. The yoke and
pins support the whole plane in flight. A
jackscrew just forward of the yoke actu-
ates the wings during sweep.

How wing configuration determines flight envelope

Extended wing
(CL-44)

Fully extended
(F-111)

Swept wing Partially swept
(Convair 990) (F-1

11)

Delta wing
(F-106)

Fully swept
(F-111)

Left, top to bottom: Drawings of planes flying today. Extended wing of transport
provides relatively short takeoff and landing with heavy loads. Swept wing of pas-
senger liner provides less lift, but allows the plane to fly efficiently just below the
speed of sound. Small delta wing of military fighter reduces air resistance (drag)
and allows the plane to fly at supersonic speeds.

Right, top to bottom: Photos of the F-111 show how the variable sweep wing gives
it the advantages of the extended wing, swept wing and delta wing—all in one plane.

thick curve for greater lift—and thin at
the area remaining exposed when wings
are swept back for high-speed flight.

The future for the
sweep wing:

Since the Wright Brothers’ first break-
through in the art of manned flight,
there have been relatively few major ad-
vances in the basic art of airplane build-
ing. One was the introduction of light
aluminum structures, another the intro-
duction of the turbine—better known as
the jet—engine for propulsion.

The variable sweep wing represents
a similar major step forward. For any
category of aircraft—military, commer-
cial or private—where the combination
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of very high-speed flight, long economic
cruise and high lift for easy takeoff and
landing is desired, the variable sweep
wing sets the new standard. Even space
ships may ultimately incorporate some
form of variable geometric wing to
make them more maneuverable within
different atmospheres.

General Dynamics is a company of sci-
entists, engineers and skilled workers
whose interests cover every major field
of technology, and who produce for de-
fense and industry: aircraft; marine,
space and missile systems; tactical sup-
port equipment; nuclear, electronic and
communication systems; and machin-
ery, minerals and gases.

GENERAL DYNAMICS




Christiaan Huygens Woodcarving by William Ransom
(1629-1695) photographed by Max Yavno

MULTIDISCIPLINED MAN —“[Huygens] deigned to perfect the applica-
tion of science and it gave him the pleasure of discovering, with the telescope
for which he had made the glass, the fourth satellite of Saturn.”"

“His application of the pendulum to regulate the movement of clocks
sprang from his experience of the need for an exact measure of time in
observing the heavens.””

! Eloge de Huyghens, from Condorcet, Oeuvres completes, v.1, 1804.
2Agnes Mary Clerke, Encyclopaedia Britannica, v.X1V, Eleventh Edition, 1911.

INTERACTIONS OF DIVERSE DISCIPLINES-3

Huygens’ ability to bring the disciplines of mathematics, mechanics and optics to
bear on his interest in astronomy enabled him to design, construct and operate a
system which has needed no basic improvements for three hundred years. Planning
Research Corporation, whose staff of more than five hundred professionals includes
Huygens’ disciplines, the management sciences, and all branches of engineering,
brings a multidisciplined approach to bear on problems concerning systems engi-
neering and technical direction (SETD). Current projects on which Planning
Research is providing SETD include an underwater research facility and its sup-
port system; a geodetic satellite; a submarine integrated sonar system; and a Navy
materiel distribution system. The Corporation invites statements of problems for
which SETD may be desirable, from executives in government and industry.
Address Mr. Stanley L. Gendler, Vice President-Engineering.

PLANNING RESEARCH CORPORATION

Home office: 1100 Glendon Avenue, Los Angeles, California 90024
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Communication by Laser

The unique properties of the light produced by lasers

open the way to the eventual exploitation of light wayes

Sfor the long-distance transmission of electrical signals

he announcement in 1960 that a

I working model of a laser had

been achieved was greeted with
enthusiasm by workers in many fields,
but none were more sanguine about
the prospects of the new device than
investigators interested in the problem
of long-distance communication. The
basis for their enthusiasm was the sim-
ple fact that the capacity of a commu-
nication channel is proportional to the
width of its band of frequencies; thus a
communication system utilizing electro-
magnetic waves in the visible region of
the spectrum, where enormously wide
bands of frequencies are available,
should in principle be capable of carry-
ing many times the amount of informa-
tion carried by lower-frequency radio-
wave systems.

The chief obstacle to the exploita-
tion of light for communication before
1960 was the lack of a source that
could produce light waves that were
both coherent (in step) and monochro-
matic (with a single frequency). Since
the light produced by a laser is both co-
herent and monochromatic, it was felt
at the time that the laser was the
answer to a communication engineer’s
prayer. Although a practical, working
system of long-distance communication
by laser has yet to be built, the initial
enthusiasm has not waned. Today there
are probably more physicists and en-
gineers working on the problem of
adapting the laser for use in communi-
cation than on any other single project

by Stewart L. Miller

in the field of laser applications. At the
Bell Telephone Laboratories many work-
ers, including the author, are engaged
in exploring the potential of the laser
for communication. In this article I
shall attempt to explain some of the
advantages of a laser communication
system and also some of the problems
that remain to be solved before such a
system can become an actuality.

here are available at present four

proved electrical techniques for
transmitting a large volume of mes-
sages over a long distance. The oldest
of these is the coaxial-cable system,
which still carries a large proportion of
the communication traffic between cit-
ies in the U.S. The standard coaxial
cable consists of a copper tube three-
eighths of an inch in diameter with a
single copper-wire conductor in the cen-
ter; the cables are generally gathered in
bundles of eight to 20. Depending on
the amount of communication traffic to
be carried, amplifying equipment must
be located every two to four miles
along the cable. Coaxial cables normal-
ly carry radio waves with wavelengths
of from 600 to 15 meters and with fre-
quencies of from 500,000 to 20 million
cycles per second.

The largest share of the intercity
communication traffic in the U.S. today
is transmitted through the air by means
of microwave-radio relay towers,
spaced some 20 to 30 miles apart. This
system employs beams of microwave
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radiation, mainly in the frequency band
between one billion and 10 billion cycles
per second.

A third long-distance transmission
technique, called wave guide, has been
perfected in recent years but is not yet
in widespread use. In wave guide a
single hollow tube about two inches in
diameter is used to transmit millimeter
waves with frequencies of from 30 bil-
lion to 90 billion cycles per second.
Eventually—if and when the need arises
—a wave guide system would be able to
handle appreciably more communica-
tion traffic than any other system cur-
rently available.

The fourth and newest long-distance
electrical communication technique in-
volves the use of artificial earth satel-
lites. Broad-band communication by
satellite—operating within the micro-
wave-radio band—was first achieved
experimentally between the U.S. and
Europe with the Bell System’s Telstar
satellite and has now been introduced
commercially by the Communication
Satellite Corporation’s Early Bird.

At the heart of every one of these

long-distance communication sys-
tems is the principle called multiplexing
—the simultaneous transmission of many
different messages over the same path-
way. A channel for transmitting an in-
dividual human voice, for example, re-
quires a frequency band extending from
200 to 4,000 cycles per second. The in-
formation contained in this frequency
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FREQUENCY BANDS in which several of the major electrical
communication systems operate are shown in gray in this drawing
of a section of the electromagnetic spectrum. Since the capacity of
a communication channel is proportional to the width of its band

band, however, can be transmitted just
as well in the band from 100,200 to
104,000 cycles per second—or for that
matter in any other band that is 3,800
cycles per second wide. The act of trans-
ferring a signal from one frequency
band to another is called modulation. In
order to perform the function of modu-
lation without adding noise, or interfer-
ence, to the signal, an intercity commu-
nication system requires an oscillator
capable of producing a carrier wave
with a very narrow spectral width. This
single-frequency carrier wave is then
successively modulated by a large num-
ber of voice channels to create a new,
composite signal wave [see illustration
on page 24]. For example, 1,000 tele-
phone channels, each with a nominal
bandwidth of 3,800 cycles per second,
can be transferred to a single signal
wave that contains the band of frequen-
cies extending from the frequency of the
original carrier wave to that of the
carrier wave plus 3.8 million cycles per
second (1,000 times 3,800). Similarly, a
second set of 1,000 telephone channels
can be transferred to a second carrier
wave to form another broad signal
wave, and so on. Special electrical net-
works then combine several of these
broad energy bands for simultaneous
transmission over a single intercity path-
way. At the other end of the line a
similar network separates the single
signal into its component broad bands,
and these in turn are subdivided by
means of a demodulation process into
individual telephone signals.

he aim of the whole multiplexing

process is economys; it is cheaper to
transmit a single broad-band signal
wave on a single coaxial cable, say, than
it is to transmit many narrow-band sig-
nal waves on many coaxial cables. For
this reason all the currently available
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intercity transmission techniques em-
ploy some variation of the multiplexing
process.

It should not be difficult at this point
to see what is attractive to communica-
tion engineers about the visible portion
of the electromagnetic spectrum. Since
an individual communication channel
requires the same bandwidth regard-
less of the region of the spectrum in
which it is located, the higher-frequency
regions, which have far more room for
communication channels, have a much
greater potential capacity than the low-
er frequencies. The frequency in the
center of the visible region of the spec-
trum is about 100,000 times greater
than the frequency of the six-centimeter
waves used in the microwave-radio re-
lay system; thus the theoretical com-

VISIBLE
REGION

INFRARED
REGION

of frequencies, an intercity communication system utilizing electro-
magnetic waves in the visible region of the spectrum (extreme right)
should in principle be capable of carrying many times the amount
of information carried by the lower-frequency radio-wave systems.

munication capacity of a typical light
wave is about 100,000 times greater
than that of a typical microwave. This
fact has long been recognized by com-
munication engineers, and attempts to
exploit the vast potential of light for
communication were made at the Bell
Laboratories before 1950. After a brief
period of exploration this work was de-
ferred; to understand why, it is nec-
essary to review briefly how carrier
waves are produced by a conventional
radio communication system and by
light sources other than lasers.

Power for radio communication is pro-

duced by electrical circuits, each of
which is made up of a number of pas-
sive tuning elements (coils and parallel-
plate capacitors) in combination with an

LASER BEAM produced by a helium-neon gas laser (left) is focused by means of a “gas
lens” (center) in this photograph made in the author’s laboratory at the Bell Telephone
Laboratories in Holmdel, N.J. As the beam emerges from the lens it decreases to minimum
before expanding. The photograph was made in three stages. First the optical bench on
which the various components are mounted was fully illuminated and exposed. Then the
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active element (either a vacuum tube or
a transistor) and a source of current.
The active element serves as a kind of
valve for transforming the current into
one that pulsates at a frequency deter-
mined by the number of turns in the
coils or the number of plates in the ca-
pacitors. A circuit of this type is called
an oscillator.

Almost all of a radio oscillator’s pow-
er is concentrated at a single frequen-
cy, which can be adjusted at will by
changing the arrangement of the coils
or the capacitors. When the output cur-
rent from such an oscillator is fed into a
suitably designed horn, the energy is
radiated in the form of a beam that
spreads at an angle roughly equal to
the wavelength of the radiation di-
vided by the diameter of the horn’s
aperture [see illustration on next page].
Because all the energy originates in
circuits that are small compared with
the length of the typical radio wave and
because the energy is usually radiated
from a horn with a wide aperture, the
wave fronts of the beam are essentially
plane, or flat, at the mouth of the horn
and gradually assume a spherical shape
as the beam progresses away from the
horn.

Now consider how light is produced
by an ordinary incandescent, or hot-
wire, electric lamp [see illustration at
top of page 23]. A current passing
through the fine wire heats it to a high
temperature, whereupon it emits elec-
tromagnetic energy in the form of visible
light. The light from the hot wire ra-

diates in all directions; more precisely,
each point on the wire radiates in all
directions. This is an important differ-
ence between a radio oscillator and a
hot-wire light source, and before the
advent of the laser it was one of the
main drawbacks to the use of light
waves for communication. When one
attempts to focus the light output from
a hot-wire lamp into a beam, several
undesirable effects ensue. First, only
part of the radiation from the wire
falls on the focusing lens; second, and
more important, each radiating point
produces a beam whose angle with re-
spect to the axis of the main beam is
proportional to the distance of that par-
ticular radiating point from the center
of the wire. In order to make this angle
as small as possible, “point sources”—for
example carbon arcs—are used in search-
lights and other lamps in which a nar-
row beam is essential. Even with a point
source, however, the resulting beam
spreads at an angle equal to the wave-
length of the light divided by the diam-
eter of the source. Obviously a point
light source can supply only a small
amount of power compared with a
source that is not so restricted in size.
Another important difference be-
tween a hot-wire light source and a
radio-wave source is the range of fre-
quencies at which a given source ra-
diates. The emission frequency of a
hot-wire source varies with temperature;
moreover, a hot-wire radiator spreads
its power over a very broad spectral
band—in sharp contrast to a radio oscil-

lator, which radiates steadily at a single
frequency.

The inadequacy of a hot-wire light
source as an oscillator for producing
single-frequency carrier waves ultimate-
ly led to the deferral of early research
on the exploitation of light for com-
munication. Invariably the wide-band
emissions from a series of hot-wire oscil-
lators would overlap and cause mutual
interference. In addition, within any
given channel interference would occur
among various individual voice signals.
An attempt to avoid these problems
could be made by selecting with a filter
only the energy within a narrow band;
although this would produce a more
nearly monochromatic source, it would
utilize only a tiny fraction of the original
power of the lamp. The loss of ef-
ficiency involved in this step would
make the whole procedure impractical.

he invention of the laser in the late

1950’s by Arthur L. Schawlow and
Charles H. Townes provided a way out
of this dilemma. The principle on
which the laser—as well as its parent,
the maser—is based can be traced back
as far as 1917, when Albert Einstein
showed that “stimulated,” or con-
trolled, radiation could be obtained
from an atom under certain conditions.
(The term “laser” is an acronym for
“light amplification by stimulated emis-
sion of radiation”; “maser” is an acro-
nym for “microwave amplification by
stimulated emission of radiation.”)

In order to grasp the novelty of the

room lights were turned out and the laser itself was activated and
exposed. Finally the laser was masked and a portion of the laser
beam was photographed in color with the aid of a special device
mounted on a sled on the optical bench (right). The device con-
tains an ordinary glass lens for focusing the beam on a circular
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mirror, which in turn rotates the beam through an angle of 90 de-
grees toward the camera ; the beam then strikes a translucent surface,
where it is recorded as a circular image on the photographic film.
When the sled is pushed along the optical bench, these successive
circular images form a continuous image of the beam on the film.
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RADIO WAVES obtained from a radio oscillator (left) in the form of a pulsating current can
be fed into a suitably designed horn (center), from which they are radiated into space in the
form of a beam that spreads at an angle (§) roughly equal to the wavelength of the radiation
divided by the diameter of the horn’s aperture. The wave fronts of the beam are essentially
plane at the mouth of the horn and assume a spherical shape as the beam progresses away
from the horn. The angle § has been exaggerated here; normally it is less than 10 degrees.

concept of stimulated emission, let us
first examine a little more closely how
light is produced by an ordinary incan-
descent lamp and by a fluorescent
lamp. In both cases radiation is the re-
sult of a change in the orbital arrange-
ment of electrons in a molecule or
around an atomic nucleus. According to
the rules of quantum mechanics there
are discrete orbital arrangements that a
given set of electrons can assume; cer-
tain of these arrangements have more
energy than others. When an electron
drops from a configuration of higher
energy to one of lower energy, the sur-
plus energy appears as radiation, partly
electromagnetic and partly acoustic, or
vibrational. Since the possible energy
levels are discrete, the electromagnetic
radiation from any one type of change
in electronic configuration always has
the same frequency. In a hot solid, how-
ever, many different electronic configu-
rations are possible, and the differences
in energy among the permitted states
are slightly different from one another.
As a consequence light is emitted at
many different frequencies. Further
complications in the electromagnetic
spectrum of an emitting hot wire are
introduced by acoustic interactions,
which will not be discussed here.

In a fluorescent lamp an electric cur-
rent is passed through a gas rather than
through a solid, but the radiative mech-
anism is essentially the same as in a hot-
wire lamp. Electrons are raised from a
lower energy state to a higher one, and
when they fall back to the lower state,
their surplus energy is emitted as light.
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The situation is somewhat simplified in
the case of a fluorescent lamp by the
fact that acoustic interactions are neg-
ligible, and the frequency of the emitted
light is related directly to the changes in
the electronic energy levels. Moreover,
a few types of energy change may tend
to predominate, giving fluorescent tubes
used in advertising signs their charac-
teristic colors: yellow for sodium vapor,
violet for mercury vapor and so on.
Although the bandwidth is narrow
enough to appear as a definite color,
it is still very broad—on the order of
500 billion cycles per second for a

sodium-vapor lamp.

he crucial difference between these

conventional light sources and a la-
ser lies in the extent to which the emis-
sion of surplus energy can be con-
trolled. Einstein showed that when
an atom or a molecule has somehow
had its energy status raised, the release
of this stored energy can be controlled
by subjecting the atom or molecule
to a small electromagnetic field of the
proper frequency. (In contrast, the
emissions of a hot-wire or fluorescent
radiator occur spontaneously) The
controlled release of energy by the fore-
going technique is called stimulated
emission; the weak field doing the
stimulating is enhanced by the energy
of the stimulated radiation. In order to
ensure that the stimulated emission is
dominant, heat radiation must be kept
to a minimum. ‘

The number of possible frequencies
emitted by a laser can also be restrict-
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ed by selectively feeding power into a
few specific changes in the electronic
configuration of the emitting atoms.
This situation is too complicated to ex-
plain in detail here, but in general it
means that an emitting atom in a laser
behaves ideally when it is suspended
relatively far from its neighboring at-
oms. This isolation occurs naturally in a
gas; it can also be achieved in a solid
by mixing the emitting atoms or mole-
cules very dilutely in a substance that
is both transparent to the stimulated
emission and passive in the frequency
range of the emission, that is, in a solid
in which no energy-level differences
exist in the vicinity of the one responsi-
ble for the stimulated emission. By in-
troducing energy that is specifically
capable of raising the energy status of
the isolated atoms only, the stimulated
emission is kept to a narrow spectral
band.

In a gas laser, such as the helium-
neon laser shown in the top illustration
on page 25, a steady electric discharge
is maintained through the gas mixture.
In the region of the discharge electrons
associated with the neon atoms are
raised to higher energy levels, from
which they may drop spontaneously to
lower energy levels with only a few
discrete energy differences. One such
energy difference accounts for the emis-
sion of red light with a wavelength of
6,328 angstrom units and a frequency
of 473 trillion cycles per second. By
sending a weak electromagnetic wave
at exactly 473 trillion cycles per second
through the laser tube one can stimu-
late emission from the excited neon at-
oms: the weak input wave will emerge
as a more energetic output wave with
the same frequency. Input energy at
any other frequency will not stimulate
this emission and will pass through the
laser essentially unchanged. Moreover,
if the input wave has plane wave fronts,
so will the amplified output wave have
them. The latter property, which is
called spatial coherence, is in contrast
to the series of broad, spherical wave
fronts produced by the spontaneous,
uncorrelated emissions of a hot-wire
source.

laser can be made to act as an elec-

trical oscillator by adding two re-
flectors at the ends of the tube to form a
resonant cavity [see middle illustration
on page 25]. The light oscillating back
and forth between the two mirrors at
473 trillion cycles per second is built up
by additional stimulated emissions until
it uses up all the excited electrons; some
of the energy in the cavity is then re-



INCOHERENT LIGHT WAVES obtained from an ordinary incan-
descent, or hot-wire, electric lamp (left) radiate in all directions;
stated more precisely, each point on the wire radiates in all di-
rections. When one attempts to focus the light output from a hot-
wire lamp into a beam, only part of the radiation from the wire falls
on the focusing lens. Moreover, each radiating point produces a

leased through one of the end mirrors,
which is partially transparent. The
output of such a laser is concentrated at
a single frequency, with a maximum
deviation from the fundamental fre-
quency of only a few thousand cycles
per second. As in the case of the laser
amplifier, the output of this laser oscil-
lator is spatially coherent.

The two properties of monochromat-

icity and spatial coherence make the
laser a potentially useful oscillator for
intercity communication systems. What
is more, the spatial coherence of a laser
beam makes possible highly directional
transmission unattainable by conven-
tional radio techniques. A plane-wave
laser source radiates a beam that is
almost constant in width for a dis-
tance equal to the diameter of the

beam whose angle with respect to the axis of the main beam (bb’)
is proportional to the distance of that particular radiating point
from the center of the wire. These two drawbacks—and the fact
that a hot-wire radiator spreads its power over a very broad spec-
tral band—make the incandescent lamp unsuitable for use in
a long-distance communication system based on light waves.

source squared divided by four times
the wavelength of the radiation [see top
illustration on page 26]. Beyond this
distance the beam gradually expands to
form a cone, the angle of which is
equal to the wavelength of the radia-
tion divided by the diameter of the
source. In other words, the spreading
of a laser beam and a radio-wave beam
is identical. Because of the vast differ-
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FOUR ELECTRICAL TECHNIQUES for transmitting a large vol-
ume of messages over a long distance are available at present. The’
newest technique involves the use of artificial earth satellites (top).
The coaxial-cable system (second from top) still carries a large
proportion of the communication traffic between cities in the U.S.
The largest share of the intercity traffic in the U.S. is transmitted
through the air by means of microwave-radio relay systems (second

WAVE GUIDE
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from bottom), with amplifying stations spaced some 20 to 30 miles
apart. The wave guide technique (bottom), which has recently
been perfected, will be able to carry more communication traffic
than any other system currently available. Amplifiers
broken lines) are spaced two to four miles apart in the coaxial-
cable system and 10 to 15 miles apart in the wave guide system.
Microwave-radio relay horns are actually 10 to 15 feet in diameter.

(short
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MULTIPLEXING—a process for simultaneously transmitting

many different messages over the same path

every long-distance electrical communication system. A single-fre-

quency “carrier” wave produced by some kind

sively modulated by a large number of individual signals to form a

ence in wavelength, however, the prac-
tical implications of these formulas are
quite different for the two radiations.

For example, in the case of a
microwave-radio relay system the
width of the antenna horn is typically
10 feet and the wavelength of the ra-
diation is 7.5 centimeters. Applying the
first formula yields 100 feet as the max-
imum distance over which the width of
the beam remains constant. This means
that a receiver with a 10-foot horn
must be within 100 feet of the trans-
mitter to receive most of the original
beam. The normal practice in a
microwave-radio relay system is to
space the transmitter and the receiver
20 to 30 miles apart, with the result
that the received power is about a
hundred-thousandth of the transmitted
power.

In the case of the laser, on the other
hand, the beam width might be two
inches and the wavelength of the beam
on the order of 6,300 angstroms. This
yields a maximum distance without
beam expansion of about three-fifths
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way—is employed in

of oscillator is succes-

of a mile; thus a two-inch lens three-
fifths of a mile from the laser would
collect most of the transmitted power.
For longer distances a series of two-
inch lenses spaced three-fifths of a mile
apart could be used to confine the
beam and guide it to the receiver [see
second illustration from top on page 26].
The power loss at each lens due to beam
expansion could in principle be made as
small as one part in 100,000, or even
less by making the lens spacing 20 to 40
percent less than the maximum distance
before beam expansion. Extremely long
total distances would appear to be at-
tainable before the net received power
would drop to a hundred-thousandth of
the transmitted power, as is the case in
microwave-radio relay systems.

We have seen that the two basic

properties of a laser beam—mono-
chromaticity and spatial coherence—
make it perfectly suited for use in a
long-distance communication system.
Nonetheless, many ticklish problems re-
main to be solved before this potential
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new, composite signal wave. This process is repeated for many dif-
ferent channels, using carrier waves of different frequencies. Spe-
cial electrical networks then combine several of these broad energy
bands for simultaneous transmission over a single intercity path-
way. In each circled graph E stands for energy and f for frequency.

can be effectively exploited. I shall
now describe briefly the status of cur-
rent research aimed toward solving
these problems.

In order to build an efficient laser
communication system, a large number
of lasers are required to serve as oscil-
lators. Their frequencies should be
spaced far enough apart to avoid over-
lap when their modulated outputs are
combined on an intercity line. On the
other hand, too large a spacing be-
tween frequencies is undesirable, be-
cause this would waste valuable fre-
quency space that could be used to
carry communication traffic. Obtaining
a properly spaced series of frequencies
is by no means an easy task; laser fre-
quencies are determined by discrete
energy-level differences in the emitting
atoms or molecules, and these are es-
sentially fixed for a given material. A
search is under way for an appropriate
set of frequencies and for some rule
by which such frequencies can be
predicted. This research involves not
only various gaseous mixtures but also



solid laser materials, the emitting at-
oms of which are suspended as very di-
lute impurities in a transparent “host”
solid.

Another problem arises from the fact
that a given molecule may have more
than one emission frequency. The
helium-neon mixture mentioned ear-
lier, for example, can emit at 261 tril-
lion and 88.5 trillion cycles per second
as well as at 473 trillion cycles per sec-
ond. Since only one frequency is de-
sired from each laser, techniques must
be found for isolating a single emission
frequency. Much remains to be done in
this area, but so far laser outputs rang-
ing from a few thousandths of a watt to
millions of watts have been achieved,
and hundreds of different laser fre-
quencies have been observed. Recent-
ly at the Bell Laboratories a laser-like
source with a continuously variable fre-
quency was conceived and demon-
strated; this device uses ambient-tem-
perature control to vary the natural
emission frequency through a 5 per-
cent range in the vicinity of 300 trillion
cycles per second.

The actual long-distance transmis-
sion of a laser beam is another chal-
lenge to which much current research
is devoted. Although very low point-to-
point transmission losses could be ob-
tained in the near vacuum of outer
space by using a highly directional
beam, the earth’s atmosphere is hostile
to electromagnetic waves in the visible
region. Rain, snow and fog can cause
heavy power losses. When high reli-
ability is a requirement of a particular
transmission system, an unshielded at-
mospheric path does not seem feasible,
but in special cases in which intermit-
tent communication is acceptable un-
shielded pathways may suffice. Studies
are under way to determine if an in-
frared laser would be more suitable for
transmission through the atmosphere.

Guided laser transmission can be
shielded from the atmosphere by put-
ting the lenses in an airtight pipe, possi-
bly underground. Here one has several
options. The lenses can be spaced 300
feet or more apart and still contain the
beam within a tube one inch in diame-
ter. When this is done, high-quality op-
tical lenses appear suitable for focus-
ing, but some additional provision must
be made to allow the beam to follow
the curving path demanded by hills
and horizontal turns. The laser beam
will not follow a curved sequence of
lenses for such large lens spacings. New
techniques have been conceived for
sensing the beam’s position and, by
means of a feedback mechanism, prop-
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GAS LASER normally acts as an amplifier. A weak input wave stimulates emission from
the excited gas atoms and emerges as a more energetic output wave with the same frequency.
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LASER ACTS AS OSCILLATOR when one adds two reflectors at the ends of the tube to
form a resonant cavity. The light oscillating back and forth between the two mirrors is
built up by stimulated emissions before it is released through one of the mirrors (right).
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LASER EMISSION (vertical colored line) is concentrated at a single frequency, with a
deviation from the fundamental frequency of only a few thousand cycles per second. In con-
trast, the emission from a hot-wire lamp (black curve) is spread over a broad spectral band.
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erly directing the beam around the
curve.

Alternatively, the lenses can be
brought close together; quarter-inch
lenses spaced a few feet apart will allow
a beam to follow curves typical, say, of
a modern superhighway. In this case the

LASER

lenses must have a very low power loss,
as there would be more than 1,000 lens-
es per mile. The best quartz optical
lenses have far too much loss for this
purpose, as a result of surface roughness
and reflection from the interface be-
tween the quartz and the air.

D

In order to overcome these diffi-
culties a new type of lens, called a gas
lens, has been invented by Dwight W.
Berreman of the Bell Laboratories and
improved by some of his colleagues. In
one model a gas—for example carbon

dioxide—is passed through a heated

RECEIVER

SPATIAL COHERENCE of a laser beam makes possible highly
directional transmission. A plane-wave laser source radiates a beam
that is almost constant in width for a distance (D) equal to the
diameter of the source squared divided by four times the wave-

LASER

n Sle

SERIES OF LENSES spaced at the distance D apart could be used
to confine the laser beam and guide it to the receiver. The power
loss at each lens due to beam expansion could in principle be made

GAS METAL TUBE

o

length of the radiation. Beyond this distance the beam gradually ex-
pands to form a cone. The expansion of the beam is greatly exag-
gerated here; in actuality D would be about three-fifths of a mile
for a two-inch beam with a wavelength of some 6,300 angstrom units.

RECEIVER

—D .

as small as one part in 100,000 or even less by making the lens
spacing 20 to 40 percent less than D. Again the beam expansion
has been greatly exaggerated and the horizontal scale compressed.
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PRINCIPLE OF GAS LENS was invented by Dwight W. Berreman
of the Bell Laboratories. A gas—for example carbon dioxide—is
passed through a heated tube. Because the gas travels faster
in the center of the tube, it is cooler there than near the wall.
The cooler gas in the center is denser and hence a converging

HEATING COIL

lens is formed. The great advantage of the gas lens is that there
are no surfaces in the path of the laser beam, and the lens
losses are limited to a very slight scattering of the light by the
gas molecules. A gas lens is free from turbulence effects because
the velocity of the gas is very low (about five miles per hour).
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GAS-LENS WAVE GUIDE is one of several types already built by
workers at the Bell Laboratories. Gas-lens wave guides must be
built to meet extremely stringent tolerances, and further work
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will be needed to determine if the necessary accuracy can be
achieved at a reasonable cost. The gas lens shown in the pho-
tograph on pages 20 and 21 uses air as the focusing medium.
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tube. Because the gas travels faster in
the center of the tube, it is cooler there
than near the wall. The cooler gas in
the center is denser and hence a con-
verging lens is formed [see third illus-
tration from top on opposite pagel.
Several different types of gas-lens wave
guides have already been built. The
great advantage of the gas lens is that
there are no surfaces in the path of
the light beam, and the lens losses are
limited only to a very slight scattering
of the light by the gas molecules. The
light-guidance problem is much further
from solution than this might suggest,
however. A gas lens is free from turbu-
lence effects because the velocity of the
gas is low (about five miles per hour),
but some aberrations appear nonethe-
less. A gas-lens wave guide must be
built to meet extremely stringent toler-
ances, and further work will be needed
to determine if the necessary accuracy
can be achieved at a reasonable cost.

An essential component of any long-
distance communication system is a
modulator. In order to modulate the
light output of a laser the light waves
must be capable of being varied in syn-
chronism with the broad-band radio
wave produced by combining many in-
dividual telephone, television and ra-
dio signals. All the optical modulators
devised so far have been based on varia-
tions in the refractive index of some
substance in synchronism with the sig-
nal wave. In one of these devices [see
illustration on this page] the laser output
passes through a solid cylinder of potas-
sium dihydrogen phosphate, which is
placed in an electric field proportional
to the signal wave. The index of refrac-
tion of the cylinder along the vertical
axis differs from that along the hori-
zontal axis by an amount proportional to
this applied electric field. As a result the
laser beam emerges from the far end of
the modulator polarized at right angles
with respect to the polarization of the
input wave. In addition the amplitude
of the modulator output wave varies
according to the strength of the applied
electric field.

Laser modulators of this type are
operable but at present too inefficient to
be entirely satisfactory. Similar devices
based on modulation of the refractive
index in semiconductor junctions are
being examined.

Research is also being directed to-
ward finding a suitable light detector
for use at the receiving end of a laser-
communication path. Vacuum tubes
containing surfaces from which elec-
trons are emitted in response to an
impinging light beam—outgrowths of

" QUTPUT
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MODULATOR
OUTPUT

ELECTRIC FIELD

K D P MODULATOR

MODULATION OF LASER BEAM is based on variations in the refractive index of some
substance in synchronism with the broad-band radio wave produced by combining many
individual telephone, television and radio signals. In this particular modulator the laser
output passes through a solid cylinder of potassium dihydrogen phosphate (KDP), which
is placed in an electric field that is proportional to the signal wave. The index of refrac-
tion of the cylinder along the x axis differs from that along the y axis by an amount propor-
tional to this applied electric field. As a result the laser beam emerges from the far end of
the modulator polarized at right angles with respect to the polarization of the input wave.

the familiar photomultiplier tube—have
been perfected and in the visible
region of the spectrum are reasonably
efficient. Their efficiency falls, however,
at infrared frequencies. Another detec-
tor consists of a semiconductor junction
that responds to light by releasing elec-
trons into a low-frequency circuit in
proportion to the energy of the imping-
ing light wave.

A major part of the research effort
devoted to finding better detectors,
modulators and lasers involves new
materials. Metallurgists, chemists and
physicists are challenged to develop an
understanding of the behavior of vari-
ous materials and to devise techniques
for deriving both purer materials and
materials with carefully controlled
traces of known “impurities” in other-
wise pure and well-ordered crystals.
Before the advent of the laser the need
to study many of these properties of
materials did not exist. Besides provid-
ing the need, the laser has provided a
new capability for studying materials in
ways not possible before. The essentially
monochromatic nature of the laser out-
put has made possible revealing spec-
troscopic studies of energy levels in a
wide variety of substances.

In spite of the many advantages of the

laser in long-distance communication,
the economic competition from the
present systems can be expected to be
severe. The test of commercial success
is not merely the feasibility of com-
municating in the visible region of the
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spectrum. A combination of coaxial-
cable, microwave-radio and wave guide
systems can provide the equivalent of a
single super-broad-band system. Such a
composite system could provide the
foreseeable communication needs of the
world for many years to come and has
the main advantage of diversification:
less risk of losing the entire communi-
cation system as the result of an acci-
dent. In addition, any new system must
not only do the job at a lower cost than
existing systems but also anticipate
various improvements in the existing
systems. The transistor and other solid-
state devices have revolutionized the
existing communication systems in the
past 10 years, and the laser must now
compete in an era in which vacuum
tubes with two-year life-spans have been
replaced by solid-state devices with 20-
year life-spans.

The laser, however, can also be ex-
pected to partake of the solid-state
revolution. Solid-state lasers already ex-
ist, and although they have not had the
spectral purity of gas lasers, this situa-
tion appears to be changing. The over-
riding trend in the history of electrical
communication has been toward ever
larger bandwidths and ever higher fre-
quencies, because the use of wide-band
systems has proved to be more economi-
cal than parallel narrow-band systems
designed to achieve the same total com-
munication capacity. Judging by this
trend, we would expect the laser to
play an important role in the communi-
cation systems of the future.
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A Transpacific Contact in 3000 BC.

Archaeological evidence strongly indicates that pottery
found in Ecuador, the oldest known in the New World, was
introduced there by fishermen who had drifted from Japan

Ithough the time of man’s first ar-
Arival in the New World from the
Old World is still uncertain, au-
thorities agree that the principal route
was across the Bering Strait from Siberia
to Alaska. Perhaps as early as 40,000
years ago, and surely by 13,000 s.c.,
groups of hunters and gatherers began
to populate North America. As the mil-
lenniums passed, they spread through-
out the hemisphere and gradually devel-
oped different ways of life. In some
places, such as Mexico and Peru, the
process of cultural evolution and differ-
entiation culminated in civilizations that
rivaled—and in the view of some Span-
iards were superior to—the civilization
of 16th-century Europe.
As these New World civilizations

by Betty J. Meggers and Clifford Evans

have become better known archaeologi-
cally, striking parallels have been ob-
served with the architecture, religious
practices and art styles of Asia. It has
been suggested that these parallels are
evidence of unrecorded “discoveries” of
America long before Columbus. Most
professional archaeologists have re-
mained unconvinced because the possi-
bility of an independent origin of the
parallel traits could not be eliminated.
Recent archaeological investigations on
the coast of Ecuador, however, have
brought to light facts that can lead to
only one conclusion: a boatload of inad-
vertent voyagers from ]apan strayed
ashore in the New World some 4,500
years before Cortes reached Mexico.
There are two principal ways in

FIRST CLUE to cultural contact between Asia and the New World 5,000 years ago was pro-
vided by fragments of a pottery vessel from the lowest level of a Valdivia culture site in
Ecuador. They display a rim decorated with a “castellation,” or peak; this decoration
was uncommon elsewhere in the world at that time except on the Jomon pottery of Japan.
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which similar culture traits can come
into existence in widely separated parts
of the world. One is convergence, a
process by which traits that were ini-
tially different come to resemble one
another independently. The other is
diffusion, or “borrowing,” a process by
which a trait is passed from a donor
culture to a recipient one. Since bor-
rowed traits are often modified during
their transfer, it may be difficult to tell
which of the two processes is respon-
sible for any particular similarity.

Borrowing rather than convergence
becomes the preferable explanation only
if three criteria can be met. First, the
trait or complex of traits in question
must be shown to be older in the donor
culture than in the recipient culture,
or at least as old. Second, the anteced-
ents of the trait or complex of traits
should be traceable in the donor cul-
ture; conversely, the parallel item in the
recipient culture should appear full-
blown, with no observable antecedents.
Third, the physical form of the trait
should be unrelated to its function; this
operates to rule out parallels that arise
because of limitations set by the ma-
terial from which an object is made or
by the use to which it is put.

The first two criteria have not been
satisfied for most of the culture traits
that have been cited as evidence for
contacts across the Pacific. Even though
the areas of high culture in Mexico and
South America are among the best-
known parts of the New World, large
sections remain almost untouched by
archaeologists; the situation in most of
Asia and the adjacent Pacific islands is
no better. When more work has been
done, other conclusions may be as sur-
prising as the one we propose here: The
knowledge of how to make pottery was
first brought to Ecuador—where the
earliest pottery so far discovered in the



DEPTH OF DEPOSIT at a site near Valdivia, a village on the coast screens are sifting pottery fragments and other bits of human

of Ecuador, is evident in this stratigraphic section that reached handiwork from the accumulated debris of the earliest level of
sterile soil at the bottom of the cut. Pairs of workers with wire the Valdivia culture, in which Jomon-like pottery was unearthed.
29

© 1965 SCIENTIFIC AMERICAN, INC



CERAMIC TRAITS

|
|
|
|

EXTRA-BROAD INCISION
ZONED INCISION

APPLIQUE FILLET

OF PERIOD D

BROAD INCISION

TYPES DIAGNOSTIC |

ROCKER STAMPING

NICKED BROAD INCISION

NICKED RIB OR NUBBIN

RED-ZONED PUNCTATION

OF PERIOD C

"PEBBLE POLISHING"

TYPES DIAGNOSTIC

BRUSHING

CORD IMPRESSION
“VALDIVIA INCISED"
MULTIPLE DRAG AND JAB

EXCISION

TYPES DIAGNOSTIC
OF PERIOD B

CORRUGATION

FINGERNAIL DECORATION

O FINGER GROOVING
@«
O PSEUDOCORRUGATION
22 FINGER PRESSING
&5 FROM INTERIOR
a
%5 CUT AND BEVELED RIM
>
SHELL COMBING

FINE INCISION

SHELL STAMPING

CULTURAL PERIODS

A B
3000~-2300
| B.C. , BC.
| !
i i
| [
|
| l
i E
| i
| |
i |
i |
| 5.
1 {
! |
1 t
] :
| o
“
| |
N
5 i
LT [
¢ «—maﬁﬁ%ﬁ@@ 1II
:-—-mm:&%%ﬁ@ l

C

2300-2000 2000-1500

D
1500-1000

VARIETY OF TECHNIQUES used to decorate the earliest Valdivia pottery suggests that
the craft was imported rather than invented locally, Each bar’s length shows the duration
of the ceramic trait it represents; tapering at the left indicates a trait’s inception, at right
its extinction. Broken tone implies uncertainty. Nine traits are typical of Period A4 pottery,
and three of the four traits typical of Period B may first have appeared in Period 4. Some
of the parallels between this pottery and Jomon ware are illustrated on the opposite page.
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New World has been found—by fisher-
men who had drifted there from Japan,
more than 8,000 nautical miles away.

his conclusion was drawn only after

a long period of fieldwork, classifi-
cation and analysis. Rather than merely
summarize the evidence on which the
conclusion is based, we should like to
review the chain of events that led to it.
The starting point was the discovery of
a series of seashell deposits along the
coast of the Ecuadorian province of
Guayas. An astute amateur archaeolo-
gist, Emilio Estrada, excavated one of
these middens in the fall of 1956 and
found that it contained heavily eroded
fragments of pottery. He immediately
recognized that the techniques of deco-
ration resembled those used to orna-
ment Guaifiape pottery—the earliest
known on the coast of Peru—which
dates back to about 2000 B.c. On the
basis of this similarity Estrada proposed
that the newly discovered Ecuadorian
pottery belonged to the same early
period as its Peruvian counterpart.

Estrada went on to investigate sim-
ilar middens and found one with a
deeper refuse deposit and better-pre-
served pottery near the modern fishing
village of Valdivia. This name he gave
to the culture that produced the pot-
tery. Excavations at the Valdivia site
since 1956 have provided material for
carbon-14 analysis that extends the
date of origin for the Valdivia culture
back to about 3000 B.c., which makes
it even older than Estrada had original-
ly thought.

The antiquity of the Valdivia sites
is reflected in their location on the mar-
gins of ocean inlets, which today are
barren salt flats. Between 3000 and
1500 B.c. these flats were probably cov-
ered with, or ringed by, mangrove trees
and were submerged by the sea either
permanently or at high tide; such man-
grove swamps still persist farther to the
south along the Ecuadorian coast. The
margins of these inlets were favored
places of residence for the Valdivians
because mollusks, crustaceans and fish,
which were among their principal food-
stuffs, were at hand. The people also
ate deepwater species of fish, a fact
that implies a knowledge of boating.
The presence of deer bones in the ref-
use indicates that the Valdivians also
practiced hunting.

No plant remains have been found in
Valdivia sites, but both the habits of
modern hunting-and-gathering peoples
and archaeological evidence from Peru,
where the dry climate helps to preserve



perishable materials, make it a safe
guess that the Valdivians did not neglect
the edible wild plants of their region.
They may even have taken some of the
initial steps toward the domestication of
plants, as did their contemporaries in
Mexico and Peru. In general, however,
their adaptation to a shore environment
was so complete that it may have been
their undoing. About 1500 B.c. the in-
lets began to dry up and the food sup-
ply to which the Valdivians were ac-
customed began to dwindle. The people
retreated south and east toward the
mouth of the Guayas River, but the new
environment was less favorable and the
Valdivia culture appears to have grad-
ually become extinct.

typical site of the Valdivia culture
contains an abundance of mollusk
shells, fair quantities of broken pottery
and smaller amounts of bone and stone.
There is little direct evidence of house
construction, but fragments of burnt
clay bearing the impression of twigs
suggest that the Valdivians built huts
with wattle-and-daub walls.

Although stone projectile points were
manufactured by earlier peoples and
are found frequently in the highlands of
Ecuador, the Valdivians did not employ
them. Stone tools for cutting, chopping
and scraping were shaped only to the
extent necessary to produce a working
edge. Pebbles were converted into sink-
ers by cutting shallow notches at the
sides to prevent the line from slipping
off. Shell fishhooks were made with the
aid of small sandstone saws and ream-
ers. The fishhooks are small and al-
most circular, with a narrow gap sepa-
rating the point from the shank. Tools
made of bone are the scarcest of all;
they consist chiefly of awls made of fish-
bone and punches fashioned from deer
antler. In short, the surviving compo-
nents of the Valdivians’ tool kit are far
from distinctive.

Quite the opposite is true of the pot-
tery, which displays a variety of deco-
rative techniques and vessel shapes that
seems incongruous in the oldest pottery
of the New World. For all its elabora-
tion in shape and decoration, Valdivia
pottery exhibits its primitive character
by the thickness of the vessel walls and
the imperfect symmetry of rim and
body contours. The vessels were built
up from coils of clay that sometimes
were left visible on jar necks as an or-
namental effect. The surface of most of
the vessels was smoothed and often
polished to a high gloss; about a fifth
of them were given a red “slip.”

L

PARALLELS between Jomon and Valdivia decoration techniques and design motifs are
evident in these matching pottery fragments. In each example the Japanese pottery is at

left and the Ecuadorian at right. At a the technique is excision and the motif is a “dog bone.”

At b the vessel rims are incised with parallel lines and the necks are decorated with zigzag
incising. At ¢ a multiple-edged tool has been alternately dragged and jabbed. At d fingers
were used to form grooves. At e a tool has left fine lines at the bottom of each incision.
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Numerous
were

methods of decoration
employed, including incision,
punctation, scraping, grooving, rocker-
stamping, excision and appliqué. Deco-
rative variety was increased by combin-
ing these methods with different kinds
of surface finish; for example, incised
designs were added to unpolished, pol-
ished or red-slipped surfaces. In addi-
tion, two kinds of decoration, such as
incision and punctation, were some-
times applied to the same vessel. These
combinations gave rise to a wide range
of decorative effects.

One of the tasks facing the archaeolo-
gist is to reduce such variations to gen-
eral categories that can be used to study
change over a period of time and to
compare one pottery complex with an-
other. When Valdivia pottery is classi-
fied in this way, differences in the popu-
larity of several of the decorated types
become evident [see illustration on
page 30].

Such differences provide a basis for
dividing the history of the Valdivia cul-
ture into four periods. Most important
for investigation of the origin of Val-
divia pottery are the nine types of dec-
oration characteristic of Period A. Typi-
cal early shapes include large, shallow,

POTTERY FIGURINES are first found at the end of Period A4 in
Valdivia sites, or about 2350 B.c. They are more realistic than the
stone figurines that precede them or the other pottery figurines that

32

thick-walled bowls with slightly con-
stricted mouths and round jars with
thickened rims that were often orna-
mented by pressing the fingers on the
lower edge of the rim. Other features
characteristic of Period A are vessels
with four small, closely spaced “feet,”
and others with rims that are undulat-
ing or “castellated” (formed into several
peaks).

Figurines are another distinctive ele-

ment of the Valdivia culture. Those
of Period A were made of stone, but
about the beginning of Period B pot-
tery became the preferred material.
The earliest figurines were nothing more
than thin slabs of soft stone either se-
lected for the symmetry of their natural
form or worked into a rectangular out-
line; they are identifiable as figurines
because of their early position in an
evolutionary continuum that culminates
in figurines with recognizable human
characteristics.

The style changes completely with
the introduction of pottery figurines at
the beginning of Period B. The earliest
of these, known as the Valdivia type, is
realistic and often carefully made [see
illustration below]. During Period C the
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realism gradually disappears, although
the types known as San Pablo and
Buena Vista retain traces of their an-
cestry. By Period D figurines have lost
their popularity; the few examples of
the type that is known as Punta Arenas
are a far cry from the careful creations
of Period B.

The abundance of fragments of fig-
urines in the Valdivia sites suggests that
the ﬁgurines were put to some common
use. Two facts are relevant to infer-
ences on this point. First, although
many of the figurines represent females,
the lack of emphasis on pregnancy or
genitals makes it unlikely that they were
fertility images. Second, the seemingly
casual manner in which they were dis-
carded suggests that their value was
transitory. Today Indians in northern
Colombia and Panama make for heal-
ing ceremonies wooden figurines that
are similarly short-lived and unemphat-
ic with respect to sex; new ones are
carved for each ceremony and are then
thrown away. Since they are made of
wood, they soon disappear. The Val-
divia figurines, made of durable materi-
als, simply broke into fragments.

A survey of the characteristics of
other early New World archaeological

come after them (see illustration at top of opposite page). The
majority are female and show great variability in the way the hair
is dressed. Four of the figurines are shown from front and rear



RISE AND DECLINE of realism in the style of the figurines un-
carthed at Valdivia cover a span of almost 2,000 years. Stone fig-
urines of Period A4 began as flat slabs, then developed a basal notch
torepresent legs and next included anthropomorphic facial features
on one side of the top (front views at left). The figurines of pottery

complexes serves to highlight the
uniqueness of Valdivia pottery. Com-
plexes such as the Monagrillo in Panama
(2100 B.c.), the Puerto Hormiga in Co-
lombia (3000 to 2500 B.c.) and the
Guainiape in Peru (2000 to 1000 B.c.) all
have pottery characterized by a limit-
ed number of vessel shapes and fewer

alternately. They exhibit a grooved parting of the hair (far left), a
braid front and back, with the crown of the head half-bare (left),
a long bob with the sides tucked under a straight center hank at the

techniques of decoration. Furthermore,
the carbon-14 dates for these complex-
es (with the possible exception of the
Puerto Hormiga complex) are later than
the earliest Valdivia dates, which means
that none of these cultures could have
been the source from which pottery-mak-
ing was introduced to the coast of
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that followed were, first, the realistic Valdivia type (center and
illustration at bottom of these two pages). Next came the increas-
ingly stylized San Pablo and Buena Vista types. During the last 400
years of Valdivia culture the pottery figurines degenerated into the
featureless Punta Arenas type (shown in profile view at far right).

Ecuador. Still another alternative—the
possibility that Valdivia pottery was a
local invention—appears improbable be-
cause of the variety this pottery exhib-
its from the very start; such variety is
understandable only as the culmination
of a long period of development.

The clue that finally led to the most

back of the head (right) and a long bob with cross-bindings at
front and rear that look like a hairnet (far right). Other variations
are buns on each side of the head and purely geometric incisions.
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probable origin of Valdivia pottery did
not come to light until 1961, when the
last shovelfuls of debris were being
removed from the deepest part of
the large stratified deposit Estrada had
excavated at the Valdivia site. This clue
was a fragment of a red-slipped and in-
cised vessel with a unique type of rim:
when the vessel was whole, the rim rose
in a series of castellations [see illustra-
tion on page 28]. At a time as early as
Valdivia Period A this form of rim is
rare anywhere in the world except Ja-
pan. There it commonly occurs on pot-
tery of the prehistoric Jomon period.

When we followed this clue by ex-
amining other characteristics of Jomon
pottery, we discovered a large number
of other similarities with Valdivia pot-
tery, both in decorative technique and
motif and in vessel shape. In fact, al-
most all the initial Valdivia characteris-
tics could be identified in the Early
Jomon and Middle Jomon pottery of
Japan. Not only are techniques of dec-
oration duplicated; the design elements
and patterns are often nearly identical
[see illustration on page 31].

In making a comparison of this kind
it is desirable to demonstrate, if pos-
sible, that the traits in question not
only occur together in the recipient cul-
ture but also form a complex in the
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PROBABLE ROUTE from Kyushu to Ecuador is a product of the
pattern of prevailing currents (colored arrows) and the assumption
that a typhoon carried a party of Jomon fishermen so far to the
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donor culture. Often the facts are not
available, either because not enough
work has been done or because the ap-
proaches to classification in the two re-
gions are so different that the materials
cannot easily be compared. Until ar-
chaeology reaches the level of standard-
ized concepts and procedures attained
by the physical and biological sciences,
this lack of comparability between re-
sults of investigations in different parts
of the world will continue to be a prob-
lem. Here the difficulty was partly over-
come by a National Science Foundation
grant that enabled us to visit Japan and
examine pottery from a number of Jo-
mon sites on the islands of Honshu and
Kyushu. This examination proved that
a majority of the decorative techniques
and motifs characterizing early Valdivia
pottery are also present in pottery from
sites in Kyushu dating from the period
of transition between Early Jomon and
Middle Jomon, or about 3000 B.c.
Three sites are outstanding in pos-
sessing almost all the relevant Valdivia
traits: Ataka and Sobata near the mod-
ern town of Kumamoto in central Kyu-
shu and Izumi on the western coast of
Kyushu. Like the Valdivia sites, they
consist of shell, bone and stone refuse
mingled with fragments of pottery. The
evidence suggests that the Jomon peo-
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ple of 3000 B.c. lived a life similar in
many respects to the life of the coastal
inhabitants of Ecuador and Peru in the
same period. Much of their food came
from the sea; it included mollusks and
crustaceans gathered from tidal flats and
deepwater fish caught with hooks by
fishermen in canoes offshore. The stone,
bone and shell implements are general-
ly equivalent in function to those found
in the Valdivia sites, although some of
them are different in form.

The context in which pottery is found
on Kyushu about 3000 B.c. is thus very
similar to the context in which it sud-
denly appears on the coast of Ecuador
at about the same time. An important
difference is apparent, however, when
the antecedents of the Jomon complex
are considered. Valdivia pottery is the
oldest so far discovered in South Amer-
ica; the Early Middle Jomon pottery of
Japan, on the other hand, is indicated
by carbon-14 dates to be the product
of several millenniums of evolution in
pottery-making. The earliest known pot-
tery in Japan, which is more than 9,000
years old, is simple both in decoration
and in vessel shape. The contents of a
long series of progressively more recent
sites serve to document the changes in
decoration and vessel form that culmi-
nate in the Jomon pottery complex that

northeast (black arrows show sample storm tracks) that a return
to Japan was impossible. Thereafter the winds and currents favored
continued drifting eastward along a great-circle course to Ecuador.



flourished about 3000 B.c. and pos-
sessed the elements that make their sud-
den appearance on the coast of Ecuador
at that time. Hence the Jomon sites on
Kyushu satisfy two contextual criteria:
equal or greater antiquity and well-
established antecedents. The third cri-
terion—absence of functional limitation
—is also fulfilled, since the techniques
of decoration and variations in rim and
base form of these vessels are not dic-
tated by the use to which they were put.

Enough is known about the pattern of

subsistence during the Jomon pe-
riod to hazard a reconstruction of the
way in which Jomon-like pottery came
to be introduced to Ecuador. Since the
Jomon people engaged in deep-sea fish-
ing, we may suppose that a group set
out on what was meant to be a routine
fishing trip. As they moved away from
the southern shore of Kyushu they
would have entered waters with some
of the strongest currents in the entire
Pacific Ocean. These currents move
northeastward along the coast of Japan
at 24 to 32 nautical miles per day—a
speed that under normal circumstances
would not have made it impossible for
the fishermen to get home. South of
Japan, however, is the region where
typhoons develop, and the path of these
storms often follows the northeast direc-
tion of the strong ocean currents.

Such a storm could have caught a
boatload of fishermen and swept them
far to the northeast. After the wind had
died down the force of the current
could have been so strong that the
fishermen would not have been able to
return to Japan. In such circumstances
the fishermen would probably have
settled down to await whatever end
might be in store for them.

Those of us who belong to land-ori-
ented cultures may find it difficult to
believe that such involuntary voyagers
could survive a few weeks at sea, let
alone the months required to reach Ec-
uador. In possessing this attitude we
reflect a background of several millen-
niums of civilized life, during which we
have lost our ability to survive when
thrown on our own resources in an un-
familiar environment. In contrast, the
peoples of Micronesia are brought up
even today to regard the sea as a source
of food and an avenue of communica-
tion; they are not afraid to set out on
long voyages, nor do they become
panic-stricken if they lose their way.
Although they do not always survive,
their chances of doing so are relatively
good. It seems likely that the prehistoric

Jomon fishermen, like the modern Mi-
cronesians, knew how to keep them-
selves provided with food and water
and were accustomed to spending days
at sea exposed to sun, wind and rain.

Currents that move five to 10 nautical
miles per day prevail along the Jomon
fishermen’s probable transpacific route,
which curves far to the north of Hawaii
and then southeastward along the coast
of North America until it reaches the
latitude of Baja California. There some
currents bear to the west, out into the
Pacific [see illustration on opposite
page]. Here chance could have turned
a drifting boat away from land, but
evidently the Jomon fishermen contin-
ued southward.

From a geographical standpoint Ec-
uador is a predictable landfall: its coast
projects farther to the west than any
other part of South America except the
adjacent coast of Peru. It is also the
point where ocean currents from north
and south meet, join forces and form
the equatorial current moving west.
This pattern of currents would carry a
drifting craft westward if it did not first
reach the coast of Ecuador. Such may
well have been the fate of similar voy-
agers in earlier or later times. The Jo-
mon fishermen who introduced pottery
to the coastal Ecuadorians were more
fortunate. At landfall they had traveled
more than 8,000 nautical miles. As a
great-circle route this is the shortest dis-
tance between Kyushu and Ecuador,
but it is still an epic voyage.

There may have been a physical re-
semblance between the Jomon fisher-
men and the people they met ashore.
The modern Japanese, whose appear-
ance is quite different from that of
South American Indians, are compara-
tively recent arrivals from the Asiatic
mainland and do not represent the
physical type prevalent among the is-
lands’ inhabitants during Jomon times.
Communication between the newcom-
ers and the local people must have been
restricted at first by the absence of a
common language; patterns of social be-
havior and religious belief doubtless dif-
fered in general or in detail. More im-
portant than these differences was the
fact that the Jomon people and the
indigenous population represented an
approximately equal level of cultural
development; adjustment should not
have been difficult.

One further difference that must have
struck the newcomers was the absence
of pottery in Ecuador. They began to
instruct the Valdivians, who were such
apt students that their pottery soon
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COAST OF ECUADOR, from Cabo San
Lorenzo to La Puntilla, is the most west-
erly part of South America except for the
portion of Peru between the Gulf of Guaya-
quil and Punta Negra. This position makes
the region a logical transpacific landfall.

equaled and perhaps surpassed that of
distant Kyushu. The newcomers may
have brought about modifications in
other aspects of the Valdivia culture. If
so, the traces have been obliterated by
the destructive action of nature and
man during succeeding millenniums.

If our reconstruction of the origin of

Valdivia pottery is correct, the ques-
tion remains of whether or not this
transpacific contact—and others that
may later have resulted in the intro-
duction of different technologies, art
styles and patterns of behavior—signifi-
cantly modified the direction of indig-
enous cultural development in the New
World. Were transpacific influences
from the high cultures of Asia funda-
mentally responsible for the develop-
ment of civilization in the New World,
or were their effects superficial, like the
frosting on a cake? Two decades ago
most archaeologists accepted the idea
that civilization followed a parallel but
independent course of development in
the Old World and the New. Now we
are not so sure. The origins of many
major features of New World culture—
for example metallurgy, mathematics
and writing—are still unknown. Until it
can be shown that these arts have local
antecedents or that, like Valdivia pot-
tery, they are transplants from the Old
World cultural stream, no final answer
can be given.
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AUTORADIOGRAPH shows a duplicating chromosome from the
bacterium Escherichia coli enlarged about 480 diameters. The
DNA of the chromosome is visible because for two generations it
incorporated a radioactive precursor, tritiated thymine. The thy-

mine reveals its presence as a line of dark grains in the photo-
graphic emulsion. (Scattered grains are from background radia-
tion.) The diagram on the opposite page shows how the picture
is interpreted as demonstrating the manner of DNA duplication.
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THE BACTERIAL CHROMOSOME

When bacterial DNA 1s labeled with radioactive atoms, it takes its

own picture. Autoradiographs reveal that the bacterial chromosome

1s a single very long DNA molecule and show how it 1s duplicated

he information inherited by living
I things from their forebears is in-
scribed in their deoxyribonucleic
acid (DNA). It is written there in a de-
cipherable code in which the “letters”
are the four subunits of DNA, the nu-
cleotide bases. It is ordered in functional
units—the genes—and thence translated
by way of ribonucleic acid (RNA) into
sequences of amino acids that determine
the properties of proteins. The proteins
are, in the final analysis, the executors of
each organism’s inheritance.

The central event in the passage of
genetic information from one generation
to the next is the duplication of DNA.
This cannot be a casual process. The
complement of DNA in a single bac-
terium, for example, amounts to some
six million nucleotide bases; this is the
bacterium’s “inheritance.” Clearly life’s
security of tenure derives in large mea-
sure from the precision with which
DNA can be duplicated, and the man-
ner of this duplication is therefore a
matter of surpassing interest. This ar-
ticle deals with a single set of experi-
ments on the duplication of DNA, the
antecedents to them and some of the
speculations they have provoked.

When James D. Watson and Francis

H. C. Crick developed their two-
strand model for the structure of DNA,
they saw that it contained within it the
seeds of a system for self-duplication.
The two strands, or polynucleotide
chains, were apparently related physi-
cally to each other by a strict system of
complementary base pairing. Wherever
the nucleotide base adenine occurred
in one chain, thymine was present in
the other; similarly, guanine was always
paired with cytosine. These rules meant
that the sequence of bases in each chain
inexorably stipulated the sequence in

by John Cairns

the other; each chain, on its own, could
generate the entire sequence of base
pairs. Watson and Crick therefore sug-
gested that accurate duplication of DNA
could occur if the chains separated and
each then acted as a template on which
a new complementary chain was laid
down. This form of duplication was
later called “semiconservative” be-
cause it supposed that although the in-
dividual parental chains were conserved
during duplication (in that they were
not thrown away), their association
ended as part of the act of duplication.

The prediction of semiconservative
replication soon received precise experi-
mental support. Matthew S. Meselson
and Franklin W. Stahl, working at
the California Institute of Technology,
were able to show that each molecule
of DNA in the bacterium Escherichia
coli is composed of equal parts of new-
ly synthesized DNA and of old DNA
that was present in the previous genera-‘
tion [see top illustration on next page].
They realized they had not proved that
the two parts of each molecule were in
fact two chains of the DNA duplex, be-
cause they had not established that the
molecules they were working with con-
sisted of only two chains. Later experi-
ments, including some to be described
in this article, showed that what they
were observing was indeed the separa-
tion of the two chains during duplica-
tion.

The Meselson-Stahl experiment dealt
with the end result of DNA duplication.
It gave no hint about the mechanism
that separates the chains and then su-
pervises the synthesis of the new chains.
Soon, however, Arthur Kornberg and
his colleagues at Washington University
isolated an enzyme from E. coli that, if
all the necessary precursors were pro-
vided, could synthesize in the test tube
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chains that were complementary in base
sequence to any DNA offered as a tem-
plate. It was clear, then, that polynu-
cleotide chains could indeed act as
templates for the production of comple-
mentary chains and that this kind of
reaction could be the normal process of
duplication, since the enzymes for car-
rying it out were present in the living
cell.

Such, then, was the general back-
ground of the experiments I undertook

INTERPRETATION of autoradiograph on
opposite page is based on the varying den-
sity of the line of grains. Excluding artifacts,
dense segments represent doubly labeled
DNA duplexes (two colored lines), faint
segments singly labeled DNA (color and
black). The parent chromosome, labeled in
one strand and part of another, began to
duplicate at 4; new labeled strands have
been laid down in two loops as far as B.
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FIRST DOUBLING

SEMICONSERVATIVE DUPLICATION was confirmed by the Meselson-Stahl experiment,

SECOND DOUBLING
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which showed that each DNA molecule is composed of two parts: one that is present in the
parent molecule, the other comprising new material synthesized when the parent molecule
is duplicated. If radioactive labeling begins with the first doubling, the unlabeled (black)

and labeled (colored) nucleotide chains of DNA form two-chain duplexes as shown here.

DUPLICATION could proceed in various ways (a-e). In these examples parental chains are
shown as black lines and new chains as colored lines. The arrows show the direction of
growth of the new chains, the newest parts of which are denoted by broken-line segments.
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beginning in 1962 at the Australian
National University. My object was sim-
ply (and literally) to look at molecules
of DNA that had been caught in the act
of duplication, in order to find out
which of the possible forms of semicon-
servative replication takes place in the
living cell: how the chains of parent
DNA are arranged and how the new
chains are laid down [see bottom illus-
tration on this page].

\/ arious factors dictated that the ex-

periments should be conducted with
E. coli. For one thing, this bacterium
was known from genetic studies to have
only one chromosome; that is, its DNA
is contained in a single functional unit
in which all the genetic markers are
arrayed in sequence. For another thing,
the duplication of its chromosome was
known to occupy virtually the entire
cycle of cell division, so that one could
be sure that every cell in a rapidly mul-
tiplying culture would contain replicat-
ing DNA.

Although nothing was known about
the number of DNA molecules in the
E. coli chromosome (or in any other
complex chromésome, for that matter),
the dispersal of the bacterium’s DNA
among its descendants had been shown
to be semiconservative. For this and
other reasons it seemed likely that the
bacterial chromosome would turn out
to be a single very large molecule. All
the DNA previously isolated from bac-
teria had, to be sure, proved to be in
molecules much smaller than the total
chromosome, but a reason for this was
suggested by studies by A. D. Hershey
of the Carnegie Institution Department
of Genetics at Cold Spring Harbor, N.Y.
He had pointed out that the giant mole-
cules of DNA that make up the genetic
complement of certain bacterial viruses
had been missed by earlier workers
simply because they are so large that
they are exceedingly fragile. Perhaps the
same thing was true of the bacterial
chromosome.

If so, the procedure for inspecting
the replicating DNA of bacteria would
have to be designed to cater for an ex-
ceptionally fragile molecule, since the
bacterial chromosome contains some 20
times more DNA than the largest bac-
terial virus. It would have to be a case
of looking but not touching. This was
not as onerous a restriction as it may
sound. The problem was, after all, a
topographical one, involving delineation
of strands of parent DNA and newly
synthesized DNA. There was no need
for manipulation, only for visualization.

Although electron microscopy is the



obvious way to get a look at a large
molecule, I chose autoradiography in
this instance because it offered certain
peculiar advantages (which will become
apparent) and because it had already
proved to be the easier, albeit less ac-
curate, technique for displaying large
DNA molecules. Autoradiography capi-
talizes on the fact that electrons emitted
by the decay of a radioactive isotope
produce images on certain kinds of pho-
tographic emulsion. It is possible, for
example, to locate the destination with-
in a cell of a particular species of mole-
cule by labeling such molecules with a
radioactive atom, feeding them to the
cell and then placing the cell in contact
with an emulsion; a developed grain in
the emulsion reveals the presence of a
labeled molecule [see “Autobiographies
of Cells,” by Renato Baserga and Wal-
ter E. Kisieleski; SCIENTIFIC AMERICAN,
August, 1963].

It happens that the base thymine,
which is solely a precursor of DNA,
is susceptible to very heavy labeling
with tritium, the radioactive isotope of
hydrogen. Replicating DNA incorpo-
rates the labeled thymine and thus be-
comes visible in autoradiographs. I had
been able to extend the technique to
demonstrating the form of individual
DNA molecules extracted from bacteri-
al viruses. This was possible because, in
spite of the poor resolving power of
autoradiography (compared with elec-
tron microscopy), molecules of DNA
are so extremely long in relation to the
resolving power that they appear as a
linear array of grains. The method gross-
ly exaggerates the apparent width of
the DNA, but this is not a serious fault
in the kind of study I was undertaking.

The general design of the experiments
called for extracting labeled DNA from
bacteria as gently as possible and then

mounting it—without breaking the DNA
molecules—for autoradiography. What
I did was kill bacteria that had been fed
tritiated thymine for various periods
and put them, along with the enzyme
lysozyme and an excess of unlabeled
DNA, into a small capsule closed on one
side by a semipermeable membrane.
The enzyme, together with a detergent
diffused into the chamber, induced the
bacteria to break open and discharge
their DNA. After the detergent, the en-
zyme and low-molecular-weight cellular
debris had been diffused out of the
chamber, the chamber was drained,
leaving some of the DNA deposited on
the membrane [see illustration below].
Once dry, the membrane was coated with
a photographic emulsion sensitive to
electrons emitted by the tritium and was
left for two months. I hoped by this
procedure to avoid subjecting the DNA
to appreciable turbulence and so to find

& - %R
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AUTORADIOGRAPHY EXPERIMENT begins

with bacteria

|

and cellular debris are washed away by saline solution diffused

whose DNA has been labeled with radioactive thymine. The bac.
teria and an enzyme are placed in a small chamber closed by a semi-
permeable membrane (I). Detergent diffused into the chamber
causes the bacteria to discharge their contents (2). The detergent

through the chamber (3). The membrane is then punctured. The
saline drains out slowly (4), leaving some unbroken DNA mole-
cules (color) clinging to the membrane (5). The membrane, with
DNA, is placed on a microscope slide and coated with emulsion (6).
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DNA synthesized in E. coli fed radioactive thymine for three
minutes is visible in an autoradiograph, enlarged 1,200 diameters,
as an array of heavy black grains (left). The events leading to the
autoradiograph are shown at right. The region of the DNA chains

some molecules that—however big—had
not been broken and see their form. In-
asmuch as E. coli synthesizes DNA dur-
ing its entire division cycle, some of the
extracted DNA should be caught in the
act of replication. (Since there was an
excess of unlabeled DNA present, any
tendency for DNA to produce artificial
aggregates would not produce a spuri-
ous increase in the size of the labeled
molecules or an alteration in their form.)

It is the peculiar virtue of autoradiog-

raphy that one sees only what has
been labeled; for this reason the tech-
nique can yield information on the his-
tory as well as the form of a labeled
structure. The easiest way to determine
which of the schemes of replication was
correct was to look at bacterial DNA
that had been allowed to duplicate for
only a short time in the presence of la-
beled thymine. Only the most recently
made DNA would be visible (corre-
sponding to the broken-line segments in
the bottom illustration on page 38), and
so it should be possible to determine if
the two daughter molecules were being
made at the same point or in different
regions of the parent molecule. A pic-
ture obtained after labeling bacteria for
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DURATION OF PULSE

three minutes, or a tenth of a generation-
time [at left in illustration above], makes
it clear that two labeled structures are
being made in the same place. This
place is presumably a particular region
of a larger (unseen) parent molecule
[see diagrams at right in illustration
above].

The autoradiograph also shows that
at least 80 microns (80 thousandths of
a millimeter) of the DNA has been du-
plicated in three minutes. Since duplica-
tion occupies the entire generation-time
(which was about 30 minutes in these
experiments), it follows that the process
seen in the autoradiograph could tra-
verse at least 10 X 80 microns, or about
a millimeter, of DNA between one cell
division and the next. This is roughly
the total length of the DNA in the bac-
terial chromosome. The autoradiograph
therefore suggests that the entire chro-
mosome may be duplicated at a single
locus that can move fast enough to
traverse the total length of the DNA in
each generation.

Finaily, the autoradiograph gives evi-
dence on the semiconservative aspect of
duplication. Two structures are being
synthesized. It is possible to estimate
how heavily each structure is labeled (in
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synthesized during the “pulse-labeling” is radioactive and is shown
in color (a). The radioactivity affects silver grains in the photo-
graphic emulsion (b). The developed grains appear in the auto-
radiograph (c), approximately delineating the new chains of DNA.

terms of grains produced per micron of
length) by counting the number of ex-
posed grains and dividing by the length.
Then the density of labeling can be
compared with that of virus DNA la-
beled similarly but uniformly, that is, in
both of its polynucleotide chains. It
turns out that each of the two new struc-
tures seen in the picture must be a sin-
gle polynucleotide chain. If, therefore,
the picture is showing the synthesis of
two daughter molecules from one parent
molecule, it follows that each daughter
molecule must be made up of one new
(labeled) chain and one old (unlabeled)
chain—just as Watson and Crick pre-
dicted.

The “pulse-labeling” experiment just

described yielded information on the
isolated regions of bacterial DNA actu-
ally engaged in duplication. To learn if
the entire chromosome is a single mole-
cule and how the process of duplication
proceeds it was necessary to look at
DNA that had been labeled with triti-
ated thymine for several generations.
Moreover, it was necessary to find, in
the jumble of chromosomes extracted
from E. coli, autoradiographs of un-
broken chromosomes that were disen-



tangled enough to be seen as a whole.
Rather than retrace all the steps that
led, after many months, to satisfactory
pictures of the entire bacterial chromo-
some in one piece, it is simpler to pre-
sent two sample autoradiographs and
explain how they can be interpreted
and what they reveal.

The autoradiographs on page 36 and
at the right show bacterial chromosomes
in the process of duplication. All that is
visible is labeled, or “hot,” DNA; any
unlabeled, or “cold,” chain is unseen. A
stretch of DNA duplex labeled in only
one chain (“hot-cold”) makes a faint
trace of black grains. A duplex that is
doubly labeled (“hot-hot”) shows as a
heavier trace. The autoradiographs
therefore indicate, as shown in the dia-
grams that accompany them, the extent
to which new, labeled polynucleotide
chains have been laid down along la-
beled or unlabeled parent chains. Such
data make it possible to construct a bac-
terial family history showing the process
of duplication over several generations
[see illustration on next page].

The significant conclusions are these:

1. The chromosome of E. coli ap-
parently contains a single molecule of
DNA roughly a millimeter in length and
with a calculated molecular weight of
about two billion. This is by far the
largest molecule known to occur in a
biological system.

2. The molecule contains two poly-
nucleotide chains, which separate at the
time of duplication.

3. The molecule is duplicated at a
single locus that traverses the entire
length of the molecule. At this point
both new chains are being made: two
chains are becoming four. This locus
has come to be called the replicating
“fork” because that is what it looks
like.

4. Replicating chromosomes are not
Y-shaped, as would be the case for a
linear structure [see “d” in bottom illus-
tration on page 38]. Instead the three
ends of the Y are joined: the ends of the
daughter molecules are joined to each
other and to the far end of the parent
molecule. In other words, the chromo-
some is circular while it is being dupli-
cated.

It is hard to conceive of the behavior
of a molecule that is about 1,000 times
larger than the largest protein and that
exists, moreover, coiled inside a cell
several hundred times shorter than it-
self. Apart from this general problem of
comprehension, there are two special
difficulties inherent in the process of
DNA duplication outlined here. Both

have their origin in details of the struc-
ture of DNA that I have not yet dis-
cussed.

The first difficulty arises from the op-
posite polarities of the two polynu-
cleotide chains [see illustration on page
43]. The deoxyribose-phosphate back-
bone of one chain of the DNA duplex
has the sequence —O-C3—C,-C;-O-P-
0-C,4—C,~C;-O-P-... (The C;, C; and
C; are the three carbon atoms of the
deoxyribose that contribute to the
backbone.) The other chain has the se-
quence —P-O-C;-C,—C3-O-P-O-C;-
C,~C4—O-...

If both chains are having their com-
plements laid down at a single locus
moving in one particular direction, it
follows that one of these new chains
must grow by repeated addition to the
C; of the preceding nucleotide’s deoxy-
ribose and the other must grow by addi-
tion to a C;. One would expect that two
different enzymes should be needed for
these two quite different kinds of polym-
erization. As yet, however, only the
reaction that adds to chains ending in
C; has been demonstrated in such ex-
periments as Kornberg’s. This fact had
seemed to support a mode of replication
in which the two strands grew in op-
posite directions [see “a” and “¢” in
bottom illustration on page 38]. If the
single-locus scheme is correct, the prob-
lem of opposite polarities remains to be
explained.

The second difficulty, like the first, is
related to the structure of DNA. For the
sake of simplicity I have been repre-
senting the DNA duplex as a pair of
chains lying parallel to each other. In
actuality the two chains are wound heli-
cally around a common axis, with one
complete turn for every 10 base pairs,
or 34 angstrom units of length (34 ten-
millionths of a millimeter). It would
seem, therefore, that separation of the
chains at the time of duplication, like
separation of the strands of an ordinary
rope, must involve rotation of the parent
molecule with respect to the two daugh-
ter molecules. Moreover, this rotation
must be very rapid. A fast-multiplying
bacterium can divide every 20 minutes;

COMPLETE CHROMOSOME is seen in this
autoradiograph, enlarged about 370 diame-
ters. Like the chromosome represented on
pages 36 and 37, this one is circular, al-
though it happens to have landed on the
membrane in a more compressed shape and
some segments are tangled. Whereas the first
chromosome was more than halfway through
the duplication process, this one is only
about one-sixth duplicated (from A4 to B).
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BACTERIAL DNA MOLECULE apparently replicates as in this schematic diagram. The
two chains of the circular molecule are represented as concentric circles, joined at a
“swivel” (grdy spot). Labeled DNA is shown in color; part of one chain of the parent mole-
cule is labeled, as are two generations of newly synthesized DNA. Duplication starts at the
swivel and, in these drawings, proceeds counterclockwise. The arrowheads mark the repli-
cating “fork”: the point at which DNA is being synthesized in each chromosome. The draw-
ing marked 4 is a schematic rendering of the chromosome in the autoradiograph on page 36.
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during this time it has to duplicate—and
consequently to unwind—about a milli-
meter of DNA, or some 300,000 turns.
This implies an average unwinding rate
of 15,000 revolutions per minute.

At first sight it merely adds to the
difficulty to find that the chromosome
is circular while all of this is going
on. Obviously a firmly closed circle—
whether a molecule or a rope—cannot be
unwound. This complication is worth
worrying about because there is increas-
ing evidence that the chromosome of E.
coli is not exceptional in its circularity.
The DNA of numerous viruses has been
shown either to be circular or to become
circular just before replication begins.
For all we know, circularity may there-
fore be the rule rather than the excep-
tion.

here are several possible explana-

tions for this apparent impasse, only
one of which strikes me as plausible.

First, one should consider the pos-
sibility that there is no impasse—that in
the living cell the DNA is two-stranded
but not helical, perhaps being kept that
way precisely by being in the form of a
circle. (If a double helix cannot be un-
wound when it is firmly linked into a
circle, neither can relational coils ever
be introduced into a pair of uncoiled
circles.) This hypothesis, however, re-
quires a most improbable structure for
two-strand DNA, one that has not been
observed. And it does not really avoid
the unwinding problem because there
would still have to be some mechanism
for making nonhelical circles out of the
helical rods of DNA found in certain
virus particles.

Second, one could avoid the unwind-
ing problem by postulating that at
least one of the parental chains is re-
peatedly broken and reunited during
replication, so that the two chains can
be separated over short sections with-
out rotation of the entire molecule. One
rather sentimental objection to this
hypothesis (which was proposed some
time ago) is that it is hard to imagine
such cavalier and hazardous treatment
being meted out to such an important
molecule, and one so conspicuous for
its stability. A second objection is that
it does not explain circularity.

The most satisfactory solution to the
unwinding problem would be to find
some reason why the ends of the chro-
mosome actually must be joined togeth-
er. This is the case if one postulates that
there is an active mechanism for un-
winding the DNA, distinct from the
mechanism that copies the unwound



OPPOSITE POLARITIES of the two parental chains of the DNA
duplex result in opposite polarities and different directions of
growth in the two new chains (color) being laid down as comple-
ments of the old ones during duplication. Note that the numbered
carbon atoms (I to 5) in the deoxyribose rings (solid black) are

in different positions in the two parental chains and therefore in
the two new chains. As the replicating fork moves downward, the
new chain that is complementary to the left parental chain must
grow by addition to a Cj, the other new chain by addition to a C;,
as shown by the arrows. The elliptical shapes are the four bases.
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chains. Now, any active unwinding
mechanism must rotate the parent mole-
cule with respect to the two new mole-
cules—must hold the latter fast, in other
words, just as the far end of a rope must
be held if it is to be unwound. A little
thought will show that this can be most
surely accomplished by a machine at-
tached, directly or through some com-
mon “ground,” to the parent molecule

am

POSSIBLE MECHANISM for unwinding the DNA double helix is
a swivel-like machine to which the end of the parent molecule and
also the ends of the two daughter molecules are joined. The torque
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and to the two daughters [sce illustra-
tion below]. Every turn taken by such
a machine would inevitably unwind the
parent molecule one turn.

Although other kinds of unwinding
machine can be imagined (one could be
situated, for example, at the replicating
fork), a practical advantage of this par-
ticular hypothesis is that it accounts for
circularity. It also makes the surprising
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—and testable—prediction that any ir-
reparable break in the parent molecule
will instantly stop DNA synthesis, no
matter how far the break is from the
replicating fork. If this prediction is ful-
filled, and the unwinding machine ac-
quires the respectability that at present
it lacks, we may find ourselves dealing
with the first example in nature of some-
thing equivalent to a wheel.

imparted by this machine is considered to be transmitted along
the parent molecule, producing unwinding at the replicating fork.
If this is correct, chromosome breakage should halt duplication.



Kodalk advertises:

the mating game, audiovisual style ... an odd chemical in a plain bottle ...
seeing to 30y, unafraid of sweat and dew ... expected improvements in photography

The chief starts it off crisply

Orders are now being accepted by camera shops and audio-
visual dealers for a little device of ours priced at less than $30
that mates any decent stereo tape machine to a Kobak
CAROUSEL Projector. It permits a field man to fill more of the
happily heavy demand for presentations of his observations
without neglect of his obligations at home base.

The chief’s voice is heard from the tape. When he makes
the recording, every time he pushes the “forward” button of
the CAROUSEL Projector a signal is recorded on the unused one
of the two stereo audio channels. In playback the beep is never
heard but serves merely to change the slide.

Carefully prepared among all the comforts of home, with
opportunity for revision, polishing, and editing, his presenta-
tion is succinct and finishes in plenty of time to allow a good,
stimulating question period. This question period is handled
by the junior colleague who brought the tape, the recorder,
and the CarouseL Slide Tray of 80 slides. (The hosts will
probably provide the CAROUSEL Projector. It is becoming sort
of standard lecture equipment.) The junior colleague needs the
practice of standing up before an audience to defend and
promote the line of research. Being junior, he is doubtless more
intimately familiar with the details than the chief. With his
mentor present only in canned form, he will feel less inhibited.

Kobpak CAROUSEL Sound Synchronizer we designate the little
gadget. It works with the CAROUSEL 700, 800, or AV-900 Projector.

See the free radical

We are prepared to
sell 5 grams of 2,2-
Diphenyl-1-picrylhy-
drazylinaplain,non-
cryogenic bottle for
$14.35. If you like
you can imagine the weirdly unpaired electrons glittering at
you. When the great organic chemist Gomberg first proposed
the concept of a stable free radical to explain some strange
results in 1900, skeptics squelched him. A generation later the
far more stable free radical we picture above had been made
and had been shown to exist mainly as the monomeric radi-
cal whether in solid state or in solution.

EASTMAN 7703 probably isn’t the oddest of all the thousands of
EASTMAN Organic Chemicals that can be ordered from Distillation
Products Industries, Rochester, N. Y. 14603 (Division of Eastman
Kodak Company). Let’s hope your library has all four supplements
irl its copy of List No. 43.

Another successful marriage
from the periodic table

Cadmium telluride now becomes an engineering material.

Some imaginative combinations of elements are sought out
for what they will do and others for what they won’t do.
Cadmium telluride won’t interact with photons hardly at all
from 2 to 30uin wavelength. Much the same can be said of that
more familiar compound sodium chloride, but sodium chloride
is far less tenacious of the solid state. Incompatible is useful-
ness in seasoning watermelon and supporting life with useful-
ness for constructing durable optical parts that pass thermal
radiation.

Similarly transparent are several other alkali halides and
similarly vulnerable to dew and sweat. One halide, thallium
bromide-iodide (“‘KRS-5"), that has had to do for far-infrared
transmission, is less soluble than the others but still plenty
soluble by comparison with CdTe and prone to cold flow

under mere gravity, an optically disconcerting effect.

We have learned how to put cadmium telluride into a form
which is neither an amorphous glass (no cold flow) nor a
crystal (hence no cleavage planes for splitting) but an inter-
locked mass of crystals that takes and keeps a beautiful
optical polish and looks about as transparent as coal.*

CdTe is the sixth compound to
which we have successfully applied
our proud art of creating polycrystal-
line optical materials. It will become
known as KobAk IRTRAN 6 Material.
By comparison with all the other
IRTRAN materials, we’d have to call it
soft, but it is not as soft as any of the
known alternatives for its wavelength
range. For low thermal expansion it trounces them severely.

Special Products Sales, Fastman Kodak Company, Rochester,
l])V. Y. 14650 (phone 716-325-2000, ext. 5166) handles all IRTRAN
usiness.

Beneath the frosting

The new cadmium telluride and the old tame free radical
make fine frosting for a substantial, tummy-filling cake we
have managed to bake in 1965 by the old-fashioned recipe
of giving the public what they expect of us. What they expect
of us is unflagging progress in making photography more
painless. On TV and in the popular press we can deal only
with the fun side. Here is some unfunny news of possible
value to you:

EASTMAN TRI-X Reversal Film has been modified to
become the 16mm film of choice when bright lights shining
at the camera threaten to mess up the photography with their
haloes. Furthermore, the Manufacturing Approval Card for
the revision, a company-confidential document that would be
worthless unless candid, calls the graininess improvement
“impressive.” No sacrifice has been made in speed. Details
from our Motion Picture & Education Markets Division.

EASTMAN 4-X Panchromatic Negative Film cashes in
on the other side of the coin from certain recent discoveries of
ours concerning speed/grain ratio. With little or no sacrifice in
graininess from movie films now in general use, it makes possi-
ble properly exposed 16mm or 35mm motion-picture photog-
raphy in environments so dim that most exposure meters don’t
work reliably. Details from our Motion Picture & Education
Markets Division.

KopAK EKTACHROME MS Film can now be obtained
with super-strong EsTAR Base for rough duty, as in high-speed
cameras. This color film for data-gathering can have its
effective exposure index adjusted in processing aftrer exposure,
since engineers cannot always control light levels as precisely
as can the cinematographers of the entertainment industry.
Details from our Instrumentation Products Group.

No product name yet but various arrangements are being
worked out to supply unusual sensitized goods to groups now
engaged in projects for direct recording of electron beams. To
the surprise of some engineers, a 100-megacycle carrier turns
out to be not beyond photographic recording with a pencil of
electrons when no phosphor or lens intervenes. Inquiries of
more than merely casual motivation are welcomed by our
Special Applications Group.

1¢’s all Eastman Kodak Company, Rochester, N.Y. 14650.
;‘At 850mp the curtain due to absorption by electrons starts to lift, is all the way up

by 24, stays all the way up until lattice vibration starts absorbing photons at 284,
and doesn’t fully cut off the show before 304. About the only loss over that long
span is the 2-surface reflection loss of 359%,. If this is too much, the high index

permits relief by coating. The high index also suggests use of the material for
“immersing” detectors, where it contributes to collecting power.

Prices subject to change without notice,
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READ WHAT
VERSATILE

tin
IS DOING NOW

METALLURGICALLY—

Tin is one of the oldest metals used
by man. Nevertheless it is an important
factor in many of the newest develop-
ments in science and industrial tech-
nology. Here are three such examples
of metallurgical applications:

m As the bath for casting float glass,
a new process developed in England
which makes better plate glass than
was possible in the past.

m As an additive for improving the
characteristics of cast iron.
Unusual uses for tin may be found in
the electrical and electronics indus-
tries in the form of metal whiskers,
a natural metallurgical phenomenon,
or as crystalline growth deliberately
stimulated in the laboratory.

CRYOGENICALLY—

Tin, in alloy with columbium or lead,
is one of the key metals in the exciting
new science of cryogenics. Because it
loses all electrical resistance when cooled
close to absolute zero, the metal can be
used as a super-conductor. Some possi-
bilities envisaged by physicists are:

m For superconducting magnets, open-
ing up new vistas for all branches
of science.

m High-speed switching devices for
computers.

m Power transmission.

m Frictionless bearings, gyroscopes.

CHEMICALLY—

Tin chemicals (stannous chloride or
tin oxide), used recently for such diverse
applications as weighting silk, putting
the glaze in ceramics, and keeping the
scent in soap, are finding new uses
today. Examples:

m In high-reliability resistors for nu-
clear, missile, computer and other
critical fields.

m As an electrical conductor material
in electroluminescence processes.

AND FOR YOU?

Because tin is often a contributor to
many new products, processes and
finishes, we urge you to keep it in mind
as a possible solution to your own cur-
rent or future problems. And remember,
the world’s standard for tin quality and
uniformity is Straits Tin from Malaysia
... 99.899% purity.

FREE BULLETIN

Write today for a free
subscription to TIN
NEWS—a monthly
bulletin on tin sup-
ply, prices and new
uses.

THE MALAYAN

TIN BUREAU

2000 K St., N.W.
Washington, D.C. 20006

The Anti-Ballistic-Missile Ban

citizens’ panel has recommended
Athat the U.S. and the U.S.S.R.

agree to a moratorium of at least
three years on the deployment of anti-
missile missiles in an effort to avoid
escalation of the nuclear-arms race. The
moratorium suggestion was one in a long
series of proposals made by a disarma-
ment panel to the White House Con-
ference on International Cooperation
at the end of November. The chairman
of the panel was Jerome B. Wiesner of
the Massachusetts Institute of Tech-
nology, former science adviser to Presi-
dent Kennedy.

Anti-ballistic-missile (ABM) systems
have been in development for some
years, both in this country and in the
U.S.SR. The technological problems
and the costs are formidable, and suc-
cessive U.S. administrations have re-
fused to move into production and
deployment of the Army’s Nike Zeus
system in spite of strong pressure from
the Army and from some members of
Congress. In 1963, according to The
New York Times, the Senate met in
secret session (for the first time since
World War II) to consider authorizing
an ABM system but voted against it
58 to 16. Research and development
have continued, however; at a cost of
some $2 billion advanced radars and
computers have been developed to cope
with the task of distinguishing incoming
warheads from decoys, tracking them
and guiding the new Nike-X and Sprint
nuclear antimissile missiles to intercept
them. Last summer the Joint Chiefs of
Staff unanimously recommended pro-
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SUIENGE AND

ceeding with at least a limited ABM
system; it would cost about $8 billion
and, it is maintained by the Joint
Chiefs, offer adequate protection against
a missile threat from China if not from
the U.S.SR. A complete ABM defense,
it has been estimated, would cost some
$20 billion. An integral part of any ABM
defense would be a nationwide system
of fallout shelters.

The Wiesner report urged a mora-
torium “on new deployment (but not on
the unverifiable research and develop-
ment) of systems for ballistic-missile de-
fense.” Even if a limited system were
said to be directed toward the Chinese
threat only, according to the panel, any
antimissile program would almost sure-
ly lead both the U.S. and the U.S.SR.
to increase their strategic-weapons pro-
grams in an effort to maintain their
“deterrent” power. Maintaining that the
time is not “appropriate” for a U.S. de-
cision to deploy an ABM system, the
panel first questioned the basic military
value of the system, quoting Defense
Secretary Robert S. McNamara’s state-
ment that “there are many technical
problems still to be solved” in addition
to problems of how to fit an antimissile
system into an overall defense against
nuclear attack. A moratorium would
provide time, moreover, for considera-
tion of important political aspects of
ABM deployment. The panel listed
some of them: Could undesired effects
on the deterrent forces of the two super-
powers be avoided? Should ABM sys-
tems be emplaced in Europe? Should
they be made available to allies? Would
deployment play into the hands of
China by disrupting Soviet-U.S. rela-
tions and progress in arms control? Does
the Chinese threat really require im-
mediate action? The panel concluded
that inauguration of ABM production
would seriously upset the tenuous dé-
tente between the U.S. and the U.S.S.R.
and make efforts to freeze or reduce the
level of strategic delivery systems im-
possible.

Apart from the ABM moratorium the
panel’s most striking recommendations
called for talks between the U.S. and
China on arms control, a nonaggression
treaty between NATO and the Warsaw
Pact organization, a zone of U.S. and
Soviet arms limitation in the Bering
Strait area and a series of efforts to pre-
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vent nuclear proliferation. These would
include a comprehensive, verifiable test-
ban treaty; an end to production of
weapons-grade fissionable material by
the U.S., the U.S.S.R. and the United
Kingdom; a treaty prohibiting the trans-
fer of nuclear weapons by nuclear pow-
ers to other countries, supplemented by
pledges to defend nonnuclear countries
against nuclear attack.

In this connection the panel recom-
mended that Western security arrange-
ments should “not result in the creation
of new nuclear forces.” One of the re-
iterated objectives of U.S. policy has
been the creation of some kind of “mul-
tilateral force” to give NATO allies a
greater share in nuclear weapons. West
Germany’s access to nuclear arms in
such a force has been cited by the
U.S.S.R. as an obstacle to any nonpro-
liferation treaty. During November it
was revealed—first by Congressman
Chet Holifield, chairman of the Joint
Congressional Committee on Atomic
Energy—that for at least six years the
U.S. has made nuclear warheads avail-
able to its allies in Europe, including
West Germany. The Department of De-
fense acknowledged that some of these
weapons are actually mounted in allied
aircraft but insisted that they remain
under U.S. control through “permissive
action links” ranging from U.S. sentries
guarding the planes to U.S.-operated
electronic controls that arm the war-
heads.

The General Assembly of the United
Nations meanwhile took several actions
with regard to arms control. The Gen-
eral Assembly voted 93 to 0 for a
resolution instructing its Disarmament
Committee, which meets in Geneva, to
prepare a treaty to bar the spread of
nuclear weapons. The General Assem-
bly also passed, 112 to 0, a resolution
calling for “a world disarmament con-
ference not later than 1967,” to which
all countries would be invited—includ-
ing China.

Jupiter as a Star

Recent studies of the infrared radia-

tion from Jupiter, the largest body
in the solar system apart from the sun,
indicate that it radiates about two and
a half times more heat than it receives
from the sun. The discovery of this

THE MOST ACCURATE

VOLTMETER EVER MADE
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JOHN FLUKE MFG iNC

BC DIFFEMENTIAL VOLTMETER

With an accuracy of +0.0025% and no last digit uncertainty,
the new Fluke 885 DC Differential Voltmeter is the world’s most
accurate voltmeter. It is also the first truly portable laboratory
standard.

Other features include maximum meter resolution of 0.1 ppm.
Thirty seconds after turn-on, the voltage reading is within
0.0002% of final reading. Peak-to-peak reference stability is 15
ppm for 60 days. Ground loops are completely eliminated when
the battery powered version is used. Price is $1195 for the line
powered instrument and $1325 for the battery powered unit.

Uncommon standards laboratory performance in portable
instrumentation should surprise no one familiar with Fluke.
Surprised or not, if you’d like to know more about the new Model
885 as well as other advanced solid
state differential voltmeters, we
would be pleased to forward com- FLU KE
plete data. Please address Box 7428, em—
Seattle, Washington 98133.
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TMI TUBING
KNOWS HOW TO TAKE

PRESSURE
HOCK!

No matter what YOUR
point-of-view, there never was
such a tubing crisis in American
~ metalworking. Higher! Faster!
Stronger! Lighter! Hotter! Colder!
Applications in nucleonics,
instrumentation, aviation are
absolutely heartless in their
demands on small diameter tubing.
Truthfully, we are glad we have

accumulated the specialized ability |
to cold-draw stainless steel and
newly developed high-temperature,
corrosion-resistant alloys so
successfully. Invitation: climb
aboard . . . specify TMI tubing and
give your precision production

‘:.\a real performance break!

Expect More...

Get More
With TMI Quality !

TUBE METHODS INC.

Engineers : Metallurgists : Manufacturers
Specialists in cold-drawn seamless and |
welded stainless steel and high-temperature, |
corrosion-resistant alloys including Haynes
and Huntington alloys in small diameters:
.050” to 1.250” O.D.

Bridgeport, Montgomery County, Pa. 19405
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self-generated flow of energy inspired
Gerard P. Kuiper, director of the Uni-
versity of Arizona’s Lunar and Plane-
tary Laboratory, where the observations
were made, to remark that “Jupiter in a
sense is a small star rather than a very
large planet.”

To survey Jupiter, Frank ]. Low
coupled a liquid-helium-cooled germani-
um bolometer to the university’s newly
completed 61-inch telescope at Catalina
Station near Tucson. The germanium
bolometer, which Low invented in 1960
and has refined since then, is sensitive
to infrared radiation at wavelengths
ranging from one micron up to one
millimeter; the Jupiter observations
showed the planet’s temperature to be
130 degrees Kelvin, or 25 degrees in
excess of the temperature to be expect-
ed from solar heating alone. This is far
from hot (130 degrees K. is 143 degrees
below zero centigrade), and there is no
evidence that Jupiter’s energy output is
due to thermonuclear processes that il-
luminate the bodies that are usually re-
garded as stars. Nonetheless, if Kuiper’s
view that the planet is a small star is
taken literally, the sun, like most other
stars, is a member of a binary system.

The Hologram and the Computer

One of the most serious deficiencies
of modern computers is their in-
ability to “read” printed or handwritten
instructions made up of characters that
have many variants. Now a British
investigator, Dennis Gabor of the Im-
perial College of Science and Technol-
ogy, has come forward with a new
proposal for mechanical character rec-
ognition. The new system is based on
the technique of holography, or pho-
tography by wave-front reconstruction,
invented by Gabor 17 years ago and re-
cently advanced by the invention of the
laser (see “Photography by Laser,” by
Emmett N. Leith and Juris Upatnieks;
SCIENTIFIC AMERICAN, June, 1965).

In a recent article in Nature Gabor
describes how the hologram principle
can be adapted to serve as the basis
for a mechanical translation, or coding,
device. Ordinarily a hologram is pro-
duced by allowing two sets of light
waves that are coherent, or in step,
to fall simultaneously on a photograph-
ic plate, one set of waves from an il-
luminated object A and the other from
a light source B. (In the recent systems
B is usually a laser.) The two light
waves are recorded as an interference
pattern on the plate. Later the plate
can be illuminated by B alone and it
will produce an image that is an exact
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three-dimensional representation of A.
In effect the original wave fronts re-
flected by A in the first stage of the
process are reconstructed.

Gabor proposes to alter this sequence
of events as follows: Let A be a charac-
ter—for example a printed or hand-
written letter or numeral—that can be
read by a human being but not by a
machine, and let B be a combination of
point light sources that form a code
word that can be read by a machine.
A hologram is produced by combining
A and B. Now when A or a character
sufficiently similar to it is presented to
the hologram with the original illumina-
tion, the code word B will appear.

Because many images can be stored
on a single hologram by changing the
angles of the impinging light waves,
this technique can be used to record a
large number of characters and their
variants. Gabor concludes that “there is
good reason to believe that a single hol-
ogram may discriminate between all the
numerals and the letters of the alphabet,
each with 30 variants.”

Celestial Maser?

Radio astronomers at the Massachu-

setts Institute of Technology and
its associated Lincoln Laboratory have
reported finding celestial radio emission
that is narrower in bandwidth and
more strongly polarized than any previ-
ously observed. The source of the emis-
sion is designated W3, one of a number
of “H II” regions that are strong emit-
ters of radio energy. Such regions con-
sist of a cloud of ionized hydrogen that
has been excited by a hot star.

Some of the H II regions have re-
cently been found to contain hydrogen
combined with oxygen in the form of
hydroxyl (OH) radicals, highly reactive
molecules that consist of one atom of
oxygen and one atom of hydrogen.
These radicals reveal their presence by
emitting or absorbing radio energy at
characteristic frequencies. Absorption of
radio energy by hydroxyl radicals was
first reported in 1963 by radio astrono-
mers at the Lincoln Laboratory (see
“Hydroxyl Radicals in Space,” by Brian
J. Robinson; SCIENTIFIC AMERICAN,
July, 1965).

Late last year Harold F. Weaver,
D. R. W. Williams, Nannielou H. Dieter
and W. T. Lum of the University of
California at Berkeley reported hy-
droxyl emission at a frequency of 1,665
megacycles per second from W3 and
several other H II regions. Because the
emission had certain puzzling features
they concluded that not all of it could



be due to the hydroxyl radical and so
postulated the existence of an unidenti-
fied emission line they called mysterium.
A new study of W3 has now been made
at the Lincoln Laboratory by S. Wein-
reb, M. L. Meeks and ]. C. Carter of
the laboratory staff and Alan H. Barrett
and A. E. E. Rogers of M.ILT. These
workers, reporting in Nature, have con-
cluded that the mysterium line is simply
the 1,665-megacycle emission of hy-
droxyl radicals, but of hydroxyl radicals
in an unusual state of excitation. They
found that some of the emission is lin-
early polarized by as much as 38 per-
cent and that some of the emission fea-
tures have a line width as narrow as
one kilocycle. This is the first polarized
spectral line to be detected by radio
astronomers, and the line is narrower
than any other radio emission line by a
factor of two. The narrowness of the
line is surprising because the gas in an
H II region is assumed to be hot and
turbulent, the effect of which should be
to broaden emission lines.

Several mechanisms might account
for the polarization. For example, radia-
tion will emerge polarized if it is pro-
duced in the presence of a magnetic
field (the Zeeman effect). The observed
polarization, however, would require
fields 100 to 1,000 times stronger than
those that are thought to be present.
The Lincoln Laboratory-M.L.T. workers
now suspect that only some form of
maser action can account for both the
polarization and the extreme narrowness
of line width. In a maser a majority of
the particles in a medium (which can be
a gas) are raised to a particular state of
excitation; when they are stimulated to
drop to some particular lower state, they
emit radiation consisting of a very nar-
row band of frequencies.

Homo erectus in Europe

}101110 erectus, the immediate precur-
sor of modern man, has been repre-
sented only by fossils found in China
(Peking man, formerly known as Sinan-
thropus), in Java (Java man, formerly
known as Pithecanthropus) and in Af-
rica. Now for the first time fossils of
H. erectus have been found in Europe.
The fossils were uncovered in a quar-
ry near Vértesszollos, some 30 miles
west of Budapest, by M. Kretzoi and
L. Vértes of the Hungarian National
Museum. In 1963 Kretzoi and Vértes
had excavated a deeply buried hearth
used by Lower Paleolithic hunters; it
contained pebble tools similar to those
from the caves at Choukoutien in north-
ern China, where the remains of Peking

Speak softly, but...

By its very nature, a free society lives with danger—danger from the greedy,
danger from the envious. A free society—our society—survives only if it
remains vigilant, prepared to battle the danger that threatens.

However, vigilance is not enough. It must be supported by something
stronger than determination. Today, the bulwark of our vigilance is our
arsenal of nuclear weapons that deters aggression and preserves our free
society. This nuclear deterrence is most vital to our national security.

At Los Alamos Scientific Laboratory our job is to provide our nation with
the best nuclear weapons. Our scientists and engineers explore new frontiers,
to develop the most advanced nuclear weapons in the world.

Would you like to be a part of such an important project? Would you like
to join us in looking to the future to find challenge and opportunity . . .
the challenge of advanced problems in a broad range of research and
development activities, and the opportunity to contribute significantly to
your country’s safety?

LASL is operated by the University of California for the Atomic Energy
Commission. We are an equal opportunity employer, but because of the
unique nature of our work, employees must be U.S. citizens.

If you are interested in the development of nuclear deterrence, write Director
of Personnel, Div. 66-10.

This is the fourth in a serigs of ads featuring art by students in the Los
Alamos school system. This hainting is by Yolanda Vigil, who was a fourth
grader at Mesa Elementary Sthool when it was painted.
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Unique aerospace fuel cell

introduces a new louvered
thermal control system
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lightweight, modular
design provides
highly flexible

power systems for
unmanned satellites

Each of these shuttered aerospace fuel-
cell modules weighs just 30 pounds
and occupies less than a half cubic
foot; yet each can deliver 200 watts at
26 volts dc. These modules are de-
signed to operate between 22.0 and
29.5 volts dc.

Developed by Allis-Chalmers for the
Air Force, these 200 watt aerospace
modules feature a weight-saving ther-
mal control system, utilizing self-actu-
ated shutters. They regulate module
emissivity to meet the requirements of
any environment from 20°F to 160°F:
operating parameters readily achieved
by simply selecting a radiation shield
of suitable reflectivity.

The building block concept permits
ideal answers to many different space-
power requirements. Space and weight
are trimmed because no coolant,



Radiation Cooled Fuel-Cell Module.
that one set of louvers is open and one set
is closed to illustrate how the effective
emissivity is varied.

Note

pumps, fans, radiators or inverters are
needed for fuel-cell operation. And
the only interfaces are hydrogen inlet
and purge, oxygen inlet and purge,
water removal to space vacuum, and
the necessary electrical interfaces.

Static moisture control removes 35%
of all heat by exhausting the water
vapor directly into space. Restart capa-
bilities, plus safe and reliable operation,
are assured by Allis-Chalmers asbestos
capillary fuel cell.

These new 200 watt radiation cooled
fuel-cell modules will be ready for de-
livery in mid 1966. We are eager to
discuss your particular application right
now. Write: Marketing, Space and De-
fense Sciences Dept., Allis-Chalmers,
Milwaukee, Wisconsin 53201.

FUEL CELL DESIGN for Aerospace, Hydro-
space, and Terrestrial applications is but
one of the opportunities open today for
qualified scientists and engineers at Allis-
Chalmers. For employment information
write: Manager of Professional Placement,
Allis-Chalmers, Milwaukee, Wis. 53201.

An Equal Opportunity Employer.
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| man were found. In addition to the dis-

tinctive stone tools, the hearth site con-
tained the split and burned bones of
deer, bear, wild ox, horse and dog but—
on first examination—no human remains.

During the 1964 season the two in-
vestigators washed out and sieved sev-
eral hundred pounds of the muddy ma-
trix that contained the hearth floor; the
washed material was taken to the Na-
tional Museum for further study. Kret-
zoi and Vértes now announce in Na-
ture that the washings contained one
intact canine tooth and two fragmentary
molars that unmistakably belong to
Homo erectus.

Electronic Typesetting

method for “setting” type electroni-
“ % cally and photographically at the
rate of 150 letters a second, or about
1,800 words a minute, has been devel-
oped by Max Mathews of the Bell Tele-
phone Laboratories. Unlike other photo-
typesetting methods, Mathews™ method
is able to dispense with a master file of
type faces, which are usually stored on
glass or film. Instead the faces are stored
in digital form within the memory of a
computer. To change from one type face
to another, or to switch to completely
different characters used in other lan-
guages, one simply changes the set of
computer instructions. At present the
system produces printed text whose
quality approaches that of a typewriter.
There is no reason why the quality can-
not be improved to match that of type
in newspapers and books.

In Mathews” method the typesetting
machine is a cathode-ray tube, similar
to a television tube, that generates tiny
letters segment by segment, or patch
by patch, according to a stored pro-
gram. Each letter is only about a quarter
of the size of a letter made by a type-
writer and each patch appears only
fleetingly as the moving electron beam
races along, producing an entire line of
type. Before creating the line the com-
puter figures out in advance the spacing
between letters and words so that the
finished line will exactly fill the column.
The electron beam fills in the patches of
each character by moving in a tight zig-
zag pattern. The shape of each patch
is determined by eight coordinates that
specify its position and contours. Math-
ews was assisted in devising a computer
program by Henry McDonald and Carol
Lochbaum.

The images created on the screen of
the cathode-ray tube are photographed
to provide about 60 lines of type on a
single sheet of film. The film then serves
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as copy for producing an etched plate
that can be used for printing in the
conventional fashion.

Nature’s Morticians

I Iow does it happen that the carcass

of an animal that dies in a natural
environment is rapidly reduced to
bones? According to Jerry A. Payne of
the Oak Ridge National Laboratory, it
happens partly because a small army of
insects and their larvae feeds on the
carcass and partly because bacteria and
digestive juices are brought to the car-
cass by the insects. Payne describes in
Lcology a series of experiments he con-
ducted at Clemson College with the
bodies of baby pigs that were born dead
or were accidentally crushed by their
mothers. “A total of 522 species,” he
writes, “representing three phyla, nine
classes, 31 orders, 151 families and 359
genera were collected and identified
from the five stages of pig-carrion de-
composition.” Of the 522 species, 422
were insects.

Payne exposed the bodies, which
were preserved by freezing until the
start of an experiment, in a wooded en-
vironment under two conditions: one in
which insects had free access to the
carcass and one in which they were
mostly excluded from it. He found in
the first condition that sarcophagids
(flesh-eating flies) arrived within five
minutes and that “each stage of decom-
position was characterized by a particu-
lar group of organisms.” Many of the
insects laid eggs, which soon became
larvae that contributed to the cleaning
activity by feeding on parts of the car-
cass. “By the eighth day only dry skin,
cartilage and bones remained,” Payne
writes; continued activity by various in-
sects during the next two weeks or so
reduced the remains to “hair, bits of
skin, bones and teeth.”

In contrast, “the decomposition and
disintegration of pigs free from insects
was very different.” Carcasses proceed-
ed through bloating and dehydration
stages over a period of several days, ar-
riving at a mummified condition that
lasted as long as two months. “Body
form was still well defined after three
months,” when the experiments, which
were conducted during two summers,
ended. Payne concluded that insects,
attracted to carrion by odor, not only
feed on it but also “undoubtedly hasten
liquefaction and disintegration by dis-
semination of bacteria, by the digestive
juices they secrete and by the mechani-
cal processes of tunneling and burrow-
ing through the carcasses.”
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The Ranger Missions
to the Moon

Nine months after Ranger IX provided live

television close-ups of the moon, the entire

program of Ranger launchings is assessed

by II. M. Schurmeier, R. L. Heacock and A. E. Wolfe

hortly before 6:00 a.a1. Pacific Stan-
S dard Time last March 24, people
in the U.S. saw their first live tele-
vision from space when cameras aboard
Ranger IX began sending back pictures
of the moon. For the next 15 minutes
the images on the television screen car-
ried the viewer closer and closer to the
floor of the crater Alphonsus; finally at
6:08 a.nM. the screen went blank, sig-
naling that the spacecraft had com-
pleted its mission, adding one more
small crater to the millions already on
the lunar surface.

Between August, 1961, and March,
1965, a total ot nine Ranger spacecraft
were launched from Cape Kennedy. Of
seven aimed at the moon, five reached
the lunar surface, with the last three
providing more than 17,000 photo-
graphs. The large majority of these pic-
tures are more detailed than any ever
made from the earth and will keep stu-
dents of lunar geography and geology
busy for years to come. Although the
Ranger program was initially beset with
trouble, the final flights demonstrated
that the program and the vehicle design

TELESCOPIC VIEW OF ALPHONSUS, the target of Ranger IX, was made at the Mount
Wilson Observatory. The photograph represents about the clearest view of the moon obtain-
able from the earth. Compare its detail with that in the Ranger IX photograph at the right.

RANGER IX VIEW OF ALPHONSUS was
made from an altitude of 416 kilometers
(258 miles) while the spacecraft was travel-
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ing at about 5,600 miles per hour. About 165 seconds after the pic- the picture from the large central peak. Ranger IX had missed the
ture was taken Ranger IX crashed near the prominent crater that aiming point by only three miles. Other views of Alphonsus taken
interrupts a rill that can be seen radiating toward the upper right of by Ranger IX as it continued its plunge appear on pages 66 and 67.
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LAUNCH WEIGHT

FLIGHT

DATE  (POUNDS)  DATA RESULTS
August 23, | Failed to reach deep space orbit.
- 675 Earth orbit
< 1961 artorbl Reentered atmosphere August 30, 1961.
g | |
- |
o November 18, Failed to reach deep space orbit.
) 1961 675 Earth orbit Reentered atmosphere November18,1961.
1 Jan;JgerQy 2, 727 Solar orbit Missed moon by 22,862 miles.
; Landed on back side of moon,140.5°W,
Qv April 23, 730 ReaChed MOON | 45 5°3. Experiments unsuccessful
o 1962 in 64 hours . .
c_nj owing to timer failure.
Vv Oct%JGle 8, 755 Solar orbit Missed moon by 450 miles.
Vi | January 30, 804 Reached moon | Landed in Sea of Tranquillity. Television
| 1964 in 65.6 hours cameras failed to function.
- VI | July 28, 806 Reached moon | Landed at site renamed Mare Cognitum.
= 1964 in 68.6 hours Returned 4,308 photographs.
X
8 _ _ 5
5 Vil February 17, 809 Reached moon | Landed in Sea of Tranquillity, 2.569°N,
1965 in 64.9 hours 24.77°E. Returned 7,137 photographs.
IX March 21, Reached moon | Landed in crater Alphonsus,12.91°S,
1965 809 in645hours | 2.38°W. Returned 5,814 photographs.

OUTCOME OF NINE RANGER FLIGHTS appears in this condensed log. The Block I
flights were intended to test new concepts of launching, navigation and attitude control.
The Block II missions sought to hard-land an instrument package on the moon. The
Block III flights were designed to photograph likely landing places for future spacecraft.

were soundly conceived. The purpose of
the final series of flights was to provide
information for planning the unmanned
and manned lunar missions that lie
ahead; this objective was accomplished.

The Ranger project originated in de-
sign studies conducted in 1959 at the
Jet Propulsion Laboratory, which was
operated by the California Institute of
Technology on behalf of the Army Bal-
listic Missile Agency. In 1960 the new-
ly created National Aeronautics and
Space Administration authorized the
Jet Propulsion Laboratory to proceed
with the project. It was clear from the
outset that four major new technologies
would have to be developed before
lunar and planetary missions could be
accomplished.

First and perhaps foremost was the
development of accurate navigation and
guidance systems that would enable a
spacecraft to be directed to a specific
target on or near the moon or the plan-
ets. Second, it was necessary to develop
a spacecraft that would maintain a sta-
ble attitude during flight and that would
assume new orientations on command
from the earth. Attitude stabilization
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was important for several reasons. It
would enable the solar cells that gen-
erated power for the spacecraft’s equip-
ment to operate at maximum echiency,
it would allow the use of a high-gain
directional antenna for maximum efhi-
ciency in communication and make it
possible to aim instruments and cameras
in specific directions. In addition, the
ability to orient the spacecraft on com-
mand was indispensable for mid-course
guidance and for terminal maneuvers
near the moon or the planets.

The third of the new technologies
that had to be developed was a spe-
cial launching method that would com-
pensate for the fact that the launching
site, being geographically fixed, was
not optimal. The launching technique
also had to provide a practical launch-
ing interval so that the takeoff would
not require split-second timing. The re-
quired flexibility had to be achieved,
moreover, without incurring a serious
weight penalty.

Finally, there was the novel problem
of finding ways to sterilize complex
technical apparatus destined to be
landed on the moon or the planets.
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Later the demanding sterilization re-
quirements were dropped when it was
concluded that terrestrial organisms
would not propagate on the moon and
therefore would be confined to the area
of impact on the lunar surface. The
sterilization program has been contin-
ued, however, in anticipation of land-
ings on planets where extraterrestrial
life might conceivably be found. Except
for sterilization, all the new technologies
were developed and demonstrated.

The initial Ranger program consisted
of five flights divided into two blocks.
Block I consisted of two flights in the
second half of 1961 to demonstrate two
of the new technologies: the “parking
orbit” technique that compensated for
the nonoptimal location of the launch-
ing site, and the performance of an atti-
tude-stabilized spacecraft. The launch
vehicle for all the Ranger flights was
a modified Atlas rocket combined with
a second-stage Agena rocket. Because
the Agena failed to perform properly on
both Block I flights, the spacecraft were
not launched successfully from their
parking orbits and only a few simple
checks of their performance could be
made.

The three Block II missions had the
primary goal of placing a small in-
strumented capsule on the surface of
the moon. These missions required the
full technological capability planned for
the Ranger (including sterilization) plus
a retro-rocket system to reduce the
terminal velocity of the capsule. There
was no intention, however, of achieving
a soft landing; the capsule was designed
to survive a substantial impact. Because
of various failures in the launch-vehicle
guidance system and in the spacecraft
itself, a lunar landing was not accom-
plished. Nevertheless, the three flights
demonstrated that a spacecraft could be
launched from a parking orbit, that the
attitude of the craft could be stabilized
and that the communication system
functioned successfully. Unfortunately
the three things were not all achieved
on the same flight.

In 1961, after President Kennedy
had declared that landing a man on the
moon was an urgent national goal, four
more Ranger missions, known collec-
tively as Block III, were added to the
Ranger program. The objective of the
Block III flights was to obtain high-
resolution photographs of selected areas
of the lunar surface. Lessons learned in
the Block I and II flights were applied
in the new effort to increase the proba-
bility of success. These lessons involved
not only changes in the spacecraft and
launch vehicle but also a variety of
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LAST FOUR RANGERS, the Block III versions, were equipped
with six television cameras. The entire spacecraft, which weighed
about 800 pounds, was 12 feet high and 15 feet across with the solar
panels extended. The solar panels had a total area of 25 square feet,
contained 9,792 solar cells and generated 150 watts of power. De-
tailed diagrams show the arrangement of the six television cameras

(A), the nitrogen jets that control the attitude of the spacecraft
during flight (B), the mid-course-correction motor (C) and the
sun-sensor (D). The mid-course motor weighs only 46 pounds and
can provide a thrust of 50 pounds. Note that the television cameras
are aimed more or less toward the rear of the spacecraft, along a
line that forms an angle of 38 degrees with the craft’s central axis.
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changes in ground-support facilities and
methods.

In January, 1964, after a year’s delay,
the first Block III flight, Ranger VI, was
launched. Everything appeared to be
working perfectly until a few minutes
before impact, when the expected tele-
vision signals failed to arrive. It was dis-
covered later that the television sub-
system had been critically damaged
when it had accidentally got turned on
before the spacecraft had attained its
parking orbit. Because the craft at the
time was in a region where high voltages
could ionize the rarefied gases in the
surrounding atmosphere, electric arcing
occurred in the television subsystem,
burning out the high-voltage circuits
that supplied power for the television
transmitters. Design changes were made
in succeeding Rangers to ensure that
the accident would not happen again.

Six months later, on July 31, 1964,
the Ranger team was rewarded for its
long and patient effort when Ranger
VII transmitted back to earth 4,308 ex-
cellent photographs, giving the world
its first close look at the moon’s sur-
face. The equally successful Ranger
VIII and Ranger IX followed in Febru-

ary and March of 1965, bringing the
program to a close.

Spacecraft Design

Let us examine more closely some of
the ingredients that went into the final
success of the Ranger program. We
shall describe the spacecraft itself, the
television subsystem, the testing and
calibration procedures and the flight
program.

Readers with a long memory may
recall that the early instrumented space
probes, such as the Explorer and Pioneer
satellites, had no attitude control be-
yond spin stabilization. A spin-stabilized
satellite tends to remain pointing in a
fixed direction in space as it travels
around the earth or out into the solar
system. The complete attitude stabiliza-
tion built into the Rangers—and into the
similarly designed Mariners that flew to
Venus and Mars—represented a major
step in space technology.

The attitude of these craft was con-
trolled by jets of nitrogen. The jets were
fired in bursts in response to changes in
pointing angle detected by instruments
of two basic types: sensors fixed on the

SUN

NEW MOON

|

FIRST = PARKING - w THIRD
RTE ' RTE
QUA R RANGER QUARTER
TRAJECTORY

FULL MOON

RANGER MISSION CONSTRAINTS involved the limitations of the launch vehicles
and the sun-moon relation, which established the target illumination. These constraints
restricted the launching to a period of five to seven days around the lunar third quarter.
The shaded areas show periods when lighting conditions were completely unsatisfactory.
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sun and the earth that detected errors
in position, and gyroscopes that detected
angular motion about the axes of the
spacecraft. In the Ranger flights the
central axis of the spacecraft was point-
ed at the sun and held there by the sun-
sensor. The purpose of this orientation
was to keep the 9,792 solar cells, mount-
ed on 25 square feet of panel surface,
facing the sun. The solar cells supplied
a minimum of 150 watts of power and
were supplemented by silver-zinc bat-
teries.

The earth-sensor had the job of keep-
ing the high-gain antenna pointed at
the earth; this it did by controlling the
spacecraft attitude around the roll axis
and the position of the antenna hinge.
The earth-sensor contained three photo-
multiplier tubes whose sensitivity was
adjusted to minimize the probability of
its locking on any object dimmer than
the earth.

In addition to attitude-stabilization
jets the Rangers carried a small rocket
motor that would allow a mid-course
correction in the flight trajectory. The
success of such a correction obviously
depended on the spacecraft’s being
aimed in a carefully selected direction
before the rocket motor was fired. The
rocket motor weighed only 46 pounds
and provided a thrust of 50 pounds,
using a liquid monopropellant. With this
motor it was possible to correct for er-
rors in initial aiming that otherwise
could have caused the Ranger to miss
the moon by thousands of miles.

The radio link from the Ranger to
the earth was provided by a three-watt
transmitter. In the early stages of the
flight and during mid-course maneuvers
the transmitter output was sent out
through a low-gain omnidirectional an-
tenna. Once the earth-sensor had locked
on the earth, however, the transmitter
output was transferred to the high-gain
antenna. The transmitter had an im-
portant function beyond the simple
transmission of data: it worked in con-
junction with the spacecraft receiver to
provide extremely accurate information
about the Ranger’s velocity away from
the earth. The velocity could be com-
puted by measuring the extent to which
signals were shifted in frequency, as a
result of the Doppler effect, after mak-
ing a round trip from the earth to the
spacecraft and back.

Two general types of command were
relayed from the earth to the space-
craft. The first were “proportional” com-
mands to specify the angles through
which the craft was to be turned dur-
ing mid-course and terminal maneuvers
and to indicate the velocity to be im
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RANGER FLIGHT PATH covered slightly more than 240,000 miles approximately opposite to where the moon would be at the time of
in about 65 hours. With the help of an Atlas first stage the Agena encounter, the Agena engine was reignited to give the Ranger its
final push into space. Approximately 17 hours later the Ranger’s
flight trajectory was refined by means of a mid-course maneuver.

second stage carried its Ranger payload into a “parking orbit.”
When the Agena and Ranger, still coupled, had coasted to a point
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EARTH

RANGER TERMINAL MANEUVER was available to aim the

diagram shows the three turns used to align the cameras of Ranger
cameras in a direction that would provide the best coverage. The

IX. The maneuver was not used in other Ranger Block III missions.
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RANGER MARKSMANSHIP is depicted in this composite photo-
graph of the moon and in the targets (right) that compare the

parted by the mid-course motor. Such
commands were stored until they were
needed. The second type of command
involved the initiation of an action such
as the start of a mid-course-maneuver
sequence or the turning on of the tele-
vision cameras.

Commands were authorized by the
Space Flight Operations Director only
after extensive and continuous analysis
of telemetry data and trajectory com-
putations. Telemetry and trajectory in-
formation was gathered by three sta-
tions, part of the Deep Space Network,
located at Goldstone in California,
Woomera in Australia and Johannes-
burg in South Africa.

If everything aboard the Ranger func-
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tioned as designed and if all commands
were correct, the spacecraft would reach
a point some 1,200 miles from the lunar
surface, speeding toward its designated
target at 5,600 miles per hour. Here the
television subsystem, produced by the
Radio Corporation of America, would
have to be switched on and, in the few
remaining minutes before impact, gath-
er the several thousand photographs
that would justify the entire mission.

The Television System

A serious problem that had to be
solved early in the development pro-
gram was how to prevent the high
terminal velocity of the spacecraft from
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impact points with the aiming points. Ranger VII and Ranger I1X
landed within 10 miles of the bull’s-eye; two other Rangers land-

blurring the photographic images. One
obvious step was to aim the cameras
in the general direction the spacecraft
would be traveling; this precluded tak-
ing oblique views of the lunar surface.
The second method of minimizing blur
was to place a high-speed shutter be-
hind the lens of each television camera
[see bottom illustration on page 63].
Shutter speeds of 1/200th and 1/500th
of a second were finally selected. In an
ordinary television camera the optical
image is focused on the face of the
Vidicon, or image tube, continuously,
and an electronic beam scans the image
from inside the tube at a fixed scanning
rate.

The use of a shutter required the de-




RANGER VI

RANGER Vil

RANGER X

ed within 20 miles. A fifth Ranger, Ranger
IV, landed on the far side of the moon.

velopment of a special Vidicon that had
a fast response and high sensitivity and
that could retain an image while it was
being read out for transmission to earth.
There would have been no point, of
course, in tape-recording the images—
the Ranger would be destroyed before
the tape could be played back. Once an
image had been read out, the Vidicon’s
photosensitive surface had to be elec-
trically erased before the shutter was
opened for the next exposure.

The photographic quality attainable
with Vidicon camera systems is limited
by a number of factors, the principal
one being the number of scanning lines
per frame. U.S. commercial television
employs 525 scanning lines per frame,

but as viewed on home receivers under
typical conditions the effective resolu-
tion is between 200 and 250 lines per
frame. The Rangers carried two basic
camera systems built around six cameras
of two different focal lengths: three
cameras of 25 millimeters and three of
76 mm. (The focal length of a typical
35-mm. camera is 50 mm.) Two of the
six cameras read out pictures 44 inch
square with 1,152 lines per frame; the
pictures had an effective resolution,
whenreceived on the earth, of 800 lines.
The other four cameras did not scan
the entire image on the Vidicon tube
but read out pictures .11 inch square
with 300 lines per frame and an effec-
tive resolution of 200 lines. The pur-
pose of using partial-scan cameras was
to achieve more pictures per second:
five frames per second instead of one
frame every 2.6 seconds for the full-
scan cameras. In 2.6 seconds the Rang-
er, in its final moments, would travel
four miles. This meant that the last
complete pictures to be taken before
impact would come from the faster-
operating cameras; these final pictures
would contain the most detailed infor-
mation about the lunar surface. The two
full-scan cameras were designated F,
and Fp; the four partial-scan cameras
were designated Py, Py, Pg and P,.

The television system, including its
associated ground equipment, was care-
fully calibrated to allow full extraction
of the information that would be con-
tained in the lunar photographs. For
this purpose engineers at the Jet Pro-
pulsion Laboratory carefully examined
the total “transfer function” of the sys-
tem, which specifies how much the im-
age is degraded by all the steps from the
time it first appears on the face of the
Vidicon tube until it is received back on
the earth. The transfer function includes
such things as losses due to geometrical
distortions and noise at each link in the
communication chain. The calibration
data were subsequently used in a digital
computer for automatic correction and
processing of the photographs. Com-
puter methods have been developed to
compensate for nonuniformity in light-
transfer characteristics, for nonrandom
noise, for geometrical distortion, for
contrast-v.-resolution losses and to gen-
erate contour maps.

The calibrations of the television sub-
systems were only part of the total cali-
bration and testing effort devoted to
each of the subsystems and finally to the
fully assembled spacecraft. The subsys-
tems had to be exhaustively tested un-
der a variety of conditions that repro-
duced or exceeded in intensity those to
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be encountered throughout the flight:
the tremendous vibration of takeoff, the
vacuum of outer space and sudden
changes in temperature. A complete test
spacecraft was subjected to similar qual-
ification testing before any of the flight
spacecraft were assembled.

The flight Rangers were subjected to
a similar test program, with the excep-
tion that the test levels were equal to
rather than in excess of those expected
in actual flight. In addition engineers
subjected the spacecraft repeatedly to
all the flight sequences and maneuvers
it would be asked to perform, exhaus-
tively checking the various backup and
redundancy features that had been in-
corporated in its design. All told each
flight Ranger was subjected to between
500 and 800 hours of testing prior to
launching. Ultimately, of course, there
are certain crucial conditions that can-
not be simulated in the laboratory, such
as zero gravity and the full spectrum
and intensity of solar radiation. Never-
theless, the successes of the Block III
Rangers, of Mariner 11, which traveled
to Venus, and of Mariner IV, which
photographed Mars, demonstrate what
can be achieved by experienced and
dedicated engineers before the count-
down for a mission begins.

The Flights

The ideal launching time for a Ran-
ger photographic mission to the moon
fell during a period of five to seven
days near the lunar third quarter [see
illustration on page 56]. This period
was dictated by two constraints. The
first involved limitations in the complex-
ity of trajectory that could be executed
by the Atlas-Agena launch vehicle, even
from a parking orbit, together with limi-
tations in the amount of mid-course
maneuvering that could be performed
by the Ranger itself. The second con-
straint was even more compelling. If
one wanted to photograph a certain
area of the moon under conditions that
would present the desired mixture of
light and shadow, one had to wait until
the sun and moon were in the proper
position.

Cne might think that it would make
no difference whether the sun cast shad-
ows to the left or to the right on the
lunar surface, and that the first quarter
would therefore be just as suitable for
photographic purposes as the third quar-
ter. Actually the angle at which the
camera views the surface enters into
the equation, and one finds that the
amount of light reflected from the lunar
surface falls off rapidly as the angle
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MARE COGNITUM, “the sea that has become known,” was photographed at an altitude of
92 miles by the F, camera (one of two full-frame cameras) aboard Ranger VII. The area
shown is more than 40 miles wide. The cluster of small craters just to the right of the center
reticle were made by material ejected from the large craters Tycho and Copernicus.

CLOSER VIEW OF MARE COGNITUM, taken about 26 miles above the surface by the F,
camera of Ranger V1I, shows an enlarged view of the cluster of craters to the right of center
in the picture at the top of the page. The area shown in this picture is about 12 miles wide.
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between the camera-viewing direction
and the illumination direction is in-
creased. Because of constraints on the
angle of the Ranger’s approach, the
third quarter is found to yield three
times more light for photography than
the first quarter.

Let us now follow one of the Rangers
on its trip to the moon. The launching
is scheduled to take place during an
interval that varies in length from one
to two and a half hours—a period that
specifies how long the “launch window”
remains open on a particular day, taking
into account all the mission constraints.
It is the parking-orbit technique that
provides a window whose duration is
measured in hours rather than in min-
utes. Depending on the exact time of
lift-off, the length of the parking crbit
can vary from several hundred miles to
several thousand miles. The Agena sec-
ond stage and its Ranger payload coast
around the earth in the parking orbit
to a point nearly opposite to where
the moon will be at encounter [see top
illustration on page 57]. At that point
the Agena rocket is reignited to accel-
erate the Ranger to “escape” velocity,
the velocity needed to free the two ob-
jects from the earth’s gravity.

When the Agena rocket is shut off
for the second time, the Agena and
Ranger should be on a reasonably ac-
curate trajectory toward the desired
lunar target. The Agena and the space-
craft are then separated, whereupon the
Agena executes a 180-degree turn and
fires a small rocket that acts as a retro-
rocket to ensure that the Agena will not
hit the moon or interfere with the
Ranger.

One hour after lift-off the spacecraft
begins a series of operations that unfolds
the solar-cell panels and orients the cen-
tral axis of the spacecraft toward the
sun. About two and a half hours later
the earth-sensor is turned on to begin
the earth-acquisition sequence. The an-
tenna carrying the earth-sensor is preset
to the proper hinge angle so that it will
trace out a cone intersecting the earth
as the gas jets roll the spacecraft slowly
about its sun-oriented central axis.
When the earth appears in the sensor’s
field of view, other gas jets stop the roll
and the sensor system locks on the earth.
The time has now come for the tracking
station in South Africa to send out a
signal transferring the spacecraft trans-
mitter output from the omnidirectional
antenna to the high-gain antenna. This
places the Ranger in the “cruise mode,”
in which it is locked on the sun and the
earth and functioning on solar power.

The three tracking stations of the



Deep Space Net now measure the an-
gles at which their large antennas must
be pointed to receive the telemetry sig-
nals at maximum strength. These angles
are combined with measurements of the
Doppler shift in the returned signal
(which establishes the spacecraft’s radial
velocity) to determine the craft’s trajec-
tory. After the Ranger has been in flight
for about 10 hours, the trajectory deter-
minations should allow the impact point
to be computed with an accuracy of
plus or minus 30 kilometers.

When the Ranger has been en route
for about 17 hours and has traveled
nearly halfway to the moon, the track-
ing stations have refined the trajectory
data sufficiently to permit execution of
the mid-course correction maneuver. A
computer determines the required
change in velocity and the direction
in which the craft is to be pointed when
the mid-course rocket engine is fired.
Appropriate commands are then issued
to the spacecraft.

The desired orientation is accom-
plished by gas jets that rotate the Ran-
ger at a constant rate around two of its
axes in sequence; first it is turned
around its roll axis and then around its
pitch axis. The duration of the two turns
determines the final pointing direction.
The duration of firing of the mid-course
rocket engine is transmitted as a com-
mand that represents the desired out-
put, in pulses, of an accelerometer
aboard the spacecraft. The frequency
of the pulses is proportional to the ac-
celeration imparted by the mid-course
engine. The engine is turned on; when
the required number of pulses has been
counted, the required velocity has been
obtained and the engine is shut off.

On the last four Ranger flights the
mid-course engine was fired for periods
that ranged from 31 to 67 seconds, pro-
ducing velocity increments that varied
from 55 to 125 feet per second. Ran-
ger IX was placed on such an accurate
trajectory by the launch vehicles that
the mid-course maneuver could be de-
layed until the 39th hour of the flight,
when the spacecraft was 176,864 miles
from the earth and only 77,048 miles
from the moon. This delay made pos-
sible an improvement in the tracking
data and resulted in an impact only five
kilometers (three miles) from the aiming
point. The next most accurate mission,
Ranger VII, had missed the bull's-eye
by 15 kilometers [see illustration on
pages 58 and 59].

After the mid-course maneuver the
spacecraft is returned to the cruise
mode and tracking data is accumulated
to determine the new trajectory. The

geometry of approach is then studied
to see how the terminal orientation ma-
neuver should be carried out to obtain
the most useful set of photographs. The
maneuver sequence is initiated about
an hour before impact and consists of
three sequential turns to align the cen-
tral axis of the camera cluster along
the desired direction [see bottom illus-
tration on page 57]. Depending on the
alignment selected, one can obtain pic-
tures that overlap in various ways and
depict larger or smaller areas of the
lunar surface. Thus if the cameras are
pointed along the line of flight, less area
will be photograpbed than if they are
pointed slightly off to one side. As it
turned out, a terminal maneuver was
performed only with Ranger IX.

The preflight plans called for the tele-
vision cameras to be switched on about
15 minutes before impact. The Ranger
trajectories were selected and timed so

that the television signals could be col-
lected with the 85-foot receiving an-
tennas at Goldstone. After reception the
signals were amplified and recorded in
two ways: directly on magnetic tape
and by making 35-mm. photographs of
the pictures as they appeared on a tele-
vision-like screen. The Goldstone station
was equipped with two completely
separate systems to provide 100 percent
redundancy in the reception and re-
cording of the Ranger photographs.
The photographic data from the three
successful missions required about 350
feet of photographic film and 70,000
feet of magnetic tape. The Ranger
VII, VIII and IX flights respectively
produced 4,308, 7,137 and 5,814 pho-
tographs.

In selecting the areas to be photo-
graphed by the Rangers, the Jet Pro-
pulsion Laboratory had the advice of
four experts in lunar topography and

CAMERA FIELDS OF VIEW provided photographs that overlapped as shown. The F ,, P,
and P cameras had lenses with a focal length of 25 millimeters; the Fy;, P, and P, cameras
had lenses with a focal length of 76 mm. The two focal lengths provided fields comparable
to those obtainable with a 35-mm. camera equipped with lenses of 90-mm. and 280-mm.
focal length. The standard lens used in such a camera has a focal length of 50 mm.
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geology: Gerard P. Kuiper and Ewen A.
Whitaker of the University of Arizona,
Eugene M. Shoemaker of the U.S. Geo-
logical Survey and Harold C. Urey of
the University of California at San
Diego. These four, plus one of the au-
thors (Heacock), constituted the “ex-
perimenter team” that selected the im-
pact areas for each favorable launching
day, taking into account mission con-
straints and lunar illumination.

In accordance with the primary ob-
jective of the Ranger program, the first

LOCATION OF FINAL PICTURES taken with the F, and F
cameras (see photographs below) and the impact point of Ranger
VII are shown in this photograph, which is a duplicate of the one at
the bottom of page 60. The point of impact is marked with an X.

LAST RANGER VII PHOTOGRAPHS taken with the full-frame
television cameras are the F, view at the left and the Fj; view at
the right. The area shown in each photograph is about two miles
wide; the location of each area is plotted in the picture at the
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targets were chosen in order to learn
more about lunar areas that seemed
most promising for landing both un-
manned and manned vehicles. As might
be expected, the experimenter team
was anxious to obtain a close look at
the maria (“seas”), which present such
a smooth appearance when viewed
through terrestrial telescopes.

It is believed that the lunar maria
were formed when magma, or molten
rock, welled up into large crater ba-

sins and flooded lowland areas [see

oy i oy ey ——— = -
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“The Geology of the Moon,” by Eugene
M. Shoemaker; SCIENTIFIC AMERICAN,
December, 1964]. All the flooding did
not occur at the same time, and some of
it may have been triggered by the im-
pact of large bodies. The maria have
been classified into two major types:
“blue” and “red,” signifying slight spec-
tral differences in their reflectivity. One
hoped that the Ranger photographs
might supply information for further
classification of the maria and perhaps
shed light on their origin and history.

“WRINKLE RIDGE” in Mare Cognitum appears in this photo-
graph made by the Ranger VII Fy; camera at an altitude of about 36
miles. The picture shows an area about eight miles wide; the largest
crater measures about a mile across and is about 800 feet deep.

upper left on this page. The F, photograph shows a surface
roughened by rays that can be traced to the crater Tycho. The
neighboring area shown in the Fj picture is ray-free, indicating
that it had escaped bombardment by material ejected from Tycho.




The target for the unsuccessful Ran-
ger VI mission was on the western edge
of the blue Mare Tranquillitatis. When
the failure of that flight resulted in a
five-month delay in the launching of
Ranger VII, the available targets were
shifted to the west. The target selected
for Ranger VII was a relatively unclut-
tered red mare area on a line between
the large “rayed” craters Copernicus
and Tycho.

Because of the difficulties with Ran-
ger VI, the laboratory staff—particular-
ly the Ranger team—followed the flight
of Ranger VII with mounting tension.
When the time came for the television
cameras to begin operating, the sus-
pense became almost unbearable. With
the news that the cameras were work-
ing, a great cheer went up in the small
auditorium where staff members and
their friends were gathered. Even then,
because the last few pictures were so
important, the tension continued until
the recording staff reported that the
final photographs had been received. In
honor of the achievement the Interna-
tional Astronomical Union renamed the
area of impact of Ranger VII “Mare
Cognitum”—the sea that has become
known.

The moon’s apparent brilliance to
the unaided eye is misleading. The ac-
tual surface has an albedo (reflection
coefficient) that ranges from .05 to .18,
which is about the reflectivity of dark
slate. It has been established in labora-
tory experiments that the dark and fairly
colorless appearance of the moon can
be duplicated by bombarding samples
of terrestrial rock and soil with protons;
evidently the moon’s drab appearance
is the result of bombardment by pro-
tons from the sun.

Lacking an atmosphere and a mag-
netic field, the moon is totally exposed
to bombardment by protons, meteorites
and micrometeorites. It had been esti-
mated that the meteorite bombardment
had produced a layer of rubble that
varied in depth from half a meter to
more than 80 meters. It was further as-
sumed that the uppermost layer had
been hammered into a fine powder by
micrometeorites. Evidence that the lu-
nar surface is indeed porous to an av-
erage depth of a meter or so had been
obtained by various analytical tech-
niques: study of light polarization, in-
frared measurements of the surface
cooling rate and analysis of radar re-
flections.

Under the best conditions the small-
est details of the lunar surface that can
be photographed from the earth are
about 400 meters across. The resolu-

FINAL RANGER VII PHOTOGRAPH was taken by the P; camera .19 second before im-
pact. Only a portion of the picture was scanned before the crash ended transmission; the
random pattern at the right is electronic noise in the receiver at Goldstone in California.
The picture shows an area about 105 by 150 feet and reveals no hazards to a soft landing.

tion achieved by Ranger VII just be-
fore impact improved on this resolution
by a factor of more than 1,000. The last
Ranger VII photograph covers an area
approximately 34 by 48 meters and
shows craters that are smaller than a
meter in diameter [see illustration
above]. The observed surface degra-
dation from meteorite bombardment
was greater than expected. On the other
hand, the depth of rubble indicated by
the photographs was slightly less than
predicted.

The area shown at the top of page

SHUTTER SOLENOID

60, an F, photograph taken from an
altitude of about 150 kilometers, shows
several of the crater rays from Tycho
and Copernicus. One can see clearly
that these rays have been formed by
particles ejected from the large cra-
ters by the primary impact. Whitaker
has suggested that the large ray craters
were formed by collisions with comets.
Gas contained in the comet would pro-
pel large particles over considerable
distances and would create a wind pat-
tern that could explain the observed
ray geometries. The bottom illustration

SHUTTER BLADE

PREAMPLIFIER

LENS

— 25 MM

VIDICON FACE PLATE

RANGER TELEVISION CAMERA, unlike a conventional television camera, incorporated
a focal-plane shutter. The optical image formed on the face of the Vidicon tube was retained
while the image was scanned from behind and was subsequently erased. This sectional view
shows one of the P, or partial-frame, cameras, that had an /.95 lens with a 25-mm. focal
length. The partial-frame cameras scanned an area only .11 inch square on the face of the
Vidicon. The full-frame (F) cameras scanned an area with four times the width (.44 inch).
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SEA OF TRANQUILLITY, a “blue” mare, was photographed by
the next Ranger, Ranger VIII. These last two pictures made by the
F, and F}, cameras (left and right) show that the surface of Mare
Tranquillitatis is very much like that of Mare Cognitum, photo-

on page 60, also an F, exposure, is an
enlarged view of the cluster of craters
visible at the right in the preceding
picture.

Additional photographs of the same
region taken still later with the Fj
and Fp, cameras appear at the bottom
of page 62. The photographs show adja-
cent areas, each about three kilometers
across. The F, photograph shows a
surface covered with faint rays pro-
duced by secondary and tertiary im-
pacts. The adjacent area directly to the
east in the Fy, photograph is free of rays
and therefore much smoother.

LAST USABLE RANGER VIII PICTURE, taken about .45
second before impact by the P, camera, is shown in two versions
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The picture at the upper right on
page 62, an Fy photograph taken from
an altitude of about 60 kilometers, is of
interest because it shows the interaction
of a “wrinkle ridge” with a fairly large
crater. Such ridges had been thought
to mark the boundaries of magma flow.
Now it seems that they are pressure
ridges resulting from thermal contrac-
tion.

The launching of the next Ranger—
Ranger VIII—was delayed until Febru-
ary, 1965, to allow the launching of
other spacecraft, including the Mars ve-
hicle Mariner 1V. Because Ranger VII
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graphed by Ranger VII. The shallow crater in the lower right
corner of the F; picture, which is about 3,000 feet across, contains
several positive-relief features in its side wall. The shadows are
long because the sun is only about 15 degrees above the horizon.

had reported on the topography of red
maria, the experimenters decided that
Ranger VIII should sample the blue
maria. The region chosen was in Mare
Tranquillitatis, southeast of the point
originally selected for Ranger V1.

The mission went off successfully
and a good approach was made with-
out need for a terminal maneuver. The
last F, and I';; photographs made by
Ranger VIII, shown above, are similar
in scale and resolution to the corre-
sponding photographs made by Ranger
VII. The last usable photograph, taken
by the P; camera, is shown below in two

generated by computer from data stored on magnetic tape. The
comparison shows how the computer can restore missing contrast.



forms. The picture was taken about half
a second before impact from an altitude
of about 740 meters. The area shown in
the picture is roughly 90 by 120 meters,
revealing craters with a diameter of
about 1.5 meters.

The two versions of the photograph
were generated by a digital computer
from data recorded on magnetic tape.
The photograph at the right in the pair
has been enhanced by the computer to
compensate partially for the charac-
teristic loss of contrast when the tele-
vision system is working near the limits
of resolution. After enhancement the
photograph more closely represents the
lunar surface as the eye would see it.
The apparent roughness is due to the
many small craters near the limits of
resolution. One must assume that still
smaller craters exist down to a point
where some other surface texture begins
to predominate. The illustrations on this
page show (1) the same area after recti-
fication by a computer, (2) a computer-
generated contour map of the area and
(3) an elevation profile located near the
middle of the area.

A View of the Highlands

The success of Ranger VII and Ran-
ger VIII in revealing the small-scale
topography of red and blue maria, and
the similarity of the two topographies,
prompted the experimenters to consider
other kinds of target for Ranger IX. The
prime contenders for this last Ranger
mission were any one of several types
of highland terrain or specific targets of
special scientific interest. The experi-
menters finally selected the crater Al-
phonsus, partly because some observers
had reported evidence for the emission
of gases near the central peak and part-
ly because it contained unique “dark-
haloed” craters and an extensive system
of rills, or narrow valleys. This selection
required that the first and second
launching days out of a possible se-
quence of seven in a given period be
dropped so that the sun would cast
long shadows and make it possible to
detect slopes of low angles. The Ranger
IX target was to the northeast of the
central peak of Alphonsus; a small
terminal maneuver was required to
photograph the central peak as well
as the dark-haloed craters and the rills.
The maneuver was executed success-
fully and Ranger IX provided the most
spectacular photographs of the entire
series.

Some of the most striking Ranger IX
pictures appear on pages 52 and 53 and
at the top of the next two pages. The
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FURTHER COMPUTER PROCESSING of the last P, photograph shown at the bottom of
the opposite page yields a rectified picture (top), a contour map (middle) and an elevation
profile (bottom). The area shown is about 450 feet wide, as measured after rectification.
The contour map is shaded to show that the surface slopes gently from left to right. The
smallest craters are about five feet across and a foot deep. Note that the vertical scale is
exaggerated by a factor of 10. The picture was taken from an altitude of about 2,400 feet.
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RANGER IXPHOTOGRAPH was taken from an altitude of 1,257 kilometers (780 miles) by
the Fy; camera about six minutes before the F, camera took the photograph on pages 52
and 53. It shows three large craters: Alphonsus (left), Ptolemaeus (top) and Albategnius
(right). Judging from the number of small craters in each, Albategnius may be the youngest.

picture on pages 52 and 53 provides an
excellent comparison of the effects of
meteorite bombardment on mare areas
and on highland ones. The lower density
of craters on Mare Nubium, at the left in
the photograph, provides evidence that
its surface is substantially younger than
that of the adjacent highlands and that
it was probably formed by the flow of
magma across a lowland region.

The middle picture of the three at

LAST RANGER IX PICTURES made with the P; camera were
taken from altitudes of 5.16, 3.13 and 1.09 kilometers. The white
circle at the top of each picture marks the impact point next to a
crater that is about 25 feet in diameter. Ranger IX probably pro-
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the top of these two pages offers a
close-up of the central peak in Alphon-
sus from an altitude of 93 kilometers.
The peak, which is about 3,500 feet
high, seems to be perfectly smooth and
devoid of any source for venting gas.
The smoothness of the peak was a sur-
prise to everyone.

The picture at the right in the set of
three at the top of these two pages
shows the same kind of smoothness in

PEAKIN ALPHONSUS shows up vividly in
this Ranger IX picture taken by the F,
camera at an altitude of about 58 miles. It
had been speculated that the peak might

the highland region that forms the wall
of Alphonsus. The smoothness has been
produced by meteorite bombardment
over hundreds of millions, if not bil-
lions, of years. To the right of center in
this picture one can see a basin that
has collected debris eroded from the
surrounding peaks; the basin is pocked
with craters and has the same appear-
ance as the floor of Alphonsus.

Several of the largest craters grouped
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duced another crater of the same size. Note the tiny pimple-like
feature at the lower right corner of the last picture (right).
Typical of several such features, it is about a foot high and the
closest thing to a rock to be seen in any of the Ranger pictures.



contain a fissure through which gases
could be vented, but none is visible.
The low angle of illumination (10.4
degrees) accentuates surface features.

in a vertical array in the center of the
picture are typical dark-haloed craters.
They are of particular interest because
it can now be seen that they were al-
most surely produced by subsurface
activity—volcanism—rather than by me-
teorite bombardment. The evidence is
to be found in the way the rills in the
immediate vicinity of these craters have
been filled in by material from the
moon’s interior. This material has also
filled in older craters nearby, so that for
a considerable area around the dark-
haloed craters the main floor of Al-
phonsus is less pockmarked than else-
where.

The last three P; photographs taken
by Ranger IX appear at the bottom of
the opposite page. The impact point is
marked by a white circle at the top of
each picture. The crater adjacent to the
point of impact is about eight meters in
diameter; it is estimated that Ranger I1X
made a crater of about the same size
45 second after the last picture was
taken. In the lower right corner of the
last picture one can see a small dome-
like formation. Representative of sev-
eral seen in the last few Ranger IX
photographs, it measures slightly more

than two meters across and is no more
than .3 meter in height. These shallow
domes are the closest things to rocks
that can be seen in any of the photo-
graphs. \Whatever their original shape,
they have been eroded into mere bumps
by the constant rain of small mete-
orites.

The thousands of clear photographs
produced by the last three Rangers ex-
ceeded the most optimistic expectations
of the Jet Propulsion Laboratory en-
gineers who had worked so long and
hard on the project. The Ranger photo-
graphs had fully satisfied the primary
objective of determining the small-scale
topographical hazards for future soft
landings on the lunar surface. The vol-
ume of new data is so great that its
analysis and interpretation will require
years. For this task the computer will be
indispensable.

The next step in lunar exploration
will be carried out by the Surveyor se-
ries of spacecraft, which are designed
to land softly and make a close-up study
of the lunar surface. The four Soviet
failures to soft-land instruments on the
moon have demonstrated that this next
step will not be an easy one. When it is
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“DARK-HALOED” CRATERS can be studied in this F, close-up of Alphonsus. Two of the
largest have deposited material from the moon’s interior in the rills on which they are centered,
indicating they were produced by subsurface activity rather than by meteorites. A debris cache,
pocked with craters, can be seen between the two T-shaped reticles at the right side of the picture.

successfully taken, the Surveyors should
report the hardness of the moon’s sur-
face and provide details about its com-
position. The final chapter in the ex-
ploration of the moon will be written
by the astronauts and cosmonauts who
one day will land there.

RANGER IX IMPACT POINT, as de-
termined from the final photographs, was
only three miles from the aiming point. The
ellipse shows the probable impact area as
computed from the tracking data while the
spacecraft was on its way to the moon.
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The Polaroid
Camera Back System
for instant recording
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®

All of these cameras can make black-and-
white pictures in 10 seconds. Color pictures in
60 seconds.

The Polaroid Land Camera Back System is be-
hind them all.The system consists of the Polaroid
Land camera back and the Polaroid Land films it
uses. Of course, this system is an integral part
of our cameras. But it can also be used with
cameras other people make—either as a built-in
back or as an accessory.

Any camera with a Polaroid back offers unique
advantages. You know about your recording right
away. If it isn't perfect the first time, you can
take another then and there. You never have to




repeat time-consuming setups later. And you
never waste any time in a darkroom. You can
take your pictures, study them, and continue
working without interruption.

The back on all the cameras here is our new
pack back. It's compact, lightweight, and fast
loading. (We also make a roll film back which can
use a variety of special purpose films, including
transparency, infrared, and ultra high speeds.)

Forty-eight companies now offer the Polaroid
Camera Back System as standard equipment for
their scientific instruments. Add the five types
of Polaroid Land cameras to this list and you'll
find that just about any kind of recording you

And a lot of other people’s.

require can be on-the-spot recording. What we
show on these pages is an index to the versa-
tility of the system.

Our cameras: (1) the Polaroid MP-3 Industrial
View Camera (a multi-purpose camera with inter-
changeable backs and lenses); (2) the Polaroid Auto-
matic 100 Color Pack Camera (our electric eye cam-
era for general use); (3) the Polaroid 1D Camera
(turns out finished, laminated, full-color ID cards or
badges in 2 minutes); (4) the Polaroid Model 180
Land Camera (it has manual lens and shutter settings,
professional range and versatility); (5) the Polaroid
CU-5 Close-Up Camera (takes perfect dental, medical
and industrial close-ups automatically).

The other people’s cameras: (6) the Bausch &
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Lomb DynaZoom Microscope (for medical and indus-
trial photomicrography); (7) the Vertex Fundus
Adapter 1l (for the observation and study of the hu-
man eye); (8) the Tektronix C-30 Camera (for oscillo-
scope trace recording); (9) the Photogrammetry
Photo/Scout (a long focal length camera for sports
and aerial photography); (10) the Sloan Angstrometer
(it measures the absolute thickness of vacuum de-
posited thin films).

What's your recording problem? Write to
Technical Sales; Dept. 21, Polaroid Corporation,
Cambridge, Mass. 02139.

‘““Polaroid”’ and ‘'Polacolor”’®



ORCHIDS

There are more than 20,000 species of them, comprising the largest

family of plants. Not all of them bear the ornate flowers used for

corsages, but their evolutionary adaptations are remarkably diverse

ate in the 17th century a German

L botanist named Jacob Breynius

undertook to gather information
on plants that were unfamiliar to Eu-
ropeans at the time. When he published
his compendium Exoticarum Aliarum-
que Minus Cognitum Plantarum, he
commented in particular on the extraor-
dinary diversity of orchids. “If nature
ever showed her playfulness in the for-
mation of plants,” he wrote, “this is
visible in the most striking way among
the orchids.... They take on the form
of little birds, of lizards, of insects.
They look like a man, like a woman,
sometimes like an austere sinister fight-
er, sometimes like a clown who excites
our laughter. They represent the image
of a lazy tortoise, a melancholy toad,
an agile, ever-chattering monkey. Na-
ture has formed orchid flowers in such
a way that, unless they make us laugh,
they surely excite our greatest admira-
tion.”

The plants Breynius was describing
are now classified under the family
name Orchidaceae. They comprise the
largest of all plant families; it contains,
according to various estimates, 500 to
600 genera and 20,000 to 35,000 spe-
cies. Orchids are herbaceous (nonwoody
and grasslike) perennials that occur as
shrubs, vines and even grasses. They
may bear a single flower or many flow-
ers. They are found from the Arctic to
the borders of the Antarctic. They grow
in tropical rain forests, subtropical
plains and alpine meadows; in bogs,
moors and deserts; in deep valleys and
on high mountains. Most of the tropical
and subtropical species are epiphytic,
that is, they grow on the trunks and
limbs of trees and shrubs as indepen-
dent nonparasitic plants. It is not un-
common, however, to find normally epi-
phytic species growing on rocks. I have
also seen them perched on top of utility
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poles and wires. Some orchids, particu-
larly those of regions outside the Trop-
ics, are called terrestrial: they grow in
the ground. Some orchids are sapro-
phytic: they subsist on decaying or-
ganic matter.

Orchid flowers range in size from
less than a sixteenth of an inch to more
than a foot. Some give off a pleasant
odor, some an unpleasant one, and
some are odorless. As Breynius wrote,
the shapes of the flowers are so fantas-
tically varied that many of them in-
evitably seem to be mimicking some-
thing else. Habenaria blephariglottis of
North America is commonly called mon-
key face. The genus Cycnoches, which
is native to Central America, is known
as the swan orchid because of its resem-
blance to a swan’s neck. In Israel
Ophrys sintenisii is called the velvet bee
orchid. The tropical genus Stanhopea is
often called torrito (little bull) in parts
of Latin America because of a structure
that resembles two horns. The shoelike
form of the genus Cypripedium is re-
flected in such names as lady’s slipper,
Venus’s-shoe, Frauenschuh, pantofella
and scarpa della Madonna.

Among other noteworthy characteris-
tics of orchids are resupination, a twist-
ing of the bud that occurs as the bud
becomes a flower, and a fungus infection
that is necessary for the germination of
the orchid seed. Orchids also have some
unusual mechanisms for pollination. Of
all these matters I shall have more to say
later.

he evolutionary steps that brought

orchids to their present state of de-
velopment are largely conjectural. The
late Oakes Ames of Harvard University,
who was one of the foremost American
orchidologists, accorded the orchids a
special place in the plant kingdom by
suggesting that they represent a culmi-
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nation of evolution, at least among the
monocotyledonous plants—plants that
have a single cotyledon, or embryonic
leaf, in each seed. His suggestion, with
which most other students of the family
agree, is based partly on the complex
structure of orchid flowers. )

The term “orchid” goes back to clas-
sical Greek times. The scholar Theo-
phrastus, who was one of Plato’s stu-
dents and is often called the father of
botany, described a plant with paired
roots that looked like testicles; he gave
it the name orchis from the Greek word
for testicle. Whether or not he was ac-
tually describing an orchid is uncertain,
because his statement was rather vague,
but the later Greek botanist Dios-
corides interpreted the description as
referring to an orchid. Carolus Lin-
naeus adopted the name in Species
Plantarum, the monumental work of
botanical classification that he pub-
lished in 1753, and in 1836 the British
botanist John Lindley introduced Or-
chidaceae as the name of the family.

The odd shapes of the flowers and
other parts of orchids have suggested to
many peoples that they have magical
and medicinal powers. Medieval Euro-
pean herbalists collected what they
called “dog stone roots” (apparently
again in reference to the resemblance
of some orchid roots to testicles) for the
preparation of aphrodisiac potions. It
was also thought that a married couple
could predetermine the sex of a child
by means of orchid roots. As a work of
1640 put it: “The roote thereof being
boyled is eaten as other sorts of bulbes
are, and ... if men eate the greater, they
shall beget men children, and if women
eate the lesser they shall bring forth
women children.” On the Indonesian
island of Amboina a paste made from an
orchid of the genus Grammatophyllum
is used as a remedy for sores, and in



PRINCIPAL FEATURES of an orchid are identified. The orchid
depicted is a species of the genus Cymbidium. At a the flower is
shown in a front view and in a sectional view from the side. At
b the full plant is depicted in a typical habitat, the crotch
between the trunk and a limb of a tree. This species of orchid also

grows in the ground. Details of the column are portrayed at c. The
column is a structure that distinguishes orchids from other mono-
cotyledonous plants; it includes the stamen, which is the male
organ carrying the pollen-bearing anther, and the stigma, which is
the part of the pistil, or female organ, that receives the pollen.
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TWISTING MOVEMENT characteristic of orchid flowers is portrayed. The process is
called resupination. At left an orchid of the genus Vanda is shown twisting so that the lip,
which is on the top in the budding stage, is on the bottom in the flower. In a Cymbidium
with several flowers (right) each flower twists enough to cause its lip to hang downward.

TWO FORMS OF GROWTH occur in orchids. The plant at left, an orchid of the genus
Cattleya, is showing sympodial growth: the main stem stops growing at the end of a season
and a new stem appears in the next season. Often the old stem forms a fleshy structure called
a pseudobulb. At right a Vanda has monopodial growth: the main stem grows indefinitely.
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Malaya a preparation from Dendrobium
is applied in the treatment of skin in-
fections. In Africa the Zulus employ
Habenaria as an emetic, and the Swagi
treat a children’s disease with Lisso-
chilus. In South America Epidendrum
bifidum is used to expel tapeworms and
Spiranthes as a diuretic.

How effective these medicinal uses
of orchids are I do not know. It can be
said, however, that orchids have a sig-
nificant place in modern commerce be-
yond their use in corsages and other
floral displays. True vanilla comes from
the beanlike fruit of the orchid genus
Vanilla, which is a tropical and climb-
ing group of orchids. By far the most
important vanilla orchid is V. plani-
folia, a plant that is cultivated widely
throughout the Tropics.

"I"he detailed features of orchids are
* no less diverse than their more obvi-
ous ones. The roots of orchids occur
in several colors and many sizes and
shapes. They are usually fleshy. In cer-
tain terrestrial orchids the roots are
bulbous, but most tropical epiphytic
species have elongated greenish or
white roots that adhere tenaciously to
the surface on which the plant lives,
often forming a thick mat. This trait
enables the plants to anchor themselves
in somewhat improbable positions; Cat-
tleya citrina, for example, is usually
found hanging upside down. In several
saprophytic orchids the entire plant
consists mainly of red, purple or yellow
roots that produce a flowering stem at
appropriate times. A special character-
istic of orchid roots is the velamen,
a multilayered epidermis consisting of
several tiers of spongelike cells. The
function of this tissue is still being de-
bated; it may be to provide space for
water storage.

The stems of orchids grow in two
different ways. Some species exhibit
what is known as sympodial growth:
the growth of the main stem ceases at
the end of one season and does not
resume in the next; instead a new stem
develops. The old stem may become
thick, short and fleshy, forming a struc-
ture known as the pseudobulb. In other
species the form of growth is mono-
podial: main-stem growth continues
indefinitely and no pseudobulbs are
formed.

The most definitive characteristics of
the orchids are undoubtedly to be found
in their flowers. Some of the flowers are
Lilliputian; for instance, the flower of
Platystele ornata measures about a milli-
meter in diameter. Others, exemplified
by certain hybrids of the genus Cat-



ﬂeya, average 30 centimeters or more.
Orchid flowers are borne either singly
or in clusters of various forms and sizes.
T once had a specimen of Oncidium car-
thaginense that produced a stem some
12 feet long with several hundred flow-
ers. I am sure that this is by no means
a record length.

The orchid flower has certain struc-
tural features in common with most

other flowers, but these can be greatly
modified and are often unrecognizable.
Looking at the outer parts of the flower,
one sees the sepals—the leaflike struc-
tures that are usually green in most
other flowers but may be almost any
color except black in orchids. Next come
the petals. They too may be any color
except pure black and are not neces-
sarily the same color as the sepals. In-

side the petals is one or both of two
structures: the stamen, which is the
male organ and carries the pollen, and
the pistil, the female organ containing
the ovules. Most orchid flowers contain
both structures, with some of the parts
united and highly modified to form a
“column” [sce illustration on page 71].

Orchid flowers are bilaterally sym-
metrical: they have distinct but similar

TRIGGER MECHANISM that bhegins the process of pollination in
an orchid of the genus Catasetum is depicted. At left is a frontal
view; the broken lines show the position of the pollen-bearing
pollinium under the anther cap. At right is a sectional view, from

the side, of the interior of the flower. The trigger, when touched
by a bee, releases the sticky viscidium, which twists as indicated
by the upper arrow and lodges against the bee’s abdomen. Hence
the departing bee carries the pollinium. The anther cap falls away.

POLLINATING DEVICE of an orchid of the genus Gongora is a
slippery column. At left a bee, having penetrated the flower, en-
counters the slippery surface and gets a toboggan-like ride down the
column. There the bee strikes the viscidium, which adheres to the
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insect’s abdomen, so that when the hee flies off it carries the pol-
linia. At right the bee, still carrying the pollinia, enters another
flower and gets another ride down the column. On this visit
the pollinia adhere to the stigma and the flower is pollinated.
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left and right sides. The sepals and
petals are borne in threes; it is a charac-
teristic of monocotyledonous plants to
bear such structures in threes or mul-
tiples of three. Some orchids are uni-
sexual, which is to say that they have
either stamens or pistils but not both,
and some are bisexual.

One of the sepals in the orchid flow-
er—the one on the upper side of the
flower’s base—may differ from the other
two. It may be larger or fleshier than
the other sepals; it may also be richly
colored and decorated. This type of dor-
sal sepal appears prominently in the
lady’s slipper orchids.

Usually one of the three petals in
the orchid is also much different from
the others. It forms the distinctive fea-
ture called the labellum, or lip. This
structure assumes strikingly handsome
shapes and may be further distin-
guished by spots of color in splashes,
blotches or more intricate designs. The
labella of many Cattleya species and
hybrids are surely among the most
beautiful objects in nature.

In most fully opened orchid flowers
the labellum hangs below the other two
petals. In the unopened bud, however,
it is above them. The change in position
is brought about by the phenomenon of

/ _-BUCKET

/

l;':'{

LIQUID IN A TRAP facilitates pollination in the orchid Coryanthes speciosa. The colored
line, followed frem right to left, shows the path taken by the bee as it arrives at the flower
and falls into the bucket, which contains a liquid produced by the gland at top center. The
only way out for the bee is through a narrow opening that forces the bee against the pollinia.

SELF-POLLINATION is shown in an orchid of the genus Ophrys. Before pollination (1) the
column stands upright. As a result of autolysis, or self-digestion of certain tissues by the
plant, the stipe bends (2), carrying the pollinia downward toward the sticky stigmatic sur-
face. When the pollinia reach the stigma and adhere to it (3), pollination is complete.
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resupination that I have mentioned.
The entire bud twists on its axis, usually
by about 180 degrees, as it opens [see
top illustration on page 72]. This twist-
ing movement is one of the hallmarks
of the Orchidaceae. In some species the
twisting facilitates pollination by plac-
ing the labellum at the bottom as a
perch for visiting insects, and that pre-
sumably is the evolutionary reason for
the phenomenon.

Although the beauty of the dorsal
sepal and the labellum is the most spec-
tacular feature of orchid flowers, the
most unusual feature from the botanical
standpoint is the column, or gynan-
drium. This is a structure not found
among other monocotyledonous plants.
It represents a fusion of three struc-
tures: the stamen, the stigma, which is
the part of the pistil that receives the
pollen, and the style, which provides a
pathway for the pollen to reach the
ovules. The anthers—the pollen-bearing
parts of the stamen—are also borne on
the column. The pollen grains occur
separately or are compressed into mass-
es known as pollinia.

[As their diverse forms suggest, orchid
flowers are pollinated by a multi-
tude of agents. Among the reported pol-
linators are not only bees and a variety
of other insects but also birds, bats,
frogs and snails. Not all these reports
have been fully substantiated. C. H.
Dodson of the University of Miami
found in a series of detailed observa-
tions that in the American Tropics he
could confirm only insects and hum-
mingbirds as pollinators of orchids.

The pollinating mechanisms of many
orchids are remarkably intricate. The
late Paul H. Allen, who worked as a
botanist in Latin America, investigated
the pollination of the orchid Gongora
maculata. He suggested that the fra-
grance of the orchid attracts males of
the bee Euglossa cordata. A bee lands
on the flower in search of nectar. There,
because parts of the flower are slippery,
the insect loses its footing and gets
a toboggan-like ride down the curved
column. In the process it dislodges the
pollinia, which become attached to its
back [see lower illustration on preced-
ing page]. The insect gets another ride
on the next flower, but here the pollinia
it is carrying are deposited on the sticky
stigma.

Some orchids enlist the sexual be-
havior pattern of an insect to meet their
own reproductive needs. In the early
part of this century the French investi-
gator A. Pouyanne, working in Algeria,
noted that the orchid Ophrys specu-



ORCHID SEEDS are shown in relative scale but much enlarged.
They include: a, Paphiopedilum curtisii; b, P. specierum; c, P.

lum, like a legendary temptress, has as-
sumed the shape and odor of an insect
to facilitate its pollination. Its flowers re-
semble the female of the insect Scolia
ciliata. Male insects attempt to copu-
late with the flowers; thus pollination
is achieved. This phenomenon, called
pseudocopulation, is reportedly respon-
sible also for the pollination of the or-
chid Ophrys sintenisii, which is found
in Israel.

In the male flowers of the orchid
Cycnoches a visiting insect of the
species Centris fasciata trips a trigger
mechanism that causes forceful ejection
of the pollinia, which become attached
to the rear portion of the insect’s abdo-
men. When the insect visits a female
flower, the pollinia are caught by two
notches on the stigma (which in this in-
stance is not sticky). A similar but more
powerful ejection mechanism operates
in the orchid genus Catasetum.

Orchids of the genus Coryanthes
have a bucket-like lip filled with a
liquid that is apparently somewhat in-
toxicating. Visiting insects fall into the
“bucket” and can get out only by crawl-
ing through a narrow opening just be-
low the pollinia [see upper illustration
on opposite page]. As the insects crawl
out they pick up the pollinia and may
eventually transport them to other
flowers. Still another mechanism em-
ployed by orchids is self-pollination.
The late Lewis Knudson of Cornell Uni-
versity observed that self-pollination can
occur in older flowers of Cattleya au-
rantiaca as a result of the self-digestion
of certain parts of the flower [see lower
illustration on opposite page].

rrhe depositing of pollen on the stig-
* ma triggers a series of profound
changes in the form of the pollinated
orchid flower. Within hours the flower

begins to wilt and change color. The
column sometimes turns dark red. The
petals and sepals may swell. They may
become fleshy and develop a pigmen-
tation that is green or red or both.

The physiological changes induced
by the pollen, although subtler, are no
less striking. Pollination stimulates the
production of the plant hormone in-
doleacetic acid. In many orchids the
ovules are not fully developed by the
time of pollination; in these species
pollination induces final development.

After the pollen grains have been
deposited on the surface of the stigma,
they germinate by forming thin tubes
that grow toward the ovarian cavity.
This growth proceeds slowly; there may
be a considerable lapse of time between
pollination and fertilization. In Gastro-
dia clata fertilization may occur after
four days; in Vanda suavis the period
between the two events may be six to
10 months.

When an orchid pollen grain is first
deposited on the stigma, it contains two
nuclei. On germination one of these
divides to form two sperm nuclei. Dur-
ing fertilization one of the sperm nu-
clei may fuse with the egg nucleus
inside the embryo sac. The third nucleus
may disintegrate just before or immedi-
ately after fertilization. Alternatively it
may combine with the “polar” nuclei,
two of the eight in the embryo sac, in a
process known as triple fusion, to pro-
duce the primary endosperm nucleus.
In most plants this nucleus gives rise to
the endosperm, which is the food-
storage tissue of the germinating plant.
In the Orchidaceae, however, the endo-
sperm nucleus disintegrates either im-
mediately or after a few divisions. Ac-
cordingly orchid seeds do not have an
endosperm or any other specialized tis-
sue for food storage. Knudson found
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parishii; d, Cattleya labiata; e, C. trianaei, and f, Odontoglossum
pescatorei. A single orchid flower produces a large number of seeds.

that their food reserves are located with-
in the embryo and contain about 32
percent fat and 1 percent sugar but no
starch.

The development of the embryo in
the Orchidaceae has been described by
Carl L. Withner of Brooklyn College
and his associate Michael Wirth as
being complex and confusing. The
reason for their statement is that they
have found a large number of varia-
tions in the relatively few species they
have studied so far. It can be said,
however, that as the young embryo de-
velops, its cells do not differentiate, or
specialize. As a result the mature or-
chid seed is a cluster of undifferentiated
cells enclosed in a flimsy and often
transparent seed coat. The seeds are
tiny. According to Hans Burgefl of the
University of Wiirzburg their weight
ranges from .3 microgram to 14 micro-
grams. Their average length is about
one millimeter; their diameter probably
averages from half a millimeter to three-
quarters of a millimeter [see illustra-
tion above]. The cells in some embryos
have been estimated to number as few
as 120.

The exceedingly small size of orchid
seeds is more than balanced by their
vast numbers. Published counts range
from 1,330 seeds per capsule in Coelo-
glossum viride to some four million per
capsule in a variant of Cycnoches ven-
tricosum. Orchids with 750,000 to a
million seeds per capsule and three or
more capsules per plant are not at all
uncommon. Charles Darwin estimated
that if the viable seeds produced by a
single Orchis maculata, an English or-
chid with 6,200 seeds per capsule and
186,300 per plant, were to germinate
and grow to maturity, they would cover
an acre. He also estimated that the
fourth-generation descendants of the
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STAGES IN GERMINATION of a Cattleya seed begin (1) with a swelling of the embryo
inside the seed coat. Succeeding steps are: 2, embryo growing after it has burst out of the
seed coat; 3, embryo forming a protocorm with a pointed vegetative apex; 4, the protocorm
becoming disklike and showing leaflets; 5, the protocorm forming a plantlet with two
spreading leaves, and 6, the plantlet forming larger leaves and the start of a root system.

plant would cover the entire globe. Ob-
viously most orchid seeds fail to ger-
minate,

A} orchid seed that lands on a suit-
able growing surface and begins
to germinate undergoes several structur-
al changes [see illustration above]. It
swells and its cells may divide a few
times. It acquires a green color. It
also develops a tiny structure that re-
sembles a corm, or underground stem
with rootlike functions; the structure
is called a protocorm. The seed may re-
main in this condition for as long as 24
months. What it is waiting for, and
what in most situations it must have
before it can develop further, is the
fungus infection I have mentioned.

If the young protocorm does become
infected by any one of several species
of fungus, it immediately resumes
growth and forms a larger, disklike pro-
tocorm. This soon develops an apical
meristem, a dome-shaped mass of cells
that are rapidly dividing. The meristem
gives rise to one leaf and later to more
leaves. The appearance of roots com-
pletes the formation of a miniature or-
chid plant.

The fungus that penetrates the seed
or young protocorm is eventually local-
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ized in the roots. It has therefore ac-
quired the name mycorrhiza, from the
Greek words for “fungus” and “root.”
Mycorrhizas are not limited to the Or-
chidaceae; they are found in many forest
shrubs and trees. As knowledge of the
subject expands it becomes apparent
that such symbiotic relations between
different kinds of plants may be the
rule rather than the exception.

The existence of mycorrhiza in or-
chids was apparently first noted in 1824
(by the German naturalist Heinrich
Link), but the role of the fungus infec-
tion in the germination of orchid seeds
remained obscure. In fact, until 1804,
when the English botanist Richard
Salisbury reported having observed ger-
minating orchid seeds, it was generally
believed that these seeds were incapa-
ble of germination. In spite of strenuous
efforts by horticulturists to induce or-
chid seeds to grow, the cultivation of
orchids remained for many years a hap-
hazard undertaking.

The discovery early in this century
that a fungus plays a critical role in
the germination of orchid seeds is said
to have been made almost accidentally.
No¢l Bernard, a young French botanist,
apparently discovered a clump of ger-
minating seeds of the European bird’s-



nest orchid (Neottia nidus-avis) during
a stroll in a forest. On examining the
seedlings he noted that all of them were
infected with a fungus. Bernard ad-
vanced the idea that the infection was
not parasitic or pathogenic but sym-
biotic and in fact a necessity for ger-
mination of the seed. Supplementing
his shrewd insight with imaginative ex-
perimentation, Bernard succeeded first
in isolating the fungus and then in caus-
ing orchid seeds to germinate by infect-
ing them with it.

After Bernard’s death in 1911 re-
search on orchid symbiosis was taken
up mainly at the University of Wiirz-
burg under Burgefl. He and his students
found that many fungi are capable of
promoting the germination of orchid
seeds by penetrating the embryo and
influencing its metabolic activity. The
work of Bernard and Burgeff made
possible the germination of orchid seeds
in the laboratory. The method used by
both men was to put seeds and fungus
simultaneously in culture tubes. Most
of the seeds died, but a few germinated
and grew to maturity. By this time it
was commonly believed that an orchid
could neither germinate nor grow with-
out its fungus. The British mycologist
J. Ramsbottom went so far as to state
that an orchid seedling without its fun-
gus is “like Hamlet without the Prince
of Denmark.”

One investigator who was doubtful
about the universal validity of this
dictum was Knudson. He speculated
that the fungus may contribute no more
to the orchid than some enzymes that
can break down polysaccharides—sugar
polymers such as starch or cellulose—
and other compounds, thereby making
possible their utilization by the orchid
as food. To test this hypothesis Knud-
son placed orchid seeds on a mixture of
sugar and mineral nutrients. The seeds
germinated and the seedlings grew.

Knudson’s achievement did not con-
vince all those who believed that or-
chids could not grow normally without
fungus infection. Several critics argued
that Knudson’s seedlings were abnor-
mal and would not produce flowering
orchids. Knudson responded by grow-
ing an orchid plant from seed to flower
on his culture medium with no mycor-
rhizal fungus present in the roots.

Knudson’s experiments demonstrated
that an orchid can exist without its
fungus, but his findings did not eluci-
date the role of the fungus. That re-
mains uncertain. It is possible, as Knud-
son speculated, that the fungus merely
contributes its enzymes. If that is so, all
orchid seeds should germinate on mix-
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FUNGUS INFECTION that normally must occur before an orchid
seed will germinate fully is shown in two stages. At left a fungus has
penetrated a seed. Later the fungus takes up a permanent associa-
tion with the root, as indicated at right in a depiction of a small

tures of sugar and minerals. The fact
is that some orchid seeds do not germi-
nate on Knudson’s medium or similar
ones, or on media containing highly
purified sugars. Seeds planted in such
media have responded, however, to
the addition of fungus extracts, vari-
ous other plant extracts and certain
vitamins.

]'t may be, then, that the fungus is
contributing more than its enzymes.
Perhaps it supplies the seeds and seed-
lings with certain hormones, vitamins
or other growth factors. Many investi-
gators have studied the effect of vita-
mins on germinating orchid embryos.
In most cases their investigations were
designed to answer questions other than
what role the fungus plays—questions
relating to such matters as the em-
bryology of flowering plants in general
or to purely horticultural matters such
as how to germinate more orchid seeds
and achieve better growth of seedlings.
In most of these studies it has been
shown that the B vitamin niacin (nico-
tinic acid) promotes the germination of
seeds and the growth of seedlings.

I have thought it worthwhile to ex-
plore this matter further, particularly
with a view to explaining more fully
the function of the fungus in the
growth of orchids. The pathways by
which most living things manufacture
niacin have been thoroughly studied;
they are well understood in mammals
and in a few birds, some fungi and
certain bacteria. The mode of synthesis
of niacin in green plants, however, is
obscure. Most of the evidence brought
forward so far is contradictory, probably
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in part because the plants studied have
not been appropriate for the experi-
ments. It seemed to me that orchid
seeds, being deficient in storage tissues
and reserves of growth-promoting fac-
tors, were particularly well suited to
such an investigation.

One approach commonly used to
study what ingredients go into the
synthesis of a vitamin and what path-
ways are taken in the process is to
provide the organism with radioactive-
ly labeled ingredients that might be
used in the synthesis and to follow the
labeled intermediates through whatever
synthetic pathways they take. It is also
possible to provide an organism with
unlabeled intermediates and look for
evidence that they have indeed been
used as precursors of the end product.
This evidence can appear either in the
form of improved growth rates or as
increased amounts of the end prod-
uct (or some of its precursors and meta-
bolic products) in the experimental or-
ganism.

Because none of the labeled inter-
mediates of the kind needed to experi-
ment with niacin metabolism in orchids
as I wanted to approach the problem
were available commercially at the time,
and because it was impractical for me
to make them, I adopted the second ap-
proach. I placed orchid seeds on media
containing the suspected precursors of
niacin and also on some media that con-
tained niacin and some that did not.
Comparing the growth and differentia-
tion of the seedlings on all media, I
found that the experiments indicated
that the synthesis of niacin in orchids
may, at least in part, proceed along a
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called mycorrhiza from the Greek words for “fungus” and “root.
The fungus apparently contributes certain enzymes and perhaps
some vitamins and hormones that the orchid needs for development.

section of root. The symbiotic association of fungus and orchid is
»

pathway similar to that found in mam-
mals and in the bread mold Neurospora
crassa. The findings suggest that the
fungus does indeed have a role in sup-
plying vitamins to the orchid seedling.

I mentioned briefly that orchid seeds

have been used by many investiga-
tors in experiments designed to yield
new information on the embryology of
flowering plants. The seeds are useful
for this purpose because of their special
structure, unique mode of development
and peculiar requirements for germina-
tion. The use of culture media with
varied components showed some time
ago that young orchid seedlings prefer
ammonium to nitrate as a source of
nitrogen. Recently John G. Torrey of
Harvard University, working with V.
Raghavan, conducted experiments in-
dicating that Cattleya seedlings cannot
utilize nitrate until they are 60 days old,
simply because they lack the necessary
enzyme: nitrate reductase. At an age
of 60 days the seedlings start to pro-
duce the enzyme and become capable
of utilizing nitrate.

This finding can be taken as evidence
that a subtle biochemical differentiation
can occur in the young seedlings. The
implications go far beyond orchids.
Such findings open up avenues of re-
search on the mechanism of differentia-
tion, the role of the genetic code in it
and the relation between the differen-
tiation and the code in terms of the
selective activation or suppression of
genes. These avenues of research may
lead in turn to further understanding of
the anatomical and chemical changes
that occur in living things as they grow.
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ing, and its pioneering in EL readout
development. It’s a point to keep in
mind the next time you have a design
problem.
Sylvania Electronic Components
Group, Sylvania Electric Products Inc.,
730 Third Ave., New York N. Y. 10017.

SYLVANIA

SUBSIDIARY OF
GENERAL TELEPHONE & ELECTRONICS GrlglE
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Bendix is the kind
of company that

does research
in only 5 areas.

1. Space and Missiles. Bendix
research spans most phases of the
U.S. space program—from produc-
ing advanced guidance and control
systems to studying the nature of
the moon's surface.
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3. Automation. Bendix research is pro-
viding manufacturers with many types of

2. Automotive. Brakes, steering, car- cost-cutting equipment — including nu-
buretion and other related components merical control systems and automatic
are continually being improved by gaging and monitoring systems.

Bendix research.

4. Aviation. Results of Bendix research include the first
commercial all-electronic autopilot and, just recently, the
first FAA-approved all-weather landing system.

Research is our investment in the future.
Each of our 28 divisions and 8 subsidiary com-
panies is involved in research—to improve
products, create new ones, and solve a wide
range of technical problems. Their efforts

5. Oceanics. Research is making Bendix a leader in this new
field. Developments include navigation devices to withstand

are supported and extended by our Research pressures at 3 miles deep, underwater telemetry, and guidance/
. R control systems for anti-submarine torpedoes and steering
Laboratories Division that conducts research systems for submarines.

of a broader and more basic nature. This
emphasis on research demonstrates again
that the heart of our business is creating new

ideas and developing them to maximum use- WHERE IDEAS

fulness — whether we’re serving as creative e e”ﬁ‘/ UNLOCK

engineers . . . manufacturers . . . or problem- CORPORATION
solvers for industry and government. THE FUTU RE
FISHER BUILDING, DETROIT 2, MICHIGAN
N CREATIVE ENGINEERING FOR: 0 AUTOMATION O SPACE O MISSILES O AVIATION O AUTOMOTIVE O OCEANICS
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Chemistry at High Velocities

Chemical change is classically studied as it occurs at minimum

energies. “Iot” atoms, colliding at higher energies, yvield new

reactions and a broader view of the nature of chemical change

a housewife or a chemist to cause a

chemical reaction. One heats the in-
gredients and hopes for the best. By
this means one can make steel from iron
ore and coke, gasoline from petroleum,
water from hydrogen and oxygen and
an omelet from eggs. In each case as the
temperature rises the molecules and
atoms move more rapidly and collisions
between them become more vigorous.
Eventually a certain energy threshold
is reached and a reaction occurs. In-
creasing the temperature further will
increase the number of collisions in
which there is enough energy, and so
the reaction goes faster. It nonetheless
remains the same reaction, at least at
ordinary temperatures.

For example, heating hydrogen with
methyl fluoride within “normal” thermal
limits invariably produces this result:
H + CHyF — H, + CH,F. Why only
this reaction? Why do we not see any
of the other conceivable reactions be-
tween the substances? Instead of pluck-
ing a hydrogen atom out of the methyl
fluoride, the hydrogen reactant might
displace  the fluorine atom: H +
CH,F — F + CH,. The reason this re-
action and the other possible reactions
do not occur at ordinury temperatures
is that they require a great deal more
energy than is provided by ordinary
heating.

In recent years investigators have
explored the higher realms of energy
and uncovered a new world of chemis-
try. Many kinds of reactions previously
unknown have been produced. The
study of “hot chemistry” is greatly
widening our view of the nature of
chemical change and reaction. More-
over, hot chemistry has become a mat-
ter of special interest because chemical
reactions in extraterrestrial space—on
the surface of the moon and in the up-
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It is a simple matter for a schoolboy,

by Richard Wolfgang

per atmospheres of planets and stars—
appear to be largely hot reactions.

The idea of hot chemistry and its
beginnings as a field of study can be
traced back to before World War II
[see “Hot Atom Chemistry,” by Wil-
lard F. Libby; SCIENTIFIC AMERICAN,
March, 1950]. It is only in the past dec-
ade, however, that experimental tech-
niques and interpretations of results
have advanced sufficiently to give a
clear outline of the nature of hot reac-
tions. Although the discipline is now
entering a period of rapid growth, it is
still in its infancy.

In view of the fact that chemists have

been studying reactions systematical-
ly for a century or more, one might ask
why it took so long to get around to in-
vestigating those that occur above ther-
mal or threshold energies. In physics the
study of nuclear reactions went the op-
posite way: from high energy to lower
energy. Physicists began by investigat-
ing nuclear reactions at energies of
many millions of electron volts; only re-
cently have they proceeded to detailed
studies of reactions produced by mere
heating (thermonuclear reactions). The
reason is obvious: high-energy nucleons
(protons and neutrons) and nuclei could
be produced with relative ease by means
of accelerators or nuclear reactors, but
it is quite diflicult to create in the lab-
oratory the temperatures required for
thermonuclear reactions.

In chemistry, by contrast, the very
ease with which reactions can be in-
duced by heating has tended to make
the chemist forget that this method re-
stricts him to low-energy reactions and
makes accessible to him only a narrow
band in the full spectrum of chemical
processes. In any case, until quite re-
cently there has been no effective way to
study hot chemical reactions. It is not
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simply a matter of heating the reactants
to higher temperatures. At temperatures
now attainable in shock waves and plas-
ma devices—10,000 degrees centigrade
and higher—hot reactions will occur.
Even in a simple system, however, so
many reactions can then proceed at
once, involving not only the reactants
but also the products, that it is extreme-
ly difficult to sort out what is actually
going on and to identify and character-
ize the individual hot processes. These
difficulties effectively discouraged chem-
ists from exploring the high-energy
portion of the chemical-reaction spec-
trum.

What opened the subject to detailed
study was the arrival of a convenient
method for obtaining individual hot
atoms without heating the other reac-
tants. It then became possible to ob-
serve the reactions of high-velocity
atoms with substances that were other-
wise stable because they were at normal
temperature. The hot atoms could be
produced, as Libby pointed out in his
Scientific American article, by means of
nuclear reactions that yield new atoms
of high kinetic energy. For example,
when the nucleus of helium 3, consist-
ing of two protons and a neutron, ab-
sorbs a slow neutron, it is transformed
into tritium, the radioactive isotope of
hydrogen (hydrogen 3), with the emis-
sion of a proton: He*4+n—>p+T.
(For convenience we shall designate trit-
ium T instead of H3.) The vigorous
emission of the proton gives the tritium
a high recoil energy, amounting to about
200,000 electron volts.

At that high energy the tritium at
first behaves just like an alpha particle
that has been emitted by a radioactive
nucleus. Charging through matter, it
will make a track—ionizing, exciting and
disrupting molecules in its path. In the
process of making this high-speed jour-



ney the tritium, which may originally
have been produced as an ion, is con-
verted to an atom in its lowest energy
state. As long as it retains an excessive
kinetic energy of thousands or hundreds
of electron volts, however, it is not itself
very interesting to the chemist. Its only
reactions are to fragment and excite the
molecules it encounters, and it does so
in a way that cannot be called chemical-
ly specific because other fast particles
do about the same thing.

AN
. \\\?&&\
O

Only after the tritium atom has been
slowed by collisions to a kinetic ener-
gy of 10 electron volts or less does it
begin to combine chemically with other
substances. This energy level, roughly
corresponding to the typical strength
of a chemical bond (about five electron
volts), is the realm of hot atom chemis-
try. (Most of the ordinary chemical
processes induced by simple heating
occur at less than one electron volt) A
tritium atom with an energy of several

T+ Hs
e A /
A
S

electron volts will produce the type of
reaction, such as displacement of the
fluorine atom from methyl fluoride, that
never occurs in ordinary chemistry at
the “thermal” level.

Et us consider an experiment in detail.
We shall examine the reactions of
hot hydrogen atoms (tritium atoms ob-
tained from the transformation of he-
lium 3) with methane (CHy). We mix a
small amount of helium 3 with methane

CHEMICAL REACTIONS are pictured in this highly schematic
illustration as routes through a mountain range; the height of a
pass or a mountain is analogous to the energy barrier for the re-
action. The lowest-energy, or threshold, route (black line) leads
over the lowest pass to only one destination. In contrast, extra en-
ergy makes it possible to cross higher passes or even the ridges, and

to reach any destination (colored lines). By analogy, a thermal
tritium atom (T') interacting with a hypothetical substance XH,, can
produce only XH + HT. Moreover, the reaction’s efficiency is low:
it must hit the pass just right or it will fail (broken black lines). A
hot atom, on the other hand, can surmount the energy barrier at
any point, reaching all product destinations with high efficiency.
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HOT CHEMISTRY is placed in a “spectrum” of the various types
of interaction in the physical universe. The temperatures at which
particles have certain kinetic energies are shown. As the energy
increases, more elementary particles can interact, ranging from

gas in a quartz ampule and irradiate the
mixture with neutrons in a nuclear re-
actor. The irradiation must not be too
long or too intense; otherwise it would
decompose a substantial amount of the
methane. A mild exposure will be suffi-
cient, because we need only a tiny
amount of tritium (about a trillion
atoms, or five trillionths of a gram) in
view of the fact that we shall be able
to find the tritium in the reaction prod-
ucts by means of its radioactivity.

After a short time we remove the
ampule from the reactor and make a
search for the products of tritium’s re-
actions with methane. We can separate
the products from one another by gas
chromatography, that is, by sending
the contents of the ampule through a
tube packed with a material that passes
the various substances at different
speeds, so that they come out separately
at the other end. There a radiation
counter detects and measures the
amount of each tritium-labeled sub-
stance produced in the ampule.

How can we tell which of these
products arose from hot reactions? Al-
though some tritium atoms will react
with methane molecules while they are
still “hot,” many may be reduced by
collisions all the way to ordinary thermal
energies. Such thermal atoms react
quite slowly, but they do react eventu-
ally, either with the methane or with
trace amounts of impurities that are
inevitably present. The thermal prod-
ucts thus formed confuse the issue be-
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cause one cannot always be sure that
they were not actually produced in hot
reactions.

We can eliminate the confusion by
one of two devices. One is to get rid
of the thermal tritium atoms before they
have a chance to react with the methane
or the impurities. This can be done by
means of a “scavenger” substance, such
as iodine or bromine, that reacts rapidly
with thermal hydrogen atoms. As little
as .1 percent of iodine in the mixture
will remove nearly all the slow triti-
um. This small amount has a negligible
effect on the hot reactions, which can
occur only in the few collisions experi-
enced by the hot atom when it has the
right energy just before it is slowed to
thermal velocities. These few collisions
are unlikely to involve a scavenger
molecule.

The second device, which is even
more effective in distinguishing hot re-
actions, employs the opposite tactic.
We can eliminate hot reactions by di-
luting the reaction mixture with a large
amount of an inert “moderator” such as
helium, neon or argon. The hot atom
will then lose energy mostly in collisions
with this moderator and is unlikely to
encounter a molecule with which it can
react before being slowed to thermal
speeds. Just as a moderator in a nuclear
reactor is used to slow neutrons to
thermal energies before they react, so
the moderator in this case ensures that
nearly all the tritium atoms will reach
low energy before reacting. Again as in
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molecules to nucleons, and the type of reaction varies from
classical chemistry’s molecular collisions to the processes of parti-
cle physics. The symbols 7, p, d, t and « denote respectively pi
mesons and the nuclei of hydrogen, deuterium,tritium and helium 4.

a neutron reactor, atoms of a mass
similar to that of the hot atoms should
be most effective. This is what has been
found. Helium is the best moderator for
tritium, with the heavier neon, krypton
and argon being less effective [see il-
lustration on page 86]. The results of
experiments with and without moder-
ators can be compared; since the moder-
ation procedure only enhances thermal
reactions, the elimination of a given
product is a certain indication that it
was made by a hot process.

In our laboratory at Yale University
the first experiments with tritium and
methane showed striking differences
between the results of thermal reactions
and those involving hot atoms. Ordinari-
ly atomic hydrogen reacts with methane
only by abstracting a hydrogen atom
from it to form molecular hydrogen.
The reaction goes H 4 CH,; — H, +
CHj, or, if we use tritium as the hydro-
gen reactant, T + CH; — HT + CH,.
A hot hydrogen atom, on the other hand,
is capable of reactions other than
this one. It can insert itself into the
compound by displacing bound hydro-
gen atoms: T + CH,; — CH3;T + H, or
T 4+ CHy — CH,T + 2H. Thus the hot
reaction of tritium produces not only
radioactively labeled molecular hydro-
gen (HT) but also labeled methane
(CH;T) and methyl radical (CH,T).

These results are quite reasonable.
Thermal atoms with minimal energy
can react only by the mode that has
the lowest energy threshold, in this



case abstraction. Hot atoms, however,
can react by all possible modes, regard-
less of their energy threshold. Hence
totally new reaction paths are found.

Such results give us a larger perspec-

tive on chemical reactions in gener-
al. We can picture the scheme of chemi-
cal reactions as a mountain range tra-
versible by various passes leading to
different destinations [see illustration
on page 83]. At ordinary thermal en-
ergies there is only one way to get
over the mountain: the reaction route
goes inevitably over the lowest pass
and only one possible product can be
reached. If, on the other hand, the re-
action system is raised to high energy,
every pass and mountain can be sur-
mounted, and so all the product desti-
nations can be reached. The mountain
analogy not only is intuitively illumi-
nating but also has proved useful in
theoretical calculations of reaction prob-
abilities, because it serves as a model
of the potential energies that control all
chemical change. (This usually requires
elaboration to many dimensions to rep-
resent the many spatial factors that are
involved.)

The model also suggests a notable
difference between hot reactions and
reactions of minimal energy. A high-
energy system would be expected to be
able to cross the potential-energy moun-
tain range on nearly every encounter,
whereas a low-energy system would re-
quire many tries before it finally found
the lowest pass. This means that hot
reactions should be much more efficient,
and experiment shows this to be the
case. The probability of reaction in a
collision between a hot hydrogen atom
and a methane molecule is of the order
of one in 10 or higher, whereas at the
lowest reaction threshold only about
one collision in 10,000 is effective. This
difference in efficiency can be readily
understood in terms of the actual me-
chanics of the collision. An atom at
threshold energy must strike a molecule
from exactly the right direction and in
exactly the right spot if its minimal en-
ergy is to be sufficient to achieve a re-
action. The probability of that occur-
ring is of course quite low. On the
other hand, a hot atom, with its excess
of energy, should be able to combine
with a molecule with much less regard
to where or how it strikes.

It soon became apparent that al-
though a hot atom might be energetical-
ly capable of many possible reactions,
not all of them actually take place, and
even among those that do there are
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HOT REACTIONS are moderated by an inert gas added to the reactants. The graph shows
how increasing the proportion of neon (black dots) or helium (open circles) decreases the
percentage of hot atoms undergoing the reaction T 4 CH; — CH3T + H. As expected, heli-
um, which has a mass closer to tritium’s than does neon, is the more effective moderator.

some that under certain circumstances
may be strongly discriminated against.
Thus the notion that since energetically
anything can happen everything does
happen found no support in the early
experimental results. Obviously there
are some very specific factors that con-
trol the paths of hot processes. These
factors are of such a nature as to be in
large measure quite new to chemistry.
Investigations with hot hydrogen atoms
in particular have yielded some en-
lightenment on the nature of such
factors.

Consider the various observed reac-
tions between propane (CH3;CH,CHj)
and hot hydrogen [see illustration on
opposite page]. The most striking fea-
ture of this list of products is that 90
percent of the reactions seem to involve
the rupture of only a single bond of the
molecule. The dynamics of the situation
suggests an explanation. We know that
hot atoms generally enter into reactions
when they have an energy between
about one and 10 electron volts. At that
energy a tritium atom is moving very
fast: it takes the atom only about 10-14
second to travel a distance correspond-
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ing to the size of a molecule. Any col-
lision between the small, high-speed
hydrogen atom and the comparatively
large propane molecule must be fast and
highly localized; it directly affects only
one or two bonds in the immediate area
of impact. Atoms remote from the col-
lision site do not “feel” the impact be-
cause it takes longer than 10-1* second
for energy to be transferred down the
molecule by the propagation of vibra-
tions from bond to bond. In this light it
is not surprising to find that in most
cases a hot hydrogen atom apparently
breaks only one bond when it combines
with the propane molecule.

If only a few bonds are involved in a
collision, it also follows that the amount
of energy that can be transferred is
limited to what can be stored as vibra-
tional energy in these bonds. This means
that the product acquires only a modest
amount of excitation energy and is un-
likely to undergo further extensive de-
composition. The experimental results
bear out such a conclusion. Thus in the
reaction of tritium with propane, if the
initial product containing tritium, say
CH;CH,CH.T, were highly excited, it
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would be expected to break apart into
molecules such as ethylene (CH,CHT)
or acetylene (CHCT). There is, how-
ever, virtually no yield of such fragment
molecules. F. S. Rowland and his co-
workers at the University of Kansas
have estimated the excitation energy
remaining in certain molecules produced
by hot-tritium-atom reactions by mea-
suring the extent to which these mole-
cules subsequently do decompose. They
find that typically the excitation en-
ergy is only about five electron volts—
just about the amount of vibrational en-
ergy a single bond can take up without
rupturing.

These considerations make clear why
hot atoms at energies above 10 electron
volts are generally incapable of enter-
ing into a chemical reaction. Because
a hot atom interacts strongly with only
a few bonds in the molecule it strikes,
the more energetic atoms simply can-
not dispose of enough of their energy
to be able to stop and combine. All
they can do in a collision is knock a
fragment from the molecule.

Civen these basic concepts of hot atom
¥ collisions and interactions, we can
visualize the several types of hot re-
action [see illustration on page 88].
Here it is assumed that the path of the
reaction is determined by just where
and from what direction the hydrogen
atom strikes the molecule—considera-
tions termed steric factors. The impor-
tance of such factors is apparent in
many results indicating that certain
bonds seem to be relatively shielded
from attack and that others are exposed.
Thus the bonds between carbon atoms,
although weaker than those between
carbon and hydrogen, are less often
broken, apparently because they are
better protected by surrounding atoms.
In the case of propane 60 percent of the
yield in reactions with hot tritium atoms
consists of HT and C4H;T, whose pro-
duction involves the rupture of C-H
bonds; on the other hand, the products
C.H;T and CH,T, which require the
rupture of C-C bonds, account for only
4 percent of the yield. Taking into ac-
count the relative abundance of the two
kinds of bond (six to two), the result is
that a hot reaction is five times likelier
to involve breaking a C-H bond than a
C-C bond.

The steric factor is also important
in ordinary chemistry, of course, but
with this significant difference: in hot
atom chemistry the direction of attack
by the reactant determines which of
several possible reactions will occur. In



low-energy chemistry it determines if
any reaction will take place.

The general scheme I have outlined
so far accounted satisfactorily for most
of the experimental results. There were,
however, some phenomena it did not
explain. For example, although a hot
hydrogen atom readily replaces a bound
hydrogen atom at the site of attack, it
almost never combines with the mole-
cule by the “inversion” mode: by oc-
cupying a bond made available through
ejection of a bound atom on the opposite
side of the molecule [see “a” in illustra-
tion on next page]. This was puzzling
because theoretical calculations indicated
that the available energy is quite suf-
ficient to allow such an event. Another
puzzle was that a hot tritium atom was
much likelier to replace a fluorine atom
in a molecule containing one fluorine
than in a molecule containing two
fluorines, that is, the reaction T + CHF
— CH3T + F had a threefold higher
yield than T + CH.F, - CH,TF + F.
Still another group of peculiar observa-
tions is typified by results of attack on
a C-C bond in a molecule such as neo-
pentane, C(CHj),. In this compound a
central carbon atom is bonded to four
methyl (CHj) groups. If a hot tritium
ruptures one of the C-C bonds, it could
combine with either of the groups at the
ends of that bond: CH; or C(CH,);. In
actuality it shows a strong preference for
combining with the lighter group, form-
ing much more CH,T than C(CH,),T.

t turned out that all these apparent

oddities could be explained on the
basis of a concept that is without
precedent in the kinetics of thermal
reactions. The idea is simply that a
hot collision can be so fast that the
inertia of the heavier atoms in the mole-
cule that is struck is too great for them
to move rapidly enough to make some
reactions possible.

Consider the inversion reaction. The
attack of a hot hydrogen atom can have
the effect of ejecting the hydrogen
bound to the other side of the carbon
atom that is struck. However, the hot
hydrogen atom cannot itself be bound
until a valence bond becomes available
at the site of its impact. This cannot
occur until the atoms or groups of
atoms bound by the other three valences
have undergone their inversion, be-
cause the carbon atom can bind four
other atoms strongly only if they are
arranged around it in a tetrahedron.
The “relaxation time” required for such
a motion of heavy atoms is of the order
of 1071% second. The time required for

BOND BROKEN PRODUCT YIELD (PERCENT)
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PRODUCTS AND YIELDS of the reaction of hot hydrogen, or tritium (T), with propane
are listed. Usually only a single bond in propane is broken, tritium (color) substituting for
displaced atoms. Only 30 percent of the hot atoms fall to a thermal level without reacting.
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the hot hydrogen to arrive and rebound
is, on the other hand, only about 10-14
second, so that it escapes before the in-
version is completed and a valence bond
becomes available to capture it. No such
difficulty exists in hydrogen replacement
by the noninversion mode [see “D” in
illustration below]. The incoming hydro-
gen is captured by the bond vacated by
the ejected atom, with no motion of elec-
trons or other atoms required.

The replacement of fluorine by hot
trititum in methyl fluoride (CH3F) is
somewhat more complex. The incident
tritium atom can break the C-F bond,
but the fluorine atom, because of its
relatively large mass, cannot be pushed
out of the way in the time of collision.
This would seem to make it difficult

for the valence bond that had bound
the fluorine to capture the tritium be-
fore it escapes. The three hydrogen
atoms also bound to the central car-
bon are so light, however, that they can
reorient themselves within the collision
period, enabling the bond to move
and bind the tritium atom in a strong
tetrahedral configuration [see illustra-
tion on page 90].

Now suppose there is another fluo-
rine atom in the compound instead of
a hydrogen, as in CH,F,. Since this
second fluorine also cannot move rap-
idly, the reorientation of the valence
bonds to provide quickly a strong tetra-
hedral bond for the incident atom is
much more difficult. The hot hydrogen
may be able to displace one of the

STERIC FACTORS, or where the hot atom strikes and from what direction, strongly influ-
ence the path of the reaction. Possible modes of reaction are shown here for a tritium atom
and various hydrocarbons. In substitution with inversion («) the hot atom occupies a bond
made available by ejection of an atom on the other side of the molecule; in normal sub-
stitution the displaced atom is at the site of the attack (b). In abstraction the hot atom can
pull an atom away as it rebounds axially from the molecule (c) or strip it off in passing (d).
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fluorines, but it cannot readily be cap- |
tured in its place. Interestingly enough,
a similar effect occurs when the hydro-
gen in methyl fluoride is the isotope
deuterium (H?, or D), which is lighter
than tritium but heavier than common
hydrogen. The deuterium atoms have an
inertia sufficiently greater than that of
common hydrogen to make the prob-
ability of replacing fluorine with hot
tritium 20 percent lower in CD3F than
in CHF.

Clearly this same inertial factor must
apply in the attack of hot hydrogen
on a C-C bond in neopentane: C(CHj),.
As this bond is being broken, the hydro-
gen atoms around one carbon atom can
move much more easily than the CHj
groups around the other to provide a
strong tetrahedrally oriented bond to
capture the tritium. It is therefore not
surprising that the yield of CH,T is
much larger than that of C(CH,)3T.

So far the work in hot atom chemistry

has been concentrated mainly on hy-
drogen. We have only fragmentary in-
formation about the behavior of hot
atoms of other elements. Some experi-
ments we have done with hot fluorine in
the form of the radioactive isotope
fluorine 18 (F18) show much the same
pattern as experiments with hydrogen.
There are, however, two important dif-
ferences: the efficiencies of the reactions
are lower and a larger proportion of
them involve the rupture of more than
one bond. This is reasonable, since the
hot fluorine atom is somewhat bigger
and, because of its greater mass, also
much slower than a hydrogen atom with
the same amount of energy. Since its
collision with a molecule is therefore
slower and less localized, more of the
molecule’s bonds can absorb the energy
of the impact. With the energy dis-
tributed more widely in the molecule, it
is less likely that any one bond will re-
ceive enough energy for 1‘upture; con-
sequently reaction is less probable than
it is with hydrogen. On the other hand,
if a reaction does take place, the im-
mediate product is quite likely to be
left with enough energy of excitation to
break a second bond. For instance, the
reaction of a hot fluorine atom with
carbon tetrafluoride (CF,) results in the
rupture of two bonds (to form CF,F¥)
almost as frequently as in the replace-
ment of only a single atom (to form
CF;F15). Although this interpretation
may be plausible, it is unlikely to be
the whole story; we do not yet have
enough information to tell.

Hot carbon atoms have been studied
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ing the power supply. Ten
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described at right.
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175 Wyman Street, Wal-
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Series systems following
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on reels, no maintenance
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system prices from $6,185
(7 channels), or $8,415 (14
channels), plus desired elec-
tronics. Srore all your low
level data signals on 3900A-
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Improved optical writing
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high contrast traces which
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eliminating separate galvan-
ometer inventories and tedi-
ous changes. Trace resolu-
tion aided by choice of 9
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0.25 to 100 inches/sec.; full
width time lines, amplitude
lines partially or wholly re-
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interruption for trace iden-
tification. Complete 8-chan-
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rather more thoroughly and present a
very different picture. Atomic carbon is
one of the most reactive of all chemicals;
for this reason very little has been
known about its properties. It was
therefore necessary to investigate the
reactions of individual carbon atoms at
ordinary thermal energies (below one
electron volt) as well as at high en-
ergies. This was done by using neon as
the moderator to slow hot carbon atoms
to thermal speeds. In contrast to the
case of hydrogen, the experimental re-

sults showed that the spectrum of re-
actions of carbon atoms at high energies
is not markedly different from that at

the thermal level. The reason is simply.

that the highly reactive carbon atom,
with its four valence sites for bind-
ing, has a very low threshold for al-
most all the possible reactions, and hence
the reactions take place at ordinary
thermal energies. Raising the energy of
the carbon atom to several electron volts
will increase the efficiency of these re-
actions, but it introduces few new ones.

EFFECT OF INERTIA on the reaction of tritium with methane (a), methyl fluoride (b)
and methylene fluoride (c¢) is shown. In the case of methane a tritium pushes one of the
hydrogen atoms away and takes its place in the molecule. The fluorine in methyl fluoride is
too massive to be pushed out of the way quickly, but the rotation of the residuali CH,
fragment enables the free bond to capture the tritium. In methylene fluoride, on the other
hand, the residual CH,F fragment has too much inertia for such rapid rotation and fails to
capture the tritium atom. The length of its black arrow indicates an atom’s velocity.
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There has recently been considerable
interest in a field related to hot-atom
chemistry: the chemistry of high-veloc-
ity ions, which is investigated by mass
spectrometric methods rather than by
the techniques described in this article.
The reactions of hot ions with mole-
cules are apparently dominated by long-
range electrostatic forces, but there is
evidence that more specific chemical
factors, of the kind shown to control
reactions involving hot neutral atoms,
also play a part.

To sum up, we are dealing here not

with a chemical curiosity but with
nothing less than a new dimension of
chemical kinetics: the energy dimension.
In the initial exploration of this new
world of chemistry the technique of
using hot atoms produced by nuclear re-
actions has been of decisive importance.
It will continue to be of great value
as a wider range of hot atoms are ex-
plored in greater detail. The technique
nonetheless has some distinct limitations.
In particular, the fact that it produces
atoms reacting over the entire range of
energies, while valuable for exploratory
studies, makes it virtually impossible to
determine the precise effect of a particu-
lar energy. Furthermore, the method is
restricted to elements with convenient
radioactive isotopes and reactions yield-
ing stable products incorporating the
hot atom.

The field therefore invites further
studies with other techniques, and these
are now being developed by several
groups. Methods in which two beams
of atoms or molecules are made to in-
tersect have been successfully applied
to thermal reactions in the past few
years and are particularly encouraging,
although some formidable technical
problems must still be overcome [see
“Molecular Beams,” by O. R. Frisch;
ScieNTIFIC AMERICAN, May, 1965].
Molecular-beam devices should eventu-
ally allow the study of reactions of hot
atoms, molecules, ions and other molec-
ular fragments, whether or not they
yield stable products. It should be pos-
sible to control the energy at which
the reactive collisions can occur and
study the influence of factors such as
the speed of rotation and the orienta-
tion of the molecule that is struck. With
such devices chemists can begin to
study chemical reactions in the same
kind of detail, and presumably with
the same prospect of exciting discov-
eries, that nuclear physicists have en-
joyed in probing the nucleus of the
atom with cyclotrons and other nuclear
accelerators.
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Adaptations to Cold

One mechanism is increased generation of heat by a rise in the rate

of metabolism, but this process has its limits. The alternatives

are insulation and changes in the circulation of heat by the blood

11 living organisms abhor cold. For
A many susceptible forms of life a
temperature difference of a few
degrees means the difference between
life and death. Everyone knows how
critical temperature is for the growth of
plants. Insects and fishes are similarly
sensitive; a drop of two degrees in tem-
perature when the sun goes behind a
cloud, for instance, can convert a fly
from a swift flier to a slow walker. In
view of the general hostility of cold
to life and activity, the ability of mam-
mals and birds to survive and flourish
in all climates is altogether remarkable.
It is not that these animals are basi-
cally more tolerant of cold. We know
from our own reactions how sensitive
the human body is to chilling. A naked,
inactive human being soon becomes
miserable in air colder than 28 degrees
centigrade (about 82 degrees Fahren-
heit), only 10 degrees C. below his body
temperature. Even in the Tropics the
coolness of night can make a person
uncomfortable. The discomfort of cold
is one of the most vivid of experiences;
it stands out as a persistent memory in
a soldier’s recollections of the unpleas-
antness of his episodes in the field. The
coming of winter in temperate climates
has a profound effect on human well-
being and activity. Cold weather, or
cold living quarters, compounds the mis-
ery of illness or poverty. Over the entire
planet a large proportion of man’s ef-
forts, culture and economy is devoted
to the simple necessity of protection
against cold.

Yet strangely enough neither man
nor other mammals have consistently
avoided cold climates. Indeed, the ven-
turesome human species often goes out
of its way to seek a cold environment,
for sport or for the adventure of living
in a challenging situation. One of the
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by Laurence Irving

marvels of man’s history is the endur-
ance and stability of the human settle-
ments that have been established in
arctic latitudes.

The Norse colonists who settled in
Greenland 1,000 years ago found Eski-
mos already living there. Archaeologists
today are finding many sites and relics
of earlier ancestors of the Eskimos who
occupied arctic North America as long
as 6,000 years ago. In the middens left
by these ancient inhabitants are bones
and hunting implements that indicate
man was accompanied in the cold north
by many other warm-blooded animals:
caribou, moose, bison, bears, hares,
seals, walruses and whales. All the spe-
cies, including man, seem to have been
well adapted to arctic life for thousands
of years.

t is therefore a matter of more than
idle interest to look closely into how
mammals adapt to cold. In all climates
and everywhere on the earth mammals
maintain a body temperature of about
38 degrees C. It looks as if evolution has
settled on this temperature as an opti-
mum for the mammalian class. (In birds
the standard body temperature is a few
degrees higher.) To keep their internal
temperature at a viable level the mam-
mals must be capable of adjusting to
a wide range of environmental tempera-
tures. In tropical air at 30 degrees C.
(86 degrees F.), for example, the en-
vironment is only eight degrees cooler
than the body temperature; in arctic air
at —50 degrees C. it is 88 degrees cold-
er. A man or other mammal in the Arctic
must adjust to both extremes as sea-
sons change.

The mechanisms available for mak-
ing the adjustments are (1) the gen-
eration of body heat by the metabolic
burning of food as fuel and (2) the use
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of insulation and other devices to re-
tain body heat. The requirements can
be expressed quantitatively in a New-
tonian formula concerning the cooling
of warm bodies. A calculation based on
the formula shows that to maintain the
necessary warmth of its body a mammal
must generate 10 times more heat in the
Arctic than in the Tropics or clothe it-
self in 10 times more effective insulation
or employ some intermediate combina-
tion of the two mechanisms.

We need not dwell on the metabolic
requirement; it is rarely a major fac-
tor. An animal can increase its food
intake and generation of heat to only
a very modest degree. Moreover, even
if metabolic capacity and the food sup-
ply were unlimited, no animal could
spend all its time eating. Like man,
nearly all other mammals spend a great
deal of time in curious exploration of
their surroundings, in play and in fami-
ly and social activities. In the arctic
winter a herd of caribou often rests and
ruminates while the young engage in
aimless play. I have seen caribou rest-
ing calmly with wolves lying asleep in
the snow in plain view only a few hun-
dred yards away. There is a common
impression that life in the cold climates
is more active than in the Tropics, but
the fact is that for the natural popula-
tions of mammals, including man, life
goes on at the same leisurely pace in the
Arctic as it does in warmer regions; in
all climates there is the same require-
ment of rest and social activities.

The decisive difference in resisting

cold, then, lies in the mechanisms
for conserving body heat. In the Insti-
tute of Arctic Biology at the University
of Alaska we are continuing studies that
have been in progress there and else-
where for 18 years to compare the
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TEMPERATURE GRADIENTS in the outer parts of the body of a pig (left) and of a seal
(right) result from two effects: the insulation provided by fat and the exchange of heat
between arterial and venous blood, which produces lower temperatures near the surface.

ESKIMO DOG
W 200 ' = :
w
< |
[a ey : i
(@]
S 100 pe——28lae——iRs
2 .
< [
" 1
w |
= 0 ' ;
ARCTIC LEMMING
300
E [ ]
< o .
S 200 *See =
O L
= \ [ ]
8 [ ] b4 P
< 100 23 . a
= ] i 5 .
< *
0
TROPICAL RACCOON
400 | I = ‘ }
L ]
L, 30 . -
7 ot
o o e °
(@] y
= 200 s 2
@) ° oo
(e8] ° [ )
<
i .
(]
= 100 w2
20 30 20 10 0 -10 —-20 -30  -40
104 86 68 50 32 14 —4 —22  —40

TEMPERATURE (DEGREES CENTIGRADE FAHRENHEIT)
RATE OF METABOLISM provides a limited means of adaptation to cold. The effect of

declining temperatures on the metabolic rate is shown for an Eskimo dog (top), an arctic
lemming (middle) and a tropical raccoon (bottom). Animals in warmer climates tend to
increase metabolism more rapidly than arctic animals do when the temperature declines.
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mechanisms for conservation of heat in
arctic and tropical animals. The in-
vestigations have covered a wide variety
of mammals and birds and have yielded
conclusions of general physiological in-
terest.

The studies began with an examina-
tion of body insulation. The fur of arc-
tic animals is considerably thicker, of
course, than that of tropical animals.
Actual measurements showed that its
insulating power is many times greater.
An arctic fox clothed in its winter fur
can rest comfortably at a temperature
of —50 degrees C. without increasing
its resting rate of metabolism. On the
other hand, a tropical animal of the
same size (a coati, related to the rac-
coon) must increase its metabolic effort
when the temperature drops to 20 de-
grees C. That is to say, the fox’s insula-
tion is so far superior that the animal
can withstand air 88 degrees C. colder
than its body at resting metabolism,
whereas the coati can withstand a dif-
ference of only 18 degrees C. Naked
man is less well protected by natural
insulation than the coati; if unclothed,
he begins shivering and raising his
metabolic rate when the air temperature
falls to 28 degrees C.

Obviously as animals decrease in size
they become less able to carry a thick
fur. The arctic hare is about the small-
est mammal with enough fur to enable
it to endure continual exposure to
winter cold. The smaller animals take
shelter under the snow in winter. Wea-
sels, for example, venture out of their
burrows only for short periods; mice
spend the winter in nests and sheltered
runways under the snow and rarely
come to the surface.

No animal, large or small, can cover
all of its body with insulating fur. Or-
gans such as the feet, legs and nose
must be left unencumbered if they are
to be functional. Yet if these extremities
allowed the escape of body heat, neither
mammals nor birds could survive in cold
climates. A gull or duck swimming in
icy water would lose heat through its
webbed feet faster than the bird could
generate it. Warm feet standing on
snow or ice would melt it and soon be
frozen solidly to the place where they
stood. For the unprotected extremities,
therefore, nature has evolved a simple
but effective mechanism to reduce the
loss of heat: the warm outgoing blood
in the arteries heats the cool blood re-
turning in the veins from the extrem-
ities. This exchange occurs in the rete
mirabile (wonderful net), a network of
small arteries and veins near the junc-



tion between the trunk of the animal
and the extremity [see “ ‘The Wonder-
ful Net,” by P. F. Scholander; Scien-
TIFIC AMERICAN, April, 1957]. Hence
the extremities can become much cold-
er than the body without either drain-
ing off body heat or losing their ability
to function.

This mechanism serves a dual pur-
pose. When necessary, the thickly furred
animals can use their bare extremities
to release excess heat from the body. A
heavily insulated animal would soon be
overheated by running or other active
exercise were it not for these outlets.
The generation of heat by exercise turns
on the flow of blood to the extremities
so that they radiate heat. The large,
bare flippers of a resting fur seal are
normally cold, but we have found that
when these animals on the Pribilof
Islands are driven overland at their la-
borious gait, the flippers become warm.
In contrast to the warm flippers, the rest
of the fur seal’s body surface feels cold,
because very little heat escapes through
the animal’s dense fur. Heat can also
be dissipated by evaporation from the
mouth and tongue. Thus a dog or a
caribou begins to pant, as a means of
evaporative cooling, as soon as it starts
to run.

In the pig the adaptation to cold by
means of a variable circulation of heat
in the blood achieves a high degree of
refinement. The pig, with its skin only
thinly covered with bristles, is as naked
as a man. Yet it does well in the Alaskan
winter without clothing. We can read
the animal’s response to cold by its ex-
pressions of comfort or discomfort, and
we have measured its physiological re-
actions. In cold air the circulation of
heat in the blood of swine is shunted
away from the entire body surface, so
that the surface becomes an effective
insulator against loss of body heat. The
pig can withstand considerable cooling
of its body surface. Although a man is
highly uncomfortable when his skin is
cooled to 7 degrees C. below the inter-
nal temperature, a pig can be comforta-
ble with its skin 30 degrees C. colder
than the interior, that is, at a tempera-
ture of 8 degrees C. (about 46 degrees
F.). Not until the air temperature drops
below the freezing point (0 degrees C.)
does the pig increase its rate of metabo-
lism; in contrast a man, as I have men-
tioned, must do so at an air temperature
of 28 degrees C.

With thermocouples in the form of
needles we have probed the tissues of
pigs below the skin surface. (Some pigs,
like some people, will accept a little

—~31 DEGREES C.

—16 DEGREES C.
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TEMPERATURES AT EXTREMITIES of arctic animals are far lower than the internal
body temperature of about 38 degrees centigrade, as shown by measurements made on
Eskimo dogs, caribou and sea gulls. Some extremities approach the outside temperature.
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pain to win a reward.) We found that
with the air temperature at —12 degrees
C. the cooling of the pig’s tissues ex-
tended as deep as 100 millimeters (about
four inches) into its body. In warmer air
the thermal gradient through the tissues

[ was shorter and less steep. In short, the

insulating mechanism of the hog in-
volves a considerable depth of the
animal’s fatty mantle.

Even more striking examples of this
kind of mechanism are to be found in
whales, walruses and hair seals that
dwell in the icy arctic seas. The whale
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and the walrus are completely bare; the
hair seal is covered only with thin, short
hair that provides almost no insulation
when it is sleeked down in the water.
Yet these animals remain comfortable
in water around the freezing point al-
though water, with a much greater heat
capacity than air, can extract a great
deal more heat from a warm body.
Examining hair seals from cold wa-
ters of the North Atlantic, we found
that even in ice water these animals did
not raise their rate of metabolism. Their
skin was only one degree or so warmer

HOT PLATE
(37 DEGREES C)

INSULATION BY FUR was tested in this apparatus, shown in a front view at left and a
side view at right. The battery-operated heating unit provided the equivalent of body tem-
perature on one side of the fur; outdoor temperatures were approximated on the other side.
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INSULATING CAPACITY of fur is compared for various animals. A “clo unit” equals the

| amount of insulation provided by the clothing a man usually wears at room temperature.
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than the water, and the cooling effect
extended deep into the tissues—as much
as a quarter of the distance through the
thick part of the body. Hour after hour
the animal’s flippers all the way through
would remain only a few degrees above
freezing without the seals’ showing any
sign of discomfort. When the seals
were moved into warmer water, their
outer tissues rapidly warmed up. They
would accept a transfer from warm
water to ice water with equanimity
and with no diminution of their char-
acteristic liveliness.

Ilow are the chilled tissues of all

these animals able to function nor-
mally at temperatures close to freezing?
There is first of all the puzzle of the
response of fatty tissue. Animal fat usu-
ally becomes hard and brittle when it
is cooled to low temperatures. This is
true even of the land mammals of the
Arctic, as far as their internal fats
are concerned. If it were also true of
extremities such as their feet, however,
in cold weather their feet would be-
come too inflexible to be useful. Actu-
ally it turns out that the fats in these
organs behave differently from those in
the warm internal tissues. Farmers have
known for a long time that neat’s-foot
oil, extracted from the feet of cattle,
can be used to keep leather boots and
harness flexible in cold weather. By lab-
oratory examination we have found that
the fats in the bones of the lower leg
and foot of the caribou remain soft
even at 0 degrees C. The melting point
of the fats in the leg steadily goes up in
the higher portions of the leg. Eskimos
have long been aware that fat from a
caribou’s foot will serve as a fluid lubri-
cant in the cold, whereas the marrow
fat from the upper leg is a solid food
even at room temperature.

About the nonfatty substances in tis-
sues we have little information; I have
seen no reports by biochemists on the
effects of temperature on their proper-
ties. It is known, however, that many
of the organic substances of animal
tissues are highly sensitive to tempera-
ture. We must therefore wonder how
the tissues can maintain their service-
ability over the very wide range of
temperatures that the body surface
experiences in the arctic climate.

We have approached this question by
studies of the behavior of tissues at vari-
ous temperatures. Nature offers many
illustrations of the slowing of tissue
functions by cold. Fishes, frogs and wa-
ter insects are noticeably slowed down

by cool water. Cooling by 10 degrees |
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NERVE

CAPILLARIES

ROLE OF BLOOD in adaptation to cold is depicted schematically. One mechanism, in-
dicated by the vertical arrows, is an exchange of heat between arterial and venous blood.

The cold venous blood returning from an extremity acquires heat from an arterial net-
work. The outgoing arterial blood is thus cooled. Hence the exchange helps to keep heat in
the body and away from the extremities when the extremities are exposed to low tempera-
tures. The effect is enhanced by the fact that blood vessels near the surface constrict in cold.

C. will immobilize most insects. A grass-
hopper in the warm noonday sun can
be caught only by a swift bird, but in
the chill of early morning it is so slug-
gish that anyone can seize it. I had a
vivid demonstration of the tempera-
ture effect one summer day when I

200
-
(@]
<
Q.
=
S
w
)]
o
2
100
40 30

went hunting on the arctic tundra near
Point Barrow for flies to use in experi-
ments. When the sun was behind
clouds, I had no trouble picking up the
flies as they crawled about in the sparse
vegetation, but as soon as the sun came
out the flies took off and were uncatch-

20
FINGER TEMPERATURE (DEGREES CENTIGRADE)

FINGER EXPERIMENT performed by the author showed that the more a finger was
chilled, the farther a one-milligram ball had to be dropped for its impact to be felt on the
finger. The vertical scale is arbitrary but reflects the relative increase in the force of impact.

© 1965 SCIENTIFIC AMERICAN, INC



able. Measuring the temperature of flies
on the ground, I ascertained that the
difference between the flying and the
slow-crawling state was a matter of
only 2 degrees C.

Sea gulls walking barefoot on the ice
in the Arctic are just as nimble as gulls
on the warm beaches of California. We
know from our own sensations that our

fingers and hands are numbed by cold. |

I have used a simple test to measure
the amount of this desensitization. After
cooling the skin on my fingertips to
about 20 degrees C. (68 degrees F.) by
keeping them on ice-filled bags, I tested
their sensitivity by dropping a light ball
(weighing about one milligram) on them
from a measured height. The weight
multiplied by the distance of fall gave
me a measure of the impact on the skin.
I found that the skin at a temperature
of 20 degrees C. was only a sixth as
sensitive as at 35 degrees C. (95 de-
grees F.); that is, the impact had to be
six times greater to be felt.

We know that even the human body
surface has some adaptability to cold.
Men who make their living by fishing
can handle their nets and fish with wet
hands in cold that other people cannot
endure. The hands of fishermen, Eski-
mos and Indians have been found to be
capable of maintaining an exceptionally
vigorous blood circulation in the cold.
This is possible, however, only at the
cost of a higher metabolic production of
body heat, and the production in any
case has a limit. What must arouse our
wonder is the extraordinary adaptability
of an animal such as the hair seal. It
swims in icy waters with its flippers and
the skin over its body at close to the
freezing temperature, and yet under
the ice in the dark arctic sea it remains
sensitive enough to capture moving prey
and find its way to breathing holes.

Here lies an inviting challenge for all
biologists. By what devices is an animal
able to preserve nervous sensitivity in
tissues cooled to low temperatures? Be-
yond this is a more universal and more
interesting question: How do the warm-
blooded animals preserve their overall
stability in the varying environments to
which they are exposed? Adjustment
to changes in temperature requires them
to make a variety of adaptations in the
various tissues of the body. Yet these
changes must be harmonized to main-
tain the integration of the organism as
a whole. I predict that further studies
of the mechanisms involved in adapta-
tion to cold will yield exciting new in-
sights into the processes that sustain
the integrity of warm-blooded animals.
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Why

did IBM develop

still another

computer language?

Why did we develop PL/I—
Programming Language/One?

Why didn’t we let well enough
alone?

You have FORTRAN for the bulk
of your present computing.

You have 1BM Assembler Lan-
guage to provide direct entry to
every SYSTEM/360 feature.

So why PL/I?

Basically, to have one language
that will provide the ease of pro-
gramming you have long asso-
ciated with FORTRAN, plus the
increased machine efficiency you
realize through the use of the
Assembler.

Truly, PL/I reflects the better
features of each of these
languages.

And PL/T is user-oriented—
developed in cooperation with
many of our customers who sug-
gested many of its features.

Use only what you need

Youuse PL/Iaccording to your
immediate needs.

If you’re less familiar with
computers and programming or
your computing problems are less
demanding, you learn and use
only portions of PL/I—learning
more only as your needs grow.

If you’re more experienced in
programming techniques or your
computing problems demand
maximum effort, then you can
use the full power of PL/I
immediately.

IBM@
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PL/I makes it easier to inte-
grate data communications in
your system. It complements the
computing power of SYSTEM/360.

PL/I doesn’t obsolete FORTRAN.

FORTRAN will still be used and
1BM will continue to fully support
its growth.

PL/Iis not the perfect solution
to every problem. But it is better
and quicker in solving many ad-
vanced applications like com-
puter-aided experimentation, and
simulation of continuous systems.

Once you start using PL/I,
you’ll be glad we didn’t let well
enough alone.

SYSTEM /360-The Computer
with a Future.
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FIXED-POINT THEOREMS

These somewhat implausible laws state that points must reappear

in their original positions when the surfaces on which they lie

undergo certain deformations. Their practical uses are numerous

rubber band and then stretch it,

the order in which the points appear
does not change. This is an intuitively
acceptable conclusion of topology: the
study of properties that persist when
geometric figures are bent, stretched,
twisted or otherwise continuously de-
formed. Other topological facts are not
so clear; their validity seems intuitively
unacceptable. In this intriguing category
are the fixed-point theorems, a group of

If you mark a series of points on a

CONTINUOUS DEFORMATION of a geometric surface is repre-
sented by the gentle swirling of coffee in which the thin film of
cream on top is never disrupted. Here the coffee is being swirled in
such a way that the particle in the exact center does not move.

by Marvin Shinbrot

results concerning points that reappear
exactly in their original positions after
the surfaces on which they lie have
been deformed.

An example will serve to introduce
them. Suppose we stir a cup of coffee,
in any way and for any length of time
but gently enough so that the surface
is never disrupted. (As they say in
cookbooks, “Stir, do not whip.”) Ac-
cording to one of the simplest fixed-point
theorems, when we have finished stir-

© 1965 SCIENTIFIC AMERICAN, INC

ring and the motion of the liquid has
stopped, at least one point on the sur-
face will be back where it started! Such
a point is called a fixed point. A particle
at the exact center of the surface would
be the fixed point in the simplest case:
when the liquid is swirled only in
circles. Usually the motion of stirred
coffee is more complicated, with any
particle susceptible to being moved to
any position on the surface. The rele-
vant fixed-point theorem, first proved by

FIXED-POINT THEOREM states that no matter how the surface
of the coffee is continuously deformed, there will always be a point
on the surface in the position it occupied at the start. This theo-
rem does not stipulate which point is fixed at any instant in time.
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the Dutch mathematician L. E. T.
Brouwer, does not specify which point
remains fixed but only that one or more
points must do so.

Consider ~another application of
Brouwer’s theorem. If this page of
Scientific American were torn out,

crumpled and folded in any way (but
not torn) and then placed back on the
magazine in such a way that no part of
it extended beyond the edges of its
original position, then at least one of
the points on the crumpled page would
lie directly above the spot it originally
occupied. This fact, guaranteed by the
Brouwer theorem, strikes many people
as even more surprising than the cer-
tainty of a fixed point on the surface of
the coffee. To the mathematician, how-
ever, it is more readily explained be-
cause the crumpling of a page is a
simpler deformation than the swirling
of coffee; the paper cannot be stretched,
whereas the distance between two
points on the surface of the coffee can

easily change.

]n order to understand how the proof
- of a fixed-point theorem might be
constructed, it is simplest to look not at
a two-dimensional surface such as the
surface of the coffee or the sheet of

paper but at a one-dimensional surface
exemplified by a piece of string. Sup-
pose we stretch a string to its full length
so that it forms a straight line and then
place it on a table. Next we fold the
string any number of times and shift it
around within the confines of the line
made by the straight string. It can now
be shown that a point on the string has
returned to the exact spot it occupied
before the manipulation and is there-
fore a fixed point. This is the one-
dimensional version of the Brouwer
theorem.
The theorem is proved by represent-
ing both the original string and the
folded string as curves on a graph,
comparing the curves and demonstrating
that they intersect at some point [see
illustrations on these two pages]. To
begin, we measure the original straight
string. We call the left end zero and
specify each point on the string by its
distance in inches from the left end. If
the string is, say, eight inches long, we
can speak of the point at the far right as
“point eight.” By the same token the
position of each point on the folded
string can be specified by its new dis-
tance from the left end of the string.
If a point originally four inches from the
left has been moved as a result of the

deformation to three inches from the
left, its new position is designated
simply as “point three.”

In this way we define a function,
which can be denoted by f(x). The value
of this function at any point on the
string is the number representing the
position to which that point has been
moved. Thus if point four is moved to
point three, the value of f at four is
three; in symbols f(4) = 3. To say that
some point has not been moved—that is,
to say that some point is a fixed point—
is just a geometrically appealing way of
saying that the equation f(x) = x has a
solution.

Now we construct a familiar Cartesi-
an plane and graph the function f(x).
In this plane the horizontal axis des-
ignates the distance of each point
from the left when the string was in
its original position, and the vertical
axis designates the distance of each

point from the left after the string has
been folded. On such a graph the
point shifted from four to three can
be plotted as a point with the coordi-
nates four (on the horizontal axis) and
three (on the vertical axis). When all
the points on the folded string are
plotted in this way, the curve connect-
ing them is a mathematical representa-
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FOLDING OF A STRING is a continuous deformation of a one-
dimensional surface. Points on an eight-inch string (top) assume
new positions when the string is folded (middle), with point 4, for
example, moving to point designated f(A4). A fixed-point theorem
states that some point f(P) on the folded string must be as far from
the left of the ruler (bottom) as point P was on the straight string.
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7

DESCRIPTION OF FOLDED STRING in illustration at left is
provided by the jagged curve on this graph. Horizontal axis desig-
nates the distance of a point, in inches, from the left end of the
original string. Vertical axis designates distance of a point on
the folded string from same point on the original. Thus point C
has the coordinates three (horizontal axis) and 2.5 (vertical axis).

L |



tion of the physical folding of the
string. This curve may be extremely
complicated, but it has two nice and
particularly significant properties. It lies
entirely within one quadrant of the
Cartesian plane; indeed, it lies within
the square having zero to eight on the
horizontal axis as its base. This is en-
sured by the fact that the deformed
string was never moved off the original
eight-inch segment; therefore the func-
tion f(x) describing the deformation can
be neither negative nor greater than
eight. Moreover, the curve is continu-
ous; since the string was not broken in
the process of deformation, there are no
breaks in the curve describing that
deformation. These two properties of
the curve suffice, as we shall show, to
guarantee that the string has a fixed
point.

We know how to represent the folded
string as a curve on a graph; we now
have to demonstrate that if the original,
undeformed string were also represent-
ed as a curve, the two curves must inter-
sect. This is not difficult to show. As-
sume that we have picked up the
straight string and returned it, still
straight, to its original position. Even
though it has not changed shape, we
can consider that it has undergone a

deformation and we can plot the func-
tion corresponding to this deformation.
If we plot the “new” distances from the
left end against the old, we get points
that are equidistant from the two axes—
points with coordinates one and one,
two and two and so forth. When we
connect these points, we have in fact
drawn the diagonal of the square built
on the base of zero to eight on the
horizontal axis.

Now, recall the curve that represents
the folded string. It must by definition
begin at zero (the left side of our
square) and end at eight (the right
side). It also must lie between zero and
eight on the vertical axis and can have
no breaks. To get from one side of the
square to the other it is necessary that
this curve cross, or at least touch the
diagonal. The only way for the curve
representing the folded string not to
cross the diagonal is for it to begin at
the lower left corner of the square or
end at the upper right corner. The first
case, however, merely implies that point
zero is a fixed point, and the second
that point eight is fixed. Therefore in
all cases there is some poiht of inter-
section between the two curves and
thus a fixed point on the deformed
string. This would hold true, incidental-

2 3 4 5

DESCRIPTION OF STRAIGHT STRING eight inches long is, by
the same mathematical convention, the diagonal connecting the
bottom left and top right corners of a square built on zero to eight
on the horizontal axis (because the original and the “new” posi-
tion of each point are the same). The intersection of the diagonal
and the curve describing the folded string specifies a fixed point.
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ly, even if, instead of the string, we had
used an elastic material such as rubber,
provided only that the deformed piece
was not broken and was replaced so as
not to lie outside the position occupied
by the undeformed piece. The only
difference that the use of rubber would
make is that the curve representing the
stretched piece need not consist of line
segments—as the representation of the
folded string must—but may have a
curved shape.

he form of the Brouwer theorem

that applies to two-dimensional sur-
faces would also hold if, instead of the
surface of coffee in a cup, we were
considering an infinitely elastic circular
piece of rubber. We can transform such
a rubber disk by stretching and fold-
ing it in various ways, making sure
only that the disk is not torn and that
it is replaced within the original cir-
cumference. The proof of the two-di-
mensional version of the Brouwer
theorem is most elegant. We first con-
sider a disk and assume that, contrary
to the theorem, no point on it remains
fixed after a deformation; it is then
possible to show that this assumption is
untenable. The steps of the proof (which
holds not only for a disk but also for a

PROOF OF FIXED-POINT THEOREM depends on fact that every
curve describing a folded string that is replaced uncut on top of a
straight one must cross the diagonal describing the straight string.
Two special cases are the curves of string with fixed point at right
(top) and string with fixed point at left end (bottom). The the-
orem was set forth by the Dutch mathematician L. E. J. Brouwer.
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CONVEXITY is one of two conditions a surface must satisfy if
fixed-point theorems are to hold true on it (the other is bounded-
ness). An area is convex if it contains every point on the line con-

rectangle such as our sheet of paper)
are outlined in the illustration on the
opposite page.

The Brouwer theorem does not apply
to any area regardless of shape. An in-
finite domain, for example, need have
no fixed point, even in one dimension.
An infinitely long string can be moved
in such a way that no point remains
fixed. We need only to shift every
point of the string one inch to the right.
Since every point of the string has
been moved an inch away from its
original position, there is no fixed point.
Hence we see that for an area always to
have a fixed point when it is trans-
formed, it must be bounded. It must al-
so satisfy some other condition of shape,
one that mathematicians call convex-
ity. An area is defined as convex if
it is possible to draw the line con-
necting any two points in the area so
that no point of the line lies outside the
area [see illustration at top of these two
pages].

The Brouwer fixed-point theorem we
have described as being applicable to
one-dimensional and two-dimensional
surfaces is in fact applicable to surfaces
with any finite number of dimensions.
The theorem does not hold, however, if
the surface is infinite-dimensional. For-
tunately there are fixed-point theorems
that do apply in infinite-dimensional
situations. We say “fortunately” be-
cause, surprising as it may seem, the
greatest interest in fixed-point theorems
is in the infinite-dimensional case. To
understand why, let us consider New-
ton’s famous second law of motion,
which states that force is the product
of mass and acceleration (F = ma). In
most instances when the law is used,
the force is a given function of the
position of an object, and this position
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can always be found, given the acceler-
ation of the object, by the techniques
of calculus known as integration. Thus
Newton’s formula can be considered an
equation for the position with the
general form f(x) = x, where x denotes
the position of the object and the known
function, f, is determined by the forces,
the masses and the initial positions and
velocities. Fixed-point theorems are of
great usefulness in helping us to under-
stand equations of this type; indeed, a
fixed-point theorem is usually cited in
the proof that such equations have
solutions.

Now consider the following question:
Is it possible to put a satellite into a
figure-eight orbit around both the earth
and the moon? An affirmative answer
amounts to saying that an equation
f(x) =x has a solution describing an
orbit of the desired type. Any solution
to such a problem is, of course, a
function of time. It follows that we are
trying to find if there is a function of
time that satisfies the equation. The
function f(x) can be considered a trans-
formation of functions of time into new
functions of time in the same way that
stirring coffee can be looked on as a
transformation of points on a disk into
new points. Accordingly the question
becomes: Does the transformation rep-
resented by the function f(x) have a
fixed point? Such a function, since it is
dependent on time, must be regarded
as a “point” in an infinite-dimensional
space. It is in trying to ascertain if such
equations—equations involving unknown
functions—have solutions of a given type
that we require fixed-point theorems
holding true even for infinite-dimen-
sional surfaces.

Such questions of orbits can also be
attacked by other methods; in fact,
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necting any two of its points. The two circles at left do not form
a convex surface; if one switches their position, the surface is trans-
formed so that no fixed point remains. The ring (second from left)

other methods, not involving fixed-point
theorems directly, would normally be
used to answer them. The most power-
ful methods of which we are aware,
however, are those that appeal directly
to fixed-point theorems in infinite-di-
mensional surfaces. It should come as
no surprise, then, that there are many
physical problems for which the only
known method of solution involves
fixed-point theorems. Problems of fluid
flow are often of this type. Consider a
stream bed with a bottom that rises and
falls periodically like a sine curve [see
middle illustration on page 110]. Is it
possible for water to flow over this
bottom in such a way that the surface of
the water exhibits the same general
periodicity as the bottom, or is every
kind of flow necessarily nonperiodic?
The answer is found to be that the sur-
face can be periodic. This suggests a
further question: Can the high points
and low points of the surface occur
directly above the high points and low
points of the bottom, or must they be
shifted slightly, either upstream or
downstream? It has recently been
demonstrated that there can be a flow
with the high points of its surface
lying directly over the high points of
the bottom. There is no known way
to show this without relying on high-
powered fixed-point theorems, which
cannot easily be visualized for cases in-
volving simple surfaces such as a plane.

There is, however, one fixed-point the-

orem that can be readily described
for finite-dimensional spaces and that
remains valid in the infinite-dimen-
sional case. Let us describe the theorem
as it applies to a plane, which is of
course a two-dimensional surface. Let P
and Q represent points on the plane. If



is not convex either, since rotation of the
ring would cause every point on it to move.
The circular disk at far right is convex.

the plane is transformed by stretching,
twisting or folding part or all of it, the
two points P and Q are transformed
into new points that are determined by
the deformation process and are there-
fore functions of P and Q. We denote
this function by f, so that P is trans-

formed into the point f(P) and Q into
f(Q). If, following a certain transforma-
tion, the distance between the two
points f(P) and f(Q) is always strictly
smaller than the distance between the
original points P and Q, then the trans-
formation is called a contraction. There
is a fixed-point theorem stating that
every contraction has a fixed point; in
other words, there must be a point in
the same position before and after any
contraction.

The proof of this theorem is not dif-
ficult to visualize [see bottom illustration
on next page]. When a contraction takes
place, any point P; on the original plane
assumes a new position P,. The point
we have just designated P, occupies the
spot originally occupied by a point that
we say has moved to P,. This point in
turn now occupies the spot originally
occupied by a point that we say has
moved to P,; and so on. Since we know
that the transformation under considera-
tion is a contraction, the distance be-
tween P, and Py must be smaller than
the distance between P, and P;. Similar-
ly, the distance between P, and Py is

2

smaller than the distance between P,
and P,, and so on. We obtain a sequence
of points, P, P,, Py ..., that get closer
and closer together. This implies that
the sequence must have a limit, which
means only that all these points get
closer and closer to some one point on
the plane. This limiting point is a fixed
point for the transformation.

he theorem for contractions has been

stated and the idea of its proof has
been outlined for transformations of a
plane. In the preceding argument, how-
ever, the concept of dimension is never
used. It follows that the theorem re-
mains valid even in infinite-dimensional
spaces whose “points” consist of func-
tions of time.

Not only does every contraction have
a fixed point; it has only one fixed
point. The proof of this is straight-
forward. Suppose P and Q were two dif-
ferent fixed points of the contraction
f(P). If this were the case, we should
have P = f(P) and Q = f(Q). Now con-
sider the distance between P and Q.
Since these are fixed points, the dis-

3

PROOF OF BROUWER’S THEOREM for two-dimensional sur-
face such as a circular disk begins with the assumption, contrary
to the theorem, that after deformation no point remains fixed. An
arrow is drawn from each point to the position to which it is moved
(1).Since no point is moved outside the disk all arrows from points
on the boundary must head into the circle (2). These arrows are
drawn again as if they emanated from a point within the circle
(3). Considered thus, the arrows (called transformation vectors)
make one complete rotation of 360 degrees around the circle. If we

next trace the movement of points on the boundary of a concentric
circle only slightly smaller than the original one (4), the number of
rotations made by the arrows must, by the nature of continuous
deformation, remain one (5). This must be true for all concentric
circles because the rotation of the transformation vectors represents
a continuous function. But when we consider a very small circle,
all the arrows on its boundary head in roughly the same direction
(6) and the net number of rotations is not one but zero. This con-
tradiction shows that the assumption of no fixed point is untenable.
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FEASIBILITY OF AN ORBIT by which a satellite would revolve around earth and moon
is the type of question to which mathematicians apply fixed-point theorems for infinite-
dimensional surfaces. The element of time in any equation for the orbit makes the problem
infinite-dimensional, rendering such simple theorems as Brouwer’s theorem inapplicable.

FEASIBILITY OF WATER FLOW of a certain type over a periodically rising and falling
bottom can only be demonstrated by use of fixed-point theorems. Until recently it was not
known if the surface of the water could rise and fall according to the same general period
as the bottom. Now it has.been demonstrated that such a flow is possible and that the high
and low points of the surface can lie directly above the high and low points of the bottom.

CONTRACTION of a surface must result in one point remaining in the position it occu-
pied before the contraction. The larger rectangle represents the original surface, a sheet of
rubber stretched taut ; the darker, smaller rectangle represents the sheet after it has sprung
back to its relaxed position. We consider the point, P, near the corner at top left on the
original rectangle. After the contraction it assumes a position we designate P;. The point
that was at P, originally has moved inward to a new position, P,. The point originally at
P, has moved to P, and so on. The interval between P, and P, is smaller than the interval
between P, and P,. In fact P,, P,, P,... form a series approaching a limit: the fixed point.

10
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tance between them should be the same
as the distance between f(P) and f(Q).
But the distance between f(P) and f(Q)
must, by the definition of a contraction,
be strictly less than the distance be-
tween P and Q. This contradiction,
calling for the distance between P and
Q to be less than itself, shows that the
original assumption that P and Q are
two different fixed points is untenable
and thus proves that there can be only
one fixed point.

The fact that every contraction has
a fixed point is customarily used to
prove that differential equations (of
which Newton’s second law of motion,
F = ma, is an example) have solutions.
And, as we have seen, such equations
can have only one solution. This suggests
one highly practical consequence of the
fixed-point theorems on contractions: in
any mechanical system, whether it is
the moon and the earth or a swinging
pendulum, the motions of the system are
completely determined by its initial
displacements and velocities.

Much was made of this fact by the
great French mathematician and as-
tronomer Pierre Simon de Laplace. In
his Essai Philosophique sur les Pro-
babilités Laplace used it as the basis for
commenting: “Given for one instant an
intelligence which could comprehend
all the forces by which nature is ani-
mated and the respective situation of the
beings who compose it—an intelligence
sufficiently vast to submit these data to
analysis—it would embrace in the same
formula the movements of the greatest
bodies of the universe and those of the
lightest atom; for it, nothing would be
uncertain and the future, as the past,
would be present to its eyes.” There has
probably never been a more definite
statement of the doctrine of predestina-
tion. It stood, seemingly irrefutable, for
more than a century, until the theories
of thermodynamics and quantum me-
chanics enabled it to be contradicted.

This discussion of fixed-point theorems

serves to illustrate a phenomenon
characteristic of mathematics. A purely
geometric idea—the concept of a fixed
point of a transformation of a plane or
a line—has been generalized by analogy
to apply to problems in mechanics and
hydrodynamics and ultimately to the
philosophical problem of predestination.
Although it would be hard to maintain
that all keys to philosophy lie in mathe-
matics, it is true that modern mathemat-
ics, concerned with such interactions of
geometric, algebraic and analytic ideas
as we have described, does lend itself
to philosophical applications.



When Mike's completed his cook’s train-
ing he can take an advanced course lead-
ing to asuccessful career as a pastry chef.

A successful career—that's one big
reason for the Kilmer Job Corps Center
in New Jersey, operated for the U.S.
Office of Economic Opportunity by Fed-
eral Electric Corporation (FEC), an ITT
subsidiary.

Instruction is offered in over thirty
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trades, ranging from pastry baking to au-
tomotive mechanics to offset printing.
Eventually Kilmer will graduate 2,500
young men a year.

FEC is well qualified for the Kilmer
project, having also trained thousands of
men for highly technical jobs around the
world. Some handle communications and
instrumentation to track spacecraft and
missiles. Others installed the largest com-

ITT is teaching Mike Fontenot how to bake a cake.

munications system in Europe forthe U.S.
Air Force. Still others operate and main-
tain the strategic Distant Early Warning
(DEW) Line which stretches from Alaska
to Greenland.

Service is FEC’s business—from help-
ing make war on unemployment to help-
ing defend the Free World.

International Telephone and Tele-
graph Corporation, New York, N.Y.
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MATHEMATICAL GAMES

Dr. Matriv returns, now in the guise

of a neo-Freudian psychonumeranalyst

by Martin Gardner

Dlx Matrix, readers of this depart-
ment will recall, seldom remains
long at one address. His numer-
ological schemes are often on the shady
side; one suspects that his peripatetic
life is designed as much to avoid the
police as to escape local creditors. Last
winter I visited him in Miami, where
he and his half-Japanese daughter, Iva,
were spending some of the loot they had
won at the blackjack tables of Las
Vegas. For the next 10 months I lost all
track of them, and then early in No-
vember I received a cryptic postcard
from Iva. Its entire message was: “A,

The card was postmarked in Phila-
delphia, and Iva had added a phone
number. I puzzled over the message for
several days before the meaning sud-
denly came to me: “Long time no see.”

Two days later I was standing outside
the door of an office in an old building
in Philadelphia, inspecting the brass
shingle above the bell. It read: “Dr.
Irving J. Matrix, psychonumeranalyst.”

Iva’s smile, when I stepped into the
anteroom, was as dazzling as ever. But

Solution to the septagram problem
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before we had had time for more than
preliminary pleasantries she escorted me
into Dr. Matrix’ large, dimly lighted
sanctum, then quietly disappeared. A
tall figure rose from behind an enor-
mous marble-topped desk.

“Good to see you again, Gardner,”
Dr. Matrix said, with a thick, fairly con-
vincing Viennese accent. Since I had
last seen him he had also acquired a
small goatee, reddish brown and point-
ed like a triangle. A pince-nez was
clipped to his hawklike nose, and
through its lenses (probably plain glass)
his emerald eyes glittered with inscru-
table humor.

Did he seriously believe in the prin-
ciples of his new profession? If not, he
gave no indication; indeed, there was a
curious ring of plausibility about the
techniques he explained. He was work-
ing, he said, in the analytic tradition of
Freud, but combining it with a much
stronger emphasis on the unconscious
mind’s awareness of the symbolic prop-
erties of numbers and letters, and with
therapeutic methods borrowed from
Russian psychiatry. Freud had been on
the right track, he maintained, in those
early years when he had taken seriously
the numerological theories of his good
friend Wilhelm Fliess.

“Unfortunately,” said Dr. Matrix,
“Freud was, by his own admission, a
poor mathematician, and so his attempts
at numerological analysis tended to be
either trivial or absurd. Do you recall
his explanation of the number 2,467?”

I nodded. Freud had written Fliess
that he had finished checking the page
proofs of his Interpretation of Dreams
and would make no more corrections
even if they contained 2,467 mistakes.
Before mailing the letter Freud asked
himself: Why did that particular num-
ber, seemingly random, pop into his
skull? “Nothing that happens in the
mind is arbitrary or undetermined,” he
wrote in the letter’s famous postscript.
He then proceeded to give what he be-
lieved were the unconscious determi-
nants of 2,467, an analysis he later add-
ed to the section on numbers in the last
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chapter of his Psychopathology of Ev-
eryday Life.

“Freud’s explanation of 2,467,” 1
said, “always seemed farfetched.”

“It is completely unconvincing,”
agreed Dr. Matrix. “If Freud had known
something about number theory, he
might have recognized 2,467 as a prime.
He had just finished writing his greatest
book. It was the ‘prime’ year of his life.
A year contains 365 days, so what could
be more natural than to seize.on the
365th prime, which is 2,4677”

“But,” I said incredulously as I jotted
this in my notebook, “if Freud was so
poor in mathematics, how could his un-
conscious mind have picked out the
365th prime?”

“You forget, my dear Gardner, the
collective unconscious, so brilliantly re-
vealed in the work of Jung. Primes, the
building blocks of the integers, are
deeply etched in the collective memory
of the human species. The power of our
unconscious to manipulate numbers and
other symbols is far greater than even
Jung and his disciples dared imagine.”

Dr. Matrix reached for a book on his
desk—a copy of The Scientist Specu-
lates: An Anthology of Partly-Baked
Ideas (1962)—and opened it to page
331. On that page I. J. Good, a mathe-
matician at Trinity College, Oxford,
wonders why space has three dimen-
sions. “We may try to run away from
the question,” Good writes in a passage
Dr. Matrix had marked, “by saying that
3 is a small enough number not to need
an explanation. An explanation would
have been more in demand if the dimen-
sionality had been 32650494425.”

“Why,” Dr. Matrix asked, “did that
number come into Good’s conscious
mind?”

I chuckled when he showed me how
simply Good’s number could be ob-
tained. The reader is invited to try his
analytical skill on this—30 minutes is
par—before I give Dr. Matrix’ interpre-
tation next month.

One of Dr. Matrix’ diagnostic tech-
niques, he explained, is to have the pa-
tient lie comfortably on his back, in a
dark room, and free-associate while sin-
gle numerals are projected in colored
light on the ceiling. “I had a patient last
week,” he told me, “who became unusu-
ally agitated whenever a green 4 ap-
peared. It turned out that he was steal-
ing money—green stuff—from the cash
register of the store where he worked.
His superego was disturbed by 4’s sym-
bolic honesty.”

“Its honesty?”

“Yes. Four is the only number, among



all the infinity of numbers, that states
correctly the number of letters in its
English name.”

Another diagnostic test, also invented
by Dr. Matrix, consists of giving the
patient 10 large cards, bearing the nu-
merals O through 9, and asking him to
arrange them in any order to form a
10-digit number. He cited the case of a
woman patient with the unusual name
of Aniba Di Figby. Using the familiar
code of A=1, B=2 and so on, her
names translate to 114,921, 49 and
697,225, all square numbers. Moreover,
she boasted the attractive measure-
ments 36-25-36, her height was 64
inches and she had been born in the
square year 1936. Dr. Matrix was there-
fore not surprised when she arranged
the 10 cards to form 9814072356, the
largest square that can be made with the
10 digits. Its square root, 99066, is in-
teresting in its own right, Dr. Matrix
pointed out: it remains unchanged when
it is inverted.

“Another patient,” Dr. Matrix went
on, “was a businessman whose chief
concern in life was maximizing his firm’s
profits. His unconscious naturally ar-
ranged the 10 cards so that, if you made
a dividing line between two cards, the
cards on the left and right sides of the
line formed two numbers that multi-
plied together to give the largest pos-
sible product. You might ask your read-
ers to discover what those two numbers
were.”

“Excellent,” I said as Dr. Matrix
showed me a clever way to find the an-
swer.

“Your readers might also enjoy
searching for the unconsciously deter-
mined order behind this number.” Dr.
Matrix paused to write 8549176320 in
my notebook. “The first name of the
woman who produced that arrangement
of the 10 digits is Betty. As another
clue, you can add that she suffers from
a compulsion to put things in order, a
compulsion that has found an outlet in
her job as indexer for a large textbook
publisher in Manhattan.”

Any number that comes to one in a
dream, Dr. Matrix emphasized, is of
special significance in psychonumeranal-
ysis, but the analyst must be ingenious
and flexible if he is to interpret the num-
ber correctly. Dr. Matrix had a low
opinion of Freud’s dream-number expla-
nations in his book on dreams, and he
thought the later attempts recorded by
Jung, Adler, Stekel and Jones were
equally humdrum. “I had a Pentecostal
minister in to see me recently,” he said,
“who repeatedly dreamed of 7734.

When I asked him to write that number
and then turn it upside down, he con-
fessed at once that he had been suffer-
ing for years from a fear that his reli-
gious doubts would deprive him of his
place among the saved. His dream cen-
sor was, of course, concealing ‘hell,” the
feared word, by inverting it. I doubt if
Freud would have thought of that.”

The name of the city in which one
lives also plays a major role in psycho-
numeranalytic diagnosis. Dr. Matrix
told me he had several patients from
Pleasantville, in northern Westchester
County, N.Y., who were severely dis-
turbed by the contrast between the
town’s name and the kind of life they
lived there as employees of Reader’s Di-
gest. In Philadelphia, he said, the slight-
est feelings of hostility toward a brother
are magnified by the slogan “City of
Brotherly Love.” Street names also re-
flect unconscious correlations. Can any-
one doubt, he asked, that the high inci-
dence of mental breakdowns among
New York advertising men is associated
with the “mad” in Madison Avenue? I
myself, he reminded me, live on Eu-
clid Avenue. And did I know that Wil-
liam Feller, the probability expert, lives
in Princeton on Random Road?

One’s own name and its initials are
also basic psychonumeranalytic symbols.
It is no accident, said Dr. Matrix, that
Adam Clayton Powell’s initials are the
last three letters of the N.A.A.C.P. Did
the fact that James Augustine Aloysius
Joyce’s initials form a palindrome have
anything to do with his compulsion to-
ward wordplay? Dr. Matrix said he had
once treated a woman with the maiden
name of Mary Belle Byram, who was
always doing things backward and had
not realized, until he called it to her
attention, that her name was a palin-
drome.

I find in my notes a few other star-
tling instances of similar correlations that
Dr. Matrix had encountered clinically.
A man named Dennis (“sinned” back-
ward) was tortured by guilt feelings
over his relationship with a Russian girl
named Natasha (“Ah, Satan!” back-
ward). A teen-aged boy named Stewart
wanted to be a baseball player because
his name was an anagram of “swatter.”
An attractive spinster schoolteacher
whose last name was Noyes had turned
down many marriage proposals because
her name could be partitioned into “no-
yes,” so that she could never make up
her mind. Reversing the “yes” produced
“nosey,” a fact that explained her fond-
ness for malicious gossip about her col-
leagues.
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Hexagram graph for the prism problem

Publishers, Dr. Matrix assured me,
have an unconscious tendency to sign
up authors whose last names are ana-
grams of the house. He cited the case
of Selden Rodman, who edited a poetry
anthology for Random House, and Rob-
ert Gover, whose books are published
by Grove Press. “You can understand,”
he said, “why Salvador Dali chose Dial
Press as the publisher of his autobiogra-
phy.”

He spoke also of the subtle sexual
symbolism invariably concealed in the
names of all the great love goddesses of
the screen. Jean Harlow’s last name is
only one letter away from “harlot.”
Among the capital letters the two
strongest breast symbols are obviously
M and B. It is no accident, Dr. Matrix
said, that the names Marilyn Monroe
and Brigitte Bardot have the initials
MM and BB.

I wish I had space to discuss some of
Dr. Matrix’ clinical experiences with the
hidden meanings of phone numbers, so-
cial security numbers, car licenses, street
addresses, ZIP codes and Blue Cross
numbers. Nor can I give details of his
conditioned-reflex therapy beyond say-
ing that it involves administering elec-
tric shocks to a reclining patient when-
ever certain words and numbers are
flashed on the ceiling and simultaneous-
ly recited aloud by the patient. After a
series of 30 such shocks there is a period
of relief from shock while words and
numbers of opposite symbolic meaning
are projected and recited.

The last entry in my notes records a
remarkable property of the President’s
name. Dr. Matrix said that it had been
discovered recently by his friend Harry
Hazard of Princeton, N.J., and I could
have the honor of being the first to pub-
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The Celestron 10

The superior optical qualities of the
Schmidt type telescope, which combine
the benefits of both lens and mirror
systems, are presented in the Celestron
10, a compound catadioptric system of
150" e.f.l. This is an observatory quality
telescope in large aperture, but its com-
pact construction makes it equally con-
venient for your mountain-top excursions
or permanent installation. Objects
viewed through the Celestron 10 appear
1000 times brighter than to the unaided
eye, and it will resolve down to 0.4 sec-
onds of arc.

Complete with pier, clock drive and set-
ting circles $1870.00. Write for details.

Celestron Pacific
13214 Crenshaw Boulevard,
Gardena, California

Can you solve
this problem?

1. There are three numbered statements
in this box.

2. Two of these numbered statements
are not true.

3. The average increase in |.Q. scores of
those who learn to play WFF 'N PROOF
is more than 20 points.

Is statement No. 3 true?

A NEW DIMENSION IN EDUCATIONAL GAMES
designed by Yale Professor

‘Box 7107,
New Haven, Connecticut
Please send me . . . WFF’'N PROOF
game/s @ $6.25 each (including $.25
for postage and handling). I enclose
.................... and understand that if I
am not completely satisfied, I can re-
turn the kit in 10 days for a full re-
fund of the purchase price.
Name
Address
City . State .......... Zip .
Refund a return privileges guaranteed!
Dealer Inquiries Invited

14

Hexomino rectified (top) and heptomino

lish it. If Johnson’s name is written as a
multiplication problem,

LYNDON

N B
JOHNSON,

there is a unique substitution of digits
for letters that gives the problem a cor-
rect numerical form. Solving it is anoth-
er pleasant exercise that I leave unan-
swered until next month.

On my way out I stopped at Iva’s
desk to ask her a series of curious ques-
tions that had been suggested to me by
Kirby Baker, a Harvard mathematician.
“I have three questions,” I said, “each
to be answered by yes or no. The first
is: Will you promise to answer this and
the next question truthfully?”

Iva’s lovely black eyes narrowed a
trifle, but she seemed amused. “Okay,”
she said. “What’s the second?”

“The second is: If my third question
is ‘Will you have dinner with me to-
night” will you answer that question
the same way you answer this one?”

The poor girl was trapped, of course;
no matter how she answered my second
question, she had to say yes to the third.
But she was a good sport about it, and
we enjoyed, in that most unhurried of
U.S. megalopolises, a relaxed and un-
hurried evening.

A few weeks later a story in The New
York Times caught my attention. A
wealthy Main Line widow in Phila-
delphia had died, leaving a small be-
quest of $50,000 to the Psychonumer-
analytical Institute. By the time the
story was released to the press the
money had actually passed into Dr.
Matrix” hands, and the Philadelphia In-
quirer sent a reporter to ask him how
the institute would use the money. The
reporter found the offices completely
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empty. Dr. Matrix, Iva and the furniture
had vanished without a trace.

he first of last month’s magic star

problems—to put the integers 1
through 14 on the vertices of a seven-
pointed star so that every row of four
numbers sums to 30—is said to have 56
different solutions. One, with the first
seven integers on the star’s outer points,
is shown on page 112.

The second problem was to deter-
mine if it is possible to label the nine
edges of a triangular prism with the
integers 1 through 9 so that the sum of
the three edges meeting at every vertex
is 15. The problem was shown to be the
same as that of putting the nine digits
on the spots of the hexagram in the il-
lustration on the preceding page so that
each row of three sums to 15.

Assume that there is a solution. Then:

A+C+F=A+E+H
() C+F=E+H

B+C+D=D+E+]
2 B+C=E+]

F+G+H=]+G+B
B F+H=J]+B

Combining (1) and (2), we write:

(C+F)—(B+0C)=
(E+H)—(E+])
(4 F—-B=H-—]

Combining (3) and (4), we write:

(F—B)+ (F+H)=
(H=])+(J+ B)

2F —B+H=H+B

2F = 2B

F=B

But F cannot equal B because the
problem called for nine different inte-
gers. One must therefore conclude that
the original assumption is false and the
problem has no solution. Note that this
proves a much stronger result than the
one asked for. It is impossible to make
the figure magic with different numbers
of any kind whatever, consecutive or
otherwise, rational or irrational.

Several readers have pointed out that

the formulas for supercircles and
superellipses that were given in the
September issue should have had their
terms bracketed with vertical lines to
indicate that they are taken with respect
to their absolute values (values without
regard to sign). Otherwise, if the expo-
nent n is an odd integer, one gets into



plus-and-minus trouble and the formu-
las give the curve only within the first

quadrant of the Cartesian plane. It is |

sometimes customary to omit brackets
in formulas of this type, it being under-
stood that absolute values are intended.

A more serious mistake was involved
in the proof in the October issue that
supereggs with any exponent are sta-
ble. Commander C. E. Gremer, U.S.N.
(Ret.), was the first of many readers to

call attention to the surprising fact that |
at the base point of all supereggs the !
center of curvature is infinitely high! If |
we affinely stretch a superegg upward |

while its width remains the same, the
curvature at the base point remains
“flat.” In other words, all supereggs, re-
gardless of their height-width ratio, are
theoretically stable. Of course, as the
model of a superegg is made taller and
thinner the degree of tilt that causes it
to fall becomes so close to zero that such
factors as inhomogeneity of the materi-
al, surface imperfections, vibrations, air
currents and so on make it practically
unstable, but in an ideal sense there is
no critical height-width ratio. Norton
Black, Joseph M. Diamond, William
Hogan, Peter Moretti and Anthony A.
van Ammers calculated topple angles
for supereggs of various exponents and
height-width ratios, and other readers
raised and solved other questions about
superellipses that I hope to discuss at
some future time.

In November’s answers to the pen-
tomino-game problems of the previous
month it was a mistake to say that the
winning first move depicted on the five-
by-six board is unique. Eugen Bosch
of Washington, D.C., discovered three
other winning moves. David Klarner, a
mathematics student at the University
of Alberta, sent the results of work he
did several years ago on the rectification
problem that establish that nine hex-
ominoes are rectifiable. The only hex-
omino that requires more than four
replications to form a rectangle is the
piece shown, in its minimal pattern, at
the top in the illustration on the oppo-
site page. Among the septominoes, Klar-
ner proved that the only rectifiable
piece requiring more than four replicas
to make a rectangle is the one shown at
the bottom in the illustration. Its small-
est rectangle (discovered by James E.
Stuart of Endwell, N.Y.) is believed to
be the 14-by-14 square, requiring 28
pieces. If the reader will cut 28 rep-
licas of this septomino from cardboard
or thin wood, he will find it a splendid
puzzle to fit them into a square. (Pieces
may be turned over and placed with
either side up.)

O compuTER
Q SPECIALISTS:

BELLCOMM has immediate
openings for work on
Computer Systems and
Data Processing in
Advanced Manned Missions

Bellcomm is interviewing now for imaginative computer
specialists who can define the functional requirements,
equipment configuration, software concepts and reliability
objectives of advanced spaceborne computers for Manned
Space Flight missions.

The work involves study of the onboard and ground
data processing needs associated with the preparation for
and conduct of advanced manned missions. It includes
analysis of data to be transmitted between space vehicle
and ground-based computer systems, and investigation of
data compression and encoding techniques to insure re-

liable data communications under power and bandwidth
constraints.

We need people who will perform systems engineering
studies and establish performance characteristics of com-
puter systems to meet these requirements.

If you are qualified, and interested in Bellcomm's work—
systems engineering for the Office of Manned Space Flight,
National Aeronautics and Space Administration—you are
invited to send your résumé to Mr. N. W. Smusyn, Personnel
Director, Bellcomm, Inc., Room 1400-M, 1100 17th Street,
N.W., Washington, D. C. 20036. Bellcomm is an equal
opportunity employer.

L{}]

m———

= ) Bellcomm, Inc.

e

v A Bell System Company
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Conducted by C. L. Stong

ou can usually stump players in

-\ guessing games such as Twenty
Questions by introducing into

play one of the 450 species of amoeboid
slime molds. These are organisms that
do not fit neatly into the conventional
categories of animal, vegetable or min-
eral. Strictly speaking they are none of
these. Some player may argue that the
zoologist classifies the organisms as
animals—protozoa in the group of ani-
mals called Mycetozoa—on the basis that
they cannot manufacture food and that
during much of their life cycle they
move freely in response to light, heat
and chemical stimuli. To this argument
the botanist can respond just as stoutly
that slime molds are plants, which he
calls Myxomycophyta, because at ma-
turity they develop cell walls of cellu-
lose, become securely attached to some

How to cultivate the slime molds

and perform experiments on them

feature of the environment, produce
fruiting bodies and release spores.
Some biologists take the position that
the concept of plant or animal simply
cannot be applied to these organisms.
At some point in the course of evolu-
tion the slime molds ran up a blind
alley, where they are now trapped—
relatively harmless and apparently good
for nothing except as specimens for
some of the most engaging experiments
in biology. A. C. Lonert, who is direc-
tor of research at the General Biological
Supply House in Chicago, explains how
to culture and experiment with two of
the most interesting species. “I shall
discuss two kinds of slime mold belong-
ing to different orders,” he writes, “be-
cause of the astonishing diversity of
their life cycles and the ease with which
they can be cultured. Both organisms
offer a rich field for experimentation.
“The first, Physarum polycephalum,
is a member of an extremely interesting
order, the widely distributed Myxogas-
trales (also called Myxomycetes) of the
subclass Mycetozoa. Viewed from the
perspective of an imaginative micro-
scopist, the sporangia, or fruiting bodies,

A slime mold growing in a natural environment
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of the many species appear as enchanted
forests in which the fruits become pul-
sating, devouring monsters.

“When found in the early stage of
growth, the myxomycete is most like an
animal and generally consists of an un-
attractive patch of naked protoplasm,
either colorless or pigmented, that can
attain a diameter of several feet. This
hungry protoplasmic mass, called a
plasmodium, creeps about in a moist
and well-shaded environment, seeking
food in rotting vegetation and decom-
posing wood. In the process of feeding,
the organism aids the economy of na-
ture by processing waste into com-
pounds that can be utilized by other
organisms.

“At a propitious time, governed by
the availability of food and such fac-
tors as temperature and moisture, the
oozy mass leaves its dank haunts and,
as it reaches toward the light, trans-
forms itself into upright plantlike struc-
tures. These are the sporangia. The
shape, color and size of these bodies
vary considerably among the many
genera of Myxogastrales, but the bodies
usually have two features in common: a
delicate network of noncellular threads
and strands, called the capillitium, in
which the spores are enmeshed, and a
fragile, sometimes beautifully formed
and tinted spore case, called the perid-
ium,

“After the drying and rupture of the
spore case, expansion of the threads of
the capillitium exposes the spores to
the action of wind and rain. At the
same time the expansion controls the
rate at which the spores are released.
The life cycle is repeated when spores
fall in a suitable environment. Free-
swimming swarm cells, or myxamoebae,
are then released. They feed for a time
and multiply by splitting in two. Even-
tually two of the cells fuse to form a
zygote, which is equivalent to a fertil-
ized egg. This fusion constitutes the
beginning of a new plasmodium, which
can grow by nuclear division or by
fusion with other zygotes. Unfortunate-
ly for those who enjoy the exotic and



beautiful in nature, these fantastic
groves are usually at ground level. Be-
cause they are underfoot they usually
remain unobserved and unappreciated
except by those who know where to
look.

“Most of the slime molds, when taken
from their natural environment, are dif-
ficult to culture. This difficulty need
not stop anyone from enjoying the real-
life adventure of observing the strange
organism at home or in the laboratory.
A culture can be started easily from
a fragment of Physarum polycephalum
plasmodium in the sclerotial stage, a
dried condition. This stage is sometimes
found in nature and can be induced in
the laboratory by the method to be
described.

“Sclerotia that will remain viable for
a long time and have the ability to
transform themselves into active plas-
modium within several hours are avail-
able commercially. One can also buy
the necessary supplies for experiment-
ing with the organisms. All the items
can be obtained from distributors such
as General Biological Supply House, In-
corporated, 8200 South Hoyne Avenue,
Chicago, Ill. 60620.

“To grow a plasmodium of Physarum
polycephalum from the sclerotial stage,
first improvise a culture chamber by
placing a dish—for example an inverted
saucer or a Petri dish—within a larger,
covered container, such as a casserole
or a pair of facing Pyrex pie plates, so
that the smaller dish serves as a plat-
form [see lower illustration on next
page]. For this experiment omit the
rubber separators shown in the illustra-
tion. Lay a sheet of filter paper or paper
toweling across the platform. The paper
should droop to the bottom of the dish.
Wet the paper thoroughly with distilled
water, pouring off the excess. From time
to time add enough water to prevent
drying. Incidentally, distilled water
should be used in all experiments to be
described.

“Place a small fragment of sclerotium
on the platform and wet it with a drop
of water. Within a few hours the orga-
nism will awaken from its deathlike
torpor. Keep the unused portion of
sclerotium in the refrigerator. When the
plasmodium has emerged and has begun
to seek food, put a flake of uncooked
oats in contact with the rapidly spread-
ing growth. Use old-fashioned rolled
oats, not the ‘quick’ variety.

“Keep the covered dish at room tem-
perature in an area that does not get
direct sunlight. As the plasmodium in-
creases in size, place more oat flakes

Sporangia of the species Physarum polycephalum, magnified 25 diameters

along the growth front. A rapidly mov-
ing plasmodium will consume a larger
number of oat flakes than a sluggish
one. In either case the feeding organism
will show a decided preference for fresh
oat flakes and will abandon partially di-
gested ones. Flakes that have first been
moistened with a drop of water are
accepted more readily than dry oats.
To maintain a clean culture, transfer
the organisms to a fresh sheet of filter
paper or paper toweling weekly, avoid
overfeeding and remove abandoned
food that shows signs of becoming
moldy or slimy. Occupied oat flakes
(those covered with yellow plasmodium)
or sections of paper bearing plasmo-
dium can be transferred repeatedly to
clean sheets of paper to perpetuate the
plasmodial stage.

“The organism at this stage has been
compared to a giant amoeba: a thin,
irregularly shaped mass of creeping

10 millimeters

jelly that is threaded by a network of
veins. To observe the complex circula-
tion in these vessels, transfer several
occupied oat flakes to a Petri dish con-
taining a thin layer of nonsterile, non-
nutrient 1.5 percent agar. The agar
culture is maintained in the same way
as the paper culture, but there is no
need to add water. The protoplasmic
streaming and its periodic reversal can
be observed with any microscope capa-
ble of magnifying to 50 diameters or
more. Observation should be made with
light transmitted through the specimen
from the substage. Cut one of the ves-
sels when the circulation is active and
observe the effect. Make a transfer of
scraped plasmodium and watch it re-
constitute itself. Place a drop of vinegar
near the plasmodium and note the
reaction.

“Usually cultures can be kept in the
plasmodial stage for some weeks by

Stages in the fruiting of Dictyostelium discoideum
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maintaining ample food and water and
periodically transferring specimens as
described. Occasionally, however, speci-
mens will for some unknown reason
enter the sporangial, or fruiting, stage
spontaneously. This stage can be in-
duced at any time by removing most of
the food and allowing the plasmodium
to roam while simultaneously keeping
the organism moist. The transformation
will occur suddenly, usually at night,
within a week or so. If the observer is
fortunate enough to witness the actual

transformation, he will see the entire
plasmodium, now more orange than
yellow, appear to separate into uniform-
ly rounded masses that ascend from the
surface on stalks and then develop into
weird, multilobed bodies [see top illus-
tration on preceding page].

“Under the higher powers of the
microscope, spores obtained from
crushed sporangia can be seen to germi-
nate with the emergence of an amoeba-
like protoplast, which afterward gives
rise to an amoeboid and then to flagel-

Arrangement of an improvised chamber for cultivating slime mold

10¥2" Pyrex _ —+—
pie ~
plates/”

,rfﬂ‘_(" 3

cover from

Q" Petri dish

== 10" filter

s cut

from 72 rubber
tubing with % walls

Details of the culture chamber
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lum-bearing swarm cells—cells equipped
with whiplike tails for swimming. The
series of transformations usually re-
quires about three days. Eventually
pairs of swarm cells fuse to become
zygotes. From these a new plasmodium
originates.

“The germination and subsequent
transformations up to, but usually not
including, the plasmodial stage can be
observed by setting up a hanging-drop
preparation. This consists of a drop of
water, containing specimens, that clings
to the underside of a thin sheet of glass.
The glass is usually a cover slip of the
type used to protect specimens on a
microscope slide. Evaporation is pre-
vented by enclosing the drop in a small,
airtight vessel. The vessel may consist
of a microscope slide into which a de-
pression has been ground. The other
items needed for doing the experiment
are a sterilized medicine dropper, a
quarter-inch loop of fine wire supported
at the end of a pencil-sized piece of
wood, a pair of tweezers, Vaseline, a
70 percent solution of isopropyl alcohol
and a gas burner or an alcohol lamp.

“Sterilize a microscope slide and
cover slip in the flame. A few sporangia
are then placed in isopropyl alcohol for
one minute and dried on the sterilized
slide. Next the dried specimens are
placed between another pair of steril-
ized slides with a drop or two of water
and crushed. The sterilized cover slip
is held horizontally, by an edge, with
the tweezers. A drop of water is ap-
plied to the underside of the cover
slip at the center.

“This suspended drop is inoculated
with spores by first stirring the crushed
specimen with the wire loop and touch-
ing the loop to the bottom of the drop.
The rim of the depression in the micro-
scope slide is now lightly coated with
Vaseline. Finally, the cover slip is
placed on the coated slide with the
suspended drop centered over the de-
pression. The cover slip is pressed gent-
ly into place to seal with Vaseline
the space between the cover slip and
the slide. The combination is placed
on the stage of the microscope, which
is focused on the contents of the sus-
pended drop. The recommended sterile
technique is not absolutely necessary,
but it increases the probability that
more of the early stages will develop.
It is difficult, however, to generate a
fresh plasmodium by this technique.

“To preserve Physarum polycepha-
lum for possible future use, return the
organism to the dormant, sclerotial
stage, from which it can be convenient-



ly aroused again when it is needed. A
method that I developed is quite sim-
ple and produces a good yield of very
durable sclerotia. Set up a culture
chamber with 10%-inch Pyrex pie plates,
10-inch disks of paper and either the
top or the bottom of a six-inch Petri
dish to serve as an elevated platform.
Lay the paper across the platform and
center it on the lower pie plate. Moisten
the paper with distilled water and push
down the portion of the paper that ex-
tends beyond the platform. The de-
pressed paper forms a circular moat.
Pour off excess water. Transfer oat
flakes occupied by plasmodium from a
desired culture to the center of the
paper. Cover the pie plate with a simi-
lar but inverted dish.

“When the plasmodium begins to
move about, place fresh oat flakes along
the growth front—wetting each flake to
facilitate rapid occupation. By the fol-
lowing day plasmodial fronts, moving
toward the edge of the culture cham-
ber, will have developed. Put fresh oat
flakes along these more distant fronts
and, when they are occupied, lift them
from the paper with a knife, replacing
them promptly with fresh flakes, and
reposition the occupied flakes toward
the center of the platform. Place the
flakes next to each other. Continue this
procedure until a circular area of oc-
cupied flakes about three inches in
diameter has been concentrated central-
ly on the platform. As much specimen
material as desired can usually be
gathered after 48 hours of consecutive
feeding. Occupied flakes can be taken
from more than one culture; if several
cultures are maintained simultaneously,
a good supply can be accumulated in a
much shorter period of time.

“To begin the induction of sclerotiza-
tion, take the plasmodium-bearing pa-
per out of the culture chamber. Remove
surplus moisture by superposing the
paper gently, with occupied oat flakes
uppermost, on a piece of clean, dry
paper of the same size. Allow the pa-
pers to remain in contact. Wash and
dry the platform and bottom culture
plate, then promptly reassemble the
chamber and restore the partly drained
culture paper to its former position, re-
forming the moat.

“Circle the paper moat with dry oat
flakes. The flakes form an entangling
barrier that prevents wastage of active
plasmodium by premature drying at
the edge of the plate. Next insert one
or two thicknesses of rubber tubing,
which have been slit lengthwise, be-
tween the upper and the lower culture

Wandering myxamoebae, enlarged 525 diameters

plates at four equidistant points [see
upper illustration on opposite page].
If the relative humidity is high (from
50 to 60 percent at temperatures rang-
ing from 80 to 90 degrees Fahrenheit),
use two thicknesses of rubber tubing
and increase the spacing of occupied
flakes; if the relative humidity is low
(from 15 to 25 percent at 75 to 80 de-
grees F.), use one thickness of rubber
tubing. These are, of course, rough ap-
proximations. The object is to dry the
culture paper in not less than 24 hours
and not more than 48 hours. (One
should avoid, however, the use of an
artificially created air current to pro-
mote drying.) The crustlike sclerotia
produced by this method will retain
viability for years if they are stored in
closed jars under refrigeration at 42
degrees F.

“The second slime mold, Dictyosteli-
um discoideum, a member of the order
Acrasiales, differs in a number of re-
markable ways from Physarum poly-
cephalum and other members of that
order. It is a bacterial feeder and also
exhibits both animal and plant char-
acteristics. The events of its life cycle
can be ascertained rather easily, but
several of its other properties have not
yet yielded to the assaults of the in-
vestigator. Apparently similar cells play
at least three distinctive roles on a sim-
ple level—first, as free-living myxamoe-
bae; second, as massed structures of
cells exhibiting interdependence and
coordination, and third, as cells dif-
ferentiating into several kinds of struc-
ture.

“About 18 to 24 hours after inocula-
tion of a bacterial culture with spores
of Dictyostelium discoideum there will
appear within the bacterial growth nu-
merous minute, refractive lumps that
have bright centers when they are
viewed slightly above focus at a magni-
fication of 100 diameters. These lumps
are actually the minute myxamoebae
busily eating their way through what,
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on the scale of comparative sizes, must
be described as jungles of bacteria.
Simultaneously the organisms multiply
at a prodigious rate through binary fis-
sion, or splitting. Even a hand magnifier
will show the digestion of circular
patches of bacterial growth at this stage.
Incidentally, if the experimenter is work-
ing with an inexpensive microscope ob-
jective of .25 or .65 numerical aperture
(corrected for use with a cover slip)
and a 160-millimeter tube length, a
fairly good compensation for the aber-
ration caused by the absence of the
cover slip can be made by increasing
the tube length by 30 mm.

“At the end of 24 hours the culture
will begin to teem with hordes of the
voracious organisms, which are now
clearly visible as they sweep the agar
surface clean of bacteria. The disorga-
nized, searching myxamoebae as they
appear with a fairly oblique illumina-
tion are shown in the accompanying
photomicrograph [above]. The orga-
nisms are difficult to see except under
such oblique lighting or with phase
illumination.

“By the end of 48 hours, with the
food supply nearing depletion in some
portions of the plate, a remarkable
change will begin to take place. The
organisms stop feeding and spontane-
ously converge on centers of aggrega-
tion. According to John Tyler Bonner
of Princeton University, the release of
acrasin, a chemotactic substance, is re-
sponsible for the strange phenomenon.
As the myxamoebae continue to press
themselves into these centers of aggre-
gation several moundlike structures are
built up, each with a characteristic tip.
The myxamoebae pack themselves to-
gether but persist in maintaining their
individuality. There is no fusing of cells
into a mass that contains a large number
of nuclei as there is in the case of
Physarum polycephalum; the pseudo-
plasmodium remains associational in
character. The individual aggregates
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YOU HAD TO MISS KITTY HAWK

BUT YOU DON’T HAVE TO MISS THE C-5A

USAF’s C-5A is the biggest thing to come
along in years. So big,in fact, that the first
Wright Brothers’plane could have taken off
and landed on the wing of the C-5A—if it
could have flown that high off the ground.
O More than a giant in size, the C-5A will
usher in another whole new age of avia-
tion. And it will bring new sophistication

120

to air transport through such on-board ad-
vances as Lockheed’s exclusive Malfunction
Detection System. To engineers, the C-5A
means long term careers in aviation un-
matched anywhereinthe aerospaceindustry
today. Exciting. Challenging. With room to
grow. And they’re all here at Lockheed. [J
If you don’t want to wait a number of years
for your next really big opportunity to come
along, only one question needs to be an-
swered. Are you big enough for the C-5A?
[JFind out. Send your resume to Charles
E.Storm, Professional Employment Manager,
Lockheed-Georgia Company, 834 West
PeachtreeSt.,Atlanta, Georgia, Dept. 166-SA.
Lockheed is an equal opportunity employer.
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grow rapidly through the continued ac-
cretion of myxamoebae, elevating at
first and then, after a period of elonga-
tion, tipping horizontally to become mi-
grating, sluglike creatures.

“The slug soon assumes the charac-
teristics of a creature equipped with
special organs. For example, it has a
front-to-back orientation, with the tip,
observed to form early in the mound
stage, exhibiting sensitivity to light and
heat. In the presence of such a stimulus
the top appears to head the parade with
the rest of the body following, leaving
a trail of slime behind it. The motion
of the slug is apparently produced by
the concerted action of the individual
myxamoebae, but it is not yet known
what coordinates their remarkable per-
formance. It is possible, by exerting
gentle pressure, to dissociate amoebae
from the mass. Subsequently they re-
combine to reconstitute the slug! Even
a stained section of the slug fails to
demonstrate the mechanism of commu-
nication. It is at this stage of develop-
ment that the slime mold lends itself
particularly well to experimentation.

“Bonner has shown that when the tip
of one slug is cut and joined to the tail
end of another slug, or replaces the tail
of another slug, it becomes evident that
differentiation has occurred, that cer-
tain groups of the amoebae have ac-
quired unique traits [see “Differentia-
tion in Social Amoebae,” by John Tyler
Bonner; Scientiric AMERICAN, Decem-
ber, 1959]. Myxamoebae of the tip that
have been transplanted, for example,
will begin to migrate to their own social
level and join the tip cells of the host.
On the other hand, a graft of the hind
part of one slug to replace the hind
part of another slug produces no appre-
ciable migration. To tag the myxamoe-
bae for these and other experiments
Bonner stained the specimens with a
harmless dye. The stains must be used
in highly diluted form; they include
Janus green B, methylene blue, neutral
red and brilliant vital red. Pink slugs
can also be developed from colorless
slugs for experimentation by starting a
culture with the red Serratia marces-
cens bacterium as the food organism.
The myxamoebae are unable to elimi-
nate the bacterial pigment.

“The final stage should develop in
about 60 hours. By that time a number
of slugs will have begun to elevate and
change into fruiting bodies. In the proc-
ess the myxamoebae located toward the
front end and along the central axis
of the slug undergo a drastic change,
literally giving up their lives to become
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a firm supporting core of cellulose-lined
dead cells constituting the sporophore,
or stalk. The rest of the myxamoebae
begin to be raised upward. Those amoe-
bae that do not become stalk cells are
eventually lifted in a body to the top of
the stalk, where they are transformed
into capsule-shaped spores encased in a
globular mass of slime. This body con-
stitutes the sorus. The complete fruiting
sequence is shown in the accompany-
ing illustration [bottom of page 117]. If
spores are sown on a clean agar surface
without food organisms, freshly hatched
myxamoebae, the beginning of a new
cycle, may be observed in about 18
hours.

“A suitable culture medium can be
made by first cooking 35 grams of hay
for 10 minutes in one liter of tap water.
Filter this solution and add enough
water to restore the original volume.
Add the filtered infusion to a flask con-
taining 15 grams of agar. Boil to dis-
solve the agar. Sterilize in steam at 15
pounds of pressure for 20 minutes.

“Another satisfactory medium is de-
scribed in Plants in Perspective, by
Eldon H. Newcomb, Gerald C. Gerloff
and William F. Whittingham, pub-
lished by W. H. Freeman and Company
in 1964. It consists of .1 percent lactose
and .1 percent peptone in 2 percent
agar sterilized as above. Melt the agar
first and then add the other ingredients.

“To start the culture pour the me-
dium into sterile Petri dishes and test
tubes. Avoid aerial contaminants. Test-
tube media are usually sterilized after
pouring. After preparing fresh stock
cultures inoculate the selected medium
with a nonmucoid strain of Escherichia
coli or Serratia marcescens and then
inoculate the same plate with Dictyo-
stelium discoideum spores. By restrict-
ing to limited areas the spore inocula-
tion of the Petri-dish culture (the entire
plate, however, can be inoculated with
bacteria) almost any stage of develop-
ment can be found in other portions of
the culture for several days after forma-
tion of the first organisms. The bacteria
that serve as the food organism can be
transferred in the form of a suspension
or they can be streaked over the agar
surface. Incubate the culture at room
temperature.

“To prepare stock cultures transfer
the food organism to two or more agar
plates and add Dictyostelium discoi-
deum spores to one of them. When the
stock culture has developed, stopper it
with the separate culture of bacteria
and store under refrigeration. Transfer
the stock cultures every three months.”
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by Howard E. Evans

Tne NaturaL History or Fries, by
Harold Oldroyd. W. W. Norton &
Company, Inc. ($8.50). A CaTtaLoc
oF THE DIPTERA OF AMERICA NORTH
oF Mexico, under the direction of
Alan Stone, Curtis W. Sabrosky,
Willis W. Wirth, Richard H. Foote
and Jack R. Coulson. Agriculture
Handbook No. 276, Agricultural Re-
search Service, U.S. Department of
Agriculture. U.S. Government Print-
ing Office ($5.50).

The noun “fly” has three separate
meanings. Originally it meant any
flying insect, and as such it has
become the basis of many vernacular
insect names: dragonfly, mayfly, ichneu-
mon fly and the like. Students of insects
find the word useful only when it is ap-
plied to a coherent group—the order
Diptera, defined as a group of insects
exhibiting complete metamorphosis and
possessing as adults a single pair of
wings. (Actually flies have a second pair
of wings, but they are modified to form
a pair of halteres, or balancers.) To
most people a fly is a housefly or any of
several similar species found in and
around human habitations. One can for-
give the nonspecialist who is confused
when he is told that a firefly is not a fly
but a mosquito is (although in fact the
word “mosquito” is merely a diminutive
of mosca, the Spanish word for fly).
Here we have a familiar dilemma in
science: should a word in common use
be abandoned because it is imprecise,
or should it be defined more precise-
ly and the public educated to accept
the definition? Scientists almost always
choose the second alternative, and there-
in lies a major source of misunderstand-
ing between the scientist and the non-
scientist.

Harold Oldroyd, senior dipterist at
the British Museum (Natural History),
has probably had more flies cross his
desk than anyone else in the world. This

BOOAS

Will the human species

stay ahead of the flies?

may seem a dubious distinction to some,
but readers of the readable and attrac-
tive book Oldroyd has produced are
likely to conclude that it is, after all,
a rare and exciting privilege. The book
is particularly recommended for those
who so eagerly study the photographs
of the surface of Mars for signs of life.
There may not be much of anything on
Mars, but on the earth there are some
80,000 species of flies, many of them
little known and most of them a good
deal stranger than the organisms that
fill the dreams of exobiologists.

Have you heard, for example, of the
downlooker fly, which sits head down
on the trunk of a tree “as if it were look-
ing for a victim”—when in fact no one
knows what it feeds on? Or of the coffin
fly, which maintains itself through many
generations in human bodies buried in
coffins, although no one knows how it
gets into them? Or of the petroleum fly,
known only from pools of crude petro-
leum in California, where it lives on
other insects that become trapped in the
oil? Or of mosquitoes of the genus
Malaya, which subsist by filching hon-
eydew from the jaws of worker ants?
There is hardly a page in Oldroyd’s
book that does not introduce the reader
to one fantastic fly or another, and hard-
ly a paragraph that does not contain a
confession of ignorance and an implicit
plea for more studies on the life histories
of these ubiquitous but little-understood
animals.

In his introduction Oldroyd admits
that a book such as his may easily de-
generate into “a series of anecdotes of
the ‘wonders” of fly-life” unless it has
a theme. Oldroyd’s theme is the evolu-
tion of flies, and his approach is a com-
parative one. The flies are seen as rep-
resenting two evolutionary lines. One
comprises the crane flies and various
groups of midges, gnats and mosquitoes;
it is treated in five chapters. The other
consists of the “flies proper,” which for
the most part possess more robust
bodies and shorter antennae, and cul-
minate in the housefly, the bluebottle
fly and other flies less well known to
man. Eleven chapters are required to
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survey the “flies proper,” and even then
some important groups are disposed of
summarily. I find it difficult to condone
Oldroyd’s dismissal of the tachina flies
in three short paragraphs. As he says,
tachina flies play an important role in
the biological control of other insects; in
this post-Silent Spring era we need to
be informed on such control agents.

Be that as it may, Oldroyd has on
the whole done an admirable job of
surveying the flies, and the book’s many
excellent photographs and line drawings
do much to help the reader visualize the
life stages of many of the forms dis-
cussed. No such survey has previously
been available in English. Eugéne Sé-
guy’s classic La Biologie des Dipteéres,
published in 1950, contains a great
wealth of detail, but it is unavailable to
most people and already somewhat out
of date. Oldroyd’s summaries of recent
research on flies, as well as his bibliog-
raphy, will be found particularly useful.
His anecdotes enliven the text, perhaps
not always in quite the way intended.
We read, for example, of the housewife
who pricked some sausages in the fry-
ing pan and saw maggots pop out of
the holes—the consequence of a sausage-
making machine not being thoroughly
cleaned. We read also that “Professor
G. C. Varley [of Oxford] told me that
he himself had been bitten in California
by Symphoromyia sackeni.” To bite
Californians is one thing, but to bite
Professor Varley—tsk, tsk.

One of Oldroyd’s pet themes is that
adult flies, “where necessary, make up
for the deficiencies of the larva”; that
is, when the larval diet is deficient in
protein, the adult is likely to be a blood-
sucker, but when the larva is camivo-
rous, the adult is likely to concentrate on
carbohydrates. Oldroyd cites many ex-
amples, none better than the mosquito
Megarhinus, which has carnivorous lar-
vae but adults that feed on flowers,
in strong contrast to other mosquitoes.
Still, there seem to be many exceptions.
For example, both the larvae and the
adults of most of the larger horseflies
are carnivorous, and the plant-feeding
larvae of gall midges most certainly do
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not give rise to bloodsucking adults.
Since one of the major selective advan-
tages of complete metamorphosis is that
it enables the insect to exploit quite dif-
ferent habitats at different stages of its
life, one should expect many cases in
which the food habits of larvae and
adults differ. We know much too little,
however, about the nutritional require-
ments of the majority of flies to indulge
in such broad generalizations.

Another theme running through the
book is the frequency of evolutionary
convergences occurring in the Diptera:
gall-making has evolved independently
on several occasions; so have bloodsuck-
ing, parasitism of mammals, symbiosis
with ants or termites, and in fact a vast
number of the biological features of flies.
This theme is a sound one, but it does
not mark the flies as being very differ-
ent from most other major groups of
animals.

Perhaps the most striking aspect of
the evolution of flies is simply that this
originally rather heterogeneous array of
gnats and midges gave rise to some-
thing of a “utility model"—a fly of rather
standardized appearance developing
from maggots and pupae of decidedly
standardized appearance, yet physio-
logically capable de tout. Most of the
higher flies seem “stamped in the same
mold”; the consistent displacement of a
few bristles may result in their being
assigned to different superfamilies by
taxonomists. The development of such a
“standard type” of animal, apparently
incapable of much further morphologi-
cal improvement but capable of rapid
evolution in physiological features (as
indicated, for example, by the develop-
ment of strains of houseflies resistant
to certain insecticides), represents a
challenge to biologists and perhaps to
all mankind. One cannot help thinking
of the first individualistic automobiles
and comparing them with modern mass-
produced models, all of which look very
much alike.

Indeed, the term “mass production”
fits the flies quite well. The housefly,
one of the most complex miniaturized
systems in existence, is able to produce
a new generation of its kind in less than
a week. As Oldroyd remarks, it has been
calculated that in the course of a single
summer a pair of flies could produce
enough offspring, if all survived, to
cover the earth to a depth of 47 feet.
Oldroyd checked these calculations and
found “that a layer of such a thickness
would cover only an area the size of
Germany, but that is still a lot of flies.”

All of this is cause for concern when
one considers that the housefly habitu-
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ally breeds in human feces and then
travels to human foods and feeds by
first regurgitating onto them, and that
other flies are capable of burrowing
under man’s skin or developing in his
intestine. I rather wish Oldroyd had
quoted from the accounts of people who
have described the sensation of Derma-
tobia larvae burrowing in their skin, or
of individuals suffering from intestinal
or nasopharyngeal myiasis. For example,
the following gruesome case history is
cited by W. B. Herms in his book Medi-
cal Entomology (1939):

“While traveling in Kansas in the lat-
ter part of last August, a citizen of this
place had the misfortune to receive
while asleep a deposit of eggs from [the
screwworm] fly. He had been troubled
for years with catarrh, hence the attrac-
tion for the flies.... Monday, my first
day, his appearance was that of a man
laboring under a severe cold.... Tues-
day, saw him again. His nose and face
were still swollen, and in addition to
the other symptoms he was becom-
ing slightly delirious and complained a
great deal of the intense misery and an-
noyance in his nose and head. A few
hours after, I was sent for in haste with
the word that something was in his nose.
I found on examination a mass of the
larvae of this fly ... completely blocking
up one nostril. On touching them they
would instantly retreat en masse up the
nostril. Making a 20 per cent solution
of chloroform in sweet milk I made a
few injections up both nostrils, which
immediately brought away a large num-
ber, so that in a few hours I had taken
some 125 of them.... Friday I was able
to open up two or three canals that they
had cut, extracting several more that
had literally packed themselves, one
after another, in these fistulous channels.
His speech becoming suddenly much
worse, I examined the interior of his
mouth and found that a clear-cut open-
ing had been made entirely through the
soft palate and into his mouth.”

The man finally died of an abscess
caused by larvae that had invaded the
eustachian tube. The reader is doubtless
thinking that this sort of thing could
never happen in the blacktopped, air-
conditioned world of 1965. Malaria, yel-
low fever, filariasis, sleeping sickness—
fly-borne diseases that once swayed em-
pires—have all become minor diseases;
the apple maggot and cheese skipper
have been banished from the A&P.
Farmers nonetheless pay several million
dollars a year to control crop-infesting
flies, and local outbreaks of encephalitis,
a mosquito-borne disease with a high
rate of mortality, are reported in the
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U.S. every summer. We learn from E. C.
Cushing, quoted by Oldroyd, that dur-
ing World War II the U.S. armed forces
employed 4,407 men for antimalarial
work in the South Pacific alone; in spite
of this the Army had 546,230 cases of
malaria. Can we afford to let down our
guard against the flies? Can we ever
have confidence that a catastrophe in
human affairs will not force us to lower
our guard?

Man has been pestered by flies ever
since the dawn of civilization, and
doubtless before. In Harry Eltringham’s
words,

Profound research does not disclose
The epoch when the fly arose
To plague creation.

The Philistines made obeisance to Beel-
zebub, the god of flies, in the hope of
propitiating him and so reducing the
curse of flies. Malcolm Burr, in The In-
sect Legion: The Significance of the In-
significant (1939), speaks of this as “the
first historical account of the appoint-
ment of a Fly Control Officer.” Then
came the 10 plagues of Egypt, six of
which (according to Burr) were ento-
mological, and at least two and per-
haps four of which were attributable to
flies. Fly-borne diseases are said to have
hastened the decline of both Athens and
Rome. Sleeping sickness long delayed
the civilizing of Africa and yellow fever
the opening of the American Tropics.
These stories have been told many
times before; what of the future? Old-
royd believes that with luck and per-
sistence we may keep most bloodsucking
flies under control. The higher flies may
have better prospects: “They have
learned to use decaying, fermenting, or
putrefying organic materials, universal
media that will always exist. No doubt
we shall continue to campaign against
the house-fly, but we shall not defeat it
by chemicals, because it evolves resist-
ant strains too quickly for us. Hygiene
will keep it at bay in superior districts,
but there will always be plenty of breed-
ing material left about for it. As quickly
as urban areas are denied to the house-
fly the tourist and his motor-car make
more rural areas attractive to it.”
Oldroyd does not seem to place much
confidence in control by means of re-
leasing males sterilized chemically or
by irradiation [see “The Eradication of
the Screw-Worm Fly,” by Edward F.
Knipling; ScienTiFic AMERICAN, Octo-
ber, 1960], nor does he explore the
possibility of using insect hormones or
related substances as control agents.
Successful, wide-ranging control by
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palette; you will thrill to Rembrandt’s famed
“Aristotle Contemplating the Bust of Homer,”
seen nearly five feet in height — and marvel as
you view Titian’s famed allegorical master-
piece “Sacred and Profane Love” in its full
eight-foot width, just as it appears in Rome’s
Borghese Gallery. These are just a few of the
scores of magnificent works of art you will see
projected in the actual size and full color of
the original paintings.

24 Impressionist masterpieces for $1

If you accept this demonstration offer, you
will receive a unique Album containing 24
color slides of priceless works by Renoir,
Monet, Degas, and other important Impres-
sionist painters. These slides are produced in
Florence, Italy, to exacting specifications on

TAKE THIS ALBUM OF IMPRESSIONIST PAINTINGS FOR ONLY $1 [

35mm Kodak film in individual 2 x 2 mounts.
They set a new standard of faithfulness to the
artists’ originals, and can be used in any home
slide projector. (If you do not own a projector,
you may obtain one at very low cost with your
trial Album. See special offer on this page.)

The color slides, however, are only one
part of this elaborate Album. Bound into
the center is an illustrated 48-page book
by Albert Chate'et, Director of France’s
renowned Lille Museum—with a guide to
each of the slide pictures and the com-
plete story of the Impressionist era.

If this demonstration pleases you, you will be
offered a new slide-and-commentary Album
as issued, approximately every two months.
Among the Albums in this series are Italian
Renaissance Painting, The Golden Age of
Spanish Painting, and Albums covering every
major art period. As a member, you may ac-
cept as few or as many Albums as you wish.

Until today, slide-and-commentary art edu-
cation was available only in museums or uni-
versities. Now, you can benefit from the same
kind of expert guidance—and enjoy the world’s
great masterpieces with your family and invited
guests—right in your own home.

The cost is surprisingly low

The least you might expect to pay for 24 color
slides of comparable quality —if the subjects

IF YOU DO NOT HAVE A PROJECTOR, here’s an unusual op-
portunity. We have obhtained a limited supply of the sensa-
tional new Minolta Mini 35 II,
with Rokkor F2.5 wide angle
projection lens. This top-rated
portable slide projector shows
all 33mm slides. List price
$37.50—subscribers’ price only
$14.95 (including carrying
case). Because the supply is
strictly limited, orders will be
filled as received and remit-
tance must accompany trial sub-
scription form. Full refund if
projector is returned in 10 days.
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comparable value:
$15 to $18

were available from museums and private col-
lections —is $15 to $18. Yet, as a subscriber to
this new Program, you pay only $7.95, plus a
few cents shipping, for each complete Album
— including slides and illustrated guide book.

Try the demonstration album for 10 days
Send no money now. We will ship your introduc-
tory Color Slide Album of Impressionist Painting
and enroll you as a trial subscriber. 1If you are
thrilled with the demonstration and wish to con-
tinue with the Program, send only $1, plus a few
cents for shipping. Thereafter, you will be offered
a new Album approximately every two months at
the subscribers’ low price of only $7.95. If not de-
lighted, however, you may return everything within
10 days, cancel your subscription, and owe nothing.

l MAIL THIS COUPON TODAY

McGraw-Hill Color Slide Program
of Art Enjoyment, Dept. BC-101
330 W. 42nd St., New York, N. Y. 10036

Please enter my trial subscription and send me
the introductory Color Slide Album of Impres-
sionist Painting (including 24 color slides and
illustrated 48-page art book). Bill me only $1,
plus a few cents for shipping. If I am not
delighted with this introductory shipment, I
may return everything within 10 days, cancel
my subscription, and owe nothing.

If I do continue, you will send me a new Color
Slide Album approximately every two months
(for 10 days trial examination) and bill me at
the subscribers’ low price of $7.95, plus ship-
ping. I am not obligated to take any minimum
number of Albums, and may stop when I wish.

—_—

NAME. .1 etenenenenenennesenesesesenesesenenens

ADDRESS. « v eeneennenronssnssansosssnannsannann

CITY &

ZONE. . vveiieeanansaaeneens STATE........
Check here if you wish the Minolta Mini 35 IT

Projector included and remit $14.95 with this
coupon for projector. If you are not delighted,
return within 10 days for full refund.

Offer good in U.S.A. only  BC-101
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these methods is indeed well in the fu-
ture, if it can be achieved at all. We
are likely to have to wait a bit for the
“chemically sterile, insect-free world”
feared by Rachel Carson. In fact, if hu-
man populations (and their wastes) are
to double every few generations as pre-
dicted, there may be a rich future in
store for the filth flies. Perhaps we had
better learn to understand and appreci-
ate them. Vincent G. Dethier, in his
delightful book To Know a Fly (1962),
makes a strong case for the blowfly.
As for me, I hope to seek out the coffin
fly; by the time he finds me, it will be
too late to enjoy him.

The possibility that we are already
becoming more fly-conscious is sug-
gested by the second book under re-
view; it is the first catalogue of flies of
America north of Mexico to appear since
1905. This catalogue is the work of a
devoted band of dipterists in the Ento-
mology Research Division of the U.S.
Department of Agriculture, assisted by
more than 40 collaborators, each of
them a specialist on some particular
group of flies. One needs to use num-
bers to describe this great tome: it is
6.7 centimeters thick and has 1,696
pages, the bibliography contains nearly
4,800 references, the index occupies 147
pages. These figures are, however, in-
sufficient to suggest the amount of per-
spiration expended in various museums
and libraries in putting the volume to-
gether. Cataloguing is not fun; it is
hard, often frustrating work, and the
cataloguer is rarely rewarded with ac-
claim, to say nothing of more material
considerations. Neither is a catalogue
fun to read; it is nonetheless a sine qua
non of fruitful research on any group
of organisms—a summary of accumu-
lated knowledge and a guide post to
the future. As it is summed up in the
introduction to A Catalog of the Diptera
of America North of Mexico:

“The most important functions of a
catalog are to list all published names
with a reference to the original publica-
tion of each, to distinguish between
valid and synonymous names, to present
as sound a classification as possible, and
to give an indication of the distribution
of the species. A catalog should also
serve as a guide to important revisionary
works, keys and significant accessory
information.”

If T were to complain about this par-
ticular catalogue, it would be that the
amount of accessory information is
somewhat small. Under each family
heading and under some subfamilies and
a few genera one learns a little about
the biology of the group, with or with-
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out a reference or two, but this informa-
tion is quite limited, and there are no
references to the biology or behavior of
individual species. In this respect, and
in some matters of format, this cata-
logue seems to me to fall short of the
generally similar Hymenoptera cata-
logue of 1951 (U.S. Department of Agri-
culture Monograph No. 2). The use of
smaller type would have allowed inclu-
sion of much more accessory informa-
tion in the same number of pages.

I really should not complain at all,
particularly about matters that may well
have been out of the hands of the com-
pilers of this volume. Like several thou-
sand other entomologists, I shall be
eternally grateful to them for complet-
ing such a tedious and thankless task.
Why, indeed, should it be thankless? I
hereby thank the 47 dipterists listed on
pages 13 and 14 of the catalogue, not
1,000 times but 16,130 times—the num-
ber of species of flies they record from
America north of Mexico. These flies,
we learn, are included in 1,971 genera
distributed among 105 families. The
Tipulidae (crane flies) turn out to be the
largest family, with 1,458 species. The
Tachinidae (tachina flies) rank second,
with 1,281 species. (There are, how-
ever, 414 genera of tachina flies and
only 59 genera of crane flies.) Rank-
ing third and fourth in family size are
the Cecidomyiidae (gall midges) and
the Dolichopodidae; the latter do not
even have a well established common
name, although there are nearly twice
as many species of Dolichopodidae as
species of birds in the U.S. and Can-
ada. Under group after group in the cat-
alogue one finds such comments as “many
vexing taxonomic problems remain un-
solved” and “very little is known of the
habits or immature stages.” Let us hope
that publication of this catalogue ushers
in a new era in the study of Diptera, as
in some measure the publication of the
Hymenoptera catalogue of 1951 did.
When we consider the many ways in
which flies impinge on man, and the re-
markable life histories of so many of
them, it is not much of a tribute to man’s
intellect that while reaching for the stars
he ignores the fly on his windowpane.

Short Reviews

SERENDIPITY AND THE THREE PRINCES,

edited by Theodore G. Remer. Uni-
versity of Oklahoma Press ($4.95). “Ser-
endipity,” in recent years an overworked
vogue word, was coined by Horace
Walpole, the 18th-century English au-
thor, art critic, sometime politician and
indefatigable correspondent. In a letter
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to a friend, Horace Mann, he defined
the word as follows: “I once read a silly
fairy tale, called The Three Princes of
Serendip: as their highnesses travelled,
they were always making discoveries, by
accidents and sagacity, of things which
they were not in quest of: for instance,
one of them discovered that a mule
blind of the right eye had travelled the
same road lately, because the grass was
eaten only on the left side, where it was
worse than on the right—now do you
understand Serendipity?”

The book to which he refers was
printed in Venice in 1557 by Michele
Tramezzino, who was probably also its
author, although it purported to be a
translation from the Persian; later it
was translated from Italian into other
languages, including French and En-
glish. It was the French translation,
published in Amsterdam, that Walpole
read. In retelling the story to Mann,
Walpole made a number of errors—for
instance, the mule was actually a camel—
and the example he gives fails to sup-
port his definition. Since then the word,
even as he defined it, has been abused
and misused. The Oxford English Dic-
tionary in its 1914 edition describes
serendipity as “the faculty of making
happy and unexpected discoveries by
accident”; Webster’s Third New Inter-
national Dictionary defines it as “an as-
sumed gift for finding valuable or agree-
able things not sought for.” It was
certainly no “happy” discovery, nor a
“gift,” to find the tracks of a blind ani-
mal; in fact, the three noble brothers,
showing off their Holmesian powers of
deduction, were suspected of having
stolen the camel and were put in jail.
Writers about science, including sci-
entists, have a penchant for using
“serendipity” in the “happy accident”
sense; they also tend to link it to Pas-
teur’s remark that chance favors the
prepared mind. Dragging in the latter
notion is presumably intended to offset
the possible interpretation of serendipity
as covering the circumstance of the man
who falls into a sewer and comes up
with a gold watch. To enjoy the benefits
of serendipity one must, as Walpole
insisted, be sagacious. Whatever the
word’s usage, it sheds no light whatever,
as its users seem to think it does, on the
mysterious processes of invention and
discovery. Whether a doctor who finds
a kidney stone while looking for a gall-
stone is as fortunate and sagacious as
Fleming in finding penicillin, Balboa
the Pacific or Becquerel radioactivity
is a question neither Walpole nor the
dictionaries can answer.

Theodore G. Remer, a Chicago at-
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 The Strategy of

CLIFFORD GROBSTEIN,

University of California, San Diego

Anyone who has tried to keep up with the astonishing advances
made in the life sciences during the past several years will wel-
come this compact book, which contains an overall view of the
present body of biological knowledge. Concentrating on those
emerging general truths that hold for all organisms, the author
sketches, in broad strokes, what is known today about the im-
mense complex of life as a whole.

1965, 118 pages, illustrated, paperbound $1.75, clothbound $3.50
“Once again an embryologist, in the tradition of Waddington,

Medawar, and Bonner, has managed to find new significance
in interrelating the results of modern biology into the greater

ADRIAN M SRE AAY B DWIN RORERT § IDGAR

General Genetics

SECOND EDITION

“Without exception
the best book

in its area.”

Life

scheme of living processes. This book is not only original and
profound but so well written it should become a classic and
could well influence new approaches to research as well as phil-
osophical needs. Obviously C. Grobstein has been hard at
thinking on the entire subject of ‘what is life?’

“This will no doubt be used as supplementary reading mate-
rial in an introductory seminar course.”

E. W. Samuel
Antioch College

“This is an excellent summary of some of the most basic and
modern concepts of biology. I will certainly recommend it, or
even require it, for my students in general biology when next I
teach the course.” Elmer R. Noble

University of California,
Santa Barbara

= General GenetICS, SECOND EDITION

ADRIAN M. SRB, Cornell University,
RAY D. OWEN, and ROBERT S. EDGAR,
both of the California Institute of Technology

Since the first edition was published in 1952, this book has
been widely recognized as a classic text in introductory genetics.
The second edition retains the pedagogical features of the first
and incorporates the changes that have taken place in genetics
in the intervening years, particularly the developments in the
new field of molecular genetics.

1965, 557 pages, illustrated, clothbound, $9.00

“Without exception the best book in its area. Excellent.”

E. C. Keller, Jr.
University of Maryland

“The second edition of General Genetics not only retained the
excellent sequence of areas, clarity of presentation, and style but
also integrated the necessary information to meet the require-
ments for a new edition. This book will be used in my course in
introductory genetics starting this fall.”

Edward D. Garber
University of Chicago

“Excellent! We are using it in three courses.”

James E Crow
University of Wisconsin

“Appears to be a broad coverage, collecting both classical and
modern findings into a coherent whole. I plan to use it as a text
next time around!” R. W. Siegel

University of California,
Los Angeles

W. H. FREEMAN AND COMPANY 660 Market Street, San Francisco, California 94104
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O THE STRATEGY OF LIFE (paperbound) $1.75

I enclose paymentof $_  (California
residents add 4% sales tax). Send me, postpaid, the
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The college
contribution

1S a two-
way street

There are two ways to look at it.

There’s the contribution the colleges
make to business.

That’s crucial.

Business employs about 42% of all
college people. It uses their brainpower
and skill in developing new products
and methods. It fills management posts.

In the other direction, there’s the
contribution business makes to colleges.

The colleges welcome it. They need all
the funds they can get. They’re helping
to prepare leaders for management,
but the cost of education is going up.

In fact many colleges are having to
turn away applicants—100,000 a year,
says one estimate.

If business wants college talent, it must
keep colleges in business. It can help
finance their need for classrooms,
facilities and especially teachers.

In this light, your aid-to-education
program is an aid to your company.

SPECIAL TO CORPORATE OFFICERS—A new ]
booklet of particular interest if your com- |
pany has not yet established an aid-to-

education program. Write for:

“How to Aid Education—and Yourself”
Box 36, Times Square Station - -
New York, N. Y. 10036 Pl

College is Business’ Best Friend
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torney, has gone to a great deal of
trouble to describe the true sources of
Walpole’s word and the errors and con-
fusions surrounding it. For good mea-
sure he has thrown in a fresh English
translation of the Peregrinaggio di tre
giovani figliuoli del re di Serendippo.
A pleasant labor of scholarship.

HE AGE oF REPTILEs, by Edwin H.

Colbert. W. W. Norton & Co., Inc.
($8.50). From the vantage point of the
precarious Age of Man, which has lasted
only a few hundred thousand years and
may not last much longer, we look back
with respect, admiration and fascina-
tion on the long and successful reign of
the reptiles, in many respects “the most
spectacular phase of life history.” It is
thought to have spanned about 130 mil-
lion years, beginning in the Permian
period and ending in the Cretaceous,
and through much of it the dinosaurs
ruled the land. Descended from the
amphibians, the first reptiles were much
like them but differed in one very im-
portant respect, namely in producing an
amniotic egg. With the embryo pro-
tected from its environment by a shell,
reptiles were freed from their ancestral
habitat in the sea and were able to wan-
der far and wide over the world. Edwin
H. Colbert, a leading paleontologist,
has in this book given an admirable ac-
count of the rise of the reptiles, of the
many forms they took, of their intercon-
tinental migrations, of their relation to
other forms of life and the environment
through millions of years. He describes
the principal species in beautifully clear
detail, thus making them come to life
again. He explains the effect of climate
on the evolution of diverse species and
tells the intricate story of the discovery
of fossils in different geologic layers,
which has made it possible to recon-
struct not only the appearance of the
creatures but also their evolution. The
mystery of the great extinction that
brought the Age of Reptiles to an end,
leaving behind only a few brilliantly
adapted orders such as the turtles, re-
mains, in spite of a plethora of hypothe-
ses, as inscrutable as ever. It seems like-
ly that a combination of factors, rather
than any single cause, led to the ter-
mination of the reptiles’ ascendancy on
earth. Many illustrations and charts.

HE EXPRESSION OF THE EMOTIONS IN

ManN anDp ANmMaLs, by Charles Dar-
win. The University of Chicago Press
($5). In his preface to the reissue of this
enduring work, first published in 1872,
Konrad Lorenz says that so far-reach-
ing, so universal and so fertile were the

implications of Darwin’s principle of
natural selection that even today sci-
entists have not fully explored its mean-
ing and that Darwin himself did not
realize what he had set in motion and
how much he knew. The study of ani-
mal behavior, as Lorenz remarks, has a
special right to claim Darwin as its
patron saint, not only because it is im-
mediately dependent on the evolution-
ary approach but also because “it has
done its fair share in verifying Darwin’s
theories.” Both in his approach to the
study of the expression of emotions—
observing infants, the insane, dogs, cats,
monkeys; using photographs of expres-
sions submitted to different judges;
comparing expression among different
peoples—and in his emphasis on the
inheritance of certain behavior patterns,
their persistence and their evolution he
was profoundly foresighted and laid
foundations for the modern study of
ethology. The writing is clear and di-
rect, full of penetrating insights and
enlivened by anecdotes, examples and
trenchant observations. It discusses such
matters as the expression of “low spirits,
anxiety, grief, dejection, despair” by
means of “oblique eyebrows” and “de-
pressed corners of the mouth.” It also
takes up the uses of laughter and the
different ways of showing tender feel-
ings; the dilation of the pupils when
fear is felt; the “most peculiar and the
most human of all expressions,” namely
blushing; snarling as an expression of
rage. This is a superb book, and the
illustrations are marvelous.

N’ AX BORN: AUSGEWAHLTE ABHAND-

LUNGEN. Gottingen, Vandenhoeck
& Ruprecht ($25). A selection of the
mathematical and physical papers of one
of the greatest living scientists, with a
useful introduction by Born himself that
describes the scope of his work and ex-
plains in detail the circumstances in
which his various investigations were
undertaken. Born’s versatility and sweep
are well demonstrated. The first group
of papers deals with mechanics, rela-
tivity, thermodynamics and related top-
ics and includes his uncommonly inter-
esting dissertation on the stability of an
elastic line in a plane and in space, a
topic to which he returned some 35
years later, when he was professor at
the University of Edinburgh and was
asked to investigate major damage done
to certain building structures by earth
waves caused by blasting operations.
The second group of papers is con-
cerned with one of Born’s favorite top-
ics, namely crystal lattices, about which
he wrote papers with the late Theodor
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von Karman, Alfred Landé, E. Brody
and others. Atoms, molecules and lig-
uids are the subjects of the papers in
the third group; quantum mechanics is
dealt with in a fourth group, where
among his collaborators are Wolfgang
Pauli, Werner Heisenberg, James
Franck, Pascual Jordan, Norbert Wiener
and J. Robert Oppenheimer. A fifth
group is devoted to field theory and a
sixth to miscellaneous memoirs of lead-
ing physicists and mathematicians:
Max von Laue, H. A. Lorentz, J. J.
Thomson, Max Planck, Arnold Sommer-
feld, Albert Einstein, Erwin Schrodin-
ger, Hermann Minkowski. The two vol-
umes are in many respects a history of
the 20th-century revolution in physics.

THE PuiLosopHY OF GRAMMAR, by

Otto Jespersen. W. W. Norton &
Co., Inc. ($1.95). A reissue of a major
work, first published in 1924, that sets
forth the principles underlying the
grammars of all languages. Rousseau
said it requires a great deal of philoso-
phy to be able to know how to observe
even once what one sees every day;
this high capacity, which Jespersen fully
possessed, accounts not only for the in-
novating value of his linguistic studies
but also for their established status as
reference works. A paperback.

OLDUVAI GorGe 1951-61: VoLumE I,

by L. S. B. Leakey. Cambridge Uni-
versity Press ($14.50). This volume, de-
scribed as a preliminary report, is based
on the many discoveries of tools, arti-
facts, bones of animals and pre-men
(including the famous skull of Zinjan-
thropus) Leakey made at this site
beginning in 1951. The volume is con-
cerned, however, only with the mam-
malian fauna and the geography of the
area, the intention being to use this ma-
terial as background for further reports.
Of particular interest are the specula-
tions by Leakey and his collaborators
about the climatic sequence in the Ol-
duvai region, which is inferred by ap-
plying skilled and imaginative scientific
reasoning to the geological data, includ-
ing the stratigraphy of the beds and the
fossil deposits. Numerous plates.

CHEMISTRY AND Beyvonp, edited by

Herbert Dingle and G. R. Martin.
John Wiley & Sons, Inc. ($6). A selec-
tion from the historical and philosophi-
cal writings of the late F. A. Paneth, the
German scientist who was trained as an
organic chemist, switched to the new
discipline of radiochemistry, taught at
Konigsberg until the Nazis came to
power and then moved to Britain, where
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A Questar optical system became
the first high-power telescope in a
manned spacecraft when NASA, in
its Gemini program, put the GT 5
into orbit on August 21, 1965

Questar is the finest and most versatile small
telescope in the world. Prices begin at $795. Send
for your copy of the new 40-page booklet with
8 pages of color and much general information, with
essays on optics, seeing and telescopic photography.
One dollar postpaid in North America. By air to West
Indies and Central America, $2.30. By air to Europe,
N. Africa and S. America, $2.50. By air to Australia
and elsewhere, $3.50.

QUESTAR

BOX 20 NEW HOPE, PENNSYLVANIA
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he pursued his distinguished career un-
til the 1950’s. With Georg von Hevesy
he discovered and developed the radio-
active-tracer technique and made many
contributions to geochemistry and nu-
clear physics. The selections are in a
more or less popular vein and include
such topics as John Newlands’ periodic
system, Thomas Wright and Immanuel
Kant, memories of the early days of
the Vienna Radium Institute, the origin
of meteorites, Goethe’s scientific back-
ground. An attractive selection.

PSYCHOSOMATIC DISORDERS IN ADO-

LESCENTS AND YOUNG ApuLTs, edited
by John Hambling and Philip Hopkins.
Pergamon Press ($8.50). Papers and dis-
cussions of a conference held by the
Society for Psychosomatic Research in
London in 1960. The main objectives
were to consider psychosomatic disor-
ders occurring between the ages of 15
and 25, and to discuss the mental trans-
formation from childhood to mature
adulthood. Among the topics discussed
are the adolescent in industry and the
university, psychosexual development in
adolescents, menstrual disorders, epilep-
sy in adolescents, the psychosomatic as-
pects of acne, tuberculosis and acute
appendicitis. Some of the papers bring
up fresh material that is of interest, but
the discussions—evidently presented ver-
batim—are pointless and frequently in-
coherent. Why proceedings of this kind
deserve to be put between hard covers
is one of the higher mysteries of our
day.

SCIENTIFIC ParErs, by Lord Rayleigh.
Dover Publications, Inc. ($30). Lord
Rayleigh (1842-1919) was a versatile
and uncommonly gifted physicist. He
made major contributions to the theory
of sound, based on both mathematical
researches and experiments; he investi-
gated optics and color vision, polariza-
tion and light-scattering; he advanced
| hydrodynamics (particularly with re-
| spect to the propagation of waves),
thermodynamics, electricity and mag-
netism (with famous studies on the
ohm); he worked on surface tension,
black-body radiation, the densities of
gases, and with Sir William Ramsay he
discovered the element argon. The hon-
ors conferred on him—including the
Nobel prize in physics, the presidency
of the Royal Society and the Order of
Merit—were as numerous as his interests
were broad. This three-volume work, an
unabridged edition of the six-volume
collection published by Cambridge Uni-
versity Press between 1899 and 1920,
contains the corpus of his scientific



THE STRUCTURE OF THE AMERICAN ECONOMY

Input/Output tables provide management, government admin- ANNOUNCING:

istrators, economists and researchers with a powerful new tool
for forecasting and measuring the indirect as well as the direct
interindustry relationships that structure our industrial economy.

This handsome and informative chart offers economists, statisticians, teachers and market
analysts a unique entry into the rapidly developing discipline of interindustry (or input/output)
analysis. Based upon input/output tables issued by the Office of Business Economics, U.S.
Department of Commerce, the chart can be used as a teaching tool and for study of practical
and theoretical questions about the American economy.

The chart presents an interindustry matrix of 81 rows and 81 columns; each of the 6,561 cells
in the matrix shows 1) the direct input/output coefficient; 2) the “inverse” coefficient; and 3)
the interindustry dollar flow for a $600 billion Gross National Product, a bench mark first sur-
passed by the economy in 1964. The input/output coefficients as published by O.B.E. have
been recomputed by the Harvard Economic Research Project to reflect gross domestic output.
Where the ratio of input to output exceeds 1/81, the cell is tinted in the color-code of the
industrial bloc from which the input comes. This device, combined with triangulation of the
matrix, brings the structure of interindustry transactions into graphic visibility. The familiar
features of the economy external to the interindustry matrix appear in two rows (Noncompeti-
tive Imports; Value Added) and 10 columns (nine Final Demand, plus Gross Domestic Output).

Offprints of four SCIENTIFIC AMERICAN articles by Wassily Leontief, Henry Lee Professor of
Economics at Harvard University and originator of the technique of input/output analysis,
accompany the chart. The articles are:

Input/Output Economics No. 610
The Economic Effects of Disarmament No. 611
The Structure of Development No. 617
The Structure of the U.S. Economy No. 624

ﬁ W. H. FREEMAN AND COMPANY

660 Market St., San Francisco, Calif, 94104 / Warner House, 48 Upper Thames St., London, EC. 4
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A 40” x 54” WALL CHART IN SEVEN COLORS
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W. H. Freeman and Company
660 Market Street
San Francisco, California 94104

l enclose $ (California
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... With these Bowker reference books

INDUSTRIAL RESEARCH LABORATORIES

The sourcebook that reveals the men and firms
behind industrial research in the U.S. today.
New 12th edition gives up-to-date facts on 5,000
labs . .. outlines the program and personnel of

every major R & D company . . . tells what their |

facilities are . . . what their fields of R & D
interest are. Also — geographic index to firms
listed, and personnel index to 15,000 key execs
and recruiting contacts.

768 pages. $25 net pp. NOW READY

U.§. PATENT PREVIEWS / 1963-70

A unique roster of who’s working on what . . .

for whom . . . in the R & D industry. This is the

first publication ever to list — by company and

by individual name under company — those

inventors now employed in leading R & D firms.

Using material from the Patent Office Assignment

File, it lists 60,000 patents now pending . ..

to what firms they are assigned . . . which

scientists developed each invention.

Over 1,000 pages. $30 net pp. COMING EARLY '66
Order these books from Dept. SA

BOWKER ASSOCIATES, INC.
1677 Wisconsin Ave. Washington, D.C.

AMERICAN MEN OF SCIENCE

Physical and Biological Sciences Section now in
6 volumes. This new 11th edition contains

130,000 biographies of leading scientists now
working in the U.S. Includes the field of
specialization, present position, memberships,
home address of each.

Volume 1 (A-C) and 2 (D-G) now ready.

Volumes 3 to 6 to follow in order during 1966-7.
Each volume $25 net pp.

semi-annual SUPPLEMENTS (o
AMERICAN MEN OF SCIENCE

These supplementary volumes update your basic
set of biographies every 6 months — bring you
new biographies received after publication of the
volume in which they should have appeared. ..
and significant changes concerning those

already included. Write for full details.

Order these books from Dept. SA
D R.R. BOWKER COMPANY

1180 Avenue of the Americas
New York, N.Y. 10036
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papers (with the exception of A Treatise
on Sound), a brief bibliography and a
16-page supplement consisting of photo-
graphs pertaining to his life and work.
Indispensable to any scientific library.

HE AFRICAN GENERA OF ACRIDOIDEA,
- by V. M. Dirsh. Cambridge Univer-
sity Press ($37.50). This handsome
book, published on behalf of the Anti-
Locust Research Center in London, de-
scribes all genera and lists all species
of the African locusts up to the end of
1958, and contains a large number of
carefully drawn illustrations. The fore-
word notes that although at present
most of the major species of plague
locusts in Africa and Asia are quiescent,
the locust problem is far from solved.
The expansion of agriculture taking
place or impending in most developing
countries is “tending to augment infes-
tation by both locusts and grasshop-
pers,” making it all the more important
to systematize and widen knowledge of
the insects’ biology.

SOURCEBOOK ON THE SPACE SCIENCES,

by Samuel Glasstone. D. Van Nos-
trand Company, Inc. ($7.95). This vol-
ume written under the sponsorship of
the National Aeronautics and Space Ad-
ministration presents an overall survey
of the science and technology of the
exploration of outer space with chapters
on such topics as orbits and trajectories,
propulsion and power, guidance and
tracking, the solar system, the earth
and its environment, man and space. No
advanced scientific knowledge is re-
quired to follow the text, and mathe-
matics is used sparingly.

__IISTORY UNDER THE SEA, by Mendel
Peterson. Smithsonian Institution
($3). A handbook of underwater ex-
ploration for archaeological purposes.
It describes the location and condition
of various underwater sites, sketches the
history of some recent expeditions in
the Western Hemisphere and explains
search techniques, the surveying of un-
derwater sites, the preservation of ma-
terials recovered from the water and
the identification of shipwrecks. Many
excellent illustrations.

Notes

Equavrity, by R. H. Tawney. Barnes

| & Noble, Inc. ($1.50). A soft-cover re-

print, with a new introduction by Rich-
ard M. Titmuss, of Tawney’s Halley
Stewart Lectures of 1929, concerned
with the social and economic inequali-
ties of English society and the strategy
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Anatol Rapoport

Albert M. Chammah

PriSoner's
Dilemma

This book explores the nature of con-
flict in the deceptively simple game
from which the book takes its title. If
two players cooperate, they both win;
if they don’t, they both lose. But they
can cooperate only if each trusts the
other, and the game is so structured
that there is no rational basis for trust-
ing. Moving beyond game theory,
Prisoner’s Dilemma builds a bridge be-
tween scientific psychology (based on
hard data and reproducible experi-
ments) and the psychology of complex
inner motivations which create conflict
and human strife. ”

272 pages $7.50
=

The University of Michigan Press
Ann Arbor

r THE DAEDALUS LIBRARY

= VOLUME 4
[

(=

— Science

and Culture
Edited by Gerald Holton

A study of cohesive and
disjunctive forces

How will science become a part
of the culture of our time? What
meaning do we choose to give to
the term “culture” in the modern
world? What are the basic differ-
ences between the research func-
tions of the humanities, the social
sciences, and the natural sciences?
How can we foster wider com-
munication between the various
parts of our culture?

In the essays of this volume,
scientists, artists, social scientists,
administrators, and scholars in the
humanities consider these com-
mon concerns.

Among the many distinguished
contributors to this volume are
René Dubos and Gyorgy Kepes.

Houghton Mifflin Company

2 Park Street, Boston 7, Massachusenii
B




of overcoming them. A powerfully writ-
ten, elegant and humane book.

ProBaBILITY AND ITs ENGINEERING
Uses, by Thornton C. Fry. D. Van
Nostrand Company ($15). A revised
edition of a textbook of exceptional
quality, first published in 1928 and still,
particularly because of its many ex-
amples, a work that will enhance the
understanding of any college student of
probability and statistics.

EArLY PHOTOGRAPHY IN CANADA, by
Ralph Greenhill. Oxford University
Press ($12.50). The main feature of this
account of the development of photog-
raphy in Canada from the daguerreo-
type to the dry plate is the collection of
106 photographs of city and country,
of Indians, Eskimos, soldiers and work-
men, and of various historic events.

THE Birps oF NATAL AND ZULULAND,
by P. A. Clancey. Oliver & Boyd Ltd.
(84 shillings). A detailed description,
abundantly illustrated with line draw-
ings and colorplates by the author, of
the rich avifauna of Natal and Zulu-
land, based on a study of the literature
and of museum specimens and on per-
sonal observations in the field over more
than a dozen years.

XEROGRAPHY AND RELATED Proc-
EssEs, edited by John H. Dessauer and
Harold E. Clark. Focal Press, Inc. ($38).
Contains articles on the history, scien-
tific background and practical applica-
tions of xerography, the electrostatic-
imaging process now in such wide use.

Tue UNIvERSAL ENCYCLOPEDIA OF
MaTtHEMATICS. The New American Li-
brary ($1.50). A soft-cover edition of
a handy, authoritative reference guide,
alphabetically arranged, containing in-
formation about almost every branch
of mathematics that engages the atten-
tion of the average student.

BiocrapHICAL MEMOIRS, NATIONAL
ACADEMY OF SCIENCES OF THE UNITED
STATES OF AMERICA: VOLUME XXXVIII.
Columbia University Press ($5). Four-
teen memoirs of leading scientists,
among them Arthur Holly Compton,
Ernest W. Goodpasture, Theodor von
Karman and Robert M. Yerkes.

Tue CHurRcHILL YEARs: 1874-1965.
The Viking Press ($16.50). A collec-
tion of photographs covering Winston
Churchill’s life from his childhood to
his funeral. There is a supporting text
by The Times of London.
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PHOENIX

‘“‘Opportunities and Ideal
Living in The Valley
of The Sun”

With
GOODYEAR AEROSPACE

Radar Sensors, E.C.M. Systems, Sat-
ellie Radars,Electronic/Optical Data
Processors and Advanced Studies are
representativeof current Engineering
efforts in our Arizona Electronics Di-
vision.

Current Openings Exist in the follow-
ing areas:

RADAR SYSTEMS

Provide systems, concepts, conduct

analysis and experimental systems

work. Airborne radar systems and

circuit design experience required.
OPTICS

Design, selection and testing of opti-
cal components and systems. Knowl-
edge of films and film development
techniques desirable.

Send resume to
M. J. McColgan
Engineering Personnel
Goodyear Aerospace Corp.
Litchfield Park, Arizona

An Equal Opportunity Employer

=&~ .- ———————=———y|
A New Volume in the Ann Arbor
Science Library

Waldo L. Schmitt

brustaceans

“I know of no other readable account
of the varied hosts of Crustacea.”
—Marston Bates

Crustaceans inhabit all parts of the
globe—oceans, rivers, mountains, gla-
ciers, deserts, and jungles. They vary
from the most succulent lobsters and
shrimp to the tiniest wood lice and
sand fleas. This book explains what
these creatures have in common—how
they are born, live, love, and die, and
what they mean to the history and
economy of man.

Written by an expert for the general
reader, this book introduces a vast,
mysterious, often bizarre world.

208 pages 75 illustrations

The University of Michigan Press

Ann Arbor

$5.00
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Readers interested in further reading on
the subjects covered by articles in this
issue may find the lists below helpful.
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ADVANCES IN OPTICAL MASERS. Arthur
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A TRANSPACIFIC CONTACT
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THE CoasT OF Ecuapor. Emilio Es-
trada, Betty J. Meggers and Clif-
ford Evans in Science, Vol. 135, No.
3501, pages 371-372; February 2,
1962.

VaALpiviA—AN EArLy FormaTIVE CUL-
TURE OF Ecuapor. Clifford Evans and
Betty J. Meggers in Archaeology,
Vol. 11, No. 3, pages 175-182; Au-
tumn, 1958.

THE BACTERIAL CHROMOSOME

THE BACTERIAL CHROMOSOME AND ITs
MANNER OF REPLICATION AS SEEN BY
AUTORADIOGRAPHY. John Cairns in
Journal of Molecular Biology, Vol. 6,
No. 3, pages 208-213; March, 1963.

CoLp SPRING HARBOR SyYMPOSIA ON
QuaNTITATIVE BiorLocy, VoLuME
XXVIII: SYNTHESIS AND STRUCTURE
oF MacromoLECULES. Cold Spring
Harbor Laboratory of Quantitative
Biology, 1963.

MoLEcuLAR BroLocy or THE GENE.
James D. Watson. W. A. Benjamin,
Inc., 1965. See pages 255-296.

THE RANGER MISSIONS
TO THE MOON

Lunar ReEsurts FROM RANGERs 7 TO 9.
Gerard P. Kuiper in Sky and Tele-
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“l have read [it] with the greatest of
interest. .. and marvel at the incredible
number of facts which the author has
managed to assemble and which he

presents with great flair.”
—WILLY LEY

“...tells the story of modern day
science in all its grime and glory.
Although taxpayers are aware of
vast sums being spent on govern-
ment projects they are probably
not so aware of the porkbarrel
politics, bribery, collusion, lies, and
acknowledged waste that accom-
pany them.... Those in the sciences
who care about their professions
would do well to read this book.”

—Library Journal $7.95

by WILLIAM GILMAN
THE VIKING PRESS

New York 10022

NOW AVAILABLE
IN BOOK FORM:

The September 1965 issue of

SCIENTIFIC
AMERICAN

on
CITIES
. | .
Tm: entire text of this memorable
issue on Cities — their present, their
future, and the staggering problems
caused by their gargantuan growth —
has now been completely reset, and is
available in both
cloth and paper-
bound editions.
Now at better bookstores or

use coupon below to order.

Dept. 42, 457 Madison Ave.
New York, N. Y. 10022

Please send me, postpaid, __copies
clothbound, copies paperbound of CITIES.
I enclose $4.95 for each clothbound copy, $2.45
for each paperbound copy, total $_ n
(N. Y. C. residents please add 5% sales tax;
N. Y. State residents 29%.)

Name.

Address. e

Zip—
IBM: cloth 1933, paper 1935

State.




scope, Vol. 29, No. 5, pages 293- |
308; May, 1965.

RaNGER VII PHOTOGRAPHS OF THE
Moon, Part I: CAMERA A SERIEs.
National Aeronautics and Space Ad-
ministration. U.S. Government Print-
ing Office, 1964.

RANGER VII PHOTOGRAPHS OF THE
Moon, Part II: CaAMERA B SERIEs.
National Aeronautics and Space Ad-
ministration. U.S. Government Print-
ing Office, 1965.

RANGER VII PHOTOGRAPHS OF THE
Moon, Part III: CAMERA P SERIEs. i
National Aeronautics and Space Ad-
ministration. U.S. Government Print-
ing Office, 1965. ‘

RanGer VIII PHOTOGRAPHS OF THE
MooN. National Aeronautics and
Space Administration. U.S. Govern-
ment Printing Office, in press.

RANGER IX PHOTOGRAPHS OF THE
Moon. National Aeronautics and
Space Administration. U.S. Govern-
ment Printing Office, in press.

ORCHIDS

ABC or OrcHm GROWING. John V.
Watkins. Prentice-Hall, Incorporated,
1956.

GENERIC NAMES ofF ORcHIDS: THEIR
ORIGIN AND MEANING. Richard Evans
Schultes and Arthur Stanley Pease.
Academic Press Inc., 1963.

Tue OrRcHID-GROWER'S MANuAL. B. S.
Williams. Hafner Publishing Com-
pany, Inc., 1961.

OrcHips. Walter Kupper and Walter
Linsenmaier. Thomas Nelson and
Sons Ltd., 1961.

TuE ORcHIDS: A SCIENTIFIC SURVEY.
Edited by Carl L. Withner. The
Ronald Press Company, 1959.

CHEMISTRY
AT HIGH VELOCITIES

FRee CARBON AToM CHEMISTRY. Colin
MacKay and Richard Wolfgang in
Science, Vol. 148, No. 3672, pages
899-907; May 14, 1965.

Hor Atom CHEMISTRY. Richard Wolf-
gang in Annual Review of Physical
Chemistry, Vol. 16, pages 15-42;
1965.

ADAPTATIONS TO COLD

Bopy INSULATION OF SOME ARCTIC AND
TropricAL MaMMALS AND Birps. P. F.
Scholander, Vladimir Walters, Ray-
mond Hock and Laurence Irving in
The Biological Bulletin, Vol. 99, No.
2, pages 225-236; October, 1950.

Bopy TEMPERATURES OF ARCTIC AND

wa-energy electron diffraction pattern from a Ta (110) surfacy

An unretouched photograph, obtained
from investigations conducted in the
Plasmadynamics group at the United
Aircraft Research Laboratories, shows
the pattern of electron beams back-
scattered when a monochromatic elec-
tron beam of 114 volts is incident on a
clean Ta (110) surface. Analysis of the
symmetry and intensity of such dif-
fracted electron beams leads to a
knowledge of atom positions not only
on clean, ordered surfaces but also on
ordered surfaces with adsorbed atoms.
Such detailed knowledge of the atom
structure of the surface should lead to
a better understanding of the surface
properties of solids.

Our corporate sponsored, long range
research programs offer outstanding
opportunities to scientists interested in
doing original work. We encourage in-
ternal cross fertilization of ideas, the
publication of papers and close con-
tacts with related university research
programs.

© 1965 SCIENTIFIC AMERICAN, INC

The United Aircraft Research Labora-
tories location in East Hartford, Con-
necticut affords a choice of nearby city,
suburban or country living and superior
public and private schools.

Inquiries are invited from individuals
who are experienced in LEED, Atomic
and Molecular Scattering Processes, Gas
Breakdown and Thermionic Emission.

Please direct your reply to:

MR. R. D. CIRIACK
Professional Placement

UNITED AIRCRAFT

RESEARCH LABORATORIES
SILVER LANE
EAST HARTFORD, CONNECTICUT 06108

An equal opportunity employer, M & F

United Rircraft
Research
Laboratories

UNITED AIRCRAFT CORPORATION
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NOW! LEARN TO USE THE AMAZING TOOL OF TOMORROW!

v

Get the jump on competition. Here’s a break-through in
a new technology. Completely simplified. 1,000’s of uses
for researchers, product designers, developers. Fantastic
visual effects. Basis for *“OP ART”. Already used
commercially in packaging, textile, graphic arts in-
dustries. Problem solving ranges Irom simple arithmetic
to calculus of vectors. Inexpensively measures one part
in billion. Measure diffraction pattern movement
produced by lasers; diffusion of molecules in solution or
heat waves. Study liquid flow, stress lines, distortion
of metals. Obtain elastic moduli. Basically a Moiré
pattern is the graphic solution of an equation. Patterns
appear when two or more repetitive figures of about the
same spacing overlap at a small angle. Using elements
which include equi-spaced linear, logarithmic and
circular rulings, Dr. Gerald Oster, Brooklyn Poly. Inst.,

has developed a complete new basic scientific tool.
Inexpensive kit contains 8 basic patterns on both clear
acetate in lantern slide size measuring 34" x 47 (.020"

thick) and white Kromekote 334" x 415” (.012” thick);
two pieces 314” x 4" 150-dot screen on film; 20-mesh
woven fiberglass screen 8” x 10'5”; copy of Dr Oster’'s
book, ‘“The Science of Moiré Patterns’ —an authorita-
tive introduction to the Iascmatmg world of Moiré.

Stock No. 70,719-S Deluxe Kit “A”........ .50 Ppd.
Stock No. 60,464-5 Same as above without
DOOK.. .o $6.50 Ppd.

Measure...Check...Solve... Study...Create

W|th Experimenters’

MOIRE PATTERN KITS

BASIS FOR ‘OP ART’' SWEEPING THE NATION

NOW AVAILABLE IN FULL COLOR

Wait "til you see the fantastic rainbow of color—all 8
patterns in Deluxe Kit ““A” in full transparent colors,
red, yellow and blue. Complete instructions.

Stock No. 60,530-S....... (KitA)........ $12.50 Ppd.

NEW DE LUXE EXPERIMENTERS' MOIRE KIT “B”

Eight new totally different black and white patterns;
Coarse lines; 65-line sines; perspectlve squares; medium
grating; Gaussmn grating; converging circles; elliptical
zone plate; 30-line logarithmic spiral; plus instructions
by Dr. Oster.

Stock No. 70,790-S. = = .. .. ........ $6.00 Ppd.
NEW MOIRE KIT “B” IN COLOR. 8 new panerns
above in red, yellow and blue; with inst. by Dr. Oste:
Stock No. 60 531-S...

NEW JUMBO 20” x 25” MOIRE PATTERNS. Excel-
lent for displays and signs. Write for details and prices.
MOIRE PATTERN ACCESSORY KIT. For addi-
tional experiments. Contains metallic balloon, calcite,
two kinds of diffraction gratings, one-way mirror foil,
polarizing materials, Ronchi rulings, assortment of
lenses.

Stock No. 60,487-S.... ... .....ivvvuvnnn $8.00 Ppd.

See the Stars, Moon,
Planets Close Up!
3” ASTRONOMICAL

REFLECTING TELESCOPE

60 to 180 Power—Famous Mt.
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

X eyepiece and a mounted Barlow Lens. Optical Finder
Telescope included. Hardwood portable tripod. FREE with
Scope: Valuable STAR CHART plus 272-page “HAND-
BOOK OF HEAVENS” plus “HOW TO USE YOUR
TELESCOPE” BOOK.

Stock No. 85,050-8 ..........couvvinnniinnnnnnn.. $29.95 Postpaid

44" Astronomical Reflector Telescope!
255 Power. New Vibration Free Metal Pedestal Mount.
Stock No. 85,105-S ................ $79.50 F.0.B. Barrington, N. J.

SUPERB 6" REFLECTOR TELESCOPE!
Inc. electric clock dnve setting circles, equatorial mount, pedestal base.
4 eyepieces for up to 576X. Teflon bearings.
Stock No. 85,086-5. .

WOODEN

$199.50 F.O.B. Barrington, N. J.

SOLID PUZZLES

12 Different puzzles that will
stimulate your ability to think
and reason. Here is a fascinat-
ing assortment of wood puzzles
that will provide hours of plea-
sure. Twelve different puzzles,
animals and geometric forms

| to take apart and reassemble,
give a chance for all the family,

young and old, to test skill, patience and, best of all, to
stimulate ability to think and reason while having lots
of fun. Order yours now.

Stock No.70,205-S.................. $3.00 Postpaid
SOLVE PROBLEMS! TELL FORTUNES! PLAY GAMES!
NEW WORKING MODEL
DIGITAL COMPUTER
ACTUAL MINIATURE VERSION
OF GIANT ELECTRONIC
RAINS

-

A
Fascinating new see-through model comnuler i
actually solves problems, teaches compute:
fundamentals. Adds, subtracts, multiplies, ~hu’f_s complements, carries,
i . equences Anmcnvelv colored, rigid plas-
3 {". Incl. step-by-step assembly
ook covermgnpemnan computer language
#, problems and 15 experiments.
5.9 Ppd,

\
Stock No. 70.683-5

Make Your Own Powerful Asfronornicul Telescope

IND YOUR OWN

t’ﬂauﬂﬁa AETRONOMICAL MRS

r. =, tool, abrasives, diagonal

-?l.’ mirror and eyepiece lenses.

b ) S’ You can build instruments
n

ROR. Kits contain fine an-
nealed pyrex mirror blank,
in walie from %75 00 to hundreds of dollars.
ﬁl‘nm, Mirrer Thicknes Price
N N*

| Comple'ely New 1966 Edition
| 48 Pagei—Neurly 4000 Bargains
EDMUND SCIENTI C co.

| Barrington, New Je

| Please rush Free Gla.nt Caca.log S

Name.

.................... Zone.......State...........

ORDER BY STOCK NUMBER

SEND CHECK OR MONEY ORDER

WAR SURPLUS! AMERICAN-
MADE 7X50 BINOCULARS

Big savings! Brand new! Crystal-
clear viewing—7 power. Every opti-
cal element is coated. An excellent
night glass—the size recommended
tor satellite vlewmg Individual eye
focus. Exit pupil 7 mm. Appro
fleld at 1, 00() yds is 376 ft. Carry-
ing Case included. American 7x50’s
normally cost $274.50. Our war
surplus price saves you real money.

Stock No. 1544-S.................. only $74.80 Ppd.
7 x 35 AMERICAN MADE BINOCULARS
Stock No0. 964-S........................ $55.00 Ppd.

6 x 30 Binoculars—similar to above and a terrific bargain.
Stock No. 963-S $40.00 Ppd.

SCIENCE TREASURE CHESTS

Science Treasure Chest—Extra-powerful mag-
nets, polarizing fllters, compass, y mirror
film, prism, diffraction grating and lots of other items
for hundreds of thrilling experiments, plus a Ten-] Lemz
Kit for making telescopes, microscopes, etc. Full in.
structmns includes

. 70,382-S .. .$5.50 Postpaid
Troasure verything in
Chont nbovc plus excmnz additional items for more
experi; di kit, electric motor,
molecular models set, nrst-surfnce mxrmrs and lots more.

.$10.50 Postpaid

Stock No. 70,343-S

ANALOG COMPUTER KIT

Demonstrates basic

puting  principles—ean  be
| for multiplieation, divislon,
ers,  roots, | aperations

nhileimn i formialue,
tricity mnd r netism profdes Ii|>| rates on 2 N
lighit hatteries.  Kieotrio meter and 3 potentlone
mounted on die=out box. Answer indleated on dial
long, ¥° wide, 2° deop
Stock No. 70,341-5

i ..ni-'nuu—in? anulog com-

e
20

514.35 Postpaid
Bargains Galorel Hours of Funl Only 35

NEW POPULAR SCIENCE FUN CHEST

Here are Edmund’s 9 top selling science
toys and curiosities in one fascinating, low-
cost package. Perfect gift item. Amuse and
delight young and old for hours on end.
Educational, too! Teach basic science
ciples in a wonderful new fun way. Incl.;
Solar Radiometer—spins at 3,000 rpms; Al-
bert the Bobbing Bird—runs conlmuously on
thermal energy; Amazing Sealed Mercury
Puazazle; ve 2-sided Ceramic Magnets; Big
- 3% Burning Glass in Zip-Lip Poly Bag;
| Magnetic Doggie and Spinning Ball—ball spins

as dog approaches; Di

bow Viewer; PIK-UP
Tak); Popular booklet, ‘‘Astronomy and You"'.
box with complete lnskrnctlnns

Stock No.70,787-S .........ciiiiiinnnnnn $5.00 Ppd.
Ravoluth y Technological B

M I.IVING UNDER WATER
=, ety Underwater Ant Nest Used
to Dramatize Development

Sensational new development may
be forerunner to underwater cities,
the day man will live under the sea.
Silicone Rubber Membrane enables
ants (and other creatures) to live and breathe normally
by obtaining life giving oxygen from water even
though ant nest is submerged and sealed off completely
from atmosphere. When ants consume oxygen in nest,
pressure decreases below that of oxygen pressure in the
water—allows oxygen from_ water (but not water) to
pass through membrane. Nest comes complete with
sand, food, certificate to be returned for supply of ants.

—

n die-cut storage

Lth

Complete instructions. Supply limited. Use your
aquarium or order ours, listed below.
Stock No. 70,801-S

Ant nest, membrane instr.)...... ..$8.75 Ppd.
2% GALLON PLASTIC AQUARIUM
Stock No. 90,014-S...................... $7.95 Ppd.

SATISFACTION GUARANTFED'

EDMUND SCIENTIFIC CO. 6ARRINGTON, NEW JERSEY
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.$12.50 de. |

SuBarcTiC BIRDS AND MAMMALS.
Laurence Irving and John Krog in
Journal of Applied Physiology, Vol. 6,
No. 11, pages 667-680; May, 1954.

EFFECT oF TEMPERATURE ON SENSITIV-
1Ty OF THE FINGER. Laurence Irving
in Journal of Applied Physiology, Vol.
18, No. 6, pages 1201-1205; Novem-

[ ber, 1963.

METABOLISM AND INSULATION OF SWINE
AS BARE-skINNED Mamwmars. Lau-
rence Irving, Leonard J. Peyton and
Mildred Monson in Journal of Ap-
plied Physiology, Vol. 9, No. 3, pages
421-426; November, 1956.

PuysioLoGICcAL INSULATION OF SWINE

| As BARE-SkINNED MammaLrs. Lau-

rence Irving in Journal of Applied

Physiology, Vol. 9, No. 3, pages 414—

420; November, 1956.

| TERRESTRIAL ANIMALS IN CoLD: INTRO-
pucTioN. Laurence Irving in Hand-
book of Physiology, Section 4: Adap-
tation to the Environment. American
Physiological Society, 1964.

FIXED-POINT THEOREMS

GEOMETRY AND THE IMAGINATION.
D. Hilbert and S. Cohn-Vossen.
Chelsea Publishing Company, 1952.

WHAT Is MaTHEMATICS? AN ELEMEN-
TARY APPROACH TO IDEAS AND METH-
obs. Richard Courant and Herbert
Robbins. Oxford University Press,
1941.

MATHEMATICAL GAMES

LANGUAGE oON VacaTionN. Dmitri A.
Borgmann. Charles Scribner’s Sons,
1965.

ON THE SIGNIFICANCE OF NUMBER-
Dreawms. C. G. Jung in Collected Pa-
pers on Analytical Psychology. Bail-
liere, Tindall and Cox, 1917.

PsyCHOPATHOLOGY OF EVERYDAY LIFE.
Sigmund Freud in The Basic Writ-
ings of Sigmund Freud, translated
and edited by A. A. Brill. Random
House, Inc., 1938.

THE AMATEUR SCIENTIST

GrowTH AND DEVELOPMENT OF DicTy-
OSTELIUM DISCOIDEUM WITH DIFFER-
ENT BACTERIAL AssociaTes. Kenneth
B. Raper in Journal of Agricultural
Research, Vol. 55, No. 4, pages 289—
316; August 15, 1937.

AN INTRODUCTION TO THE PLANT KING-
poM. Norman H. Russell. The C. V.

| Mosby Company, 1958.
MorprHOLOGY AND TAXONOMY OF FUNGI.
| Ernst Athearn Bessey. Hafner Pub-
lishing Company, 1961.



Orbiting over Africa—two million square miles of Sahara Desert flash on satellite periscope. Photo courtesy Perkin-Elmer Corporation.

Unique aluminum lapping compound used
to produce optically perfect satellite windows

The camera system of a satellite sees through a quartz window that protects the camera’s
own lenses. The window must be optically perfect. It must have adequate strength, yet must
be as thin as possible to save weight.

Controlled grinding procedures using Microgrit* WCA Precision Lapping Powders are in
regular use today by manufacturers of satellite windows, camera lens systems, telescope
mirrors, instrument lenses and prisms and other precision optics.

This unique abrasive, a development of Micro Abrasives Corporation, Westfield,
Massachusetts, has a Mohs’ hardness of 9. Each particle is an individual aluminum oxide crystal
having a disc-like shape that gives shallow, even, plane-like cuts. In lapping or grinding
operations this enables rapid stock removal with an absolute minimum of substrate damage.

In the case of satellite windows, these properties have eliminated costly spoilage due to
scratching, and have increased window tensile properties to permit thinner and
lighter sections of equal or greater strength.

A patented process, Microgrit WCA was developed from a special Alcoa® Alumina. Alcoa,
largest supplier of alumina, produces a complete range of types, grades and sizes. And, to apply
alumina most effectively and explore new uses, specialists at Alcoa Research Laboratories
work constantly with manufacturers in most basic industries. This assistance is available to
you. Write Aluminum Company of America, 911-A Alcoa Building, Pittsburgh, Pa. 15219.

Alcoa Brings You Action Drama At Its Best . . . “THE FBI,”” Sunday Evenings, ABC-TV.
*Registered Trademark of Micro Abrasives Corporation.

o ALCOA
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"Each mind hath its own method."
Emerson

Some achievements in chemistry stem
from the isolated work of individuals.

Others result from many minds
working together, as each individual
sharpens his concepts upon

the whetstone of another's ideas.

As practiced today, chemical research
avails itself of both approaches.

In our own research effort, each has
led to developments that range from
fertilizers to rocket fuels.

Allied Chemical Corporation,
61 Broadway, New York, N.Y. 10006.

Divisions:

Barrett ¢ Fibers * General Chemical
International ¢ National Aniline
Nitrogen *+ Plastics * Semet-Solvay
Solvay Process * Union Texas Petroleum
Allied Chemical Canada, Ltd.
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