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from anti-pollution

We're all against pollution. We’d better be.
The impact of polluted air and water on
man and his environment is growing more
severe all the time. We need more and
better action. Now.

Universal Oil Products Company offers
some practical ways to cope with this ac-
knowledged menace. UOP Air Correction
Division is a leader in offering source test-
ing service. This specialized survey studies
problems in depth, analyzes the solid or
gaseous pollutants and prescribes the exact
equipment needed for control. Economi-
cally. With flexibility for the future.

Meanwhile UOP Process Division is
solving the big problem of how to desul-
furize fuels to eliminate noxious fumes from
residential and industrial furnaces.

At the same time work is far advanced
against the overwhelming problems of
cleaning up fumes from automotive and
diesel exhaust systems. UOP has practical
answers ready. Now.

Water contamination is another target
of UOP scientists who are commercializing
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to problem solution

UOP has a piece of the action in your life.

unique chemical processes that help free
rivers and streams of foaming detergents.
And UOP Johnson Division is an innovator
in the development of high efficiency
screens for water purifying systems.

What makes possible the solving of big
problems like these? Well, at the center is
a deep reservoir of scientific knowledge,
stretching back into history, reaching into
the future. This practical kind of research-
in-search-of-results is also being used by
UOP ‘““family members’’ working in fabri-
cated metal products; air and ground trans-
portationequipment;constructionservices;
plastic laminates and chemicals.

On the research and development hori-
zon there is no end in sight. Wherever you
are, whoever you are. UOP has a piece of
the action in your life.



Even under mcthcurmn it's not easy to find the “"paper” in rh;s air fn'rer material fabricated by Rreqe! Paper.

We started with paper and
came up with a filter medium
thatis 80% charcoal.

What can we start for you?

Paper is paper, as everyone knows.
Essential, no doubt, but hardly remarkable. Not what
you'd call high-technology stuff.

On the other hand, a filtration mate-
rial which is four-fifths activated charcoal (and you
know how crumbly charcoal is), yet which can be
continuously produced on a commercial paper ma-
chine (with all the volume economies it makes possi-
ble)—well, that's something else.

The paper comes from Riegel. And
so does the filtration material. We begin with paper
—but there's no telling what we'll end up with. Or
where it might be used.

The paper-like charcoal material is
used as the filter element in gas masks, as well as in-
dustrial applications. It was made possible through
Riegel's thermoplastic technique, which enabled the
material to be produced in a continuous web.

Today Riegel is the country’s leading
supplier of military gas filter materials.

From forest to filters
Gas mask materials are some of many
Riegel developed for use in filtration. Others include

pleatable materials for oil and air filters for the auto-
motive industry; materials for aviation fuel filters;
for filters for the food industry, in such applications
as coffee and shortening; and for disposable vacuum
cleaner bags. New fields we have entered include
synthetic materials for blood filters and for filtering
odors.

As paper makers, Riegel plants the
seeds. Harvests the trees. Produces the pulp. Manu-
factures the paper. And at this point, where most
paper mills leave off, we're just beginning.

Paper's endless possibilities

You might be surprised what can be
done with paper.

Particularly in the hands of a re-
search-minded company that knows paper backward
and forward.

Particularly when it's Riegel.

When you're really stumped for a
solution, and you're practically certain paper can't
do it, come to Riegel. If anyone can, Riegel can.
Riegel Paper, Technical Papers Group, 260 Madi-
son Ave., New York, N.Y. 10016.

Much more than paper
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Bell Laboratories engineers have
developed a special TOUCH-TONE
Trimline® handset that suggests great
possibilities for designers of future
telephones. In this one, the musical
tones you hear when you push the
buttons are generated by two oscilla-
torsina ‘hybrid” integrated circuit
(one combining tantalum and silicon
technology).

Such tiny, inexpensive circuits
free designers from limits imposed by
bulky, costly to assemble, discrete
components—which restricted the
type and complexity of circuit func-
tions that could be designed into a
telephone handset. Now, designers
can think of people first—of what is
easy to use—knowing that the elec-
tronics can be made to fit. The
postage-stamp size, rugged inte-
grated circuitabove, for instance,
contains 14 transistors, a diode, and

Big future for little circuits

16 resistors in the silicon chip (under
the pencil point), and 19 resistors and
8 capacitors made with tantalum film
on the substrate.

Much of Bell Laboratories’ inte-
grated circuit work combines tan-
talum thin-film circuits (for precision
passive components) and silicon inte-
grated circuits (for active devices). To
unite the two, we invented beam
leads—small gold conductors which
are formed as an integral part of the
silicon circuit. They allow us to bond
the silicon to the tantalum circuitina
simple one-shot operation. We've
also developed a chemical-metallur-
gical system which fully seals off and
protects the vulnerable parts of the
circuit from environmental damage.
So, we don’t need costly vacuum-
tightenclosures.

The extreme operational and
environmental conditions of tele-
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phone use gave us some problems:
Tailoring the resistance of thin-film
resistors so that the resistance-
capacitance product remains con-
stant despite changes in temperature.
Designing oscillator circuits whose
outputfrequenciesare notaffected by
varied loadings due to differing cable
lengths between telephone and cen-
tral office. Finding an encapsulant to
adequately insulate closely spaced
conductors in high humidity.

To customers who use them,
handsets with this new circuit will
seem like other TOUCH-TONE Trim-
line sets—though a trifle lighter. But
this new telephone technology opens
the way to greater freedom for design-
ersand even better telephones
for Bell System customers.

From the Research and
Development Unit of

the Bell System— Bell Labs
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Perfect speed
synchronous motor
Ultra low-mass tonearm
floating within
a gyroscopically gimballed
mounting
Viscous damped cueing
and pause control

THE COVER

The picture on the cover is a hologram produced by “illuminating” an ob-

Viscous damped tonearm ject not with coherent light waves, as is done in making an optical holo-
; : gram, but with coherent sound waves (see “Acoustical Holography,” page

desce“t d“nng s“lgle 36). The object was illuminated with three pure tones of sound whose ratios

i correspond to those of the primary colors red, green and blue. The acous-

_and a“ton}a.nc play tical hologram from each tone was translated into a black-and-white televi-
Ad!ustable Sl]d]ng we]ghl sion image and photographed. To produce the composite image on the
. R cover, each of the holograms was printed in a color corresponding to the
allll-SkallIlg conll‘l)l wavelength of the “illuminant.” If the three-color hologram were illuminat-

S t l ed with coherent white light (that is, a beam containing a balanced mixture

aie, gent e of red, green and blue light, each from a coherent source), the original ob-
iWO'pﬂinl record SllppOl‘I | ject would be reconstructed in three dimensions and in colors correspond-

| ing to the reflectivity of the object at different acoustical wavelengths.

You will not find all

of these important features
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Blab blab blab. The communications flow in the U.S.
is turning into a gusher. Can technology keep up? Martin Marietta
communications people are studying unusual new digital
techniques to expand the volume of conventional circuits. We're also
conducting transmission experiments in the millimeter
wave region. It could give some much-needed tongue room in the
crowded electromagnetic blab spectrum.
Martin Marietta Aerospace Group. Headquarters:
Friendship International Airport, Maryland.

LAND OF THE BLABBERMOUTHS.

MARTIN MARIETTA
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LETTERS

...It may be foolish for a layman to
intrude on a technical argument, but
Herbert F. York’s splendid article “Mili-
tary Technology and National Security”
[ScieNTiFIc AMERICAN, August], which
I desperately wish could be put in the
hands of each and every citizen of the
U.S., invites the nonspecialist. His con-
clusion that our safety finally lies in the
ordinary world of politics and not in
technical expertise raises a fistful of hard
problems, but I want to ask only one, an
ethical problem.

If one imagines the worst—and today
our policy seems to be built on imagin-
ing the worst—and the U.S. suddenly
knew one day that it was the target of
a devastating nuclear attack, by what
political or ethical criterion would a
“preprogrammed” President of the U.S.
decide, in the space of about half an
hour, to retaliate? If Dr. York is correct
in saying that both sides have achieved
parity in the sense that either side could
lay waste the other, although not pre-
vent a first strike by the other, then we
are pushed to confront a human and not
a tactical choice. That is, if we know
that (to use the vulgar expression) we
have had it, that our destruction is a giv-
en in the problem, by what value do we
decide to wreak vengeance on the other
side, except the sheer furv of vengeance?
Retaliation serves no pi'uctica] purpose
that will accrue to Americans; it on]y
destroys millions of other human beings
who might otherwise live and whose de-
struction has no effect on our doom. . ..

Jonx WiLLiaz \Warp

Professor of History
Amherst College
Ambherst, Mass.

Sirs:

Herbert F. York’s summary of the
ABM debate in its proper context is a
reiteration of reason and therefore of
humanity. The subtitle comment on “the
tutility of searching for technological so-
lutions to what is essentially a political
problem” should be extrapolated and
enlarged to sav that it is unreasonable to
ask science to solve a moral problem or
to believe that machines can do what
men should do.

One question York raises answers it-

self from first principles: “To what ex-
tent [should] decision-making authority

.pass from...human beings to ma-
chines?” Machines have no self-interest.
Therefore the best of machines is worth-
less as a political decision-maker. Be-
cause machines and men both have
input-output capabilities, an externally
oriented science occasionally mistakes
one for the other. But machines care
neither for themselves nor for other ma-
chines nor for human beings nor any-
thing else. . ..

It is remarkable that the situation in
which men here look toward machines to
take over their functions is defined in
passive terms: When X happens, per-
form Y. This means that the thought of
activity has been abandoned. Such pas-
sivity (as Spinoza, among others, knew)
is truly the loss of freedom, enslavement
to fear. We shall only solve our dilemma
if we care about Russian and Chinese
cultures as much as we care about our
own and act accordingly. This truism is
of course just a necessary condition of
the solution. In this regard we shall be
going further astray if we turn to any
technology for necessary and sufficient
conditions in the solution of human
problems. The probabilistic predictions
that are the best technology can hope to
furnish do not, I think, reduce fear, and
they tend, I also think, to delude us that
there is less need for responsible action
in the face of risk in an uncertain world.

NorMAN GUTTMAN

Professor of Psychology
Duke University
Durham, N.C.

Sirs:

The article “Military Technology and
National Security,” by Herbert F. York,
was a comprehensive and concise sum-
mary of a difficult, complex subject. Cer-
tain aspects, however, were touched on
so briefly or obliquely as to deserve some
additional comment:

Remarks concerning possible degrada-
tion of alertness and operational ca-
pability are applicable to virtually all
defensive and counterstrike systems, not
just ABM.

The broad concept of an ABM svstem,
impractical a decade ago, admittedly
had advanced to “marginal” status by
1967. Any continuation of this trend
would be of considerable significance.

Improved effectiveness up to one or-
der of magnitude might be achieved by
locating ABM sites along the Arctic Cir-
cle to intercept over-the-pole missiles be-
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fore any shift into MIRV configuration;
additional effectiveness and flexibility
might also be obtained through use of
shipboard ABM installations.

The degree of future reliance on Po-
laris/Poseidon must be weighed against
continuing high-priority efforts by the
Russians to neutralize our SNB’s.

The large number of warheads and
megatonnage involved in a massive nu-
clear exchange poses grave hazards to
both superpowers from fallout factors
alone. Accordingly alternate strategies
premised on moderate or limited nuclear
strike/counterstrike must be considered
as realistic, along with estimates of prob-
able effectiveness of an ABM system un-
der such circumstances.

Viewpoints as to stabilizing or de-
stabilizing factors are largely subjective
and conjectural. Nevertheless, few situ-
ations appear more destabilizing than
several nuclear missiles headed toward
the U.S., with massive retaliation the
only possible response. A “thin” ABM
system might thus be considered a sta-
bilizing element.. ..

DaLE Tarp

Seguin, Tex.
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The wall paint
that bubbles
gives themtime
to flee afire.

These bubbles come from a special paint
that looks like any other paint until things get
hot. Then it bubbles up to insulate walls
against fire for a few precious extra minutes
—minutes that can be used to put the fire
out or to escape from it.

Phosphorous formulations from Monsanto

give ordinary smooth-flowing latex paints
and solvent-type interior paints this fire-fight-
ing ability. Even if walls painted with these

Monsanto Company, 800 N. Lindbergh Blvd., St. Louis, Missouri 63166 M 0 n S a n to

special fire-resistant paints are washed again
and again, they’re always on guard to slow
down a fire.

We're developing new ways to control
other types of fires, too. From air-dropped
chemicals for forest fires, to fire-retardants
for paper clothing. These new developments
are coming from Monsanto—where science
and research are working for people.
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1970:

YEAR OF
THE GREAT BIRDS.

Soaring into the '70’s far ahead

of the rest...

A new flight of Thunderbirds!

New in beauty. Size. And aerodynamic
grace. With dramatic new front-end
styling, shaped to slice the wind.

And a powerful 429 V-8 so smooth
you wonder if you're really on

earth at all.

Inside, every luxury and convenience
you’ve ever wanted. Power steer-

ing. Power ventilation. Power front disc
brakes. SelectShift Cruise-O-Matic
transmission. New long-life radial-ply
tires. Even AM radio and electric
clock. All standard.

Plus a wide choice of Bird options
like a push-button sun roof. Tilt
steering wheel. Highway Pilot auto-
matic speed control. And more!

This year, Bird quality runs deep. Ina
computer-designed ride. Printed
circuits. New space-age techniques
that set standards of quality as unique
as the Bird itself.

Choose Hardtop or Landau, two
doors or four. And launch yourself
into the space age in the 1970 Bird.
A very rare species.

Two beautiful new ways to fly! Pan Am's®
Boeing 747 Jet and the 1970 Thunderbird
Special Brougham Two-Door Landau.

THUNDERBIRD @Z2P
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The meeting place of the mighty rivers, Mis-
souri and Mississippi. ‘‘Gateway City to the West.”
Once a jumping-off town for mountain men and
pioneers . . . now the marshalling yard for mid-
continent commerce. St. Louis . . . in every way
it’s a busy, thriving Phelps Dodge city . . . as sales
headquarters for our aluminum group . . . as a
valued customer for all our products.

Look closely, and you’ll find us everywhere in
St. Louis. Our copper pipe and fittings carry gas
and water throughout the city. Aluminum, ex-
truded at one of our nearby plants, transforms
store fronts into shining showcases. Phelps Dodge

St.Louisis a
Phelps Dodge home town

COPPER, ALUMINUM
AND ALLOY PRODUCTS

A4ty
g J;&\

copper-nickel condenser tubes help generate elec-
tricity at local power stations. Our high-voltage
feeder cables distribute this power to downtown
and outlying suburbs. Then too, you’ll find our
building wire and cable, telephone and coaxial
communications cables in homes, stores and fac-
tories everywhere.

We specialize in copper, aluminum and alloy
products . . . particularly those conducting electric-
ity, liquids, gases and heat.

While you can’t always see us, our experience
and imagination are hard at work in St. Louis...
and everywhere across the land.

i

(e}
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OCTOBER, 1919: “A recent paper by
Mr. Harlow Shapley brings to a focus
the long-standing disagreement between
physical astronomers and geologists con-
cerning the duration of solar radiation
and the consequent age of the earth, and
also the question of the age of the stars
in general. The short time scale of the
astronomers is based on the assumption
that the sun’s heat, flowing uniformly at
the observed rate in all directions, comes
from such recognized sources as gravita-
tional contraction, the fall of meteorites,
radioactivity, etc. The supply of heat
from these sources could last only a few
million years. The data of geology, how-
ever, particularly the recent work on sed-
imentation and on the radioactivity of
rocks, are decidedly opposed to a short
time scale for the sun and earth. Mr.
Shapley cites a large amount of recent
astrophysical evidence in behalf of the
belief that the ages of the stars are prob-
ably several hundred times as great as
was assumed in the older physical as-
tronomy. Obviously existing hypotheses
concerning the source of the energy ra-
diated from the sun and stars need revi-
sion to bring them into agreement with
the evidence in favor of an exceedingly
prolonged life for these bodies.”

“The latest official figures, giving our
war losses in dead and wounded, show
that we lost 116,492 dead and 205,690
wounded, a total of 322182. This in-
cludes army and marine losses on all
fronts during the war and from the Ar-
mistice to Sept. 1, 1919. Of this total
35,585 were killed in action and 14,472
died of wounds, making a total of 50,-
057. Disease accounted for 58,073, and
8,092 died of accidents and other
causes.”

“That we are on the verge of entering
a nearly horse-less age does not seem
apparent to the public because the
change is being made gradually and we
are so used to motor vehicles in practi-
cally all of our cities and towns. There
are recent happenings, however, that in-

dicate this in a positive manner. A prom-
inent metropolitan architect has stated
that in more than 80 per cent of the sub-
urban homes he had designed so far this
year, a garage for one or two cars was
included in the specifications.”

“Most motorists do not consider auto-
mobiling as exercise, providing there are
no tires to change en route, and one fre-
quently hears the opinion that the aug-
menting use of motor vehicles has ma-
terially reduced the opportunities for
exercise that is so necessary to our physi-
cal well-being. A well-known writer on
scientific subjects, Dr. Henry Smith Wil-
liams, takes exception to this general
view and states that automobiling is
beneficial and shows accruing benefits
under three heads—physical, mental and
volitional. He proceeds to point out that
in addition to the exercise the motorist
has been in the open air, buffeting the
winds, inhaling ample quantities of oxy-
gen to meet the increased needs of the
accelerated currents of blood corpuscles;
and that digestion and assimilation are
thereby facilitated and the toxic products
accumulated through former inaction
progressively are in increased measures
oxidized and eliminated. Dr. Smith sup-
ports his conclusions in part as follows:
‘It is the muscles of the arms, together
with those of the chest and abdomen,
that preeminently and habitually suffer.
When you drive a car 40 or 50 miles over
average American roads, or a fraction of
that distance in the city, you give your
arms and torso a course of purposeful
calisthenics that redounds directly to the
benefit of your muscles, arteries and
heart and indirectly, but no less signifi-
cantly, to the benefit of your digestive
apparatus and organs of elimination as
well as the nervoussystem.””

OCTOBER, 1869: “The expedition
under the command of Major Powell,
the Colorado explorer, has returned to
Chicago, having successfully traveled
through the entire Grand Caiion, from
Green River to the point where the Colo-
rado debouches into the open plain in
the territory of Arizona. From the point
where Major Powell’s last letter was
written the expedition descended the
river about 400 miles, between walls al-
most vertical, ranging from 500 to 1,500
feet high, the exterior of the cafion being
from 2,500 to 4,000 feet above the bed
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of the river. More than 200 waterfalls
and cascades, emptying themselves over
the walls of the cafon into the main riv-
er, were seen in this distance, with al-
most every variety of natural scenery.
The geological formation of the caion
consists principally of limestone and
sandstone; granite is found at only three
places and in a limited amount. No dis-
coveries of precious metals were made,
and there were no indications of gold or
silver found in the bed of the river. One
section of the cafion was found to consist
of a very fine, beautifully polished mar-
ble, which at present is entirely inacces-
sible. The country traversed was barren
beyond description and is pronounced by
Major Powell as not susceptible of culti-
vation, even by irrigation.”

“The latest advices with regard to the
progress of the Suez Canal are to the ef-
fect that the Bitter Lakes have been
brought up to the level of the Mediter-
ranean, and that M. de Lesseps, the en-
gineer, has gone through the whole
length of the canal in a steamer. The
completion of the rest of the works in
time for the proposed opening on the
17th of November is still considered in
some degree uncertain.”

“The Earl of Rosse is making a series
of experiments by means of a thermo-
pile of four elements and a three-foot
telescope to determine, if possible, what
proportion of the moon’s heat consists of
(1) that coming from the interior of the
moon, which will not vary with the
phase; (2) that which falls from the sun
on the moon’s surface and is at once re-
flected regularly and irregularly; (3) that
which falling from the sun on the moon’s
surface is absorbed, raises the tempera-
ture of the moon’s surface and is after-
ward radiated as heat of low refrangibili-
ty. The chief result arrived at up to the
present moment is that a deviation of
90° for the full moon appears to indicate
an elevation of temperature equal to
500° Fahrenheit. The relative amount of
solar and lunar radiation was found to be
89,819:1.”

“The contractor for the erection of the
railroad bridge over the Missouri River,
which is intended to connect the Missou-
ri and Iowa railroads directly with the
Union Pacific, is said to have received
notice from the Irish laborers of that lo-
cality that he will not be allowed to em-
ploy Chinamen on the work. He has nev-
ertheless made contracts in California to
obtain Chinese laborers, and he intends
to bring them to Omaha soon.”



Measurement display spots

trends in the commodity market.

Stops bullets from ruining the 6 o’clock news.
'Takes the pain out of learning impedance.

© 1969 SCIENTIFIC AMERICAN, INC

Charting futures in pork.
Consider the problems of a broker in
futures — precious metals, wheat or
pork bellies. Imagine the seasonal
shifts, or changing daily demands,
which could radically alter his view on
cocoa in the morning.

A large securities house may have
the time, staff and possibly a computer
to follow the action of slower trading.
The commodities man needs an answer
now. Fortunately, he can produce his
own charts overnight with the new
Hewlett-Packard 9100A Computing
Calculator and its 9125A X-Y
Recorder.

He inserts a wallet-sized magnetic
card already programmed for high,



low, close. Percentage loss
or gain. Extended
logarithmatic average.
Possibly a “Nervousness
Indicator” developed out
of his own experience.

He punches in today’s
reports. In seconds the
plotter starts drawing
curves. He can even con-
tinue a chart started yester-
day. And draw his own
conclusions. Privately.
Smoothly.

The 9100A Calculator
can also handle such
problems as coordinate
geometry, network analysis,
statistical distribution,
strain loadings or gear
design; the 9125 X-Y Recorder plots
the results. Cost: $4400 for the calcu-
lator, $2475 for the recorder. Write
today for our illustrated brochure on
the 9100A Computing Calculator and
its accessories.

Bouncing echoes off

bullet holes.

The nation’s highest TV transmitter,
1500-fcet tall, was sct up to improve
TV pictures over a vast area of Texas.
It had scarcely been put into use when
there were complaints about more bad
pictures. When engineers inspected
the tower, they found that marksmen
were using it for target-practice.

The only answer was to find each hole
or dent in the cable.

They could have inspected the
cable inch by inch. Instead they used
HP’s new time domain reflectometer
that plugs into our 180A Portable
Oscilloscope. This device acts much
like a miniature radar to pinpoint
breaks in transmission lines within a
quarter inch. The reflectometer marks
the transmission of a pulse with a
step in the sweep on an oscilloscope.
Any disturbance in the path reflects
some energy which is sampled by the
reflectometer and easily recognized on
the scope. The distance can be read off
in nanoseconds or feet of travel.
The first hole is a big one, causing
a major reflection 35 feet 33/; inches up,
the second a dent in the outer con-
ductor, causing a capacitive change
70 feet 41/ inches up, and so on.

The HP 1815A Time Domain Re-

flectometer obviously has other appli-
cations than on the Texas range. It can
locate faults in the maze of cables on
aircraft, in buried cables, in cables on
production lines, or in cable connectors.
It operates with frequencies up to

12.4 gigahertz (12.4 x 10” Hz).
Reflectometer, sampler and step gen-
erator cost $3150. If you need only
inches of resolution rather than milli-
meters, a less expensive system sells for
$2125. Of course, you'll need the

HP 180A Portable Oscilloscope, at $825.

If you have an interest in fault
finding —TV or otherwise — simply ask
for Data Sheets 1815A and 180A.

Demonstrating the
dynamics of Z.
To undergraduate students of physics,
some theories are absolutely Greek.
For example, take the behavior of a
simple electrical circuit faced with
alternating currents of different fre-
quencies. No longer is resistance simply
a matter of E=IR; now the student
is involved with the Zeta and Theta of
impedance, inductance and capacitance.
With all the calculations required,
demonstrating the effect of frequency in
the laboratory is next to impossible.
Spot measurements with bridge, ac
generator, ac voltmeter or oscilloscope
can hide rapid changes of impedance
with changes in frequency. They can
also obscure the construction errors of
the student, even if all his calculations
are correct.

A happy way out of this hang-up

is the use of a Hewlett-Packard
Model 4800A Vector Impedance Meter.
Two meters on the face indicate
directly the magnitude and phase angle
of complex impedance (Zeta and
Theta), regardless of how often the
frequency is changed. The meter is
just as responsive when the frequency
is electronically swept over a range
from 5 hertz to 500 kilohertz. And the
student can readily plot curves which
demonstrate that inductive reactance
and capacitive reactance are, as a
matter of fact, directly and inversely
proportional to frequency. (The HP
4815A Vector Impedance Meter will do
the same job for frequencies between
500 kilohertz and 108 megahertz.)
The cost of the meters may seem
expensive for the undergraduate
institution ($1650 for the HP 4800A
and 82650 for the HP 4815A), but
they compare favorably with the signi-

ficant advantage of greater student
confidence in the utility of basic
concepts.

A complete discussion of the
teaching technique is found in
AMERICAN JOURNAL OF
PHYSICS, Volume 37, Number 1,
January 1969. Detailed descriptions of
the instruments are available from
Hewlett-Packard for the asking.

If there’s something we can do
to help you solve a problem with a new
approach to measurement display, give
us a call. Hewlett-Packard, 1503 Page
Mill Road, Palo Alto, California
94304; Europe: 1217 Meyrin-Geneva,
Switzerland.

HEWLETT \hp, PACKARD
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The Mathematical Papers
of Isaac Newton

Volume 3: 1670-1673

Edited by D. T. WHITESIDE
with M. A, HOSKIN and A. PRAG

The third of a projected eight-volume
work reproduces Newton’s elaborate
tract on infinite series and fluxions, ex-
cerpts from his researches into light and
the theory of lenses, and other papers
and texts.

“It is difficult to think of any other work
in recent years that surpasses it in im-
portance in the entire field of the history
of science.””—Scientific American $32.50

The Relations
between the Sciences

C.F. A. PANTIN

Edited by A. M. PANTIN and

W. H. THORPE

A discussion of the essential character-

istics of the various sciences and their

similarities and differences. The impor-

tant distinction made is between the

restricted (physical) sciences and the un-

restricted (biological) sciences.
“Fascinating reading.” —New Scientist

$7.50

Trigonometric Series

Second Edition
A. ZYGMUND

This distinguished work by Professor
Zygmund of the University of Chicago
presents a concise account of the trig-
onometric series, Fourier series and
related branches of pure mathematics.
The revised edition, combining Vol-
umes 1 and 2 in one book, takes into
consideration progress made since the
original publication in 1935. $17.50

Cambridge University Press
32 East 57th Street
New York, N.Y. 10022

THE AUTHORS

ARCHIBALD S. ALEXANDER
(“The Cost of World Armaments™) is a
lawyer who served until recently as as-
sistant director of the U.S. Arms Control
and Disarmament Agency in charge of
the Economics Bureau. He was graduat-
ed from Princeton University in 1928
and the Harvard Law School in 1931
and practiced law in New York until
1949 except for service with the Army
during World War II. After the war he
devoted an increasing amount of time to
politics and public service. He was Dem-
ocratic candidate for the U.S. Senate
from New Jersey in 1948 and 1952, As-
sistant Secretary of the Army in 1949
and Under Secretary of the Army from
1949 to 1952. In 1954 and 1955 he was
treasurer of New Jersey. During the
presidential campaign of 1956 he served
as national director of Volunteers for
Stevenson-Kefauver. Alexander has
served on the board of a number of or-
ganizations, among them Rutgers Uni-
versity, where he was chairman of the
Board of Governors for several years.

MASAYASU NOMURA (“Ribo-
somes”) is professor of genetics at the
University of Wisconsin. Born in Japan,
he received his Ph.D. in microbiology
from the University of Tokyo in 1957.
For the next three years he worked as a
postdoctoral fellow in the laboratories of
Sol Spiegelman at the University of Illi-
nois, James D. Watson at Harvard Uni-
versity and Seymour Benzer at Purdue
University. He then returned to Japan
and served for three years as assistant
professor at the Institute for Protein Re-
search of the University of Osaka. He
took up his affiliation with the depart-
ment of genetics at Wisconsin in 1963
and became professor in 1966.

ALEXANDER F. METHERELL
(“Acoustical Holography”) is a research
scientist in the Douglas Advanced Re-
search Laboratories of the McDonnell
Douglas Corporation. He received a di-
ploma in technology from the Kingston
Technical College in England in 1961
and his Ph.D. in engineering from the
University of Bristol in 1964. He then
spent a year at the University of Minne-
sota, continuing his thesis work on the
damping of structural vibration. “It was
here,” he writes, “through contacts with
the University of Minnesota Medical
School, that I became interested in ap-
p]ying my engineering training to some
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of the fundamental problems in hiology
and medicine. In particular, I became
interested in the mechanics of pulsatile
blood flow and in the force-generation
mechanism in muscle. It is these interests
in biophysics that most occupy my atten-
tion outside of the present work in acous-
tical and optical holography.”

WILMOT HESS, ROBERT KO-
VACH, PAUL W. GAST and GENE
SIMMONS (“The Exploration of the
Moon”) have been involved in the plan-
ning of Apollo missions and (except for
Kovach) in the analysis of lunar samples
from Apollo 11. Hess is director of the re-
search laboratory of the Environmental
Science Services Administration. He was
graduated from Columbia College in
1946, took his master’s degree at Oberlin
College in 1949 and obtained his Ph.D.
at the University of California in 1954.
Kovach, who is associate professor of
geophysics at Stanford University, was
graduated from the Colorado School of
Mines, obtained his master’s degree at
Columbia University and received his
Ph.D. at the California Institute of Tech-
nology. Gast is professor of geology at
Columbia University, where he obtained
his master’s degree in 1954 and his Ph.D.
in 1957. He was graduated from Whea-
ton College in 1952. Simmons, who is
professor of geophysics at the Massachu-
setts Institute of Technology, was grad-
uated from Texas A. & M. University
and received his master’s degree at
Southern Methodist University and his
Ph.D. at Harvard University.

WILLIAM F. WINDLE (“Brain
Damage by Asphyxia at Birth”) is re-
search professor of rehabilitation medi-
cine and director of research at the Insti-
tute of Rehabilitation Medicine at the
New York University Medical Center. In
addition he is editor of the journal Ex-
perimental Neurology, which he found-
ed. Windle has conducted studies in fetal
physiology and the development of be-
havior and has written articles on neuro-
embryology, neurohistology and regen-
eration in the central nervous system.
He was graduated from Denison Univer-
sity in 1921 and received his Ph.D. from
the Northwestern University Medical
School in 1926.

OLIVER E. OVERSETH (“Experi-
ments in Time Reversal”) is professor of
physics at the University of Michigan.
He writes: “Did my undergraduate work
at the University of Chicago, receiving
B.S. in 1953. Graduate work at Brown
University; received Ph.D. in 1958 for
work in nuclear physics. After gradua-



tion I taught at Princeton University and
there ‘switched to high-energy physics.
Since 1961 I have been at the University
of Michigan. I continue work similar to
that discussed in the article and current-
ly am analyzing two experiments study-
ing the decays of strange particles. I am
a jazz enthusiast and am compiling a
discography of Sidney Bechet.”

DANIELS. FERTIG and VAUGHAN
W. EDMONDS (“The Physiology of
the House Mouse”) are respectively as-
sistant professor of zoology at California
State College at Los Angeles and teach-
er of biology at Millikan High School in
Long Beach, Calif. Fertig obtained his
bachelor’s and master’s degrees at the
University of Florida in 1960 and 1962
respectively and received his Ph.D. from
the University of Southern California
last year. He was a teaching assistant at
Southern California from 1963 to 1968
and a research associate there from 1968
until he took up his work at California
State this year. Edmonds was graduated
from Kansas State Teachers College in
1942 and obtained his master’s degree at
Colorado State College in 1951. He has

taught at high schools in California since |

1946. He and Fertig met at Southern
California, where Edmonds has done
work toward his Ph.D.

OSCAR LEWIS (“The Possessions of
the Poor”) is professor of anthropology
at the University of Illinois. His study of
poverty has ranged over several cultures
and many years. “For example,” he
writes, “in 1947 I published an article,
‘Wealth Differences in a Mexican Vil-
lage,” in The Scientific Monthly, and in
the same month W. E. B. Du Bois pub-
lished an editorial on my article in The
Chicago Defender.” The editorial com-
mented that the study provided the kind
of factual base needed for dealing with
a vexatious question: “Why is it that the
great majority of the people of the world
in this heyday of civilization...are des-
perately and, it seems to most of us, in-
excusably poor?” Lewis” work received
widespread recognition following the
publication of his books The Children
of Sdnchez: Autobiography of a Mexican
Family (1961) and La Vida, a Puerto
Rican Family in the Culture of Poverty:
San Juan and New York (1966), which
won the National Book Award for non-
fiction in 1966. Lewis was graduated
from the City College of New York in
1936 and received his Ph.D. in anthro-
pology from Columbia University in
1940. Before going to the University of
Illinois in 1948 he taught at Brooklyn
College and Washington University.

All of these securities having been sold, this announcement appears
only as a matter of record.

New Issue

150,000 Shares
GUGOL CLINI-TEX, INC.

Common Stock

$5.00 Per Share

(Par Value 8.01 Per Share)

NAGLER, WEISSMAN & CO.

462 East Tremont Avenue
New York 10457

August 1969

ECOLOGISTS
77

The East African Wild Life So-
ciety publish annually (August)
a Scientific Journal (7 vols
to date) which contains papers
on all aspects of research on
wildlife in East Africa.

Accounts of behaviour,immo-

bilisation and disease of large

mammals as well as detailed
ecological papers. Work on fish,
birds, reptiles, insects, and
vegetation are also included.
Papers by such authors appear
in the Journal :— R. M. Laws.
G. B. Schaller. P. E. Glover. S.
K. Eltringham. H. F. Lamprey.
J. M. King. L. M. Talbot. R. V.
Short. R. Schenkel. J. Goddard.
C. A. Spinage. etc. etc.
Price $5 per copy post free
surface mail (personal checks
accepted).

EAST AFRICAN WILD LIFE SOCIETY
P.O. Box 20110, Nairobi, Kenya, E. Africa
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LOOKING FOR AN
UNUSUAL TOOL?

A superb collection of unusual tools,
instruments, gadgets and materials for the

creative craftsman or technician. Research,
optics and photo labs who build or customize
things can now findunique tools notavailable
anywhere else.

If you don't know where to buy it,
chances are its a stock item at National
Camera.

Send now for your FREE, illustrated
NC Flasher catalog to Dept. JSA

I\
AV 4

NATIONAL CaNMERA
2000 WEST UNON AVENUE
ENGLEWOOD COLORADO 8010
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General Electric computers
erase 17 hours from
average job turnaround time
at Hughes Aircraft Co.

From 18 hours average job turn-

‘ (§F) Intormation | 51004 to 1.3 hours in four short

System:
o years — in spite of a 20 percent
mm annual increase in total jobs!

Remarkable progress? You bet it is.
And it's getting better all the time.

When Hughes needed to upgrade their earlier scien-
tific computer they looked for a large system that
could, from one central data base, concurrently
handle time-sharing, remote batch, and local
processing. Only General Electric had such a system.

Now Hughes is putting the GE-635 system to
work taking great advantage of its 3-Dimensional
capabilities

Local processing. The central
facility handles 40 percent of
the workload direct.

Remote batch processing, Six
GE-115 computers in out-
lying localions tie into the 1
central GE-635 via high-speed

Telpak lines, Hughes' GE-115's B B T
handle over 5,000 jobs a '
month,

| awemace son

Time-sharing. Over 1,000 sci-
entists and engineers work
from 60 strategically placed
deskside Teletypewriters and

portable terminals, some with remote plotting capabil-
ity. Information comes back instantly from either their
multiprocessing GE-635 or their smaller GE-265.

Multiprocessing. Hughes' GE-635 system was the
first of it's kind to run multiple programs utilizing
dual GE-635 processors. They are getting 20 per-
cent more work out and saving half a million dollars
in the process.

Multiprogramming. Hughes consistently runs 6 or
more programs concurrently, A queue of 55 jobs is
immediately accessible for processing.

The secret: GECOS Ill. the operating system every-
one’s talking about. Hughes was the field test site
for GECOS I|ll. Now the results are paying off. No
software compares to GECOS
Il for matching a computer to
any workload . . . for proces-
sing so much productive work
through one system .. . for max-
imum utilization of one central
data base of information.
AVERACL

NUMBER Of
1085 PER MONTH =

Follow the lead of a growing
number of 3-Dimensional
GE-600 system believers. For
more information write: Sec-
tion 290-52, General Electric
Co., 1 River Road, Schenec-
tady, N. Y. 12305.

Some of the most progressive people in the world choose GE computers.

GENERAL G ELECTRIC
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Gerry Monroe's company also
makes the most widely used rocket
in the world.

Dr. Gerald M. Monroe is a vice president of LTV Aero-
space Corporation.

He takes a generalist's approach to technology. He
calls it “technovation.” And he has quite a range of
products and services to show for it.

One of them is the Kid, the little vehicle in the picture.
It climbs mountains, swims rivers, farms like a tractor. It
is steered, accelerated, braked and shifted from forward
to reverse with one simple stick control.

The Kid is so simple and inexpensive it's expected to
replace the water buffalo in the rice paddies of South-
east Asia.

Another product is the Scout rocket. The U. S. and 10
other countries have used Scouts since 1960 to probe
space and put satellites in orbit.

Scout, too, is inexpensive and dependable. So much
so, it is scheduled for new far-out assignments that will
continue well into the 1970s.

LTV Aerospace also operates business schools, con-
ducts deep-water research in the Pacific; supplies big
business one of the most comprehensive computer serv-
ices available; builds first-line aircraft for the U. S. Navy
and Air Force; and tracks the astronauts’ space ships.

Dissimilar interests, to an extent. But like Kid and
Scout, they're technologically interrelated.

Gerry Monroe explains it this way: Once his people
learn a technology, they find a new way to use it. Then
another way. And another. Thus new products and serv-
ices keep emerging.

It's innovation by application — the application of one
technology to new situations. Technovation for short.

It's made LTV Aerospace a most useful company: one
that's at home in many fields; one that extracts the maxi-
mum usefulness out of new knowledge; one that will sell
more than half a billion dollars worth of products and
services this year. ‘

y

Pllesman

J
\

The Technovators. M F |

LTV AEROSPACE CORPORATION
A quality company of Ling-Temco-Vought, inc. k"""

DALLAS
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Most traveling salesmen stories weren't made up

e e
o t R

by traveling salesmen.

Basically speaking, traveling for a living is no
joke. Because you travel when it’s good for business,
not when it’s good for you.

For 46 years we've rented more cars to more
travelers than anybody else.

What we've learned about the problems of trav-
eling in that time has helped us build a company that’s
prepared to make things easier for you.

In over 1000 American cities and towns
where you are a stranger,there’s a Hertz
girl who lives in that town.

She can suggest a place to eat, she

has a good idea of where to stay, and a way to get there
without getting lost.

Shecanfillyouinon local business customs. And
in a pinch, she can even come up withthingslike a
locksmith or an all-night drugstore.

What’s more, she’s superbly prepared to make
sure she won't add to your problems. Nobody can rent
you a better maintained Ford or other

) But while others
» just rent you a car, she "

good car than she can.
will rent you a company. ewmewon e

Youdon't just rent a car.You renta company.
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The Cost of World Armaments

A survey of 120 countries by the U.S. Arms Control and Disarmament
Agency shows a continuing rise in military expenditures. The rate

of increase is higher than it is for population and gross product

n the year 1967 (the latest year for
I which comprehensive data are avail-
able) the military expenditures of the
world’s nations totaled $182 billion—an
average of $53 for every man, woman
and child on the earth. This was an in-
crease of $50 billion over the annual ex-

POPULATION
GROSS NATIONAL PRODUCT

MILITARY EXPENDITURE

PUBLIC EDUCATION
EXPENDITURE

PUBLIC HEALTH
EXPENDITURE

ARMED FORCES

(e

CONTRASTING SHARES of the world total of population and cer-

tain major categories of expenditure are shown for 27 developed

by Archibald S. Alexander

penditure four years earlier. Military
budgets have continued to rise since
1967. If the recent rate of increase in
military spending continues, the arms
race will consume $4 trillion over the
next 10 years.

The magnitude or meaning of this

sum is difficult to imagine. It far exceeds
the total valuation of all U.S. land, build-
ings, machinery, businesses and cash.
Military spending has reached a level at
which—quite apart from the risk of mass
destruction—it endangers mankind’s eco-
nomic and social well-being.

20 40

60
PERCENT OF WORLD TOTAL
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80 10

countries (color) and 93 less developed countries (gray). Latter
account for most of population but only a fraction of expenditures.

21
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BILLIONS OF CURRENT DOLLARS

1962 1964 1965 1966 1967

RECENT TREND of military expenditures by members of the North Atlantic Treaty
Organization (dark color), by nations of the Warsaw Pact group (medium color) and by
all other nations (light color) is upward. The unit of measurement is billions of current
dollars for the years given. Currencies of other nations have been converted to the dollar.

160 f———

120

BILLIONS OF CURRENT DOLLARS

40

e
PUBLIC
HEALTH

MILITARY

PUBLIC
EDUCATION

FOREIGN
ECONOMIC AID

MILITARY AND CERTAIN MAJOR NONMILITARY EXPENDITURES throughout the
world are compared for 1966. Figures for public education and public health include all
levels of government. On the average, developed countries spend a significantly higher pro-
portion of their gross national product on public education than less developed countries.
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These are some of the things to be
learned from the size and trend of mili-
tary spending as reflected in the findings
of the third and latest worldwide survey
conducted by the Economics Bureau of
the U.S. Arms Control and Disarmament
Agency. These findings have recently
been published under the title “World
Military Expenditures, 1966-67.” Staff
members who participated in the proj-
ect at different times under my gener-
al supervision were Ruth Sivard, who
supervised the three studies, Daniel
Gallik, Roscoe Lewis, William Sprecher,
Bruce Stram and Lynda Zengerle. The
backing and encouragement of William
C. Foster, director of the Arms Con-
trol and Disarmament Agency for its
first seven years, were of special impor-
tance.

During the past few years several of
the agency’s economists and statisticians
have been compiling a continuing ac-
count, from available sources of infor-
mation, of the annual military expendi-
tures by the nations of the world. The
work has covered 120 countries, includ-
ing the major powers and impoverished
small countries, the highly developed in-
dustrial nations and those that are strug-
gling to emerge from a relatively primi-
tive agricultural economy. For each
country information was collected on the
amount of the military budget in relation
to the country’s gross national product
and to its expenditures for two of the
nonmilitary functions that are essential
for its internal viability and develop-
ment, namely the functions of public
education and public health.

Publication of the three successive an-
nual reports marks the first time a gov-
ernment has presented comprehensive
data of this kind. The Arms Control and
Disarmament Agency has had assistance
in compiling the figures from other agen-
cies of the U.S. Government such as the
Agency for International Development
and from international organizations
such as UNESCO and the World Health
Organization.

There were two special difficulties en-
countered, over and above the profusion
of the figures and the tediousness of the
checking: first, the inadequacy of pub-
lished data, resulting both from nondis-
closure and from nomenclature or dif-
ferences in accounting concepts and
practices, and second, the technical
problem of converting foreign figures
into U.S. currency in such a way as to
make fair comparisons between different
countries. For example, the legal rate of
exchange, which is set primarily for for-
eign-trade purposes, frequently does not
provide a realistic basis for translating
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FOUR-YEAR TREND in military expenditures (color) and gross
national product (black) is expressed in terms of billions of cur-

the value of other nations” budgets and
expenditures into dollars.

The results arrived at, notwithstand-
ing these difficulties, offer a fair basis for
comparison between countries and for
an evaluation of global and national
trends. There is a degree of imprecision
in the figures, but after three years of
public exposure of the results, and of
efforts to improve the methodology, the
information seems basically valid.

I shall summarize the trends first for

1967

i E EI

1964 1965 1966

DEVELOPED COUNTRIES

1967

1965
DEVELOPED COUNTRIES

1964 1966

the world as a whole, then in terms of
the developed and the less developed
countries and finally in terms of some
individual countries.

In the world as a whole military expend-

itures have risen steadily since 1950.
The rate of military spending.in current
dollars per capita has at least doubled.
The data show that it is now undergoing
its sharpest rise since the Korean war;
the world military expenditures jumped

© 1969 SCIENTIFIC AMERICAN, INC

1967

1964 1965 1966 1967

LESS DEVELOPED COUNTRIES

1965 1966 1967
LESS DEVELOPED COUNTRIES

1964

rent dollars (top) and per capita in constant 1967 dollars (bottom).
In each chart the base year, with an index figure of 100, is 1964.

by $44 billion (an increase of almost a
third) from 1965 to 1967, and judging
from known recent increases in military
budgets we can deduce that the world
total continued to climb in 1968 and
1969. Allowing for the inflation of prices,
we find that the world military outlay,
expressed in constant dollars, increased
by nearly 24 percent in the four-year pe-
riod 1964-1967 [see illustration above].
During that period military spending in-
creased more rapidly than the growth in
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world population (7 percent) and more
rapidly than the growth of the gross
world product (16 percent in constant
dollars). It is evident that the burden of
military expenditures is becoming ever
larger, both overall and per person.

In 1967 military costs consumed 7
percent of man’s entire production of
goods and services. This was equal to
the total annual income of the one bil-
lion people living in Latin America,

South Asia (including India and Paki-
stan) and the Middle East. The manpow-
er absorbed in military service and pro-
duction—in the world’s active armed
forces and military-connected employ-
ment—totaled some 50 million persons.
The world as a whole is spending
about 40 percent more on military pro-
grams than on public education; in 1966,
compared with $159 billion for military
budgets, the governments of the world
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FISCAL YEARS

RELATION IN U.S. of military expenditures (color) and gross national product (black) is
charted for 30 years. Military expenditures are shown in billions of dollars at the prices
prevailing for each year. Bottom curve expresses the level of military spending as a per-
centage of the gross national product. The years are fiscal years, which begin July 1.
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spent $111 billion for public education
[see bottom illustration on page 221].
Military expenditures exceed those for
public education in about half of the
countries of the world, including the
U.S. In the field of public health the
world’s total expenditure in 1966 was
only about a third as large as the military
outlay.

o much for the gross world figures.
~ Data for regions and individual coun-
tries reveal significant differences from
the general pattern. The relative posi-
tions of the developed and the less de-
veloped countries, or what are common-
ly called the “have” and the “have not”
nations, are of special interest.

The less developed countries as a
group did not escalate their military ex-
penditures as much as the developed na-
tions in the period 1964-1967. Discount-
ing price inflation, which has been par-
ticularly severe in many of the have-not
countries, we find that the total military
expenditure of the less developed na-
tions did not change significantly, in
constant prices, between 1964 and 1967.
In 1967 the 93 less developed countries
in the survey, with 72 percent of the
world population, accounted for only 11
percent of the world’s total military ex-
penditure; their average military outlay
per capita was $8 (as against an average
of $170 in the developed countries), and
their military spending averaged 4 per-
cent of their gross national product
(compared with 8 percent in the devel-
oped countries).

The figures might seem to suggest
that their military burden is not great.
Such comparisons with developed coun-
tries, however, give no valid measure of
the actual burden military expenditures
represent for the have-not countries. In
the less developed nations, living barely
above the subsistence level on an aver-
age per capita G.N.P. (roughly equiva-
lent to per capita annual income) of
$186, even a diversion of $8 per capita
to military use cuts deep into the stan-
dard of living. Whereas large G.N.P. in-
creases in the developed countries have
made it easier for such nations to pay for
their increase in military outlays, in the
less developed countries the G.N.P.
growth rate per capita has been modest
(only about half that in the developed
countries). The burden of military
spending in the have-not countries is
compounded by the fact that it depletes
savings that could be used for the invest-
ment required to advance their develop-
ment and standard of living.

Modest as their proportion of the



world’s military expenditures is, the less
developed countries are devoting more
than twice as much to this expense as
they are receiving in economic aid from
the wealthier nations. Military spending,
for which the example is set by the de-
veloped countries, is one of the factors
contributing to the lag of the developing
countries behind the developed coun-
tries in economic growth. Its hampering
effects show up clearly in the available
statistics. In 1966 the 93 less developed
nations as a group spent more on their
military budgets than on government-
supported education and public health
combined: $17 billion for the armed
forces, $11 Dbillion for public educa-
tion, $5 billion for public health. Their
$16 Dillion total for public education
and public health, for 72 percent of
the world population, represented only
about 10 percent of the total world out-
lay for public education and public
health. The average expenditures per
person in the have-not countries were
about $5 per year for public education
and $2 for public health, as against av-
erage per capita expenditures in the de-
veloped countries of $100 for public
education and $50 for public health.
Elimination of military spending would
not by any means fill the gap for the less
developed countries, but the figures
graphically demonstrate how ill those
countries can afford that use of their
scarce resources. There is the further un-
happy consequence that their military
establishments not only absorb desper-
ately needed funds but also divert their
scarce skilled manpower from the civilian
economy.

The military factor looms considerably
larger in some of the individual coun-
tries than it does for the less developed
group as a whole. In 1966 the military
budget for mainland China was esti-
mated to be 8.1 percent of its G.N.P.,
for Taiwan 11.2 percent, for Laos 18.5
percent, for North Vietnam 20 percent,
for South Vietnam 14.5 percent, for the
United Arab Republic 9.1 percent and
for Jordan 11.7 percent. In most of
these countries the G.N.P. was less than
$200 per capita and the expenditure for
public education was a small fraction of
the military outlay. In 1966 a populous
Latin-American country, with two out
of five of its people illiterate, was spend-
ing only half as much on education as on
defense. An African country, with four
out of five illiterate, spent $103 million
on military programs and $99 million on
public education ones. In either case a
transfer from military to welfare expend-
itures could bring about a qualitative
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improvement in the latter and in time
have a beneficial effect on the overall de-

velopment of the country.

\\r hat of the developed countries?
How well can they afford their mili-

tary expenditures?

The 27 developed countries, compris-
ing 28 percent of the world population,
account for 89 percent of the world
total of military spending, and for nine-
tenths of the jump in this spending that
took place in the period from 1965 to
1967. Most of these countries are mem-
bers, on one side or the other, of the two
major military alliances: the North At-
lantic Treaty Organization (NATO) and
the Warsaw Pact. The NATO group in-
creased its military expenditures by 35
percent in the 1965-1967 period; the
Warsaw Pact countries, by 29 percent.
The two principal contributors to these
increases were the U.S. and the U.S.SR.
Their military expenditures constitute
almost three-fourths of the world total,

GROSS NATIONAL PRODUCT

REGION
AND BILLIONS
COUNTRY OF DOLLARS

WORLD TOTAL $2,311.1
NORTH AMERICA 800.9
UNITED STATES 741.6
EUROPE 1,037.3

EUROPEAN NATO 466.6

WARSAW PACT 478.5

SOVIET UNION 357.0

OTHER EUROPEAN 922
NATO TOTAL 1,267.5
LATIN AMERICA 102.4
FAR EAST 2187
CHINA, MAINLAND 80.0
JAPAN 97.5
SOUTH ASIA 54.2
INDIA 36.9
NEAR EAST 24.8
AFRICA 425
OCEANIA 30.6

REGIONAL SUMMARY is given of military expenditures and re-
lated data for 1966. The amounts are in U.S. dollars at 1966 prices
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and these two nations accounted for $35
billion of the $44 billion increase in
world military spending in 1965-1967.
Devoting a sizable part of their resources
to the military sector, the U.S. and the
US.S.R. account for a considerably
larger share of the world’s military
spending than of its gross product, al-
though they are also the leaders in
G.N.P. by a great deal [sec illustration
on preceding page].

In 1967 the developed nations as a
group had an average per capita G.N.P.
of $2,141, nearly 12 times the average
for the less developed countries. Since
1964 the developed countries’ military
outlay, however, has risen twice as rap-
idly as their G.N.P. Thus a growing pro-
portion of their total product has gone
into weaponry, armed forces and mili-
tary engagements. These countries are
on a military treadmill in an economic
sense. As the weapons grow in sophisti-
cation, costs escalate. Because of increas-
ing emphasis on research and develop-

RECEIVED GIVEN
DOLLARS BILLIONS PERCENT OF BILLIONS BILLIONS
PER CAPITA OF DOLLARS GNP OF DOLLARS OF DOLLARS
$687 $159.0 69% $71 $7.9
3,696 64.9 8.1 0 42
3796 633 8.5 0 40
1455 76,5 74 6 31
1570 213 46 3 25
1434 52.3 NA 0 4
1,531 470 NA 0 3
1123 28 31 3 A
2466 86.2 6.8 3 6.8
415 21 21 14 0
185 9.4 43 12 4
104 5 8.1 0 A
986 9 10 0 3
83 | 19 35 19 0
74 ' 14 40 13 0
o84 19 75 4 , .
171 1.1 | 25 1.3 | .
2,153 12 39 0 ‘ A
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MILITARY EXPENDITURES

ment, weapons become obsolete almost
as fast as they are produced, and they
are replaced by still more costly ones.
The developed countries spend a sub-
stantially higher proportion of their
G.N.P. on education than the less devel-
oped countries: 5 percent by the de-
veloped countries, on the average, as
against 3 percent by the less developed
ones. Nevertheless, most of the devel-
oped nations are devoting a much larger
share of their resources to the military
budget than to public education, accord-
ing to the latest available figures (for
1966). Exceptions among the relatively
aflluent countries include Japan (spend-
ing more than four times as much on
education as on military services), Can-
ada (twice as much), Italy, Sweden,
the Netherlands, Switzerland, Denmark,
Belgium and Norway. In the U.S., even
if the estimated $7 billion spent for pri-
vate education is added to the public ex-
penditure of $34 billion (in Federal,
state and local educational outlays), the

FOREIGN ECONOMIC AID

and exchange rates. Table includes figures for 93 countries classi-
fied as less developed, a category that embraces all Latin America,



total for education is less than two-thirds
the size of the military budget.

"I"he military burden of the U.S. has

become so heavy that it is coming un-
der increasingly critical scrutiny by Con-
gress. There have also been a prolifera-
tion of protesting organizations and
growing concern on the part of the pub-
lic at large. The nation’s $63 billion mili-
tary budget in 1966 amounted to 8.5
percent of the gross national product.
The average annual cost to the popula-
tion was about $320 per person—$1,280
for a family of four.

Since 1966 the expenditures have in-
creased. Two elements in the U.S. mili-
tary budget have been singled out for
questioning in Congress and by the pub-
lic. These are the costs of the Vietnam
war and of new strategic weapons. The
Vietnam war, although its cumulative
cost is now approaching $100 billion,
has not cost as much as the several hun-
dred billions spent so far on the stockpile

of strategic weapons. The new genera-
tion of weapons (anti-ballistic-missile
systems, “MIRV” systems, new nuclear
submarines and others) now under de-
velopment or being considered is likely
to entail a very high level of spending for
strategic forces.

The Council of Economic Advisers in
its latest annual report estimates that,
assuming the end of the Vietnam war
and no “new defense programs,” the
defense budget for fiscal vear 1972
might amount to about $73 billion. As-
suming growth of the G.N.P. to $1,100
billion by that year, the council calcu-
lated that a “dividend” of some $22 bil-
lion would be available annually for new
economic and social programs—in wel-
fare, education, health and other aspects
of national improvement. This is barely
half the amount required for projects
that various official task forces have list-
ed as urgent national needs. If the arms
race is not brought under control, the
hope of obtaining even a $22 billion

PUBLIC PUBLIC POPULATION ARMED FORCES
EDUCATION HEALTH MIDYEAR
EXPENDITURES | EXPENDITURES
BILLIONS BILLIONS PERCENT OF
OF DOLLARS OF DOLLARS MILLIONS MILLIONS POPULATION

$110.8 $52.2 3,363.4 20.3 6%
37.3 13.7 217.0 32 1.5

34.3 12.2 196.9 3.1 1.6

58.5 335 712.9 79 I 1.1

18.8 6.1 2971 29 1.0

36.3 25.5 333.7 4.2 1.3

30.6 21.0 2331 32 1.4

34 20 82.1 8 1.0

56.1 19.8 514.0 6.1 1.2

25 1.6 246.9 .8 3

8.0 15 1,180.6 5 5

2.8 1.1 772.0 3

4.1 A 98.9 2

1.3 2 655.8 1.4 2

1.0 2 501 1.0 2

1.0 0 87.2 ol 8

1.2 ) 249.1 ) 1

1.0 5 14.2 1 .6

the Near East and South Asia; all the Far East except Japan; all Africa except South
Africa, and, in Europe, Albania, Bulgaria, Greece, Portugal, Spain, Turkey and Yugoslavia.
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dividend for civilian needs will not be
realized.

Because the percentage of the G.N.P.
devoted to military spending has re-
mained fairly constant (at about 9 or 10
percent) over the past 15 years as the
G.N.P. grew, it is argued in some quar-
ters that the U.S. can “afford” to allocate
this proportion of its resources to mili-
tary defense. This contention seems to
me highly questionable on two grounds.
First, the theory that the enormous mili-
tary outlays have advanced the nation’s
security remains unproved as long as
there are unexplored arms-control possi-
bilities; indeed, most students of the
matter appear to agree that the arms
race has only served to make the world,
including the U.S., more insecure than
ever. Second, we have seen abundant
evidence in recent years that “military
security” is not a synonym for “national
security.” National security requires not
only international peace but also peace
and fulfillment for the people within the
national society.

Although the G.N.P. of the U.S. has
been growing at a high rate, it is quite
evident that we are not allotting a large
enough share of our national income to
our economic and social needs. The de-
cay of our cities, the pollution of our
environment, the inadequacy of our
schools, housing, medical care, hospitals
and transportation facilities, the unac-
ceptable lot of large portions of our pop-
ulation compel us to reorder our priori-
ties. A further need for release of more
of our resources from defense uses ex-
ists, of course, in the field of foreign eco-
nomic assistance. Money alone will not
solve our problems, but without money
we cannot do what we should and must
do. Since our resources are not limitless,
it is imperative that we find a way to
devote a greater share to constructive
rather than to unproductive uses.

In the first half of the 20th century
the world spent $4 trillion and millions
of lives in wars and preparations for
wars, including the two world wars.
Humanity may now be on the verge of
launching military programs costing $4
trillion in just one decade, with an at-
tendant threat of destruction not merely
to millions but to most, perhaps to all,
of mankind. One can think of better
ways to spend the $4 trillion.

For the peoples of the earth, to say
nothing of taxpayers, the most significant
and welcome news of the decade would
be a beginning in the control and reduc-
tion of military spending. This could be
initiated by an agreement between the
U.S. and the U.S.S.R. to arrest their race
in the production of strategic weapons.
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RIBOSOMES

They are the organelles that conduct the syn,thesis of proteins

mn the living cell. Their structure and functioning are studied

]‘)y taking them apart and seeing how they reassemble themselves

principles of a life process and quite

another to know in detail the chemi-
cal mechanisms that underlie it. In order
to genuinely understand a cellular func-
tion one must study the machinery that
performs it, and in many cases that
means studying a highly organized cellu-
lar element, or organelle, that provides
the machinery. One must first determine
the organelle’s structure and learn how
it operates and then find out how the
organelle itself is generated in the cell.
In this article I shall relate how the
structural and functional description of
the ribosome, the organelle that con-
ducts protein synthesis, has been at-
tempted and is even now being achieved.

The story of the ribosome goes back
to the discovery some years ago that the
capacity of various types of cell to syn-
thesize proteins was correlated with the
cells” content of ribonucleic acid (RNA),
and that most of the cellular RNA was in
the form of small particles (then known
as microsomes) in the cytoplasm of the
cell. This suggested that the particles
must play some role in protein synthesis,
but the real importance of ribosomes
emerged only after intensive biochemi-
cal investigation.

The pioneer work was done by Paul
C. Zamecnik and his collaborators at the
Massachusetts General Hospital in the
1950’s [see “The Microsome,” by Paul
C. Zamecnik; SCIENTIFIC AMERICAN,
March, 1958]. They homogenized rat-
liver cells, added amino acids labeled
with atoms of the radioactive isotope
carbon 14, fortified the homogenate with
adenosine triphosphate (ATP) to provide
chemical energy and were able to detect
the formation of small amounts of pro-
tein. By a process of elimination they
established that several cellular organ-
elles, including the nucleus and the mito-
chondrion, were not necessary for pro-

It is one thing to discover the basic
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tein synthesis but that the microsomes
were essential. They were able to iden-
tify other cellular components required
for protein synthesis, including the small
RNA molecules called transfer RNA and
enzymes that attach amino acids to trans-
fer-RNA molecules. These early test-
tube assembly systems, however, made
only very small amounts of protein. Then
in 1961 Marshall W. Nirenberg and
J. Heinrich Matthaei of the National In-
stitutes of Health found that in order to
obtain intensive synthesis of protein in
cell-free extracts of the bacterium Esche-
richia coli it was necessary to include
a third type of RNA, called messenger
RNA, that had been postulated by Fran-
¢ois Jacob and Jacques Monod of the
Pasteur Institute in Paris.

Once a complete cell-free protein-

synthesizing system could be assem-
bled it was possible to study the func-
tioning of its several components. One
of the most interesting of these was the
ribosome. It was now clear that this par-
ticle coordinates the translation of the
genetic information in the sequence of
nucleotide bases in the messenger RNA
(transcribed from the DNA molecule,
the gene) to the sequence of amino acids
in each protein manufactured by the cell
[see illustration on page 30]. The first
systematic studies of ribosomes were ini-
tiated about 1957 by several groups,
notably one at Harvard University led
by Alfred Tissiéres and James D. Wat-
son and one in the Carnegie Institution
of Washington that included Ellis T.
Bolton, Roy Britten and Richard B. Rob-
erts. (I should add that my association
with Watson’s group at that time, al-
though it was brief, had a great influ-
ence on my later research on the ribo-
some.) The initial studies were done
mainly on E. coli ribosomes, which con-
sist of two subunits of unequal size that
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are designated 30S and 50S. The size is
determined by the rate, measured in
Svedberg units (S), at which a particle
sediments when it is spun at high speed
in an ultracentrifuge. Together these
particles constitute the functional unit
in protein synthesis: the 70S ribosome.
(The reason the two S values are not ad-
ditive is that the shape of a particle in-
fluences its rate of sedimentation.) In
each of these subunits proteins represent
about a third of the total mass; the rest
is RNA. The 50S ribosome subunit con-
tains a 23S RNA molecule and a 5S RNA
molecule. The 30S ribosome subunit
incorporates one 16S RNA molecule.
In 1961 J. P. Waller and J. I. Harris
of Harvard observed that the ribosome
contains different kinds of protein mole-
cules, indicating that its structure must
be quite complex. Subsequent experi-
ments conducted by many workers, in-
cluding those in my own group at the
University of Wisconsin, show that the
30S ribosomal subunit includes either
19 or 20 different protein molecules and
that the 50S subunit apparently has
more than 30 protein molecules.

As the early work on the structure of
the ribosome was proceeding, a general
picture of its functional properties had
begun to emerge. The existence of spe-
cific ribosomal binding sites for transfer
and messenger RNA was demonstrated,
forcing the conclusion that the ribosome
plays an active role in protein synthesis
and is not merely an inert workbench on
whose surface amino acids are assem-
bled. The observed physical complexity
of the ribosome must therefore reflect
the complexity of its function. What we
needed to establish was the relation be-
tween structure and function. Yet as far
as the actual roles of the RNA and pro-
teins and their critical interrelations
were concerned, the ribosome was still
a mysterious “black box.” How was one



to understand this complicated piece of
machinery? One could take it apart and
try to reassemble it, but what tools were
delicate enough to avoid destroying the
machine in the process?

In 1961 Jacob, Sidney Brenner and

Matthew S. Meselson, in a paper de-
scribing  the classic experiments that
proved the messenger-RNA theory,
noted the presence of two kinds of ribo-
nucleoprotein particle in mixtures that
were centrifuged in a solution of the salt
cesium chloride, which forms a density
gradient in the centrifuge cell. (Density-
gradient centrifugation, originally devel-
oped by Meselson, Franklin W. Stahl
and Jerome R. Vinograd at the Califor-
nia Institute of Technology, separates
large molecules on the basis of their dif-
ferent buoyancy in such a solution.)
When they centrifuged bacterial extracts
containing ribosomes, they observed two
bands containing ribosomal particles.
The lighter band (the B band), corre-

RIBOSOMAL SUBUNITS are enlarged 450,000 diameters in an
electron micrograph (top) made by Martin Lubin of the Dart-
mouth Medical School. To prepare them, intact (70S) ribosomes
were dissociated in solutions with a low magnesium concentration
and the subunits were negatively stained with uranyl formate. Indi-

sponding to a density of 1.61, contained
messenger RNA as well as proteins being
synthesized; the heavier band (the A
band), corresponding to the density of
1.65, did not.

The presence of the A band was not
relevant to the main theme of the paper,
and no reason was given for its presence.
At the time the paper was published 1
was working at the University of Osaka
on both ribosomes and messenger RNA,
and I was quite curious about this phe-
nomenon. We knew then that the 30S
and 508 subunits and their aggregate,
the 70S ribosome, all have the same
chemical composition: 65 percent RNA
and 35 percent protein. Since the buoy-
ancy of complex molecules in solution
usually reflects their chemical composi-
tion, why should density-gradient cen-
trifugation reveal two kinds of ribonu-
cleoprotein particle?

In the summer of 1962 I had an op-
portunity to visit Meselson’s laboratory
at Harvard to look into the question.
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When we recovered the particles from
the two bands, we found that the B band
contained undegraded 50S and 308 ribo-
somal subunits. The denser A band,
however, consisted of a mixture of small-
er 40S and 23S “core” particles that had
been created from the usual ribosomal
subunits by the splitting off of about 40
percent of the protein during the den-
sity-gradient centrifugation; the split
proteins could be found in a protein
fraction at the top of the gradient. The
explanation for the B band was appar-
ently that in crude bacterial extracts
some of the ribosomes are resistant to
this splitting, perhaps because they are
stabilized by messenger RNA and grow-
ing protein chains.

On returning to Osaka I continued
experiments with Robert K. Fujimura to
characterize these core particles. Initial-
ly we prepared 40S and 23S particles
(the latter are not to be confused with
23S RNA molecules) by respectively
centrifuging purified 50S and 30S ribo-

vidual particles are enlarged 800,000 diameters (bottom). The
smaller of the two subunits is the 30S (left). The larger is the 508,
seen in three different views characterized by a kidney shape
(second from left), a “nose” (third from left) and a groove (fourth
from left). The two subunits join to form a 70S ribosome (right).
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somal particles in cold cesium chloride
solution for 36 hours and then recover-
ing the core particles from the band in
the middle of the centrifuge cell [see
middle illustration on opposite page].
This procedure was troublesome, how-
ever, and unsuitable for large-scale prep-
aration of the particles. We therefore
tried omitting the centrifuge step. Rea-
soning that it was surely the particular
salt solution and not the physical cen-
trifugation that disrupted the subunits,
we simply kept 50S subunits in the solu-
tion for 36 hours, expecting that irre-
versible splitting of the protein would
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take place, yielding the 40S core parti-
cles we wanted to study.

\ /hen we removed the cesium chlo-

'V ride and examined the products,
however, we found to our surprise that
the recovered particles behaved just like
the original 50S ribosomal subunits.
Why had there been no splitting of the
proteins? We immediately realized the
important implication of this experimen-
tal observation: The splitting of the 505
unit is reversible; the reaction is pushed
in the direction of dissociation only by
separation in the centrifuge. To test this
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supposition we prepared core particles
and split proteins by the usual centrifu-
gation method. Then we mixed them to-
gether and removed the cesium chloride.
We found complete conversion of the
core particles to intact ribosomal par-
ticles. In this way we succeeded in re-
constituting the 50S ribosomal subunit
from the 40S core and split proteins that
had been derived from the 508, and also
in reconstituting the 30S subunit from
the 23S core and the homologous split
proteins.

In order to prove that the reconsti-
tuted ribosomal particles really had the

PROTEIN

AMINO ACIDS

RIBOSOMES conduct protein synthesis. Genetic information is
encoded in the sequence of bases (horizontal elements) in the
double helix of DNA (left). This information is transcribed into
a complementary sequence of RNA bases to form messenger RNA
(dark color). Each group of three bases in the messenger RNA
constitutes a codon, which specifies a particular amino acid and
is recognized by a complementary anticodon on a transfer-RNA

30

molecule (lighter color) that has previously been charged with
that amino acid. Here amino acid No. 6, specified by the sixth
codon, has just been bound to its site on the ribosome by the cor-
responding transfer RNA. It will bond to amino acid No. 5, thus
extending the growing peptide chain. Then the ribosome will
move along the messenger RNA the length of one codon and so
come into position to bind transfer RNA No. 7 with its amino acid.
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same specific structure as the original
ones, we had to demonstrate the func-
tional integrity of the reconstituted par-
ticles. Before we could succeed in such
experiments I left Osaka and moved to
the University of Wisconsin. There Kei-
ichi Hosokawa and I were able to show
in 1965 that, whereas neither the 23S
nor the 40S cores have any activity in
a cell-free protein-synthesizing system,
reconstituted 30S and 508 particles have
activities comparable to the original in-
tact 30S and 508 ribosomal subunits. At
the same time Theophil Staehelin and
Meselson, who were taking a similar ap-
proach at Harvard, independently suc-
ceeded in demonstrating the reconstitu-
tion of the ribosomal subunits from core
particles and split proteins. The func-
tional capabilities of the reconstituted
particles can be assaved in various ways.
For example, the function of 30S parti-
cles is usually assaved by measuring the
rate of protein synthesis directed by
messenger RNA in the presence of intact
50S subunits and other necessarv com-
ponents. One can also test the subunits’
ability to bind several different transfer
RNA’s in the presence of various mes-
senger RNA’s and the ability to bind
messenger RNA itself.

The success in reconstitution, al-
though it involved the dissociation and
reassociation of only some of the ribo-
somal proteins (the split proteins), had
several important implications. First, the
experiment showed that at least part of
the ribosome assembly in the test tube is
spontaneous; no extraribosomal template
or enzvme is required. Second, it pro-
vided a system in which the functional
roles of individual split proteins could
be analyzed. The 308 split-protein frac-
tion consists of seven proteins. By col-
umn chromatography we separated the
proteins into five pure protein compo-
nents and one fraction containing two
proteins, and we showed that the five
proteins differ from one another in amino
acid composition. Then we determined
the functional need for each of the puri-
fied proteins by omitting one of them
at a time in reconstitution experiments.
We found that three of the five purified
proteins are essential for reconstitution,
and that the omission of either one of the
others has only a partial effect. From this
type of experiment we could conclude
that all five of the purified proteins are
chemically and functionally distinct, and
that some of them are absolutely re-
quired whereas others are not (although
they are required for full activity in pro-
tein synthesis).

The partial-reconstitution system was
a first step toward the functional analy-
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TWO SUBUNITS of a ribosome can be separated by spinning ribosomes in a centrifuge
because the subunits are different sizes and move through the centrifuge cell at different
rates. Both subunits are about 35 percent protein and 65 percent RNA. The 50S subunit
contains a 23S and a 5S RN A molecule and the smaller 30S subunit has a 165 RNA molecule.

50S OR 30S SUBUNITS

CENTRIFUGE

i e CESIUM CHLORIDE
SOLUTION

SPLIT PROTEINS

40S OR 23S
CORE PARTICLES

FURTHER CENTRIFUGATION of the subunits breaks them down. The subunits are
added to a cesium chloride solution (left). Centrifugation establishes a stable density
gradient in the solution (right), within which the subunit components form layers according
to density. Some proteins split off, leaving “core” particles of RNA and other proteins.
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DISSOCIATION of the 50S subunit yields a 40S core particle and split proteins, dissocia-
tion of the 30S subunit a 23S core particle and split proteins. In the case of the 30S sub-
unit there appear to be seven split proteins, with about 12 proteins remaining in the core.

© 1969 SCIENTIFIC AMERICAN, INC

31



%
PHENOL
TREATMENT

N

N\

16S RNA MOLECULES

O00OO0O0

%
UREA AND
SALTS

O00O0O0O0
OO

CORE PROTEINS

RECONSTITUTION of subunits was first accomplished as shown
here. Core particles were treated with phenol to prepare 16S RNA
and with urea and salts to yield the core proteins. The RNA and

sis of the ribosome, but the informa-
tion that could be provided by such a
system was limited. To accomplish com-
plete analysis we needed a way to recon-
stitute ribosomes entirely from free RNA
and completely separated proteins. In
1967 Peter Traub and I began system-
atic attempts at complete reconstitution
with the 30S subunit.

\\W'e assumed that we must do the re-

constitution in two steps, first mak-
ing 23S cores from 16S RNA and pro-
teins and then making complete 30S
subunits from the 23S cores and the split
proteins. We therefore prepared 16S
RNA by treating 23S cores with phenol.
We separated proteins from other 23S
cores by treating the core particles with
urea and a high concentration of lithium
chloride. We mixed these core proteins
with the 16S RNA under several differ-
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CORE AND SPLIT PROTEINS need not be assembled separately.

Reconstitution can be accomplished by mixing all ribosomal pro-
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ent conditions, hoping to obtain 23S
core particles. Then we added the split
proteins to the reaction mixture, recov-
ered the particles by centrifugation and
assayed the activity of the recovered
particles in a cell-free protein-synthesiz-
ing system. As typical enzyme chemists,
we felt it was essential to protect the ri-
bosomal proteins and any sensitive in-
termediates from inactivation by heat,
and so we performed all these operations
in a cold room and kept everything on
ice.

Our initial attempts were failures. We
could find only very slight protein-syn-
thesizing activity. It seemed that the
reaction might not be possible. Then we
realized that living E. coli cells multi-
ply most rapidly at 37 degrees Celsius
(body temperature) and not at all at
freezing temperatures, and that multi-
plying cells must certainly be assembling
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proteins were combined at 37 degrees Celsius to form 23S core
particles. Then the reaction was completed by the addition of
the split proteins, and in this way the 30S subunits were formed.

ribosomes quite efficiently. We also rec-
ognized that the cytoplasm of living
E. coli contains a rather high concentra-
tion of salts; the salts might discourage
nonspeciﬁc RNA-protein aggregation
and thereby promote the specific RNA-
protein assembly reaction. We there-
fore attempted the reconstitution at 37
degrees and with a high concentration
of a salt, potassium chloride. Success!
The 30S ribosome could be self-assem-
bled [see illustration above]. We found,
indeed, that the reconstitution of 308
subunits from RNA and proteins is in-
dependent of the order of addition of
proteins, whether they are core proteins
or split proteins. By simply mixing all
the proteins prepared directly from the
30S subunit with 16S RNA and incu-
bating them in an optimal ionic environ-
ment at about 40 degrees C. for 10 min-
utes we were able to convert almost all

teins from 30S subunits with 16S RNA in the correct ionic environ-
ment and incubating at 37 to 40 degrees C. for 10 to 20 minutes.



the 16S RNA in the mixture into 308
particles [see bottom illustration on op-
posite page]. In protein-synthesizing ac-
tivity, in protein content and in sedi-
mentation behavior the reconstituted
particles were almost identical with the
original 30S particles.

From this point one could proceed in

many directions. One basic goal was
to determine the functional role of the
16S RNA and of each 30S ribosomal
protein. With regard to the RNA, we
first considered the specificity require-
ments. For example, is an RNA molecule
that is merely similar in size to E. coli
16S RNA competent to reconstitute a
physically and functionally intact 30S
subunit? No. Neither 16S ribosomal
RNA from yeast cells nor E. coli 23S
RNA degraded to a 16S-sized fragment
was active in reconstitutions with E. coli
30S proteins. In fact, the inactive prod-
ucts of such combinations did not even
resemble 30S ribosomes physically,
judging by their sedimentation behavior.
This finding certainly came as no sur-
prise; one would expect the require-
ments for a functional ribosome to be
stringent. How stringent? When we per-
formed the reconstitution with 16S RNA
from one bacterial species and 308 ribo-
somal proteins from another species that
is distantly related, we found that in
many cases such “artificial” ribosomes
were as active as the respective homolo-
gous RNA-protein combinations. We
conclude from this that although there is
definitely a specificity requirement for
the RNA, the requirement is not abso-
lute.

In determining the roles of the various
ribosomal proteins our basic approach
was to perform the reconstitution with
one component omitted or specifically
modified and then see if physically in-
tact 30S particles were formed and, if so,
whether or not they were functionally
active. We first had to separate the 30S
protein mixture into each of its 19 com-
ponents. The fractionation of 30S ribo-
somal proteins had already been achieved
by research groups at the University of
Geneva, the Max Planck Institute for
Molecular Genetics in Berlin, the Uni-
versity of Wisconsin and the University
of Illinois. We employed methods simi-
lar to theirs, relying mainly on various
types of column chromatography.

We then did the reconstitution with
16S RNA and 19 purified proteins rath-
er than with the unfractionated protein
mixture used in our earlier experiments.
The extent of the reconstitution was not
as good as it was with unfractionated
proteins (and we therefore could not ex-

clude the possibility that there are some
ribosomal components other than the
RNA and 19 protein molecules), but the
reasonably high efficiency of the recon-
stitution made it possible to undertake
the functional analysis of the separated
protein components.

The first protein we studied in detail
was the one responsible for sensitivity or
resistance to the antibiotic streptomycin.
Earlier studies had indicated that the
drug’s primary site of action is the bac-
terial ribosome, specifically the 30S sub-
unit. When streptomycin is added to
a cell-free system containing ribosomes
from a streptomycin-sensitive strain, it
inhibits protein synthesis. Streptomycin
also causes the misreading of certain
synthetic messenger RNA’s, that is, it
induces the incorporation into proteins
of amino acids other than the ones dic-
tated by the genetic code. This misread-
ing effect of streptomycin was discov-
ered first by Julian E. Davies, Walter
Gilbert and Luigi Gorini at Harvard
[see “Antibiotics and the Genetic Code,”
by Luigi Gorini; SCIENTIFIC AMERICAN,
April, 1966].

Bacteria can become resistant to
streptomycin  through mutation, and
streptomycin does not inhibit synthesis
or cause misreading of messages in a
cell-free system if 30S ribosomal parti-
cles from streptomycin-resistant mu-
tants are used. Traub and I showed that
the component altered by the mutation
was not the RNA but had to be in the
protein fraction; 30S particles reconsti-
tuted from the protein of a resistant
mutant and the RNA of a susceptible
strain were resistant to streptomycin in
cell-free protein-synthesizing systems,
whereas the reverse combination pro-
duced 30S particles that were suscep-
tible to streptomycin. Makoto Ozaki and
Shoji Mizushima took over the job of
identifying the altered protein. We puri-
fied 30S ribosomal proteins from both
susceptible and resistant bacteria, sys-
tematically subsiituted single proteins
from a resistant strain in a mixture of
proteins from a susceptible strain [see
illustration on next two pages] and as-
sayed the reconstituted ribosomes for
their response to streptomycin. In this
way we established that a single protein,
one we had designated P10, determines
the susceptibility of the entire 30S ribo-
somal particle to the inhibitory action of
streptomyecin, its susceptibility to strep-
tomycin-induced misreading and its abil-
ity to bind the antibiotic.

I{avillg learned how an alteration in a

given protein can affect the func-
tion of the ribosome, we investigated
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what happens to the ribosome when this
protein is simply left out. Is the ribo-
some still able to assemble itself and, if
so, how are its functional capabilities
altered? We found that in the absence
of P10, RNA and the other ribosomal
proteins can still assemble into particles
that sediment at 30S. These P10-defi-
cient particles have several interesting
properties, however. Under the condi-
tions of the assays these particles show
high activity when a synthetic messen-
ger RNA is used as a template, but their

YRR T e
v

s
i
o G
e

ALL THE PROTEINS normally found in a
30S subunit are found in a reconstituted
30S subunit, as shown by a comparison of
electrophoresis results for the natural (left)
and the reconstituted (right) particles. The
protein mixtures are layered onto the top
of a polyacrylamide gel column. When an
electric current is applied, the proteins mi-
grate down the column, each protein form-
ing a band that moves at a different rate de-
pending on the charge and the size of the
molecule. Staining visualizes each protein.
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activity is weak when directed by RNA
from a natural source. It is known that
a special mechanism for initiating pro-
tein synthesis is needed in the system di-
rected by natural messenger RNA’s but
not in the system directed by synthetic
messenger RNA’s [see “How Proteins
Start,” by Brian F. C. Clark and Kjeld
A. Marcker; SCIENTIFIC AMERICAN, Jan-
uary, 1968]; the P10-deficient particles
cannot carry out this special initiating
function.

The other interesting finding is that
the frequency of translation errors with
the P10-deficient particles is much re-
duced not only in the presence of strep-
tomycin but also in the presence of cer-
tain other antibiotics, of ethyl alcohol
or of high concentrations of magnesium
ions, all of which are known to induce
translation errors. In fact, the deficient
particles read synthetic messenger RNA
more accurately in the presence of ejror-
inducing agents than normal ribosomes
do even in the absence of such agents.
In other words, it appears that protein
P10 plays a role in increasing the fre-

STREPTOMYCIN-
RESISTANT

30S

STREPTOMYCIN-
SENSITIVE

quency of errors in the translation of the
genetic message. The inherent ability of
ribosomes to make mistakes may be ad-
vantageous to bacterial cells, as Gorini
suggested, since it can suppress the ef-
fects of harmful mutations. On the other
hand, the property may simply be an un-
avoidable consequence of the complexity
of the machinery.

Although we have not yet complet-
ed similar detailed analyses of all the
proteins, preliminary experiments with
them lead to certain general conclusions.
Omitting any one of several proteins af-
fects a number of known 30S ribosomal
functions. Conversely, several different
30S ribosomal functions are affected by
the omission of any of a number of pro-
teins. That is, these functions seem to
require the presence of more than one
protein component, and so one can say
that the 30S ribosomal proteins func-
tion cooperatively. We have also found
that the omission of some proteins dras-
ticallv affects physical assembly. Parti-
cles formed in the absence of one of
these proteins are deficient in several

other proteins, including some that were
present in the reconstitution mixture. In
other words, the presence of certain pro-
teins is essential for other proteins to be
bound. In this sense the assembly proc-
ess itself is cooperative.

One of the most effective tools that are

available for the study of a reaction
is chemical kinetics, the study of the rate
at which a reaction proceeds. Most
chemical reactions have a distinct kinet-
ic mode, or “order,” which is deter-
mined experimentally from the reaction
rate’s dependence on the concentration
of the reactants. Since the 30S recon-
stitution reaction involves at least 20
components, one might expect the rate to
have a very high order of dependence on
their concentration—so that doubling the
concentration would increase the rate by
as much as 229, or more than a million
times! To be sure, this would be an ab-
surdity, since it would mean that it was
necessary for all the components to col-
lide simultaneously in order to form a
complete subunit, and subunit formation
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ONE PROTEIN in the 30S subunit is responsible for the effect
of streptomycin on ribosome functioning. Proteins and RNA are
separated from subunits derived from bacterial cells that are resist-
ant to streptomycin and from other cells that are susceptible to its
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effect. The proteins are isolated. When the protein designated P10
from susceptible cells is combined with all the other proteins from
resistant cells and with the RNA from resistant cells, the 30S ribo-
somes that result turn out to be susceptible to streptomycin. On the
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would be an incredibly rare event. As a
matter of fact, most chemical reactions,
even those involving a number of reac-
tants, turn out to have a first-order or
second-order dependence on reactant
concentration (that is, doubling the con-
centration doubles or quadruples the re-
action rate). The reason is that most com-
plex reactions proceed in steps, with one
unimolecular rearrangement or bimolec-
ular interaction being slower than the
others and hence determining the overall
rate.

This generalization, however, has in
the past applied to reactions involving
far fewer components than are needed
for reconstitution, and so we expected
to find a somewhat higher order of reac-
tion. We were rather surprised to ob-
serve that our assembly was in fact a
first-order reaction; whether we double
or halve the concentration of the reac-
tants, the time it takes for all the com-
ponents to assemble themselves into
completed ribosomes is roughly the
same—about five minutes under optimal
conditions in the test tube. When one

STREPTOMYCIN-
SENSITIVE

STREPTOMYCIN-
RESISTANT

other hand, when P10 is derived from re-
sistant cells and all the other components
are taken from susceptible cells, the re-
sulting subunit is resistant to streptomycin.

observes first-order kinetics in a reaction
involving more than a single component,
one can conclude that there is an inter-
mediate step, involving a relatively slow
rearrangement of a single component,
that must take place before the reaction
can be completed. This is exactly what
we observe in the reconstitution reac-
tion. The slow step in the assembly proc-
ess may be occurring at any time before
the binding of the 20 proteins to the
RNA molecule is complete—after none
of them or only some of them are
bound—or after all are bound; in any
case, our observation would be the same.
We had noted with interest that the
reaction is extremely dependent on tem-
perature. It turned out that a consider-
able amount of heat energy is required
to effect the rearrangement of the un-
known intermediate product—about 40,-
000 calories per mole of ribosomes. On
the other hand, many of the proteins at-
tach themselves in an ice-cold solution.
We were therefore able to isolate the
intermediate, activate it by warming the
solution and then observe the almost in-
stantaneous binding of the rest of the
proteins to form a completed ribosomal
subunit. And so we can describe the
general nature of the pathway of self-
assembly: a rapid binding of some of the
proteins to the RNA, a slow structural
rearrangement of this intermediate that
requires thermal energy and then a rapid
binding of the rest of the proteins.

Nter obtaining all this information on

assembly in the test tube, one comes
to an obvious question: Do the same
principles operate in the living cell?
The problem of ribosome synthesis in
living cells was being attacked long be-
fore test-tube assembly was even seri-
ously considered. The early work was
done by the group including Britten,
Brian J. McCarthy and Roberts at the
Carnegie Institution, and they were fol-
lowed by a number of groups, notably
Shozo Osawa’s in Japan and David
Schlessinger’s at Washington University.
In a series of intricate experiments they
delivered short pulses of radioactive
components to growing bacterial cells
and monitored the flow of the labeled
components into ribosomes. It was pos-
sible in this way to postulate the pres-
ence of several classes of precursor par-
ticles, but it was difficult to isolate and
analyze them. The obvious limitations of
such an experimental approach encour-
aged investigators to seek other direc-
tions. One was genetics. Genetics has
been a powerful tool for identifying the
flow of intermediates in numerous bio-
synthetic pathways because one of the
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easiest ways to find out how something
works is to see what happens when it
does not work. For example, it should be
possible to isolate mutants that are de-
fective in a specific step in the biosyn-
thesis of ribosomes; the step reveals it-
self by the accumulation of the precursor
whose conversion is blocked by the mu-
tational defect.

What was needed was a systematic
method of isolating mutants defective
in ribosome assembly. The trouble is
that since ribosomes are essential for
growth such mutants are ordinarily in-
viable and cannot be cultured. They can
be isolated only as “conditionally lethal
mutants”: cells with defects such that
the organism is inviable under one con-
dition but functions normally under
some other condition. As I have men-
tioned, in our detailed study of the test-
tube reaction we had been struck by the
remarkable dependence of the reaction
rate on temperature. If the same princi-
ple operated in living cells, we reasoned,
then many mutational defects in ribo-
somes or in related components should
manifest themselves more severely at
lower temperatures, and so some assem-
bly-defective mutants should be condi-
tionally lethal—viable at high tempera-
tures but inviable at lower temperatures.
They could therefore be isolated as cold-
sensitive mutants.

Our reasoning proved to be correct.
Christine Guthrie, Hiroko Nashimoto
and I have isolated a large number of
cold-sensitive mutants of E. coli, a sig-
nificant fraction of which appear to be
defective specifically in ribosome assem-
bly. (Independently John L. Ingraham
and his co-workers at the University of
California at Davis have found abnormal
ribosome biosynthesis at low tempera-
tures in cold-sensitive mutants of the re-
lated bacterium Salmonella typhimuri-
um.) By sucrose-gradient sedimentation
we have already identified three distinct
classes of particles, from three different
mutants, that accumulate in cells grown
at 20 degrees C. Two of these particles
appear to be precursors of 50S subunits;
the third appears to be a 30S precursor.
While proceeding with the biochemical
characterization of these particles we
are also conducting genetic analyses of
the various mutants in the hope of ob-
taining information on the genetic or-
ganization and genetic control of the ri-
bosome and of ribosome assembly. We
hope that through the coupling of ge-
netic techniques with the biochemical
techniques of test-tube reconstitution
this sophisticated and complex cellular
instrument will soon be understood on a
truly molecular level.
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ACOUSTICAL HOLOGRAPHY

By “illuminating” an object with pure tones of sound instead of

with a beam of coherent light one can create acoustical holograms

that become three-dimensional pictures when viewed by laser light

ptical holography, the technique
O for making three-dimensional pic-

tures with the aid of laser beams,
has given rise to a new form of hologra-
phy in which sound waves instead of
light waves are used to create the initial
hologram. A laser beam is then em-
ployed to reconstruct, or translate, the
acoustical hologram into a recognizable
pictorial image. In other words, acousti-
cal holography makes it possible to cre-
ate an optical wave-field analogue of an
acoustical wave field. Since sound waves
can penetrate opaque objects ranging
from living tissues to metal structures,
the new imaging technique has promis-
ing applications in many areas of medi-
cine and technology.

Optical holography, sometimes called
the wave-front reconstruction process,
became practical with the development
of the laser, which provides an intense
light source whose waves are coherent,
or in step. An optical hologram is formed
by directing a laser beam at an object
and recording on a photographic plate
the interference patterns produced when
the light waves reflected from the object
interact with a portion of the undis-
turbed laser radiation, which serves as a
reference beam. Although the hologram
produced in this fashion appears to be
a meaningless jumble, it actually con-
tains in coded form all the information
the eye would intercept if it were located
at the position of the photographic plate.
The code can be broken by illuminating
the hologram with another laser beam,
which reconstructs the original scene.

In order to produce an acoustical holo-
gram the scene to be recorded is “illumi-
nated” with a pure tone of sound instead
of a laser beam. The objects in the scene
disturb the sound waves and produce in-
terference patterns analogous to those
produced by light waves. As we shall
see, it is not always necessary to use a
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reference beam in acoustical hologra-
phy, and the hologram pattern can be re-
corded in various ways. Once recorded,
the acoustical hologram can be recon-
structed with a laser beam exactly as if it
were an optical hologram.

hat are the advantages of using

sound instead of light? The interac-
tion of sound with solids and liquids is
different from the interaction of electro-
magnetic radiation. Sound can travel a
considerable distance through dense,
homogeneous matter and lose little en-
ergy, and yet it will lose a significant
amount of energy when it passes through
an interface. This loss is due to reflection
at the interface. In contrast, electromag-
netic radiation such as X rays will lose a
signiﬁcant amount of energy passing
through matter and yet lose a negligible
amount at an interface. Therefore sound
can be singularly effective in medical di-
agnosis, in nondestructive testing and in
seeing underwater and underground be-
cause it is mostly the discontinuities of
internal organs, tumors, flaws, sub-
merged objects or subterranean strata,
rather than the bulk matter, that is of
interest to the observer.

Acoustical imaging is of course not
new; there are sonar devices that pro-
duce pictures similar to those on a radar
screen. This type of imaging is currently
employed in prospecting for oil and min-
erals. Similar scanning methods are also
being used by physicians for the detec-
tion of brain tumors and for examining
the unborn child. In these applications
the sound usually has a frequency of be-
tween one million and 10 million cycles
per second. Another conventional acous-
tical imaging technique employs what
may be best described as an acoustical
camera. In this method sound waves
bounced off an object are focused with
an acoustical lens onto an image con-
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verter that translates the pattern of
sound intensity into a pattern of visible
light.

The limiting feature of both of these
conventional sound-imaging methods is
that the images show only two dimen-
sions. They are two-dimensional because
the methods detect only the intensity
(the square of the amplitude) of the
sound waves in the sound images. What
these methods are unable to record is
phase information, that is, the arrival
time of the crest of the wave from the
object with respect to the arrival time
of the crest of a reference wave of the
same frequency. The most powerful fea-
ture of holography is that phase informa-
tion as well as intensity information is
retained in the hologram and can subse-
quently be “played back” in the optical
image, with the result that the opti-
cal image is three-dimensional. Thus in
acoustical holography there is a total
transfer of information from the acousti-
cal wave field to the visible optical wave

field.

r[‘he simplest way to understand how a

hologram works is to think of it as
a coded diffraction grating. Consider
first of all a simple point object that is
illuminated by a plane wave produced
by a coherent source at infinity [see il-
lustration on page 40]. The point object
scatters part of the wave, which then
radiates spherically away from the point
object. Both the spherical (object) wave
and the plane (reference) wave fall on
a plane that is perpendicular to the di-
rection of propagation of the reference
wave. At some points on the plane the
object wave is in phase with the refer-
ence wave, so that the two waves con-
structively interfere with each other and
are therefore added together to increase
the wave amplitude. At other points on
the plane the object wave is out of phase



SUBJECT OF ACOUSTICAL HOLOGRAM, reconstructed in three from pebbles of various sizes. The holograms (below) were made
colors at the bottom of the page, was a group of three letters formed by sound waves of 15,000, 18,000 and 21,000 cycles per second.

ACOUSTICAL HOLOGRAMS, one for each wavelength, are the they appear on a cathode ray tube. A three-color montage of these
electronic analogues of the reflected interfering sound waves as three images is on the cover of this issue of SCIENTIFIC AMERICAN.
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RECONSTRUCTED IMAGES FROM HOLOGRAMS are made by the hologram made with sound of 15,000 cycles is printed in blue
shining a coherent beam of laser light through black-and-white ink, the one made with sound of 18,000 cycles is printed in red and
transparencies of the holograms. Here the reconstructed image of the image made with sound of 21,000 cycles is printed in yellow.

FINAL THREE-COLOR RECONSTRUCTION of the pebble pat- lengths of sound about equally. The letters stand for Advanced Re-
tern is made by superposing the blue, red and yellow reconstructed search Laboratories of the McDonnell Douglas Corporation, where
images. The hard surfaces of the pebbles reflected the three wave- these images were made by the author, Sidney Spinak and E. J. Pisa.
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EQUIVALENT HOLOGRAMS and reconstructions are obtained The object scanned in both cases is a cutout of the letter R in a
whether the microphone is moved in a raster pattern while the panel four feet on a side. The acoustical holograms are the two im-
source is stationary (left column) or whether the sound source is ages in the middle of the page; the laser-beam reconstructions are
moved while the microphone is held stationary (right column). at the bottom. The experiment was done by the author and Spinak.
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with the reference wave, so that the two
waves destructively interfere, thereby
canceling each other and decreasing the
wave amplitude. If we record the ampli-
tude (intensity) in the plane as variations
of density on a photographic plate, the
resulting pattern will be a continuous set
of concentric circles centered on the
point on the plane that is obtained by
projecting a line from the light source
through the point object onto the plane.
This pattern closely resembles a Fresnel
zone plate, an optical device in which a
round bull’s-eye is surrounded by con-
centric rings of regularly decreasing
thickness. In the point-object hologram,
however, the density of the rings varies
outward from the center in a sine-wave
pattern, and simultaneously the frequen-
cy of the sine wave increases.

A well-known property of a zone plate
is that the diffraction effects of the rings
will cause the plate to act as a lens.
When illuminated with a wave, the zone
plate will focus the wave. However, it
acts simultaneously as if it were both a
positive and a negative lens. If the holo-
graphic zone-plate pattern is illuminat-
ed by the plane (reference) wave alone,
the negative-lens effect of the zone plate
will cause a diverging spherical wave to
emerge from the plate, thereby produc-
ing a “virtual” image of the point in the
same position the point object originally
occupied. At the same time the positive-
lens effect will create a converging wave
that will produce a real image of the
point.

Hence the wave that emerges from a
hologram has three components. First
there is the attenuated part of the illu-
minating wave that passes right through
the hologram. This is called the zero-
order wave. Second there is the diverg-
ing spherical wave that appears to come
from the virtual image of the point. This
is a first-order diffracted wave that is the
true reconstruction of the original spheri-
cal wave that radiated from the point
object when the hologram recording was
made; it is called the true reconstructed
wave. Third there is the converging
spherical wave that forms the real image
of the point. This too is a first-order dif-
fracted wave, but because it is opposite
in curvature to the diverging wave it is
called the conjugate wave.

The two images the hologram pro-
duces are normally such that one is a
virtual image located where the original
object used to be and the other is a real
image formed on the other side of the
hologram. Under certain circumstances,
however (by illuminating the hologram
with a spherical wave instead of a plane
parallel beam), both images can be vir-

tual or both can be real. Therefore it is
confusing to name them the virtual and
the real images. To avoid this confusion
one is called the true image (resulting
from the true reconstructed wave) and
the other is called the conjugate image
(resulting from the conjugate wave).

Et us now consider what happens when

the hologram is illuminated with a
beam whose wavelength is shorter than
the wavelength used to record the holo-
gram zone-plate pattern. In diffraction
the angle of the diffracted wave increas-
es or decreases as the ratio of the wave-
length to fringe (ring) spacing increases
or decreases. If the hologram is illumi-
nated with a wavelength shorter than
the recording wavelength, the result is
a decrease in the diffracted angle of the
emerging diffracted wave fronts. The
true and conjugate waves diverge and
converge more slowly and therefore
form their true and conjugate images
farther away from the hologram, but
they are still formed on the axis that
passes through the center of the holo-
gram zone-plate pattern.

So far I have discussed only the holo-
gram created by a simple point object.
The holography of complicated objects,
such as the figurines and chessmen com-
monly used to demonstrate optical ho-
lography, can be as easily understood by
thinking of their complicated surfaces
as being made up of a large number of
point objects. Each point on the surface
of the complicated object forms its own
hologram zone-plate pattern superposed
on all the other zone-plate patterns from
all the other points on the object. The
resulting hologram then has the appear-
ance of an unintelligible mass of broken
fringes and grainy blobs, but in reality
each zone-plate component acts inde-
pendently of all the others in the recon-
struction process to reproduce its indi-
vidual point on the surface of the object
image.

Inasmuch as a hologram can be record-

ed at one wavelength and recon-
structed with a different wavelength, it
follows that a hologram can be recorded
using single-frequency acoustical waves
and reconstructed with laser light. The
main effect of this is that the resulting
visual image is distorted because of the
difference in wavelength between the
sound used to record the hologram and
the light used to reconstruct it. The
illustration on page 41 shows how a
simple arrangement of three points is
stretched out in one direction (along the
axis of the recording beam) when the
reconstructing wavelength is shorter
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than the recording wavelength. The
stretching out, or longitudinal magnifica-
tion, is equal to the ratio of the recording
wavelength to the reconstructing wave-
length. When the recording wavelength
is sound at a million cycles per second in
water and the reconstructing wavelength
is the red light from a helium-neon laser,
the image will be stretched out some 500
times. This results in an apparent (but
not actual) loss of the three-dimensional
effect that is so dramatic when an ob-
server views the reconstruction of a con-
ventional optical hologram. The longi-
tudinal distortion has led some people
to consider that the images obtained
from acoustical holograms are two-di-
mensional. This is not true. One can still
focus on different planes in the image
and perform optical data-processing op-
erations (such as spatial filtering) to im-
prove the images. A number of methods
have been suggested for eliminating the
distortion but none is completely satis-
factory.

The three-dimensional perception ob-
tained in viewing the true virtual image
in a conventional optical hologram is
largely due to the parallax effect ob-
tained when the viewer moves his head
from side to side and looks through dif-
ferent parts of the optical hologram. In
each viewing position the image seen is
formed by an area on the hologram rep-
resented by the diameter of the viewer’s
pupil. Hence from each viewing position
only a small part of the total hologram
area is used. This works well enough
with an optical hologram because the
resolution, or image quality, obtained
with an aperture equal to the pupil di-
ameter is perfectly acceptable since the
optical hologram was recorded at optical
wavelengths. Image resolution is direct-
ly related to the ratio of aperture to re-
cording wavelength.

Since the wavelengths used to record
acoustical holograms are so large com-
pared with the aperture of the eye, the
image resolution provided by an acous-
tical hologram would be completely un-
acceptable if one simply viewed it with
the unaided eye. Accordingly (disregard-
ing the longitudinal image distortion
problem) it may never be feasible to use
the parallax effect in viewing the recon-
structed image from an acoustical holo-
gram. To obtain acceptable image qual-
ity in the reconstruction the viewing
aperture must approach the size of the
entire hologram. As a result the observa-
tion of the reconstructed images from
an acoustical hologram will most prob-
ably always be done by using the entire
hologram and observing the real image
as it is focused on a screen. The ob-
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OPTICAL HOLOGRAM OF POINT is a series of concentric rings (a) representing the in-
tensity pattern that results when the waves scattered from the point are summed with the
crests or troughs of the plane recording wave, which acts as a reference wave. The holo-
gram is reconstructed (b) by illuminating it with the reference wave alone. The diffraction
effect of the hologram fringes causes two first-order diffracted wave fronts to emerge in
addition to the attenuated zero-order wave. One is the true reconstruction of the original
object wave, which forms a virtual (true) image of the point at its original position. The
other wave front is the conjugate reconstructed wave, which forms a real (conjugate) image
of the point. If the hologram is illuminated with a wave that has only half the length of the
original wave (c), the reconstructed images are shifted to twice their normal distance.
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servational benefit of the third dimen-
sion in the image comes from being able
to move the screen throughout the depth
of the image.

The methods available for recording

acoustical holograms are numerous
because of the many different methods
that are available for recording sound.
In optical holography a photographic
plate is normally used to record the holo-
gram. To record an acoustical hologram
it is necessary to have an acoustical
equivalent of the photographic plate. A
natural first approach is to see if sound
can be recorded directly on photograph-
ic film. It can be. A piece of photo-
graphic film that has been exposed to
light can be placed in a weak fixing solu-
tion. If, while the film is in the fixing
bath, it is exposed to high-intensity
sound, the regions of high sound inten-
sity speed up the fixing process. Subse-
quent development of the differentially
fixed photographic film yields an image
corresponding to the sound levels at its
surface. This method has been used to
record acoustical hologram interference-
fringe patterns. The method has serious
limitations, however, because the record-
ing sound must be very intense indeed
(about one watt per square centimeter),
and even then exposures typically run to
30 minutes.

Another method involves placing a
starch plate in an iodine solution. Ex-
posure to sound causes the iodine to stain
the starch, thereby recording the sound
pattern. Here again high intensity levels
and long exposure times are required.

If a high-frequency sound source, for
example a piezoelectric transducer vi-
brating at a frequency of five million
cycles per second, is placed in a tank of
water and aimed toward the surface, the
water will bulge up where the sound
hits the surface. If two such high-fre-
quency sources are submerged and
pointed toward the surface, the acousti-
cal beams will interfere and the result-
ing interference pattern will reveal itself
as a stationary ripple pattern. If an ob-
ject is now placed in one of the beams,
the ripple pattern on the surface will be
the hologram of the object.

Such an image can be reconstructed
by two methods. The first is a “real time”
method that merely involves illuminat-
ing the surface with a laser. The ripple
pattern acts much as an optical phase
hologram; the true image of the object
appears below the surface and the con-
jugate image appears as a real image
above the surface. The longitudinal dis-
tortion, which is due to the difference



between the acoustical and the optical
wavelengths, causes the reconstructed
images to appear much farther from the
surface than the actual object is. The sec-
ond method is to photograph the ripple
pattern, thereby obtaining a hologram
that can be reconstructed in the usual
manner.

When the first method is used, the
longitudinal distortion introduced by
the disparity in length between sound
waves and light waves will ordinarily
shift the reconstructed image so far from
the surface that it must be viewed with a
telescope. The need for a telescope can
be avoided, however, by placing an
acoustical lens between the object and
the surface in such a way that the three-
dimensional image formed by the lens is
projected onto the surface. The refer-
ence wave remains as before but the
hologram is now a focused hologram, so
that on reconstruction the reconstructed
image appears in the surface [see illus-
tration on next page]. In early experi-
ments acoustical lenses created serious
aberrations in the holographic image,
but recent work with liquid-filled acous-
tical lenses has led to quite satisfactory
results.

Two major problems arise from the
use of a water surface. First, the surface
is very sensitive to unwanted vibrations
and to larger-scale motions that break up
the ripple pattern. Second, the object
beam and reference beam must be rea-
sonably well balanced in intensity at the
surface. Otherwise streams form on the
surface, and they also break up the holo-
gram ripple pattern. This limits the us-
able area of the water surface, which in
turn limits the aperture and hence the
quality of the final reconstructed image.
The technique has been improved by
covering the water surface with a thin
membrane and placing an oil film a few
millimeters thick on top of the membrane
so that the ripple pattern forms on the
oil surface instead of on the water. When
the oil-film method is combined with the
newer types of acoustical lens, and when
the sound is pulsed in short bursts, the
practicability of the ripple technique is
greatly enhanced.

Recently this method has been used to
record some of the best reconstructed
images obtained so far. A group under
the direction of Byron B. Brenden at the
Pacific Northwest Laboratory of the Bat-
telle Memorial Institute has produced a
motion-picture film that shows the real-
time acoustical holographic image of a
goldfish made with sound at a frequency
of nine million cycles per second. The
skeleton of the fish and its denser inter-
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LONGITUDINAL DISTORTION occurs in acoustical holography because the recon-
structing light waves from a laser are much shorter than the acoustical waves used for re-
cording. Here the depth separation between two points, 4 and B, is magnified twofold
because the reconstructing wave is only half the length of the recording wave. In actual re-

constructions of acoustical holograms the longitudinal distortion often exceeds 500 times.

nal organs are clearly visible [see top
lustration on page 43]. The motion of
the internal organs, the opening and
closing of the fish’s mouth and the rais-
ing and lowering of its dorsal fin are all
vividly represented. Such a real-time
system, which allows the observer to fol-
low the motion of the object and thus as-
sists in its interpretation, has great merit.
Image interpretation can prove to be dif-
ficult if the observer is viewing a station-
ary image. These and other results dem-
onstrate beyond doubt that acoustical
holography can be of significant value in
medical diagnosis.

There are other methods for recording

the holograms produced on or im-
mediately below a liquid surface. These
include mechanical scanning of a detec-
tor below the liquid surface and the elec-
tronic scanning of a piezoelectric trans-
ducer. These methods, however, offer no
significant advantages over the method I
have described. I shall therefore pass on
to an experimental technique for scan-
ning acoustical images formed in air that
has been used by our group at the Doug-
las Advanced Research Laboratories of
the McDonnell Douglas Corporation.
There are no obvious praetical applica-
tions for the air-scanning method be-
cause the wavelengths employed are
some 20 to 100 times longer than those
readily generated in water, with the re-
sult that resolution is much inferior.
(The wavelengths in air lie between 29
and 14 millimeters, corresponding to
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sound frequencies between 12,000 and
25,000 cycles per second.) Nevertheless,
the air-scanning method has proved to
be a flexible laboratory tool for investi-
gating different aspects of acoustical
holography.

In a typical experiment the object to
be scanned is a letter of the alphabet cut
out of a sheet of Masonite a few feet
square. The sound source is placed on
one side of the sheet and the scanning
microphone is moved through a raster
pattern on the other side. The output of
the microphone modulates the intensity
of a spot on a cathode ray tube, and a
time exposure of the face of the tube pro-
vides the hologram.

One might wonder what would hap-
pen if the microphone were held sta-
tionary and if the sound source were
moved through the raster pattern. One
can appreciate that when the sound
source is stationary the interference pat-
tern of sound waves on the far side of the
object is “frozen” in space. The role of
the microphone is to sample a particular
plane of this frozen pattern. If, however,
the microphone is fixed and the source is
moved, the interference pattern in the
plane in which the microphone is now
located must change from moment to
moment.

Will the hologram recorded under
these constantly changing conditions
resemble the one created when the mi-
crophone travels through the frozen
pattern? Surprisingly (although there is
really no reason for surprise), the two pat-
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terns are identical, as are the images re-
constructed from them [see illustration
on page 38]. This experiment shows that
when a single-point source is used to il-
luminate an object acoustically and a
single-point detector is used to scan the
resulting hologram, there is a reciprocal
relation between the source and the de-
tector. That is to say, the detected phase
and the amplitude will remain un-
changed if the source and the detector
are physically transposed.

In another series of experiments we
scanned the wave pattern not trans-
mitted by an object but reflected from it

LASER

THIN LAYER OF OIL
(HOLOGRAM)

MEMBRANE

WATER
SURFACE

REFERENCE SOUND SOURCE

to produce the hologram. Here the object
was the three letters A, R and L (stand-
ing for Advanced Research Laborato-
ries). Each letter consisted of a mosaic
of pebbles of various sizes and was about
four feet tall. We wanted to see how the
holograms would differ if we illuminated
the letters with sound of three different
wavelengths. In order to make these dif-
ferences apparent we planned to print
each of the reconstructions in a different
color and so obtain, when the images
were superposed, a single reconstruction
in three colors.

To make the sound-to-color analogy

TELESCOPE VIEWING TRUE IMAGE

ZERO-ORDER STOP

/
TRUE IMAGE ‘/ A
.. ./CONJUG TE IMAGE

OPTICAL LENS

FOCUSED
ACOUSTICAL IMAGE

ZERO-
ORDER
STOP

ACOUSTIC
LENS

OBJECT

“ILLUMINATING™ SOUND SOURCE

LIQUID-SURFACE ACOUSTICAL HOLOGRAPHY provides interference patterns that
can be reconstructed instantaneously. The focused acoustical image of the object forms
diffraction fringes with a reference beam at the surface of an oil film, after being transmitted
through the water and a membrane. The acoustical image of the object coded in the oil
“hologram” is decoded continuously by a laser beam and viewed through a telescope.
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complete we chose wavelengths of sound
that bear the same relation to one ‘an-
other as the wavelengths of the primary
colors blue, green and red. The approxi-
mate dominant wavelengths for these
three colors are 420, 525 and 630 nano-
meters, and they are in the ratio 4:5:6.
Accordingly we selected sound wave-
lengths of about 16, 20 and 24 milli-
meters, corresponding to frequencies of
21,000, 18,000 and 15,000 cycles per
second.

As we had expected when we planned
the experiment, a target consisting of
hard pebbles acts as a “white” reflector
of sound, with the result that the holo-
grams at each wavelength are very simi-
lar and the letters in the final three-color
reconstruction contain roughly equal
amounts of each color [see illustration on
page 37]. In three-color printing the
primary colors red, green and blue are re-
produced by mixtures of their comple-
mentary colors: cyan (“blue”), magenta
(“red”) and yellow. To create the pattern
on the cover of this issue of Scientific
American the three acoustical holo-
grams were superposed and printed in
colors corresponding to the wavelengths
of the sound that produced them. If the
pattern on the cover were reproduced in
the form of a color transparency and
were illuminated with a coherent beam
of white light (in the form of a balanced
mixture of coherent red, green and blue
light), the letters ARL in the resulting re-
construction would appear white.

In early experiments with acoustical

holography the methods used were
straightforward acoustical analogues of
optical methods. It gradually became ap-
parent, however, that entirely new tech-
niques could be introduced that have no
equivalent in optical holography. For
example, when electronic detection is
used, the output from the detector (mi-
crophone) is an electrical signal of the
same frequency and phase as the acousti-
cal signal. Therefore, instead of mixing
the acoustical object wave with an acous-
tical reference wave and sensing the
sum of the two, the reference wave can
be simulated electronically by detecting
the acoustical object wave alone and
adding the electrical output from the de-
tector to an electrical reference signal.
This signal is taken directly from the
electronic signal generator used to pow-
er the illuminating sound source. The
electronic summation then corresponds
to the interference between the object
wave and the reference wave. Electronic
simulation of the reference wave is now
almost invariably used.

Another major advantage of this kind



of detection is that one can perform
operations on the detected object signal
before it is added to the electronic refer-
ence signal. We have performed such
operations in investigating the relative
importance of the two components in the
object wave that are normally recorded
in a hologram: phase and amplitude.
This has led to the recording of phase-
only acoustical holograms. The phase-
only hologram is made by taking the
electrical object wave, whose amplitude
and phase vary as the detector scans, and
setting the amplitude at a constant value
(no matter how much the acoustical am-
plitude varies) but retaining the phase of
the object wave. The resulting phase-
only hologram is recorded by summing
this constant-amplitude object signal
with a constant-amplitude reference sig-
nal. The phase-only hologram differs in
appearance from the conventional holo-
gram only in that the contrast of the in-
terference fringes is constant over the
hologram plane instead of varying in
contrast. (The variations in the conven-
tional acoustical hologram correspond to
variations in amplitude of the object
wave.) The reconstructed images from
phase-only holograms are generally
sharper at the edges than reconstructions
from conventional acoustical holograms
[see upper illustration on next pagel.
Moreover, the relative acoustical bright-
ness scale in the object is retained in
some cases.

Another trick that is possible with
sound waves but not with light waves
has led to the development of a new
technique called temporal reference
holography. As the term indicates, the
object wave is recorded with respect to
the time at which the recording is made
rather than with respect to a reference
wave. This is done by recording the
pressure potential of the acoustical ob-
ject wave at some selected instant with-
in the acoustical cycle. The main advan-
tage that temporal reference holography
has over conventional acoustical holog-
raphy is a much higher recording speed,
which provides more satisfactory images
of moving objects.

The Douglas Advanced Research
Laboratories are now working on a tech-
nique suitable for medical diagnosis in
which temporal reference acoustical ho-
lograms generated by sound waves with
a frequency of one million cycles per
second can be recorded in half a mil-
lionth of a second. The technique applies
a new form of optical interferometric
holography called subfringe interferom-
etry, a term indicating that the displace-
ments recorded are less than one optical
wavelength. This is in contrast to con-

ACOUSTICAL VIEW OF GOLDFISH was provided by the liquid-surface method of holog-
raphy illustrated on the opposite page. The 16-millimeter movie camera that recorded these
reconstructions of the holograms as they were displayed on a television screen was not quite
synchronized with the television frame rate, hence the light and dark bands. The system was
developed by Byron B. Brenden and Gary Langlois at the Pacific Northwest Laboratory
of the Battelle Memorial Institute. The work was sponsored by the Holotron Corporation.

ventional interferometry, where the dis-
placements are many optical wave-
lengths.

Briefly, the method works as follows.
The acoustical object wave is allowed to
fall on a surface, causing it to vibrate
with an amplitude much less than an op-

tical wavelength. This surface is slightly
deformed by the acoustical wave strik-
ing it. The deformation is recorded by
shining a pulsed laser on the surface and
making an optical hologram of it on a
photographic plate. After half an acous-
tical cycle has passed (that is, half a mil-

OBJECT

SOUND SOURCE

MICROPHONE

HOLOGRAPHIC PATTERN IN AIR was scanned to make the holograms reproduced on
page 37. The letters ARL, formed of pebbles, were “illuminated” by three “tweeters,” all
operating in phase at the same frequency. The pattern of the reflected sound waves was
scanned by a microphone and processed in a circuit that provided the electronic equivalent
of a reference beam. The summed output wave was then displayed on a cathode ray tube
and photographed. Holograms were recorded at 15,000, 18,000 and 21,000 cycles. The meth-
od of reconstructing the holograms is depicted in the lower illustration on the next page.
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CUTOUT OF LETTER R was “illuminated” with a tweeter oper-
ating at 18,000 cycles per second, using the arrangement shown on
page 38. In this case, however, the intensity of the holographic pat-
tern was held constant electronically and only the phase informa-
tion was recorded, producing a phase-only hologram (left). The
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reconstruction in the middle shows what happens when the out-of-
focus image of the tweeter and the out-of-focus conjugate image are
both allowed to reach the plane where the true image of the R is in
focus (see diagram below). At the right the two out-of-focus images
have been blocked off, leaving only the true image of the letter.

CONJUGATE ZERO-ORDER TRUE IMAGE
LASER LENS  LENS IMAGE FOCUS OF OBUJECT
OF OBJECT AND STOP
DEMAGNIFIED CONJUGATE IMAGE TRUE IMAGE
ACOUSTICAL OF TWEETER OF TWEETER
HOLOGRAM

OPTICAL RECONSTRUCTION SCHEME used for decoding the
hologram of the letter R with a laser shows where the various im-
ages come to a focus. Because the tweeter used as a sound source in

lionth of a second later), a second pulsed
laser, which is lined up on the same axis
as the first, records a second hologram of
the deformed surface on the same photo-
graphic plate. Between the two expo-
sures, however, the path length of the
optical reference wave is decreased by a
quarter of an optical wavelength. When
the two-component optical hologram is
reconstructed, the reconstructed image
of the surface exhibits brightness varia-
tions that are proportional to the acousti-
cally induced displacement, or deforma-
tion, that occurred between the two
pulsed-laser exposures. The recon-
structed image of the surface obtained
in this way is a temporal reference acous-
tical hologram of the acoustical-wave
field impinging on the surface.
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The technique has several important
advantages. First, the aperture of such a
hologram is limited only by the power
available from the laser for illuminating
the surface. A pulsed laser can readily
illuminate a surface three feet square,
thereby providing the resolution and
image content needed to make acoustical
holography a useful tool. Second, the
use of an optical means for area detection
eliminates the serious engineering prob-
lems that would be involved in trying to
build large-aperture arrays of electronic
detectors. Third, the extremely high re-
cording speed means the system is little
affected by object motion.

The liquid-surface technique and the
technique for optical recording of tem-
poral reference acoustical holograms,
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this experiment was “visible” to the microphone through the open-
ings in the letter R, it is recorded in the hologram and one can
therefore view it in sharp focus in the reconstruction if one wishes.

both of which are currently under de-
velopment, show great promise as being
truly practical systems for operation at
high ultrasonic frequencies. Such fre-
quencies, which lie in the megacycle
range, will be required in medical diag-
nosis and in the nondestructive testing
of materials. The acquisition of high-
quality images of the human body show-
ing the soft-tissue structures of organs
and vessels will make new clinical infor-
mation available to the physician. Such
a system will be a valuable complement
to present pulse-echo methods and X-ray
techniques. Acoustical holography for
imaging objects below the surface of the
sea and below the surface of the earth is
under development but appears to be
somewhat farther off.



We want to be useful
..and even interesting

Does this help any?
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This past February, Bart ). Bok (University of Arizona) compared the new
KODAK Special Plate 098-01 (left) with the long-established KODAK Spectro-
scopic Plate, Type 103a-E on the Curtis-Schmidt Telescope (University of
Michigan) at Cerro Tololo, Chile. Looking for 60 minutes at the 30 Doradus
Nebula in the Large Magellanic Cloud, our new emulsion not only shows the
Axis of the Large Cloud far better but also catches an H¢ nebulosity hardly
shown by the other. An improvement in Hq visualization is to an astronomer
what a better harvesting machine is to a potato farmer.

Astrologers have been among the most influential of men.
When the other savants turned on them and proclaimed them
fakers, the surviving honest students of the stars fell far in
influence. Through a long and patient recovery, they have
won high respect from those of us with a more selfish life style.

It is hard to explain convincingly why we keep scraping
the art of photographic emulsion-making to earn the appro-
bation (and not a great deal more) of a group of customers,
far from rich but very smart, all of whom could fit comfort-
ably into a single lecture room of moderate size. The Work-
ing Group on Photographic Materials of the American Astro-
nomical Society did exactly that this past summer. This was
the occasion for the first issue of the periodical A4S Photo-
Bulletin, which we are having printed for them under their
own editor, with one of our own star-struck technical adver-
tising men helping from his own home on his own time. We
have lived in this servile awe of astronomers for at least 50
years, and it hasn’t impeded our progress noticeably.

Man’s most photosensitive scheme

Paul Gilman, as photographed

Bob Phillips, as photographed
by Bob Phillips

by Paul Gilman

Bob Phillips is the better photographer, but Paul Gilman
does more for photography. This is as it should be, for Mr.
Phillips is a senior man in our Photo Illustrations Division,
while Dr. Gilman is a Research Associate of the Kodak
Research Laboratories who specializes in those organic mole-
cules that absorb photons and pass a resultant something to
silver halide crystals. More specifically, he studies how the
transfer is accomplished. Without that phenomenon and im-

provements effected over the years, photography would never
have amounted to much, and astronomers might still be scrap-
ping with astrologers, if for no better reason than to rest their
eyeballs.

To tell all that Gilman and the others in his specialty do
for photography would be not unlike buying a large fleet of
expensive limousines and lining them up with doors open and
motors running beside a sign reading, “Take a few. They're
free.”

On the other hand, no respectable scientist latching onto
any fundamental information about man’s most photosensi-
tive device—which is what these dye molecules and their
associated AgX crystals are—is willing to keep it a secret any
longer than required to make sure he speaks the truth.

Lately, William West of our Laboratories and Gilman have
devoted the open portion of their work to fluorescence and
phosphorescence as indicators of possible mechanisms in the
dye-to-AgX transfer. Much involved are the phenomena of
supersensitization (which gave a mighty boost to our fortunes
and to the art of photography and the motion picture when
we popped it on the world in the early ’30s) and of J-aggre-
gation (a very special two-dimensional ordering of the dye
molecules named in honor of the late E. E. Jelley of our
Laboratories and subsequently found to have broad implica-
tions elsewhere, as in the detection of biological macromole-
cules).

Under the title “Recent Observations on Spectral Sensitization
and Supersensitization,” a current summing-up of this securely
fundamental work appears in the September-October *69 issue of
Photographic Science and Engineering. To dig out of it thoughts
applicable beyond photography (or not beyond photography, for
that matter) may prove no mean task. Reprint available from
Senior Advertising Associate, Eastman Kodak Company, Roch-
ester, N.Y. 14650.

It isn’t the film you want to see
The user of movie film need never
touch it again. Today’s super 8
camera receives it hidden in a
cartridge, and now the projector
can take it hidden inside another
cartridge. It can’t get lost in a
wrong carton. A reel you drop in-
to the cartridge can’t come un-
wound.

... it's what's on the film
Instead of threading the film
through the projector, you simply
slip the cartridge on. A mechanism
reaches into the cartridge for the
film and projection begins. At the
end, the film withdraws by itself
back into the cartridge. You don’t
have to turn the lights back on be-
cause with the Kopak EKTALITE
Projection Screen you never had
to turn them off.

Some new projectors backed by our trademark work like
that. Apart from those, several other manufacturers have
arranged to adopt the mechanism we invented.

The objective is to make super 8 film that much better a
medium for teaching, for research, for reporting. And for
the private joys of family history.

EASTMAN KODAK COMPANY An equal-opportunity employer
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Announcing
the packaging
package

Plus Value-Engineering

The ‘‘Packaging Package,” basically, offers
you a single source, a single responsibility for
printed, embossed, laminated, and/or coated
papers for a wide range of flexible packages.
Value-Engineering is the scientific method of
performing a specific function at lowest
possible cost. This exclusive combination
assures you packaging materials, or specialty
papers, exactly tailored to your application.
We will be happy to send more information.

A @i

MOSINEE PAPER MILLS COMPANY
MOSINEE, WISCONSIN 54455
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The Assessment of Technology

r | Yhe development of specific new
institutions to assess the effects of
technology on the environment

and on the general welfare has been

recommended by a panel of the Nation-
al Academy of Sciences. As the speed
and scale of technological change have
increased, there has been growing con-
cern over the harmful effects of techno-
logical innovations ranging from nuclear
weapons to the indiscriminate applica-
tion of DDT. In this context the concept
of “technology assessment” has taken
shape, and some 18 months ago Repre-
sentative Emilio Q. Daddario of the

House Subcommittee on Science, Re-

search and Development asked the Na-

tional Academy to study how that func-
tion is carried out now and how it might
be improved.

An 18-member panel headed by Har-
vey Brooks of Harvard University sub-
mitted its report Technology: Process-
es of Assessment and Choice during
the summer. The panel first considered
the need for technology assessment. It
identified as a central problem the fact
that in considering whether or not to ex-
ploit a technological opportunity “indi-
viduals, corporations and public institu-
tions attempt to project the gains and
losses to themselves. ... The difficulty is
that self-interested analyses of this sort
may ignore important implications of
particular choices for sectors of society
other than those represented in the ini-
| tial decisions.” For this reason oppor-

tunities that deserve exploitation may
| be passed up and technological paths
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that should be avoided may be pursued.

In order to institutionalize technology
assessment, the panel recommended that
new mechanisms for accomplishing it be
established within the Federal Govern-
ment. It urged that no attempt be made
to form a centralized agency that could
by fiat promote or suppress specific tech-
nological change and that the process of
assessment be limited, at least initially,
to Federal Government activities, but it
also urged that the process of assessment
be carried out close to the seat of politi-
cal power.

Toward this end it recommended first
of all that the President’s Office of Sci-
ence and Technology be expanded and
given the authority to collect informa-
tion on technology assessment, make an
annual report on priorities in the area,
initiate conferences and prepare policy
papers. The Office of Science and Tech-
nology would cooperate with a new
Technology Assessment Division of the
National Science Foundation, which
would award contracts and grants for
the assessment of specific developments
and for research on methods of assess-
ment. The panel recommended that a
parallel institution be created within
Congress, either as a new Joint Congres-
sional Committee on Tec]mol()gy Assess-
ment or as a Congress-wide Technology
Assessment Office something like the
present General Accounting Office. It
maintained that both the executive and
the legislative institutions are necessary,
the former to ensure a more professional
and continuous operation and the latter
to ensure adequate publicity and public
representation. Finally, the panel urged
that means be developed for including
adequate assessment of classified mili-
tary technology.

Bubble Computers

rI‘he Bell Telephone Laboratories have
* disclosed a new way to build elec-
tronic data-processing circuits by ma-
nipulating the flow of tiny magnetic
“bubbles”—actually magnetic domains
in the form of microscopic cvlinders em-
bedded in thin sheets of ferrite. The
bubbles can be moved around with less
energy than is needed to switch a tran-
sistor and, being only a few wavelengths
of light across, they can be packed with
a density of a million or more to the
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square inch. The bubbles can be created,
erased and shunted around to perform
a variety of functions: logic, memory,
switching and counting. Data rates of
three million bits per second have been
demonstrated in an experimental shift
register, a type of circuit widely used as
a high-speed storage unit in computers
and data-transmission equipment.

The new technique is an outgrowth of
basic studies with thin films of ferromag-
netic materials going back many years.
In 1967 Paul C. Michaelis of Bell Lab-
oratories reported a way to control the
propagation and interactions of isolated
magnetic domains in thin films of cer-
tain anisotropic ferrites. In such ferrites
the domains move more readily in one
direction than another. Soon afterward
a group headed by Andrew H. Bobeck
described how cylindrical magnetic do-
mains (“bubbles”) could be manipulated
in potentially useful devices. Bobeck’s
associates in this work were Umberto F.
Gianola, Richard C. Sherwood and Wil-
liam Shockley. In these studies the bub-
bles were created in orthoferrites grown
as single crystals and sliced into thin
sheets. Being essentially isotropic, ortho-
ferrites make it possible to move the
bubbles with equal facility in any direc-
tion. The moving bubbles can be made
visible by viewing the orthoferrite sheets
under a polarizing microscope; the po-
larized light is rotated in one direction
or the other depending on the direction
of magnetization of the material through
which it passes. The tiny domains show
up because they are magnetized in a
sense opposite to the magnetism of the
supporting medium.

The creation and flow of bubbles can
be controlled in a number of ways. For
example, a gridwork of conductors can
be printed on the surface of the ortho-
ferrite; the bubbles will then move in
response to magnetic fields generated
by pulses of current through the grid.
In another method the bubbles’ direction
of motion is controlled by an overlay
pattern of a magnetically soft material
(such as Permalloy).

The Shape of Insulin

Thirty-four years after Dorothy Crow-
foot Hodgkin began to study the pan-

creatic protein insulin by means of X-ray

crystallography her group at the Univer- |

THE QUESTAR SEVEN MAKES THE SCENE

Would you believe a telescope with seven
inches of aperture could be completely por-
table? — could be set up wherever you want
it in just the length of time it takes to lift
barrel and mounting out of two matching
cases and join them together with a knurled
screw? — could be used on a table top in
alt-azimuth form or in polar equatorial posi-
tion by pushing three legs into place, or
attached to a sturdy standard tripod.

Here it is, the Questar Seven, over-
shadowing companion of its world-famous
predecessor — twice as large and double
the performance. A portable observatory
with every refinement of the observatory

telescope at your fingertips — continuous
360° smooth, slow motions, built-in syn-
chronous electric drive, circles, worm-driven
sidereal clock, and power changes, and the
Questar safe, patented solar filter.

It is photo-visual, of course, with four
times the light grasp of the 3%,-inch, and
with still the same easy way of adding a
35-mm. camera to photograph all you see.
Think of focal length that can vary from 9 to
100 feet! What a blast!

QUESTAR

BOX 120, NEW HOPE, PA. 18938

QUESTAR, THE WORLD'S FINEST, MOST VERSATILE SMALL TELESCOPE, PRICED FROM $795, IS
DESCRIBED IN OUR NEWEST BOOKLET WHICH CONTAINS MORE THAN 100 PHOTOGRAPHS BY
QUESTAR OWNERS. SEND $1 FOR MAILING ANYWHERE IN NORTH AMERICA. BY AIR TO
REST OF WESTERN HEMISPHERE, $2.50; EUROPE AND NORTH AFRICA, $3.00; ELSEWHERE, $3.50.
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Research
Opportunities
at

Physics
International

Scientists and engineers at Pl are conducting
research programs that have already ex-
panded the frontiers of several scientific
fields. Prominent men of many disciplines
and backgrounds have created a highly stim-
ulating and productive atmosphere. The rapid
growth in these programs has created several
extremely challenging new positions. Coupled
with this professional environment are the
many physical and cultural advantages of the
San Francisco Bay Area. These offer a di-
versity of winter and summer activities, as
well as both urban and rural living conditions.

Career opportunities exist in the research
areas listed for individuals with B.S.,
M.S., and Ph.D. degrees, with or without
experience.

e Gas Dynamics

High performance shock tubes, hy-
pervelocityacceleration,aerodynam-
ics, detonation phenomena, blast
wave and fireball simulation, re-
entry phenomena.

Advanced Pulsed
Power Systems

HV pulse generation, pulsed radia-
tion sources, HV breakdown phe-
nomena, ultra high current electron
beams.

Stress Wave Propagation

Dynamic response of materials,
shock geophysics, equation of state.

Theoretical Physics
Radiation transport, stress wave pro-

pagation, heat transfer, gas dynam-
ics, MHD.

Nuclear Weapons Effects

Vulnerability analysis, transient ra-
diation effects in electronics, blast
effects, hardening.

Electro-Optics

UV, visible and IR measurements,
effects of radiation on optical com-
ponents.
For more information about employment
opportunities at Physics International
please contact Mr. Stuart Blair, 2700

Merced Street, San Leandro, California
94577. Telephone (415) 357-4610

_/ﬁ//ﬂ 7 |

PHYSICS
INTERNATIONAL

An Equal Opportunity Employer
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sity of Oxford has determined the three-
dimensional structure of the insulin mol-
ecule. The announcement was made at
the August meetings of the Internation-
al Union of Crystallographers. Guy Dod-
son, a member of the group, has given
an account of the research effort in the
New Scientist.

The electrons in the orderly array of
molecules within a crystal diffract X rays
to form an image composed of many
thousands of bright spots. From the po-
sition of these spots the location of the
electrons can be calculated with the aid
of a high-speed computer, and a map of
electron densities reveals the arrange-
ment of the molecule’s atoms and thus
its three-dimensional form. Successful
X-ray analysis of such complicated mole-
cules as proteins awaited the discovery
by M. F. Perutz of the “isomorphous
replacement” method, in which heavy-
metal atoms are introduced into known
sites in the protein crystal in order to
modify its diffraction image. In the case
of insulin it was particularly difficult to
introduce heavy atoms. Only within the
past two years were the Oxford workers
able to collect diffraction data on crys-
tals into which uranium, lead and mer-
cury had been introduced, and this sum-
mer they calculated an electron-density
map with a resolution of 2.8 angstroms.

The insulin molecule had been known
to consist of an A chain of 21 amino acid
subunits and a B chain of 30 such sub-
units. As Dodson describes insulin’s
form, the B chain is in the form of a dis-
torted U and the A chain nests inside
it. The A chain is folded in such a way,
Dodson notes, that the three amino acids
in it that differ most in insulin from vari-
ous animal species have little effect on
the shape of the molecule. This is con-
sistent with the fact that pig insulin
(which the Oxford group worked with),
bovine insulin and sheep insulin are all
more or less clinically effective in man.
Detailed study of the molecule should
add to the understanding of insulin’s bio-
chemistry and its mode of action, which
is still unknown.

Undersea Oil for Japan?

Japan, which has never had a major oil
supply of its own and has to import
99 percent of its petroleum require-
ments, may have discovered a substan-
tial underwater oil field in the East Chi-
na Sea. The discovery was made solely
by geophysical techniques and remains
subject to confirmation by more detailed
surveys and finally by drilling. The po-
tential field is in a large sedimentary

| basin on the Asian continental shelf be-
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tween Taiwan and Japan; the average
depth of the water in the area is about
200 feet.

A team led by Hiroshi Niino of Tokai
University made the discovery. Its tech-
niques included the use of a sparker and
a magnetometer. A sparker system con-
sists of banks of high-voltage capacitors
that discharge into the water every few
seconds, generating enough steam bub-
bles to simulate an explosion. The re-
sulting sound signal goes through the
water and into the sea floor, where seis-
mic reflections are produced by geologi-
cal structures as much as two miles be-
low the floor. The reflected signals that
return to the mother ship are recorded
on moving paper tape, so that the inves-
tigator obtains a printed record that
enables him to “see” formations charac-
teristic of those that contain oil. A mag-
netometer detects variations in the
earth’s magnetic field. Oil is usually as-
sociated with specific sedimentary struc-
tures that can be inferred from the read-
ings yielded by the magnetometer.

The Trillion-Volt Accelerator

h,lany physicists are convinced that
new methods of acceleration will
be needed to build a machine capable of
accelerating nuclear particles to energies
on the order of 1,000 billion electron
volts (1,000 GeV), which is four times
the energy of the largest accelerator now
under construction (the one being built
by the U.S. at Batavia, Ill). A method
receiving increasing attention in the
U.S,, the U.S.SR. and western Europe-
an countries is collective-ion accelera-
tion, also termed electron-ring accelera-
tion. In this method a proton or another
kind of ion is tightly gripped by electric
forces inside a cluster of electrons travel-
ing in the form of a rotating ring. V. P.
Sarantsev, a group leader in electron-
ring studies at the Russian high-energy
laboratory at Dubna, reviews the current
status of collective-ion acceleration in a
recent issue of the CERN Courier.

The advantage of the collective-ion
approach is that the accelerating appara-
tus does not need to generate fields any
stronger than those now found in many
electron accelerators. The protons bur-
ied inside the electron rings, and thus
carried along at the same velocity, ac-
quire a much higher energy because
of their greater mass. In fact, the energy
of the proton is greater by approximate-
ly the ratio of the proton’s mass to the
electron’s mass, or a factor of 1,800.
Therefore it should be possible to
achieve proton energies in the range of
1,000 GeV by accelerating rings of elec-



trons to an energy of no more than one
or two GeV, after allowing for various
losses.

The problems associated with collec-
tive-ion schemes are of two kinds. The
first problem is to compress perhaps 1014
electrons into a small ring, to inject 1012
protons (initially present as hydrogen
atoms) into the ring and then to begin
accelerating them. The second task is to
continue the acceleration to the desired
level while keeping the rings intact.
Physicists at both Dubna and the Uni-

versity of California at Berkeley have |

designed “compressors” capable of pro-
ducing satisfactory rings. Extraction of
the rings for further acceleration has
proved to be more difficult. Neverthe-
less, electron rings have been success-
fully pumped out of the Dubna com-
pressor at a third of the speed of light.
The Dubna group has also produced
rings containing atomic nuclei much
heavier than protons, for example mer-
cury atoms from which up to 10 elec-
trons have been removed.

For accelerating the rings Sarantsev’s
group is studying alternating magnetic-
field gradients combined with a system
of accelerating cavities. Physicists at
Berkeley are designing an alternative
system in which acceleration is accom-
plished by linear induction in a sequence
of pulsed cavities. Such a system re-
quires switching elements that can be
timed with an accuracy of 10-19 second.
Still other approaches are being studied
at the University of Karlsruhe and at the
University of Munich. Sarantsev pre-
dicts that “the efforts of many physicists
will eventually result in the construction
of the first accelerator to operate on the
principle of collective acceleration.”

Firm Squeeze
A procedure first developed in order
to apply ultrahigh pressures to
small samples of matter in the laboratory
may now have a heavy impact on die
extrusion, the manufacturing process
that annually squeezes out thousands of
miles of metal in the form of wire, rod,
tubing and various complex cross-sec-
tional shapes. The new process applies
hydrostatic pressure to the extrusion.
Although the concept was patented in
1893, it was not until the 1940’s, when
P. W. Bridgman of Harvard University
applied some of his ultrahigh-pressure
techniques to die extrusion, that the ad-
vantages of the hydrostatic process be-

came apparent.
In conventional extrusion a billet of
the metal to be extruded is placed in a
cylinder with massive walls. A ram then

Miranda Sensorex® now takes “impossi-
ble” available light pictures in half the
light you used to need.

Two innovations make it possible: a
new through-the-lens selective-zone meter
(located on the instant-return mirror,
where it stays when you switch to a waist-
level finder); and a spectacular new
50mm f/ 1.4 automatic lens that stays
wide open for precise readings and bril-
liant view-finding.

Of course, this new Sensorex also
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offers those good old Miranda extras:
unsurpassed optics, versatility and the
only 3-year guarantee in the industry.
Miranda Sensorex. The SLR that thinks
of everything. So you
can see picture-
taking in a new light,
New zone-metered
Sensorex with start-

ling 50mm f/1.4 lens,
under $300*; with MIRANDA

merely superb 50mm SENSOREX®

/1.8, under $250.* THE SIXTH SENSE

Allied Impex Corp., 168 Glen Cove Rd., Carle Place, L.I., N.Y. 11514, Chicago; Dallas; Glendale,
Calif, In Canada, Kingsway Film Equipment Lid., Ontario.
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The $5,000
Kentucky
Fellowship

The University Press of Kentucky
is pleased to announce The Ken-
tucky Fellowship, a $5,000 grant
for the best scholarly work in pro-
gress on any aspect of ecology or
conservation,

The competition will run from
November 1969 through October
1970. It will be open to any en-
vironmental scientist, humanist,
or social scientist writing or re-
searching a book-length study.
Entrants may submit a manu-
script or detailed prospectus.

The panel of judges consists of

LEONARD CARMICHAEL,
The National Geographic Society

LOREN EISELEY,
The University of Pennsylvania

EDWARD WEEKS,
The Atlantic Monthly Press

MARSTON BATES,
The University of Michigan

ELVIS STAHR,
The National Audubon Society

For an application form and full
details, write to The Director,

{< THE UNIVERSITY PRESS

OF KENTUCKY
LEXINGTON 40506
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To bridge the
information gap, an
exceptional new
paperback series

Introducing 21st CENTURY MONO-
GRAFICS, highlighting the latest
developments intoday’s rapid tech-
nological growth. First three titles:
Moon Probes, by John F. McCau-
ley; Life Beyond Earth, by Richard
S. Young; Cosmic Debris, by Car-
leton B. Moore. Up-to-the-minute in-
formation, spectacularly illustrated,
outstanding value. $1.95 each at
bookstores. LiTrLE, BROWN




forces the billet against a die, the billet
is deformed under great pressure and
the metal emerges from the die with a
different diameter or cross section. In
the process some metals lose mechanical
strength because of the high tempera-
tures generated by the deformation.
Moreover, conventional extrusion is a
“small batch” process: the maximum
length of a billet is seldom more than
four times its diameter.

In hydrostatic extrusion the ram does
not touch the billet but instead exerts
pressure on a fluid (often castor oil) that
in turn squeezes the billet from all sides
instead of from one end. Because the
fluid is an effective lubricant between
the billet and the die, and because fric-
tion between the billet and the walls of
the surrounding cylinder is eliminated,
hydrostatic extrusion can be accom-
plished at substantially lower pressures
and with less generation of heat than
conventional extrusion. These advan-
tages yield substantially greater “work-
ing reductions.” Moreover, because the
billet is free to rotate within the cylinder
during extrusion, the ratio of length to
diameter is far less limited. With a spiral
billet the ratio can be as much as 20 to
one; by using a coiled billet for extrud-
ing wire the ratio can be increased to
several thousand to one.

Reviewing recent progress in the
field, including the extrusion of such
novel shapes as spiral-finned uranium
rods for nuclear reactors, Hans Kron-
berger of the United Kingdom Atomic
Energy Authority summarizes its pros-
pects in Proceedings of the Royal So-
ciety. Where common metals are con-
cerned, he foresees a demand for the
process whenever considerations of sur-
face finish, dimensional accuracy or en-
hanced mechanical properties are of
particular importance. He also expects
that with the new alloys and stronger
metals hydrostatic extrusion will prove
cheaper and will allow the production of
more complex forms.

Interfering with Tumors

Interferon is the substance produced by
animal cells that interferes with the
reproduction of viruses. At least some
malignant tumors are now believed to
be caused by viruses. Might interferon
therefore inhibit the growth of such tu-
mors? Several groups of workers have
recently had interesting results along
these lines.

Ion Gresser and his colleagues of the
Institut de Recherches Scientifiques sur
le Cancer in France report in Proceed-
ings of the National Academy of Sci-
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ences that treatment with mouse inter-
feron isolated from blood serum and
brain tissue appears to prolong the life
of mice inoculated with tumor cells. Tu-
mors normally appear within a few days
after such inoculation, yet of the 103
experimental mice, 101 survived beyond
22 days and 16 survived more than 60
days. Only seven of 188 control animals
survived for 22 days and none lived
more than 60 days.

At least two major obstacles confront
Gresser and other investigators working
with isolated interferon. The substance
is difficult to produce and purify in large
quantities, and some forms of it appear
to be highly unstable. Samuel Graff and
Robert L. Kassel of the Columbia-Pres-
byterian Medical Center in New York
have circumvented one of these prob-
lems by stabilizing mouse interferon
with horse blood serum. How the serum
stabilizes the interferon, which is pro-
duced in large batches in tissue cultures,
is not known. It is known, however, that
blood-serum interferon is stable whereas
tissue-culture interferon is not. Graff and
Kassel took the logical step of treating
tissue-culture interferon with blood ser-
um. They have been administering mas-
sive doses of their preparation to AKR
mice with viral leukemia and to Paris
RIII mice with viral mammary carcino-
ma. The results have been encouraging.

Certain substances stimulate the pro-
duction or release of interferon in the
body, and some investigators have taken
this route to investigate the antitumor
effects of antiferon without isolating it.
One of these substances is polyinosinic-
polycytidylic acid (poly I-C), a form of
RNA whose interferon-stimulating effect
was discovered by Maurice R. Hilleman
of the Merck Institute for Therapeutic
Research. Hilton B. Levy of the National
Institute of Allergy and Infectious Dis-
eases and L. W. Law and Alan S. Rabson
of the National Cancer Institute have
found that poly I-C reduces the size of
mouse tumors and sometimes even elim-
inates them. Moreover, when these
workers administered poly I-C to rats
and mice, it protected the animals from
12 of 14 different kinds of transplanted
tumors, several of which are not virus-
induced. Levy believes that poly I-C
may have antitumor effects in addition
to the stimulation of interferon produc-
tion or release. It may act as a chemo-
therapeutic agent that destroys the tu-
mor cells directly, and as a stimulant to
the immunological system that somehow
evokes the production of antibodies
against tumor-cell proteins.

Levy and his colleagues have begun
experimental trials of poly I-C on human
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patients; so have Irwin H. Krakoff and
Charles Young of the Memorial Sloan-
Kettering Cancer Center, using materi-
al provided by Hilleman. Both groups
are proceeding cautiously because large
doses of poly I-C given to animals have
produced serious side effects.

Brownstone Dinosaur

"I he Triassic rocks of the Connecticut

- River Valley are famed among fossil-
hunters both for the abundance of dino-
saur footprints preserved in them and
for the occasional skeletal remains of
these animals. Among quarrymen they
are equally well known for their yield
of brownstone, a building material that
was much in demand before World War
I. This summer a mystery that originated
when these two interests came into con-
flict 85 years ago seems to have been
solved.

In October, 1884, a quarryman in
Manchester, Conn., spotted evidence of
fossil bone in a freshly exposed block of
brownstone. Word reached the pioneer
American paleontologist Othniel Charles
Marsh, who visited the quarry and found
that the block contained the rear end of a
new species of dinosaur. By then, how-
ever, the brownstone that presumably
contained the front end of the specimen
had been used in the construction of a
bridge a few miles away.

Marsh was not able to recover the
missing brownstone, and with the pas-
sage of time it was forgotten which of
the bridges near Manchester contained
it. Then in 1967 John H. Ostrom, a pa-
leontologist at Yale University, surveyed
the area and selected as the bridge most
likely to contain Marsh’s lost brownstone
a 40-foot span across Hop Brook, south
of Manchester. Early this year Ostrom
learned that the bridge was scheduled
for demolition in a program of highway
improvement. With the cooperation of
the State Highway Department, he saw
to it that a team including himself, Joe
Webb Peoples of Wesleyan University,
Peter Galton of the University of Lon-
don and several students and volunteers
was present for the wrecking.

As the bridge came down in August,
the investigators carefully examined
more than 100 brownstone blocks.
Toward the end of the second day they
came on two that showed signs of includ-
ing fossil bone. The two blocks will not
be studied in detail for some months, but
the odds favor their containing some or
all of therest of Marsh’s dinosaur. In one
of the blocks the cross section of a femur
is visible; one of the femurs recovered
by Marsh was incomplete.
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The Exploration of the Moon

The successful mission of Apollo 11 opens an epoch of manned lunar

exploration. What questions should this exploration seek to answer,

and what areas of the moon should be visited to best confront them?

by Wilmot Hess, Robert Kovach, Paul W. Gast and Gene Simmons

he success of the Apollo 11 mission
I in putting men on the moon and
bringing them back safely with
samples of lunar material marks the be-
ginning of what promises to be a period
of fruitful exploration of the moon by
men and machines. The objective will be
to answer a large number of questions
about the origin and evolution of the
moon, its geology, its chemical and phys-
ical structure and what light its history
can shed on the history of other bodies
in the solar system. Our purpose in this
article is to discuss the major questions
the coming manned expeditions to the
moon will be taking up and to describe
the techniques likely to be employed on
such missions.

In an astronomical sense the moon is
usually considered to be a satellite of
the earth. From the viewpoint of plane-
tary processes, however, the moon can
be regarded as the smallest of the “ter-
restrial” planets (the others being the
earth, Mars, Venus and Mercury). Be-
cause its distance from the sun is about
equal to that of the earth, the moon is
subject to external influences similar to
those affecting the earth. The moon’s
smaller size, however, implies a history
quite different from the earth’s.

Most planet-wide processes result

FRESH CRATER in the center of the photo-
graph on the opposite page was photo-
graphed from the Apollo 10 spacecraft dur-
ing lunar orbit; the craft was about 70 miles
above Mare Spumans, which is close to the
lunar equator and almost at the right edge of
the moon as it is seen from the earth. The
unnamed crater is about one kilometer in di-
ameter. It is identifiable as a recent crater by
the fact that the light-colored material eject-
ed from it covers a number of adjacent sur-
face features. Plans for future Apollo mis-
sions include exploration of such a crater.

from internal sources of energy and the
means of its dissipation. The amount of
internal energy and the means of dis-
sipation are dependent on the size of the
planet. On the earth the dissipation of
energy has been accompanied by the
transport of volcanic fluids from the in-
terior of the earth to the surface, by the
long-term development of a light crust
and a dense core and by large-scale
movements of the earth’s crust, mantle
and core. These processes, together with
erosion and the chemical interaction of
materials on the surface with the atmo-
sphere and the hydrosphere, continually
destroy the earth’s surface features. For
example, even the largest volcanoes are
leveled by erosion within a few million
years after volcanic activity ceases. It is
extremely unlikely that any of the earth’s
original surface features still exist un-
changed. No examples are known, and
almost certainly none will be found.

It was once thought that many of the
surface features of the moon date back
to the moon’s formation. The detailed
views of the lunar surface provided by
the photographs from the Lunar Orbiter
space vehicles have somewhat dimin-
ished this possibility, because they indi-
cate that erosion and other processes of
change do take place on the moon. Pre-
liminary analysis of the samples returned
by Apollo 11 nonetheless indicates that
the material is very old, perhaps three
billion years old. The highlands may be
even older. The possibility that some of
the material lying on the lunar surface is
chemically unchanged since the forma-
tion of the planet remains high.

The Major Questions

Fundamental  scientific  questions
about the moon are often stated in terms
of terrestrial characteristics, which are of
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course more familiar. In inquiring about
the gross chemical and physical struc-
ture of the moon, for instance, one won-
ders if the moon is chemically and min-
eralogically differentiated as the earth is.
If processes such as volcanism have oc-
curred on the moon, what has been their
history over long periods of time? Did
the moon ever have an atmosphere?
Have protobiological materials ever ex-
isted or evolved on the moon?

Answers to such questions call for the
recovery and analysis of samples of lunar
materials from a variety of regions on
the moon. Most of the analysis will have
to be done on the earth. Determining
the age of a sample of lunar material or
making a chemical and mineralogical
analysis of it requires instruments that
cannot be deployed on the lunar surface
within the next few years, particularly
with little or no prior knowledge of the
character of the materials to be analyzed.

The study of returned lunar materials
will in fact provide one of the most in-
triguing challenges ever faced by natural
scientists. How much of the moon’s his-
tory and how many of the lunar surface
processes can be understood from a few
isolated samples of lunar material, aided
by the fairly detailed knowledge of the
surface morphology obtained from pho-
tographs? The possibilities are consider-
able, because the lunar surface is not
subject to many of the chemical proc-
esses that occur on the earth’s surface,
such as the changes accompanying ero-
sion and sedimentation. Furthermore,
the distribution of material over the sur-
face of the moon by the impact of
meteorites suggests that a substantial
amount of material in any given place
may have come from great distances
without significant changes in chemical
composition.

Efforts to trace the evolution of the
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moon, to understand its gross internal
structure and to explain the character-
istics of its major morphological features
will require knowledge of the kind and
amount of internal energy released by
moonquakes, heat flow at the surface and
volcanism. The occurrence of moon-
quakes would reveal something of the
distribution of stress with depth. The
seismic waves arising from moonquakes
would provide a powerful tool for de-
ducing the distribution of basic physical
properties with depth. Measurement of
heat flow at the surface, combined with

estimates of the distribution of radioac-
tive elements in the lunar rocks, would
make possible a determination of wheth-
er or not internal energy is in fact the
cause of volcanism on the moon. Data
for attacking these problems will be
needed from a number of widely distrib-
uted points on the moon.

The Problem of the Mascons

The space vehicles employed in the
Lunar Orbiter missions not only made ex-
cellent photographs of the lunar surface

but also yielded a startling discovery
having to do with the gravitational field
of the moon. If the moon were a sym-
metrical spheroid, internally as well as
externally, a satellite would move around
it in a well-defined elliptical orbit at a
smoothly varying speed. In actuality the
moon, like the earth, is not quite a sym-
metrical spheroid, which introduces per-
turbations in satellite orbits. Over and
above these perturbations, however,
there are others introduced by lateral
variations in the moon’s density. As the
Lunar Orbiter vehicles were tracked in

AREAS DISCUSSED in this article are identified. Possible sites for
future manned exploration include the fresh craters Censorinus
and Mosting C, the major craters Copernicus and Tycho,the Marius
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Hills region and the Apennine Mountains. Broken line shows a
possible route for a traverse by an unmanned vehicle guided from
earth. Apollo 12 explorers are scheduled to land near Surveyor 3.



their orbits it was noted that they gained
speed whenever they passed over one of
the moon’s ringed maria, or dark circular
“seas.” Analysis of these motions by Paul
M. Muller and William L. Sjogren of the
Jet Propulsion Laboratory led to the
finding that over the major circular
maria (Imbrium, Serenitatis, Crisium,
Humorum and Nectaris) there is a sub-
stantial excess of gravity [see illustration
below].

What is the cause of these gravita-
tional variations? The large positive
anomalies associated with the maria im-

MASS CONCENTRATIONS revealed by perturbations in the or-
bits of spacecraft orbiting the moon are represented by contours
showing gravitational acceleration in tens of milligals. One milligal

ply concentrations of mass, now abbre-
viated as “mascons.” An example of the
concentration involved is provided by
the estimate that the gravitational anom-
aly over Mare Imbrium is equivalent to
one produced by a sphere of nickel-iron
70 kilometers in diameter centered at a
depth of 50 kilometers.

The discovery of lunar mascons has
given rise to much speculation and de-
bate about their origin. It has also re-
vived interest in exploring the lunar
maria, which many investigators had dis-
missed as unlikely to be as rewarding sci-
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entifically as other areas of the moon. Do
the mascons represent remnants of giant
iron asteroids that struck the moon and
subsequently were buried and fragment-
ed, or were they formed by some other
mechanism?

Most students of the moon favor the
latter possibility. The debate centers on
what the mechanism might have been.
Several mechanisms have been pro-
posed: the filling of a low-density, frag-
mented lunar crust with lava; a flow of
lava into an impact crater; the upwelling
of denser material from the lunar depths

is equal to an acceleration of .001 centimeter per second per second.
The mascons, as they have come to be known, are large under such
circular maria as Imbrium, Serenitatis, Crisium and Nectaris.
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into giant impact basins; even the dep-
osition of sediment in the maria by flow-
ing water that later dried up. The last
hypothesis carries the intriguing impli-
cation that water not only existed on the
moon at one time but also played an
important role in lunar history. In any
case, the analysis of samples from the
moon takes on added significance as a
result of the mascon phenomenon. An
exciting result from the preliminary mea-

CRATER COPERNICUS was photographed by the low-resolution
camera of the spacecraft Lunar Orbiter V. The prominent moun-
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surements of Apollo 11 samples is that
their density of 3.2 to 3.4 grams per
cubic centimeter, which would be high
for terrestrial rocks, may be related to
the existence of the mascons.

Sites for Exploration
The present plan of the National

Aeronautics and Space Administration
is to make nine more manned explora-
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tions of the moon over the next three or
four years. The sites for the first few
will probably be determined on the basis
of constraints similar to those that were
in effect for the Apollo 11 mission, name-
ly that a landing place must be on the
side of the moon facing the earth, so that

* constant radio communication can be

maintained between the earth and the
landing party; that the site be in a region
free of obstacles, and that it be accessible

tains in the floor of the crater are of particular interest for explora-
tion. The boxed area appears in high resolution on opposite page.



from a free-return orbit, meaning an or-
bit that will enable the astronauts to re-
turn to the earth with a minimum of
power if the main engine in the com-
mand module should fail. These con-
straints restrict the next few landings to
mare sites near the lunar equator.

Later it should be possible to venture
farther afield and to land at or near other
sites of particular scientific interest. A
number of places are under discussion as

HIGH-RESOLUTION ORBITER VIEW of the area of the floor of
Copernicus that is outlined in the photograph on the opposite page

possibilities for these landings. Instead
of describing them all, we shall focus on
four candidate sites and a long-traverse
area that we believe offer significant
clues for deciphering lunar history. The
five areas are identified in the illustration
on page 56. No particular significance
should be attached to the order in which
we discuss the sites.

The first site is the small, extremely
fresh crater Censorinus. A landing here
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could be expected to achieve three ob-
jectives: to establish the age of what is
clearly a very young feature on the lunar
surface, to investigate and characterize
an unquestioned impact feature and to
obtain samples of material from a region
in the highlands. An alternative site,
which would offer similar possibilities, is
the crater Mosting C.

The second site represents the much
more ambitious goal of exploring one of

shows hills and apparent fractures. Large blocks of material are
visible in several places, particularly on the slopes of the hills.
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CRATER CENSORINUS, the fresh crater near the center of this Apollo 10 photograph, is
of notable interest for exploration. It is one of the freshest craters on the moon’s near side
and appears as a bright spot in infrared photographs made during eclipses of the moon.

CLOSER VIEW of Censorinus was obtained by the high-resolution camera of Lunar Or-
biter V. Large blocks that are as much as 100 meters in diameter appear on the crater’s rim.
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the major craters. Such a crater is. Co-
pernicus, which is about 70 kilometers
in diameter and has prominent central
peaks within it. The ejecta from this rela-
tively young crater cover more than a
tenth of the front face of the moon. The
relief within the crater is more than
15,000 feet, making it comparable to the
most mountainous areas on the earth.
An alternative site, with quite simi-
lar characteristics, is the crater Tycho.
These large craters are of interest not
only because they represent major events
in the history of the moon but also be-
cause, by analogy with much smaller
terrestrial craters, they should expose
material from a range of depths up to
10 kilometers, and perhaps even more.
It has been suggested that the central
peaks in these craters may consist of
material now at the surface that has
come from depths of 10 to 15 kilome-
ters or more. Thus even though the ma-
terial in a crater may be jumbled, broken
and deformed by shock processes, it
should provide a diverse sample of the
outer few kilometers of the moon and a
basis for interpreting its history.

Third, we point to the extremely in-
teresting Marius Hills region. It is one
of several areas where constructional
features such as domes and built-up
cones are more numerous than craters
of a comparable size. The region is also
associated with one of the longest lunar
ridge systems, which crosses a large ex-
panse of Oceanus Procellarum on the
western half of the moon. The tectonic
setting of the region is similar to that of
terrestrial volcanic fields such as Ice-
land and the Azores. The setting and
structure of the Marius Hills region sug-
gest that it is an area of volcanic activity
where igneous material has been added
to the surface through vents.

The origin and age of the seemingly
volcanic features in the Marius Hills
region are of considerable importance in
understanding the evolution of the lunar
surface. Terrestrial volcanic features are
built up in very short times compared
with the entire history of the earth. Even
an extensive region such as the volcanic
chain constituting the Hawaiian Islands
represents a period of less than 70 mil-
lion years. The absolute age and the
length of time involved in building up
the Marius Hills domes will be of great
interest in the characterization of lunar
volcanism.

The Marius Hills region is far too ex-
tensive to be covered in a single manned
expedition to the moon. Fortunately a
number of characteristic features of
smaller scale can be visited in several
areas that are no more than 70 kilome-
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The

ug-Slayer

No computer stamps out program bugs like RCAs Octoputer.
[t boosts programming efficiency up to 40%.

Programming is already one-third of com-
puter costs, and going up faster than any other
cost in the industry.

A lot of that money is eaten up by bugs—
mistakes in programs.

With usual methods, programmers don't
know of mistakes until long after a program is
written. They may have to wait days for a test run.

RCA's Spectra 70/46, the Octoputer, takes a
whole new approach based on time sharing.

It substitutes a computer terminal for pencil
and paper and talks to the programmer as he
writes the program, pointing out mistakes as they
are made.

The Octoputer is the only computer avail-
able today that has this capability. It's as much as

40% faster. And it works on IBM 360 and other
computer programs as well as our own.

Costs go down.Programs get done faster. And
you need fewer programmers—who are scarce
and getting scarcer.

Of course, Octoputer does more than just
slay bugs. It's a completely new kind of creature
that does time sharing and regular computing
together.

Octoputer is based on remote computing.
Its where the industry’s going. We got there first
because communications is what RCA is famous

for. It puts Octoputer a “ c ll

generation ahead of its
COMPUTERS

major competitor. It can
put you ahead of yours.
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ters in diameter. A mission to such an
area would be able to sample and study
a number of small domes 50 to 100 me-
ters in elevation with convex slopes;
steep-sided domes with rough, intricate
surfaces; steeply convex or bulbous
domes that are smooth and generally

_' -
il

symmetrical; steep-sided cones with lin-
ear depressions at the summit; narrow,
steep-sided ridges, and a variety of im-
pact features.

The fourth candidate site is the re-
gion of the Apennine Mountains, which
roughly form the southeastern boundary

R T Y o

R

MARIUS HILLS REGION takes its name from the crater Marius,
which is at upper right in this oblique photograph by Lunar Or-
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of Mare Imbrium and also the north-
western leg of a triangular highland area
bounded by Mare Imbrium, the south-
western boundary of Mare Serenitatis
and the northern part of Sinus Aestuum.
The Apennines are among the most im-
pressive of the lunar mountain ranges.

biter 11. The region is of interest because of its many domelike
structures, which are more conspicuous here than craters. The




The Apennine front rises 4,800 meters
above the adjacent mare level to the
west.

What can be learned about the moon
by visiting this area? The Apennine
front is a major physical feature of the
moon, exposing an extensive vertical sec-

domes are believed to be of volcanic origin. If they are, material on
surface near them may have issued from great depths and so could

tion several thousand meters thick for
sampling and examination. Here is an
opportunity to assess what may be a long
period of lunar history. Are the rocks
uniform or physically and chemically
heterogeneous? How old are they? Are
they stratified? Answers to such ques-

© 1969 SCIENTIFIC AMERICAN, INC

tions could have a profound effect on
our understanding of lunar history.

Two landing sites have been proposed
near the Apennine front that are within
five kilometers of important lunar fea-
tures. One such feature is the rille, or
canyon-like configuration, known as

reveal information on moon’s internal composition and tempera-
ture. Region is near equator at far left of moon as seen from earth.

67




HADLEY’S RILLE is a conspicuous feature of the Apennine Moun- it is a collapsed lava tube or a channel resulting from the surface
tain region. The rille, also known as Rima Hadley, is the river- flow of a liquid might be determined by a manned exploration.
like structure visible across the center of the photograph. Whether Outlined area is shown at higher resolution on the opposite page.
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Rima Hadley [see illustration on oppo-
site page]. Is it a surface-flow channel
or a collapsed lava tube? If it was formed
by water, as has been speculated, where
did the water come from and what pre-
vented its inmediate evaporation?

The Significance of Rima Hadley

Close examination of the Lunar Or-
biter photographs of this rille reveals that
fresh exposures of rock are visible along
its walls and that blocks have fallen
down the walls to the floor of the rille
[see illustration at right]. Rima Hadley
cuts into the floor of a mare and thereby
yields a depth and perhaps a cross sec-
tion of the history of a major lunar fea-
ture. Hence it might provide answers to
such questions as whether the maria are
bedded deposits of lava or ash flows,
sedimentary deposits that contain a se-
quential history of formation or simply
an agglomeration of cold particulate
matter accreted from space.

The location of the proposed landing
site at the boundary between a highland
and a mare provides the opportunity for
another promising investigation. Deploy-
ment of a multiple-axis seismometer and
recording of seismic waves from differ-
ent directions should reveal something
about any deep structural differences
between the maria and the highlands.
Thus one might answer the question of
whether or not the maria and highlands
are analogous to the oceans and conti-
nents on the earth, which show major
structural differences.

The Long Traverse

After the early fixed-station landings
at a wide variety of lunar sites some form
of long-range, mobile surface exploration
will be necessary to overcome the limita-
tions of men on foot. The answer lies in
vehicular traverses, which would make
it possible to study cross-country varia-
tions on the moon and so form the bridge
between the intensive observations that
can be made in the vicinity of a landing
site and the extensive averaging observa-
tions that can be made from orbit. The
technique that is attracting particular in-
terest at present is called the dual-mode
lunar surface roving vehicle system. The
term dual mode refers to the fact that the
vehicle can be used by the astronauts
while they are working on the lunar sur-
face and can be operated remotely from
the earth after they depart. The present
plan entails two separate lunar landings
500 kilometers apart at sites chosen to
maximize the amount of information re-

HIGH-RESOLUTION VIEW of the portion of Rima Hadley outlined in the photograph on
the opposite page was obtained by Lunar Orbiter V. Evidence of a ledge of bedrock appears
on the right-hand wall at top center. Large rocks are abundant on the slopes of the rille.
The average distance from rim to rim is 1.5 kilometers; depth is between 300 and 500 meters.

turned from the unmanned, automatic
traverse.

Such an operation would proceed as
follows. Near the end of surface activi-
ties in the first landing the men would
start their unmanned vehicle on an auto-
matic traverse. The vehicle, guided from
the earth, would move across the moon
toward a distant point that is within the
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second landing area. There the men par-
ticipating in the second landing would
meet the vehicle several months after it
had started its journey. During its trav-
erse the vehicle would collect samples of
rock, transmit television pictures and
conduct geophysical experiments yield-
ing data that would be transmitted to
the earth by telemetry. After the rocks
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MARE AND MOUNTAINS are contrasted in this photograph made near the western edge of
the Sea of Tranquility from Apollo 11. The view is westward. It emphasizes how flat the ma-
ria are in comparison with the terrain around them. The wrinkled ridges, which are com-
mon features of maria, may be places where volcanic rocks have come to the lunar surface.

had been retrieved by the astronauts at
the second site the vehicle could be used
by them in the exploration of that site.
If the vehicle was still in satisfactory
condition, they could start it on another
long traverse.

A typical traverse might go from Rima
Hadley into Mare Imbrium and thence
into Mare Serenitatis. Along the way it
would provide continuous profiles of the
variations in gravity, magnetic and elec-
tric fields and depths of the surface layer.
This particular traverse crosses one of
the largest of the mascon areas and
would cover enough ground to explore
the phenomenon adequately with geo-
physical techniques.

The continuous monitoring of gravity
along the traverse would provide infor-
mation on the regional isostatic balance
on the moon, that is, whether the higher
topographic features are compensated
by a deficiency of mass below them or
whether they represent loads on the sur-
face. An answer to this question would
tell a great deal about the mechanism of
formation of such features. Gravity infor-
mation will also yield clues about the
maximum depth of variations in density.
If the moon has a crust analogous to the
earth’s, how does it vary between the lu-
nar highlands near Rima Hadley and the
center of the Imbrium basin?

The value of gravity measurements is
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increased if they can be combined with
seismic information. Seismic measure-
ments could be expected to resolve
details of any layering in the lunar sub-
strata. Along the traverse we have been
describing a properly executed seismic
experiment would quickly reveal the
presence of giant iron asteroids buried
in the mascons.

Improved Capabilities

Implicit in the accomplishment of the
missions we have discussed is a consider-
able improvement of the already sub-
stantial capabilities shown in the Apollo
11 mission. We shall enumerate a num-
ber of improvements that we think can
be expected by 1972, although we should
point out that the estimates are some-
what uncertain. The present capability is
for a mission lasting 10.8 days, with a
total of 22 hours spent on the moon; by
1972 a 16-day mission with 78 hours on
the moon should be possible. The pay-
load of scientific instruments delivered to
the surface should increase from 300 to
600 pounds and the amount of material
of scientific interest returned to the earth
from 150 to 300 pounds. Landings,
which are now limited to the equatorial
zone, may be possible on most of the
front face of the moon, and it may also
be possible to land within .5 kilometer of
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a target area instead of within 10 kilome-
ters as now. For men outside the lunar
module the walking radius on the moon
should increase from 100 meters to four
kilometers, and the total distance cov-
ered during a single extravehicular activ-
ity from 500 meters to several kilometers.
The capacity of the life-support pack
worn by the astronauts as they move
about the lunar surface may be increased
by as much as 50 percent from the pres-
ent 4,800 B.T.U/s. It may also be that
the command module will be able, while
it is in orbit around the moon, to launch
a subsatellite that could make additional
measurements.

These new capabilities seem within
reach when considered individually. It
will not be possible to have them all, be-
cause a few are mutually exclusive. For
example, if it were decided to land a
600-pound load of scientific instruments
on the moon, it probably would not be
possible to equip the astronauts to tra-
verse as much as 10 kilometers of the
lunar surface.

It also seems probable that a constant-
volume suit will be available for lunar
astronauts soon. With the present vari-
able-volume suit the astronaut has to do
a considerable amount of work against
the suit. He also cannot bend his waist or
his ankles. The constant-volume suit will
require about 30 percent less work for
equivalent tasks because almost no work
will have to be done against the suit. It
will also be flexible at the waist and the
ankles. With this suit the astronaut
should have considerably more mobility
on the lunar surface.

Even so, several of the sites we have
discussed cannot be explored adequately
unless the astronauts have more mobility
than walking provides. Indeed, the ra-
dius of mobility ought to be about 30
kilometers from the landing site. Obvi-
ously a vehicle will be needed. Two ap-
proaches are possible: the vehicle could
crawl along the lunar surface at a few
miles per hour or it could fly over the
surface at low altitude. The ground ve-
hicle has the advantage of enabling the
occupants to stop and look at interesting
objects, whereas a rocket-powered flying
platform makes it possible to move rap-
idly from one point of major interest to
another. A flying vehicle could also move
vertically, as will be desirable at certain
lunar sites. Although both flying and
crawling vehicles have distinct advan-
tages, both are expensive, and it may
well be that only one capability will be
developed.

Inasmuch as the most that can be ex-
pected of a landing party is the explora-
tion of 10 to 100 square kilometers in the
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vicinity of the landing site, the nine ad-
ditional landings now planned will cover
only about one part in 10,000 of the
front face of the moon. In order to obtain
a more comprehensive picture of the sur-
face, including the far side, and to look
for classes of features missed at the land-
ing sites, NASA plans to use instruments
mounted in the service module for re-
mote sensing from orbit. The sensors will
be put into service starting at about the
sixth landing.

Orbital Sensing Instruments

Eight types of instrument are under
consideration for the remote-sensing ac-
tivity. Spectrometers measuring gamma
rays, X rays and alpha particles emerging
from the lunar surface would be able to
detect several elements. The gamma ray
instrument could ascertain the amounts
of iron, potassium, thorium and uranium
in the top foot of the lunar surface. The
X-ray instrument would receive radia-
tion excited by the sun in a very thin sur-
face layer and give information on the
concentration of major elements such as
silicon, magnesium and aluminum. The
alpha instrument would reveal if there
were any extensive leakage of radon gas
from the lunar interior, such as often ac-
companies volcanic or hot-spring activity
on the earth. An infrared radiometer
would measure infrared emission from
the surface and thus would be able to

X-RAY METER
VIDEOTAPE RECORDER

PHOTOMETER

NEUTRON ALBEDO DETECTORS
REMOTE SENSING by instruments carried in the service module

is planned as a supplement to manned exploration. The nature of
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find hot spots and volcanic activity. A
gas mass spectrometer would measure
the number and type of atoms around
the service module, thereby determining
the density and composition of the van-
ishingly small amounts of gas at lunar
orbital altitudes. An electromagnetic
sounder would bounce pulses of radio
waves (10 kilohertz to 100 megahertz)
off the moon and measure how much
came back, thereby finding out about
subsurface layering and determining
whether there is chemical differentiation
or even possibly a layer of ice. A metric
camera would photograph most of the
monn with good geometric control in
order to determine how out-of-round the
moon is and whether the centers of maria
are lower than the edges. A laser altime-
ter would bounce a light beam off the
lunar surface to measure altitude accu-
rately; such measurements, taken togeth-
er with orbital data and information from
the metric camera, would help to deter-
mine the moon’s shape.

This kind of broad coverage would
mesh well with the detailed coverage as-
tronauts on the surface would make of
small areas. Each landing would provide
a standard for the orbital experiments by
measuring in detail what the instruments
should see from orbit. The orbiting in-
struments then would yield a far broader
coverage of surface characteristics than
could be obtained from manned landings
alone.

LASER ALTIMETER

Attainment of the goals we have de-
scribed will still leave several exciting
frontiers for lunar exploration. They in-
clude visits to Mare Orientale, the polar
region and the far side of the moon. Such
visits will require the development of a
new technology.

Long-Term Goals

Mare Orientale, the huge “bull’s-eye”
feature discovered in Lunar Orbiter pho-
tographs, is on the far western edge of
the moon as viewed from the earth. It
is a splendidly preserved, concentrically
layered feature probably formed by the
impact of a giant meteorite. The feature
offers an unparalleled challenge for ex-
ploration, but it also presents large op-
erational difficulties for a landing. The
Cordillera Mountains, which ring the
Orientale basin to form a circular outer
scarp some 960 kilometers in diameter,
are among the most massive on the
moon, rising some 18,000 feet above the
adjacent terrain. Perhaps this site, of all
the possible ones on the moon, offers the
best opportunity for studying the evolu-
tion and history of the moon.

A polar landing is a particularly fas-
cinating prospect. Areas near the poles
are in permanent shade, so that one
might hope to find frozen ammonia, car-
bon dioxide, water and similar volatiles
that otherwise would have escaped from
the moon long ago.
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ents it would perform to w~asure the lunar surface
and assess the structure of the moon is indicated by the instruments.



All systems gol

Saturn 5. NASA's Apollo/
Saturn 5 flights begin with the
precise firing of Boeing-
built first-stage booster.
Record to date: six flights
—six flawless performances.
Boeing also integrates Sat-
urn Swith the Apollo modules,
and performs integration
support on the entire

Saturn 5 system.

At Boeing, the emphasis is on
reliability . . . based on structural
integrity, and on unique systems
management and integration
capabilities.

Lunar Orbiter. Designed, built
and flight-supported by

Boeing for NASA, Lunar
Orbiters flew five spectacularly
successful lunar reconnais-
sance missions.

o

Tucumcari, U.S. Navy's first
hydrofoil gunboat. Boeing-
developed control and foil
systems have, as reported by
the Navy, “set unprecedented
prototype performance and
reliability records.”

Minuteman |, I1, lll. First
flights of each were perfect.
Successful launches to date:
more than 200. Boeing as-
sembles, tests, installs and
delivers complete weapon
system to U.S. Air Force.
Every Minuteman wing instal-
lation was delivered on or
ahead of schedule.

Boeing's capabilities in ad-
vanced design, in systems
integration ‘and management,
are now devoted to definition
of a new area-defense missile
system for the U.S. Navy.

Reliability . . .
" a matter of

record at
BOEING

8
Boeing jets serve over 80 airlines.
They've earned world aviation
leadership for the U.S. and have
achieved up to 16Y2-hours-a-day
utilization with dispatch reliability
scores as high as 99.89%.
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Stern on Stern
on ‘Polaroid Land ¥ilm

Bert Stern is one of
the world’s leading
fashion photographers.

“I believe the photog-
rapher should have
the greatest possible

- control over the results

of his photography.
Including how it is
presented in the pub-
lication or wherever
It ends up.
That's why I'm fas-

cinated with videotape
recording:I’'min control
from beginning to end.
And | can see results
right away.

Instant results are
important, too, because
they can lead you into
ideas you might miss
If you have to wait for
things to come back
from a lab.

That'swhy | like
Polaroid Land film.
| can see results while
I’'m shooting and I'm
in control.

| can vary the devel-
oping time of the
packet to get the exact
color balance | want.
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““Polaroid’’ and ““Polacolor” ®

During the shooting.

But speed and con-
trol aren’t the whole
picture. Far from it. If
the color doesn’t have a
certain quality, the pic-
ture won’t have it either.

Polacolor film has a
color quality. It can give
amazingly faithful
reproduction. Or it can
approach the color of
the old masters.

Come to think of it,
that makes Polacolor
film rather remarkable.
It's the closest thing to
tomorrow scientifically
and at times it can be
the closest to yesterday
in color.”



NORMAL RHESUS MONKEY assumes an alert, crouching stance sucking on a bottle. At about three months the infant monkey
soon after birth. Curious and playful, it can feed itself easily by will be more advanced than a human child three or four years old.

ABNORMAL RHESUS MONKEY was experimentally subjected to monkey is unable to use its arms and legs normally. It sprawls, and
asphyxia at birth. Like a child suffering from cerebral palsy, this it will not move unless prodded. It is also unable to feed itself.
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Brain Damage by Asphyxia at Birth

In both monkey and human infants handicaps that arise from such

asphyxia seem to disappear with time. Experiments with monkeys,

however, demonstrate that asphy.xia permanently damages the brain

irth is a normal physiological event.
B Most animals that bear live young
pay no more heed to it than they
do to their everyday activities. The hu-
man animal is exceptional. He has come
to look on the time of birth as one of the
most critical in the life of both mother
and child, and rightly so. There are many
things that can go wrong with the de-
livery of the human infant. Not the least
of the hazards is asphyxia that can lead
to brain damage and possibly cerebral
palsy and mental retardation. It is this
hazard that I shall discuss here.

Asphyxia is a condition resulting from
a disturbance of the respiratory mecha-
nism. It has been defined as a state of
suspended animation due to a lack of ox-
ygen in the blood. In the fetus at birth it
involves more than a lack of oxygen (hy-
poxemia). The blood of an asphyxiated
newbcrn infant may not only contain
virtually no oxygen but also contain ex-
cessive amounts of carbon dioxide and
lactic acid, which lower its pH (that is,
make it acid). The infant’s heartbeat will
have slowed, its blood pressure may be
alarmingly reduced and it cannot begin
to breathe. This combination of events
is termed asphyxia neonatorum. When
such asphyxia occurs, immediate resusci-
tation measures are of course imperative.
Several stages of birth asphyxia are rec-
ognized. The hypoxenuia is not always
prolonged to the point where spontane-
ous efforts to breathe stop (terminal ap-
nea). When asphyxiation stops short of
apnea, the infant will not need resuscita-
tion and its body functions may be only
temporarily depressed.

Asphyxia neonatorum is an unnatural
event that in human infants may come
about because of unavoidable condi-
tions. Among them is the fact that the
human infant has a large head. Evolu-
tion has given man a highly developed

by William F. Windle

brain and a skull that attains such a size
at the end of gestation that its delivery is
an unusual biological problem. Today
many women have come to fear child-
birth and to demand relief from their
physician. Sometimes the well-being of
the fetus is unwittingly placed in jeopar-
dy in ensuring the mother’s comfort and
peace of mind. Not all factors that com-
plicate the delivery of the human infant
are clearly perceived; some, however,
are recognizable and can be avoided.

The role of asphyxia neonatorum in
brain damage has been debated for more
than a century. As early as 1861 an En-
glish physician, W. J. Little, snggested a
relationship between asphyxia during
birth and neurological and mental dis-
crders of infancy. His view was accepted
by few and had little impact on medical
practice, although from time to time it
was advocated by others. This long de-
bate illustrates what little influence retro-
spective ciinical observations have had
on medical opinion. In 1957 C. J. Bailey,
speaking at a Puerto Rico conference
titled “Neurological and Psychological
Deficits of Asphyxia Neonatorum,”
pointed out that retrospective clinical
studies can never logically answer the
question of whether asphyxia at birth
causes brain damage resulting in symp-
toms of cerebral palsy and mental retar-
dation or whether other factors causing
cerebral palsy and mental retardation
also induce asphyxia. Any child with
cerebral palsy or mental retardation who
also presents a history of asphyxia at
birth can be used as an example to sup-
port either proposition. The answer can
be found only by experiment.

Over the past 15 years much experi-
mental work has been done on as-
phyxia neonatorum. Obviously such in-
vestigations cannot be pursued with the
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human fetus; controlled experiments
with animals have been designed. These
experiments, in conjunction with clinical
observations, have made us better able to
evaluate the role of asphyxia neonatorum
in brain damage and propose measures
of prevention.

Earlier experiments had been con-
ducted on asphyxia at birth in guinea
pigs. Brain damage and impairment of
learning ability were found, but the as-
phyxia required was severe and the rele-
vance of experiments with rodents to
findings in human infants was ques-
tioned. Therefore when adequate facili-
ties and support became available work-
ers in the field turned their attention to
nerhuman primates. The experiments I
shall review here were conducted in two
National Institutes of Health laboratories
(one in Bethesda, Md., and the other in
San Juan, Puerto Rico) and more recent-
ly at the New York University Medical
Center.

We chose the rhesus monkey (Macaca
mulatta) for studying fetal physiology
and its experimental alteration. We used
more than 500 fetal and newborn mon-
keys, about a fifth of which were asphyx-
iated during birth. Before I turn to the
experiments it will be helpful to compare
the monkey’s birth with the birth of the
human infant. There are marked differ-
ences that bear on the relevance of com-
parisons between the two, but there are
also many similarities.

Spontaneous neurological deficits are
practically unknown among rhesus mon-
keys born in their natural habitat or in
colonies housed in laboratories. In this
respect the monkeys differ from human
beings. There are a good many defec-
tive human offspring and, more impor-
tant, the techniques of modern medicine
can keep them alive. If defective mon-
keys are conceived, they die at birth and
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disappear from the monkey population.

Most monkey births occur at night, as
is the case with human beings. Labor is
short: an hour or less. The female squats
and drops the infant on the ground. Dur-
ing delivery most of the blood in the
placenta passes to the infant and, as the
uterus continues to contract after birth,
the placenta is expelled. Thereupon the
female severs the umbilical cord with
her teeth and, like most other mammals,
eats much of the placenta. Human in-
fants are born in much the same way in
many parts of the world. The woman de-
livers, often unassisted, in the squatting
position, and the infant, being below
her, recovers most of the blood from the
vessels of the placenta and the umbilical
cord. I would not recommend that wom-
en revert to primitive ways, certainly not
to chewing the umbilical cord to sever it
(a practice that is still encountered in
some places). Nevertheless, in any de-
livery it is important to keep the umbili-
cal cord intact until the placenta has
been delivered. To clamp the cord im-
mediately is equivalent to subjecting the
infant to a massive hemorrhage, because
almost a fourth of the fetal blood is in
the placental circuit at birth. Depriving

INJURIES of the monkey brain are produced by asphyxiation for
varying periods. Lines (color) indicate regions that are often se-
verely damaged by asphyxiation during birth. Asphyxia lasting
more than 12 minutes creates lesions in the auditory colliculus and

78

the infant of that much blood can be a
factor in exacerbating an incipient hy-
poxemia and can thus contribute to the
danger of asphyxial brain damage.

In advanced countries, of course, the
supine position of delivery is used to en-
able the attending physician or midwife
to observe the birth conveniently and to
assist if necessary. The squatting posi-
tion, in addition to allowing the infant to
receive the placental blood from above,
has other advantages over the supine po-
sition. It avoids compression of the blood
vessels supplying the placenta, which oc-
curs in the supine patient when the grav-
id uterus tilts back against the pelvis.
Delivery while the woman is lying on
her side, however, can also avoid such
compression and prevent the infant’s ox-
ygen supply from being sharply reduced.
Doubtless this position would be more
acceptable to American women than the
squatting one.

hq onkeys offer a number of benefits in

- experiments on asphyxia at birth.
Many of the variables that cannot be
avoided in human births can be con-
trolled. Anesthetic drugs that might af-
fect the infant’s ability to begin breath-

ing need not be administered. The pro-
duction of asphyxia can be timed with
some accuracy and terminated at pre-
cisely the desired moment. Most impor-
tant, after observations of the behavior
of a monkey that has been asphyxiated
and resuscitated have been completed,
the brain of the monkey can be prepared
for histological examination, thus pro-
viding the kind of neuropathological ma-
terial that can rarely be obtained from
human subjects.

We began our experiments by induc-
ing asphyxia in infant monkeys near the
end of gestation (which lasts about six
months). The fetus and its surrounding
membranes were removed by Cesarean
section after the mother had been given
a local anesthetic. Stimulated by the
asphyxia imposed by its removal from
the mother, the fetus attempted to
breathe while it was still enveloped in
the surrounding membranes. These res-
piratory movements continued for eight
or nine minutes. When they had stopped,
the membranes were opened, a tube was
inserted into the monkey’s trachea and
ata predetermined time artificial respira-
tion with oxygen was started. This was
continued until the infant monkey began

CEREBRAL CORTEX

CEREBELLUM

~ \
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in deeper brain structures but does not affect the visual colliculus.
It also causes degeneration of cells in the cerebellum and some-
times in the precentral gyrus of the cerebral cortex, a part of the
brain concerned with such functions as memory and learning.



to breathe. In some experiments asphyx-
iation was halted before the monkey’s
efforts to breathe had stopped, so that no
resuscitation was required. Other mon-
keys were delivered by Cesarean section
but were not asphyxiated; these animals
and some that were born spontaneously
served as controls.

The period of asphyxiation ranged
from four minutes to more than 21 min-
utes. Some of the more severely asphyx-
iated monkeys died soon after birth.
Others were killed for neuropathological
studies after as little as a few days and
as much as several years. A few are still
living more than 10 years after asphyx-
iation.

Both the experimental monkeys and
the controls were raised by technicians,
when necessary in an oxygen-enriched
atmosphere. Periodically the animals
were examined and given tests to evalu-
ate their neurological status. The experi-
mental procedures and the monkeys’ he-
havior and reactions were recorded with
motion pictures, which proved invalu-
able for later review. For the neuro-
pathological studies each brain was
sliced into as many as 5,000 sections for
microscopic examination. Sections were
also made at representative levels of the
spinal cord.

One of our first aims was to find out

how short a period of asphyxia will
leave a mark and how long a period is
compatible with survival. In two mon-
keys that had been asphyxiated for only
six minutes at birth and had not need-
ed resuscitation we detected what we
termed “minimal” structural brain dam-
age, but there was no appreciable def-
icit in function. At the other extreme was
a monkey that had been asphyxiated for
more than 21 minutes at birth and had
been in coma until it was killed after
three days. Nearly all parts of its brain
showed severe damage. Most of our oh-
servations were made on the brains of
animals that had been asphyxiated for
eight minutes or more. (More than eight
minutes must elapse during asphyxiation
before resuscitation becomes necessary.)
We found no lesions in the brains of the
control monkeys.

In monkeys that had been asphyxiated
for eight to 12 minutes there was loss of
nerve cells in the thalamus and the in-
ferior colliculus of the midbrain (both
are centers that receive nerve impulses
concerned with general body sensations
and hearing and relay them to the ap-
propriate higher centers) and in some
other groups of cells in the brain stem.
Symmetrical lesions were produced on
both sides of the brain. They were sharp-

NORMAL COLLICULUS consists of densely packed nerve cells that relay nerve impulses

related to hearing originating in the structures of the ear to the higher brain centers.

DAMAGED COLLICULUS from a monkey that was asphyxiated during birth nearly five
years previously is pitted by cavities (left and right) left by cells that disintegrated.

PRECENTRAL GYRUS normally consists of a thick structure of cells (left) organized
into layers. Asphyxia at birth causes the precentral gyrus to atrophy (right), because cells
in this structure are linked to those in the thalamus by fibers. When asphyxia destroys the
cells of the thalamus, both the linking fibers and cells of gyrus degenerate and disappear.
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ly circumscribed by unaffected tissue
and showed no hemorrhages. Most other
parts of the brain, including the motor
components of the spinal cord, the cere-
bellum and the cerebral cortex, were also
unaffected.

Monkeys asphyxiated at birth whose
brains were affected in this pattern dis-
played abnormal neurological signs after
resuscitation. They had trouble righting

themselves and for a time could not
move about easily. Their limb move-
ments were uncoordinated. All of them
had trouble feeding because they could
not suck. These abnormalities eventually
disappeared, often within a few days and
at most within a few weeks. The electro-
encephalogram of the monkeys, when it
was affected at all by such asphyxia,
quickly became normal.

NORMAL BRAIN of a rhesus monkey that was not asphyxiated has a fully developed
cerebral cortex. The convolutions of the cortex have a characteristically rounded form.

"ABNORMAL BRAIN of a three-month-old monkey that had been asphyxiated and re-
vived, but suffered respiratory distress, is shriveled because lack of oxygen killed tissue.
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These monkeys may be comparable to
human infants who encounter some de-
gree of asphyxia at birth, have low Apgar
scores (an index of the newborn infant’s
general condition) but recover without
apparent neurological deficit. It is gen-
erally believed that such infants are nor-
mal. If one could inspect their brains as
we examined the brains of our monkeys,
one would probably find the same kind
of lesions. It is no longer acceptable to
assume that the human fetus or newborn
infant is so resistant to oxygen deficiency
that it will escape harm from a short ex-
posure to asphyxia neonatorum. If the
infant’s brain can be compared to the
monkey’s, asphyxia of such duration that
resuscitation was required will certainly
have damaged it. The damage, although
it is minimal, will be permanent even
when it is clinically noticeable for only
a short time or when it produces no
symptoms at all. What effect such mini-
mal brain damage will have as the child
matures is not known.

Asphyxia lasting more than 12 min-
utes during the monkey’s birth damaged
brain structures more extensively and
caused more pronounced functional defi-
cits. The basic lesions of the thalamus,
the inferior colliculus and the brain stem
were more severe. They consisted of re-
gions where nerve cells had degenerated
and in time had been replaced by scars
surrounded by normal tissue. Further-
more, there were new centers of destruc-
tion in the basal ganglia, the cerebellum
and the spinal cord. The cerebral cortex
and the primary motor nuclei remained
less damaged than other regions. (This
was true even in the brain of the monkey
that had sustained more than 21 min-
utes of asphyxia.) The white matter in
the brain and the spinal cord was not af-
fected directly, although tracts of nerve
fibers associated with cells that had been
destroyed by asphyxia had themselves
degenerated.

All the monkeys that had been asphyx-
iated during birth for more than 12 min-
utes and had to be resuscitated exhibited
functional deficits-that persisted for some
time. Many required intensive nursing
care. The most seriously injured animals
presented symptoms resembling those
encountered in human beings with cere-

bral palsy.

The amount of brain damage and the
extent of functional loss were some-
times increased by complicating factors
associated with asphyxia neonatorum or
arising afterward. Some of these factors
are premature birth, postnatal respira-
tory distress accompanied by so-called
hyaline membrane disease, cerebral



hemorrhages, swelling of the brain and
the neuropathological condition known
as kernicterus.

Inadequacy of lung function is often
encountered in prematurely born in-
fants. The establishment and mainte-
nance of breathing depends on the im-
mediate expansion and activation of the
alveoli, or air sacs. The lungs attain a
state of development that can support
breathing well in advance of a normal
full- birth. There is a point in time,
however, before which full efticiency of
the pulmonary mechanism has not been
attained, and if birth occurs premature-
ly, the lungs cannot adequately oxygen-
ate the blood. The infant iu-1s blue and
enters a state of respiratory distress.

Postnatal respiratory distress in the
monkey resembles such distress in hu-
man infants. It is manifested by rapid
gasping and by inward movement of the
edges of the rib cage, often accompanied
by audible grunts. The monkey is pale
and, even when it is kept in an atmo-
sphere enriched with oxygen, its respira-
tion occasionally fails and it turns blue.
Respiratory distress arose spontaneously
in only four out of 90 of our nonasphyx-
iated infant monkeys, and three of these
were so premature that their lungs were
incapable of normal function. In con-
trast, the incidence of respiratory dis-
tress was high (50 percent) among 68
monkeys that had suffered asphyxia neo-
natorum or other kinds of experimentally
induced crisis.

Some of the monkeys exhibiting res-
piratory distress and requiring intensive
nursing care in incubators supplied with
oxygen showed evidence of added neu-
rological deficits. When their brains were
examined later, certain regions of the
cerebial cortex were found to have un-
dergone marked degeneration. Thus it
appears that postnatal respiratory dis-
tress can increase the brain damage of
asphyxia neonatorum, and although it
is not the primary cau:c of damage in
such disorders as cerebral palsy and
mental retardation, it is surely an im-
portant contributing factor.

When the lungs of some of the mon-
keys that had failed to survive were ex-
amined, membranes were found in the
alveoli similar to those seen in some hu-
man infants who are said to have died of
hyaline membrane disease. Such mem-
branes interfere with the normal ex-
change of carbon dioxide and oxvgen in
the alveoli. They were not encountered
in the lungs of monkeys that had not
been asphyxiatec. The formation of hya-
line membranes appears to be a manifes-
tation of abnormal pulmonary function.
This condition is therefore not really a

100 ¢

c

Z

L

@)

@

[§E)

a

= 60

§E)

Q

o

T

@)

— 40 |

@) i

L :

@

o

Q

© 20
0t

05 20
NO DELAY

40 60 80 100 120
DELAY IN SECONDS

TEST PERFORMANCE shows that moukeys with atrophied brain tissue have a diminished
ability to remember. In this test experimental and control monkeys watched through a
plastic window as a food pellet was placed in one of two covered containers. The window
was then opened so that the monkey could take the food. If the opening of the window was
delayed for five seconds or more, the monkeys that had suffered asphyxia 10 years earlier

(colored

2) reached for the food receptacle only about 50 percent of the time, a record

that was no better than what would have been expected on the basis of random choice.

disease but an effect of the asphyxia. It
can be prevented but not cured.

N for the complicating factor of cere-

bral hemorrhage, it is widely be-
lieved asphyxia neonatorum produces
little hemorrhages in the brain, because
they are sometimes found after death in
human infants who had suffered asphyx-
ja at birth. The belief that hemorrhages
in the brain are the result of asphyxia-
tion is so firmly held in some places (no-
tably France) that if an infant is found
dead in its crib with its face up, and if
postmortem examination by the medi-
cal examiner discloses hemorrhages, the
death is likely to be considered homicide
by suffocation. Experimental findings in
monkeys place brain hemorrhages of the
newborn in a different light.

The asphyxiation of monkeys pro-
duced no hemorrhages, large or small.
The duration of asphyxia made no dif-
ference; hemorrhages were absent from
the brain of the one monkey that had
been resuscitated after more than 21
minutes of asphyxia. Even monkeys as-
phyxiated so long that they could not be
resuscitated showed no cerebral hemor-
rhages. On the other hand, little hemor-
rhages were sometimes found in the
brains of asphyxiated monkeys that had
been resuscitated but then for one rea-
son or another, days or even weeks later,
had difficulties in breathing that led
gradually to their death. Hemorrhages
of this kind must be caused by factors
other than the lack of oxygen.
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Premature birth is said to enhance the
likelihood of cerebral hemorrhage. Trau-
matic delivery may also be an important
cause of such hemorrhage. We observed
brain hemorrhages in a monkey whose
head had had to be extracted manually
during a breech birth (a feet-first deliv-
ery). Human infants may be more sus-
ceptible to traumatic birth injury and
brain hemorrhage than monkeys because
of their larger heads. The use of drugs to
strengthen uterine contractions and has-
ten delivery can cause bleeding from the
vessels of the brain. Oxytocin adminis-
tered to a gravid monkey to induce labor
was responsible for hemorrhages in such
deep-seated fetal brain structures as the
globus pallidus.

Some neuropathologists believe swell-
ing, or edema, of the brain is a primary
cause of brain lesions. Other investiga-
tors have reported that edema of the
fetal brain was induced by experimental
interference with the passage of oxygen
across the placenta in monkeys. Our ex-
perimental asphyxiation of monkeys dur-
ing birth, however, did not result in any
swelling that could be identified at any
time after their resuscitation. It seems
probable that edema of the brain at birth
is not an important cause of brain dam-
age.

Kernicterus is characterized by groups
of nerve cells with a canary yellow color.
This condition is related to high levels
in the blood of the bile pigment biliru-
bin. A high bilirubin level (hyperbiliru-
binemia) is manifested by jaundice and
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HYALINE MEMBRANE appears as a dark lining inside the lung sacs in this micrograph.
It is widely believed the hyaline membrane causes asphyxia at birth. The author pro-
poses that, rather than being a cause of asphyxia, the membrane is the result of asphyxia.

occurs in infants with such disorders as
Rh incompatibility. Sometimes extraor-
dinary efforts are made to ameliorate hy-
perbilirubinemia in human infants in the
belief that the excessive amount of bili-
rubin can produce brain damage. We
found no experimental evidence that hy-
perbilirubinemia per se causes the le-
sions that have been associated with
kernicterus.

When the level of bilirubin was ex-
perimentally elevated in the blood of
newborn monkeys, a marked jaundice
developed, but no kernicterus. An epi-
sode of asphyxia during birth superim-
posed on hyperbilirubinemia did, how-
ever, bring about a full-blown kernic-
terus. It is true that hyperbilirubinemia
is associated with the reduced ability of
tissues to utilize oxygen, and that it can
thus compound the metabolic distur-
bances caused by asphyxia or other con-
ditions. These observations suggest that
when hyperbilirubinemia is present, the
emphasis should be placed less on re-
lieving the jaundice than on avoiding or
preventing asphyxia. Maneuvers aimed
at eliminating or reducing excess biliru-
bin in blood of the fetus may only ex-
acerbate other conditions that may give
rise to asphyxia. Such maneuvers may
produce the same brain damage or even
worse damage but without the telltale
yellow color of kernicterus.

Most of our experiments on asphyxia
neonatorum in monkeys were designed
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with the hope of avoiding these various
complicating conditions. One of our ma-
jor concerns was to determine what ef-
fects asphyxia neonatorum might have
on the individual as he matured. It is
known that children with some forms of
brain damage arising from difficulties at
birth show improvement over a period
of time. Credit is often given to inten-
sive therapy, but many instances of spon-
taneous improvement are known.

The briefly asphyxiated infant mon-
keys with minimal brain damage lost
their signs of neurological deficit. Even
those whose brains had been severely
damaged by more prolonged asphyxia-
tion, including several that had experi-
enced other difficulties after birth, ex-
hibited substantial improvement in their
physical condition in due course. The
extent of this “recovery” was surprising
because no replacement of the nerve
cells destroyed by asphyxia neonatorum
could be expected. Only after we had
made thorough histological studies of
the brains of the animals that had been
allowed to reach adolescence or adult-
hood did the significance of the apparent
recovery become clear.

Seventeen monkeys were selected for
a study of changes in neurological status
over a period of time. All of them had
shown marked neurological deficits on
the first day after resuscitation. Seven
of them had turned blue after birth, and
two had been in coma. None could suck,

© 1969 SCIENTIFIC AMERICAN, INC

and six showed impaired swallowing.
All 17 monkeys tended to be lethargic.
They could not right themselves but lay
on their side and made uncoordinated
flailing movements of their arms and legs
when they were disturbed. Normal new-
born monkeys can right themselves and
crawl in a few hours; a few can stand,
although they are unsteady when they
try to walk.

During the first week or two it was
necessary to keep most of these asphyx-
iated monkeys in incubators in order to
control their body temperature and to be
able to administer oxygen on occasion.
Some required nursing care around the
clock. They slept most of the time but
made random movements when they
were handled. When they awoke, their
crying was weak. Three of them had
minor seizures of forelimbs and five had
generalized seizures of the trunk and the
extremities, accompanied in two cases
by salivation and vocalization.

By the end of the first or second week
the condition of most of the monkeys
showed some improvement. Although
they could not right themselves, they
maintained a sprawling attitude when
they were placed in the prone position.
They did not move, however, until they
had been stimulated. Then their at-
tempts to progress forward were weak,
their limb movements being uncoordi-
nated and tremulous. They could not
localize sounds. They were still quite
helpless.

Some of the early neurological deficits
gradually disappeared or were masked
as the monkeys matured. The adjustment
to handicaps began to be evident dur-
ing the first month. Normal monkeys a
month old are active, alert and highly
emotional. They run, climb and jump,
and are more advanced in many ways
than human children three or four years
old. The month-old asphyxiated mon-
keys, on the other hand, were dull, slow
and generally inactive. They lacked curi-
osity about surrounding objects and
were undisturbed by strange environ-
ments. Their motor functions were not
normal. Their limb movements were im-
perfectly coordinated, their forelimbs of-
ten acting independently of their hind-
quarters. Some of the infant monkeys
had marked peculiarities of locomotion.
They hopped forward like a rabbit, using
their hind limbs as a pivot. One monkey
had such marked spasticity of the fore-
limbs that it used its limbs as crutches
in hopping. Some of the month-old mon-
keys still had difficulty sucking. Seizures
were no longer seen and electroencepha-
lograms showed few abnormalities.

In most cases the functional defects



gradually became less noticeable. The
daily. care of one animal, however, was
so burdensome that it was killed at 10
months. The rest were permitted to live
until adolescence or maturity; five of
them are still alive nine to 11 years after
asphyxiation at birth. This is about a
third of their normal life-span.

"["he adjustment of the monkeys to

+ the neurological deficits of infancy
reached a plateau after three or four
years. The residual deficits of the surviv-
ing animals are now inadequate manual
dexterity and a reduced level of spon-
taneous activity. The monkeys find it dif-
ficult to pick up small morsels:of food
and prefer to feed themselves as dogs
do. They can run, climb and jump when
forced, but usually they do not choose to
do so. They simply do not engage in all
the activities of normal rhesus monkeys.
Nevertheless, casual inspection of them
in their cages reveals little or nothing of
an abnormal nature. This was the case
in all of the monkeys that had survived
for a long period, including the 12 that
were killed for brain studies.

Sections of these brains showed the
same pattern of lesions found in the
brains of the monkeys killed a few days
to a few months after resuscitation. The
original lesions of asphyxia appeared as
shrunken scars or even cavities. There
was no evidence of structural “repair” of
the brain tissue. Indeed, there was more
loss than we had encountered in the
brains of asphyxiated monkeys killed
soon after birth. A widespread depletion
of nerve-cell populations in regions that
had not been affected by the initial as-
phyxiation had developed. This was par-
t'cularly noticeable in certain regions of
the cerebral cortex, but it was also en-
countered in parts of the thalamus, the
basal ganglia and the brain stem, and in
thie dorsal regions of the spinal cord. The
ceil loss was not accompanied by scar
formation, as it had been after the pri-
mary asphyxia lesions. Nerve cells of
these initially intact regions simply were
not there. It is probable that their dis-
appearance from the cerebral cortex
had come about because nerve cells in
the thalamus had been destroyed by
the asphyxia at birth and their nerve
fibers, which radiate from the thalamus
to the cortex, had degenerated. The
nerve cells of the cortex on which these
fibers had terminated atrophied and dis-
appeared.

The monkeys that showed this sec-
ondary brain damage had been severely
affected by the primary losses incurred
with asphyxia neonatorum, and early in
life they had exhibited symptoms com-

parable to human neurological disorders,
including cerebral palsy. The symptoms
gradually lessened, and in time most
of them disappeared. (This is strikingly
evident in our motion-picture records.)
In view of the extensive nerve-cell loss
that had been sustained by the brain it
is remarkable that so few physical hand-
icaps persisted. The main structural de-
fects involved centers that process sig-
nals from the environment and others
that control the association and integra-
tion of information. The motor elements
withstood the effects of asphyxia neona-
torum to a greater degree. This leads one
to wonder if such functions as memory
and learning were affected by the physi-
cal damage so apparent in the micro-
scope slides.

In undertaking to answer this question
Jeri A. Sechzer tested four of the sur-
viving experimental monkeys against
four similarly reared normal monkeys
for their ability to execute a standard
delayed-response test. The testing was
done in their home cage, to the front of
which a special device had been at-
tached. Through a plastic window the
monkeys could watch the experimenter
place a banana-flavored food pellet in
one of two closed wells. After a delay
of between five and 120 seconds the win-
dow was raised and the monkey was ex-
pected to open the correct well to get
the reward of food. The study clearly
demonstrated a memory deficit in the

monkeys eight to 10 years after asphyxia
[see illustration on page 81].

I [ow can these findings in monkeys be
-+ related to human infants who sur-
vive asphyxia neonatorum and initially
have alarming neurological deficits? Sig-
nificant data on the question are now
available from the Collaborative Perina-
tal Research Program supported by the
National Institutes of Health. Approxi-
mately 1.5 percent of all the infants who
had been born on the obstetrical services
of the 14 participating U.S. medical in-
stitutions were found to have neurologi-
cal abnormalities at the end of their first
year. If the neurological examinations
had been conducted before the infants
were a year old, the number with
detectable deficits would undoubtedly
have been much greater; for example, 21
percent of the infants in the study had
low Apgar scores at birth.

The findings were not considered to
be particularly alarming because most
of these children seemed to be normal by
the time they were four years old. It may
be wishful thinking, however, to con-
clude that all is well with such a child
because he does not have a physical
handicap. It is commonly recognized
that improvement can be expected after
a distressful birth. A child with a slight
brain defect often appears no different
from a normal child. His intelligence
quotient may lie in the range considered

CELLS STAINED YELLOW, a condition called kernicterus, appear in this micrograph of
tissue from monkey brain. It was thought that such staining, produced by excessive amounts
of the bile pigment bilirubin in the blood, damaged brain cells. It appears, however, that
only those cells that are already damaged by asphyxia at birth become stained with pigment.
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LASER LIGHT”

SCIENTIFIC
A AMERICAN "™

Fabry-Perol interferomelter pattern
in kryptan-ion laser beam

Almost everyone has heard of lasers, but
relatively few people have seen them in ac-
tion. The Editors of SciENTIFIC AMERICAN now
present “LASER LIGHT,” a 16-millimeter
sound film about lasers: what they are, how
they work, the marvelously pure and curi-
ously scintillating light they produce, how
they are being used and how thay may be
used in the near future. The film is in color
and lasts 372 minutes. It is now available
for sale or rent.

A few highlights of the film are:

e Computer-generated animation
explaining stimulated emission and
resonant optical cavities.

Ripple-tank and oscilloscope demon-
strations explaining the wave
principles underlying laser action
and holography.

Holograms, their three-dimensionality
dramatically evoked by the moving
camera.

A 600-foot, 8.8-kilowatt laser in action,
Tunable lasers.

A television picture transmitted by
laser beam.

The laser chalkline for the San
Francisco Bay tunnel.

Laser interferometry.
Gas, solid and organic-liquid lasers.

An experiment on the use of holography
in a computer memory.

Original musical score.

“LASER LIGHT” is recommended for gen-
eral audiences with an interest in science
and technology, and for use in conjunction
with the teaching of physics and optics. The
film is accompanied by a selection of five
ScIENTIFIC AMERICAN articles on lasers and
holography, written by leading authorities in
these fields.

The sale price per print is $375, the rental price $37.50
for a booking of three days. If the film is purchased
after rental, the rental price will be deducted. If
rental booking is desired, kindly specify date. Write
Motion Picture Department, SCIENTIFIC AMERICAN, 415
Madison Avenue, New York, N.Y. 10017,

84

normal, but one never knows how much
higher it would have been if his brain
had escaped damage in the uterus or
during birth. The brain-damaged mon-
keys also overcame most of their neu-
rological deficits at roughly comparable
stages of development. The difterence is
that we know that the brain of a “recov-
ered” monkey is structurally damaged,
whereas we only assume on clinical
grounds that the brain of a “recovered”
human infant is normal. There can now
be little doubt that the brain of such an
infant also harborslesions. The few post-
mortem studies of the brains of human
infants who suffered asphyxia at birth
have revealed damage similar to that
sustained by the asphyxiated monkeys.

The monkey experiments described in
this article have taught us that birth as-
phyxia lasting long enough to make re-
suscitation necessary always damages
the brain. This could be proved, how-
ever, only by histological examination. A
great many human infants have to be
resuscitated at birth. We assume that
their brains too have been -damaged.
There is reason to believe that the num-
ber of human beings in the U.S. with
minimal brain damage due to asphyxia
at birth is much larger than has been
thought. Need this continue to be so?
Perhaps it is time to reexamine current
practices of childbirth with a view to
avoiding conditions that give rise to as-

phyxia and brain damage.

AZTEC FIGURINE of Ixcuina, the goddess of childbirth, illustrates the squatting posi-
tion of delivery that is observed in some primitive societies today. It may be that this po-
sition is less likely to cause asphyxia of the infant than the supine position of delivery.
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SCIENTIFIC
AMERICAN

Resource Library

These handsome, permanently bound
volumes contain nearly 700 articles
selected for their lasting educational value
from the past twenty years of America’s
leading science journal. Reprinted with
full text, illustration, and color, the
articles cover a fascinating array of topics
in the earth sciences, the life sciences, the
physical sciences, technology, psychology,
and the social sciences.

READINGS IN THE
Physical Sciences
and Technology

Three volumes, Offprints 201-326, $30.00

“Those who are already interested in science
will read them avidly. Those who think they
are not should also read them—not only to
discover where their fellow students are going
and why they are going there, but because
[these articles] may change their minds and
send them down the road to a scientific
career.”’

from the Introduction by Isaac Asimov,
Boston University School of Medicine
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READINGS IN THE
Earth Sciences

Two volumes, Offprints 801-874, $20.00

“These articles offer not only authenticity
but a freshness of approach and a clarity of
presentation that are far too often lacking in
today's source books on scientific subjects;
for this reason—if for no other—they should
prove to be an invaluable addition to any
earth science library.”’

from the Introduction by
William H. Matthews I,
Lamar State College of Technology

READINGS IN
Psychology

Tweo volumes, Offprints 401-515, $20.00

““Within these volumes lies the best that has
been thought and said in the psychological
world during the past two decades, yet none
of the offprints is beyond the
comprehension of the qualified college
student.”

from the Introduction by Harry F. Harlow,
The University of Wisconsin
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“To be studied,
or to be browsed in
for the sheer pleasure
of learning...”*

READINGS IN THE
Life Sciences

Seven volumes, Offprints 1-199; 1001-1120,
£70.00

“The authors of the articles are experts on
the particular topics they write about, and
many are engaged in current research on
these topics. . .Here are the Readings in the
Life Sciences, to be studied, or to be
browsed in for the sheer pleasure of
learning more about the living world.”

*from the Introduction by Marston Bates,
The University of Michigan

READINGS IN THE
Social Sciences

One volume, Offprints 601-637, $10.00

“The Readings in the Social Sciences not
only give the student factual coverage of
recent investigations but also information
that will help him understand historical and
developmental trends within the various
fields and subfields of the social sciences.”’

from the Introduction by Harry F. Harlow,
The University of Wisconsin

COMPLETE LIBRARY
Fifteen volumes in all, $150.00 the set

From your bookseller, or from Dept. N

W. H. Freeman and Company

660 Market Street, San Francisco, California 94104 Warner House, Folkestone, Kent, England
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LeBaron Four-Door Hardtop
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with a guide to its virtues.

A man is understandably proud of the
things that please him most.

Size. What inches can mean. The new
Imperial measures 229.7 inches in over-
all length. But we haven’t designed it as
a long, large automobile just to brag about it, but rather to
make it an extremely spacious and comfortable car inside.
There’s noticeably more head, leg, and shoulder room in the
new Imperial than you’ve probably ever experienced in a
luxury car of this type.

Ride. There is a difference. There are two schools of thought
when it comes to suspension systems. Coil springs and tor-
sion bars. Among the three U. S. luxury cars, only Imperial
uses torsion bars on all models for a Torsion-Quiet Ride.
Research has shown that torsion bars deliver a superior high-
way ride. Combined with Imperial’s unibody construction
and Sound Isolation System, they give you the ideal com-
bination of quietness, stability, and control. An important
consideration in your choice of a luxury car.

Performance. The moving kind. All three American luxury
cars are movers, in spite of their weight and size. The new
Imperial comes equipped with a huge 440 4-bbl. V8. This
power plant is the largest production passenger-car engine
ever produced by Chrysler Corporation. We don’t even
offer an optional, more powerful engine, simply because
you don't need it.

Options. Even more luxury. In addition
to a long list of standard equipment,
there are a number of important luxury
options you should consider for your new Imperial. Among
them, Chrysler Airtemp air conditioning for both front and
rear compartments. An AM/FM Stereo Multiplex radio and
stereo tape system with an antenna concealed in the wind-
shield. Vinyl-trimmed leather upholstery in LeBaron models:
for the 50/50 split bench in the Four-Door Hardtop and for
bucket seats in the Two-Door Hardtop. The list of optional
equipment also includes such items as adjustable steering
columns, electric door locks, 6-way power seats, and remote
control trunk releases.

Price. Comparison means little. Actual price differences
between comparable models of the three American luxury
cars are so slight as to be insignificant. Price alone is simply
not a meaningful consideration when it comes to choosing
between makes in the luxury car class. However, when you
consider that the standard LeBaron Four-Door Hardtop
comes equipped with a formal vinyl roof and 50/50 split
bench front seat, the new Imperial may well be the best value
in the price class. It’s only a three-car field. Study them all.

1970 Imperial. The new choice.
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Experiments in Time Reversal

With the presumed symmetry of charge and parity disproved, rigorous

tests have been made of nature’s indifference to which way time flows.

No proof to the contrary has yet appeared but the hunt for it goes on

he arrow of time, to use that mar-
I velous phrase of Sir Arthur Ed-
dington’s, points in an obvious di-
rection. It is aimed toward the future,
over which we can hope to exert some
control, and away from the irretrievable
past. All of us vividly recognize which
way time flows; we take considerable
comfort, for example, in our confidence
that the carefully arranged marriage of
gin and vermouth is not going to be sud-
denly annulled in our glass, leaving us
with two layers of warm liquid and a
lump of ice. It is a curious fact, however,
that the laws that provide the basis for
our understanding of fundamental phys-
ical processes (and presumably biologi-
cal processes as well) do not favor one
direction of time’s arrow over another.
They would represent the world just as
well if time were flowing backward in-
stead of forward and martinis were com-
ing apartrather than being created.
This symmetry of the basic laws of na-
ture with respect to the direction of the
flow of time has long been a principle of
physics. Eddington himself touched on
time at considerable length (in his Gif-
ford Lectures of 1927). After discussing
the physical and philosophical founda-
tions of the then new theories of relativi-
ty, gravitation and quantum mechanics,
he concluded: “The laws of nature are
indifferent as to a direction of time.
There is no more distinction between past
and future than between right and left.”
Today we have come to realize that

SPARK-CHAMBER TRACKS,bright dashes
in the photograph at left, are made by a
pi meson (top) and a proton (bottom) fol-
lowing the decay of a neutral lambda parti-
cle. Time-reversal invariance has been vio-
lated if the numbers of protons that scatter
to the left and to the right are not equal.

by Oliver E. Overseth

the laws of nature are not indifferent to
right and left, and we now suspect that
they also make a distinction between
past and future. As a result of recent
findings in elementary-particle physics
the principle of the symmetry of the flow
of time has been seriously challenged.
An intense search is now under way to
see if violations of the principle can be
detected experimentally. Workers in the
fields of atomic, nuclear and high-energy
physics have undertaken a multipronged
attack on the problem. No violation has
yet been confirmed, but there is good
reason to believe an asymmetry exists. It
may be very small and difficult to detect,
or perhaps we have not yet looked in the
right places.

In this article I should like to show how

physicists conduct the search for vio-
lations of what is known as time-reversal
invariance and to summarize the results
of some of the most significant tests. I
shall also describe a typical experiment,
not surprisingly one in which I partici-
pated. Before proceeding it will be use-
ful to consider why the question of
the violation of time-reversal invariance
arose in the first place. Let us start with
the concept of time reversal and the role
that it and similar symmetry principles
play in physics.

As an example of how physical laws
remain unchanged in spite of reversal of
the direction of time, consider celestial
mechanics. We can apply the law of
gravitational attraction to the solar sys-
tem not only to predict future eclipses of
the moon but also to tell us when past
eclipses occurred. To “predict” past
eclipses one applies time reversal. Imag-
ine that the direction of orbital motion
and the direction of spin of all the bodies
in the solar system have suddenly been
reversed. Now leave them free to move
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under their mutual gravitational attrac-
tion. Time-reversal invariance tells us
that the bodies will evolve in time back-
ward through exactly the same orbits
they have just traversed. The equations
of physics do not prefer one direction of
planetary motion over its opposite. The
planets are moving in one direction
around the sun only because they some-
how got started in that direction.

Another traditional example is found
in the collision of billiard balls. Let a
motion picture be taken of a series of
elastic collisions of several billiard balls.
On showing the film the projectionist
gets confused and runs the film back-
ward. Because the elastic collisions of the
balls are invariant under time reversal,
either a backward or a forward viewing
corresponds to situations that can be
physically realized; we in the audience
cannot tell in which temporal direction
the film sequence was actually shot. This
same time symmetry has been found to
be true for all known laws of physics, the
classical Newtonian ones as well as those
of modern quantum mechanics. On the
other hand, almost everything we experi-
ence in the everyday world is strongly
asymmetrical in time. It is absurd for us
to conceive of our world as suddenly
running backward. The ascending jet air-
plane will not suddenly suck up its ex-
haust and land tailfirst on the runway,
nor will the shaving-cream foam be
whisked back into the can. The world
around us is most certainly evolving in
one particular direction of time.

We can understand this apparent par-
adox by focusing our attention on the
complexity of the process being consid-
ered. In a sufficiently complex event, for
example a physical reaction involving a
large number of particles, we find that a
definite directionality of time flow is gen-
erally observed. Conversely, when we
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focus on elementary interactions be-
tween a few particles, this directionality
is lost. The principle is the one contained
in the second law of thermodynamics,
which states that ordered systems tend
to evolve in such a way as to increase
their degree of disorder, or randomness.
The evolution toward increasing random-
ness defines the direction of time.

Let us return to our film of billiard
ball collisions. If we saw 16 balls that
were being knocked around a table sud-
denly coalesce into a neat triangle ex-
cept for a white one that proceeded
away from the others to hit a cue stick
at the edge of the table, we would
strongly suspect an attempt at humor on
the part of the projectionist. The impor-
tant point, however, is that such a se-
quence of events violates no physical
laws, only credibility. The second law of
thermodynamics does not forbid you
from achieving this result for a givenshot
at the pool table; it simply advises you
not to hold your breath while you are
trying to do it. Moreover, if you are in a
sporting mood and want to place a bet
on such an outcome, the second law can
give you the odds you should demand.
The time-reversed world is not impos-
sible, just highly improbable.

——PI-MESON BEAM —=— 1

The assumed indifference of elemen-
tary physical laws to the direction of
time is an example of the basic symme-
try property of nature. In fact, it is one
of three fundamental symmetries that
are of considerable importance to an un-
derstanding of the basic forces of nature.
The three are denoted in contemporary
physics by the letters P, C and T. When
we inquire into the symmetry of nature
under the operation termed parity (P),
we are asking if there is any difference
between our world and a mirror image
of it. This is equivalent to asking if na-
ture distinguishes left from right, since
in a mirror image left and right become
inverted. We can also ask if nature is
symmetrical with respect to the oper-
ation called charge conjugation (C),
which means reversing the sign of all
electrically charged particles. This is
asking whether or not we would ever
know if suddenly in the middle of the
night the sign of all charges were re-
versed. In other words, does nature dis-
tinguish the world from the antiworld?
The third symmetry is the one this arti-
cle is concerned with: Are the laws of
nature indifferent to the direction of
time (T)?

Our awareness of the importance of

APPARATUS USED IN SEARCH for a violation of time-reversal
invariance consisted of three spark chambers (A4, B, C), combined
with four scintillation counters. The desired event occurs when a pi
meson, entering at the left, triggers the first two scintillation count-
ers and interacts with the inserts (dark gray) in spark chamber 4
to create a lambda particle. The particle passes through the third
scintillation counter and, being neutral, does not trigger it. While
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these symmetries is due in large part to
the physicists T. D. Lee and C. N. Yang.
A dozen years ago they pointed out that
a paradox resulting from observations of
the decay of an elementary particle, the
K meson, would be resolved if parity
were violated in the interaction respon-
sible for the decay. They suggested sev-
eral experiments that might detect the
violation. When these were performed
soon afterward, the tests proved that
parity was indeed violated. The implica-
tion of these observations is that nature
distinguishes left from right. It was sub-
sequently realized, however, that a pari-
ty violation was always accompanied by
a violation of charge conjugation, and
that the combined symmetry (CP) ap-
peared to be respected by nature. The
conservation of CP in physical processes
means that left in the world becomes
right in the antiworld; hence nature does
not distinguish left from right in an ab-
solute sense since there is no way to dis-
tinguish the world from the antiworld.
Nature appeared to be quite symmetri-
cal after all.

"I“his situation changed dramatically
five years ago with a discovery by
James H. Christenson, James W. Cronin,

traveling through spark chamber B the lambda particle decays into
a proton and a pi meson; these charged particles fire the fourth
scintillation counter. The 1-1-0-1 sequence of firings automatically
causes the spark chambers to discharge and a camera to record the
track left by the proton (lower set of dashes) as it is scattered by the
carbon plates in spark chamber C. Out of 1.2 million photographs
made during the experiment 10,000 provided good proton-spin data.



Val L. Fitch and René Turlay of Prince-
ton University. They observed a certain
rare mode of decay of neutral K mesons
that, it appears, can only be interpreted
as a violation of CP symmetry. This find-
ing, subsequently confirmed by other
groups, implies that nature does distin-
guish left from right and world from
antiworld in an absolute sense.

A further implication is that nature is
not indifferent to the direction of the
flow of time. This implication enters the
picture by way of a fundamental theo-
rem of physics. Known as the CPT theo-
rem, it was first enunciated 15 years ago.
It requires that the laws of physics re-
main unchanged under the combined
operation of all three of these symmetry
principles; that is to say, all the equa-
tions of physics must still be valid when
we go through them and reverse the sign
of all spatial coordinates, change the sign
of all charges and reverse the sign of
time. Once we assume that CPT sym-
metry is conserved, then the Princeton
observation of CP violation implies that
a T violation must occur as well. That is
why the Princeton observation triggered
the search for direct evidence of a break-
down of time-reversal invariance.

The implication that time reversal is
violated because a CP violation has
been observed is entirely dependent, of
course; on the validity of the CPT theo-
rem. Proof of the theorem is based on
very general principles, and at the pres-
ent stage of theoretical development in
physics it would be difficult to conceive
of a basic physical theory that did not
satisfy the CPT theorem. “If CPT in-
variance were to fail,” writes a distin-
guished theorist, “then I would say all
hell will break loose.” At the same time
we must always bear in mind that na-
ture apparently does not feel obliged
to conform to the limitations of the
physicist’s imagination. The ultimate
proof of the CPT theorem’s validity must
beleft to experiment.

One prediction of the CPT theorem is

that all elementary particles have
antiparticles with opposite charge but
with exactly the same mass and lifetime.
After the Princeton observation a num-
ber of new experiments were performed
with the aim of providing extremely re-
fined tests of this CPT prediction. A
good deal of evidence has now been ac-
cumulated [see illustration on page 93].
At least within the limits of refinement
of the tests there is no reason to doubt
the validity of the CPT theorem. Physics
is therefore left with the inference that
time-reversal invariance is violated
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BOMBARDING ENERGY (ARBITRARY UNITS)

OVERLAPPING SETS of measurements are the result of a test of time-reversal invariance
in a “strong” interaction. The first set (black) shows changes in the rate of reaction for dif-
ferent bombarding energies when a beam of deuterons strikes a magnesium target. The
target is composed of the isotope Mg24; the bombardment transforms some of its atoms into
the isotope Mg>3 and causes the emission of protons. The second set (color) measures the
inverse reaction: the target is Mg23, the bombarding particles are protons, some target
atoms are transformed into Mg=! and deuterons are emitted. In effect time has been re-

versed. If time-reversal invariance is violated in this interaction, measurements of the origi-
nal and inverse reactions should differ. As the graph shows, there is close agreement instead.

somewhere in physical processes. It is
most important to move beyond infer-
ence to direct experimental confirmation.

The desire to find symmetries in na-
ture goes back to the earliest days of sci-
ence. Since ancient times the ideal has
persisted that nature is simple, sym-
metrical and beautiful; heavenly bodies,
for example, were regarded as perfect
spheres, moving in perfect circles in per-
fect harmony with one another. The de-
velopment of science, however, has been
accompanied by the slow realization
that nature is not this simple, although
it is no less beautiful. (Is an ellipse less
attractive than a circle?) Similar desires
for symmetry have also affected our con-
cepts of space and time. To assume that
rature is indifferent to left or right,
plus or minus and the flow of time for-
ward or backward may be attractive, but
we must be careful. Beauty in nature, as
in art, need not imply exact symmetry;
the lamp in the middle of the picture
window is not the ultimate in interior
decoration.

A symmetry principle or conservation
law is a statement of some knowledge
forever denied to us by experiment. If
the invariance of parity and charge con-
jugation were not violated, we could
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never hope to be able to distinguish left
from right in an absolute sense. Thus the
discovery of violations of assumed sym-
metries opens a way for us to make
experimental determinations that were
previously thought to be impossible. In
this sense we should welcome discoveries
of symmetry breakdowns, and physics
currently appears to be in an era of such
discoveries.

'1‘l1e question of whether or not there

are basic physical processes that vio-
late time-reversal invariance and there-
by define the direction of time is one
that can only be resolved by experiment.
How do we conduct such a search and
where do we look? We shall want to
look on as fundamental a level as pos-
sible; a good place to start is with
the interaction of elementary particles.
Three fundamental forces of nature are
involved here. They are the “strong” nu-
clear-interaction force, the electromag-
netic-interaction force between charged
particles and the “weak™-interaction
force responsible for the decay of ele-
mentary particles. (The fourth funda-
mental force of nature—gravity—does
not concern us here.)

One experimental way to search for

91



:( [
! o
e Y L f Y
: N '
i ! ‘
; R | | X=eee
o | T —
o | T
B *Simhﬁkﬂhﬁﬁmﬁ i I |
Ty e | 7
e X! .
|
|
|
|
o |

G ] |

MEASUREMENT OF PROTON SPIN after the decay of a lambda
particle provides a test of the invariance of time reversal, as is dem-
onstrated in these diagrams. The first (a) shows the decay; the spin
vector of the particle (solid arrow) points up. The proton that
results is emitted at an angle perpendicular to the lambda spin vec-
tor. In this case it moves toward the reader (broken arrow). The
proton’s own spin vector is unknown and it is assigned three arbi-
trary components (b, solid black arrows). Next an identical event
is shown, but with time reversed (c): the lambda spin vector now
points down and the emitted proton moves away from the reader.
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Each arbitrary component of the proton spin vector, «, 3 and v,
has also been reversed. With everything backward, it is difficult to
compare the original case with the time-reversed one, but by rotat-
ing the time-reversed case 180 degrees around its x—x’ axis the com-
parison is made easier. The rotation is shown in two 90-degree steps
(d, e) and the original diagram, b, is placed beside it (f) to facili-
tate comparison. The two diagrams prove to be identical, except
that the proton spin-vector components labeled 3 point in opposite
directions. If time-reversal invariance is not to be violated, the
observed value of this component must never be anything but zero.
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time-reversal violations that is well suit-
ed to the study of both strong and elec-
tromagnetic interactions consists in mea-
suring the results of a given reaction and
comparing them with the results of what
is in effect the same reaction with the
time reversed. This means comparing
(1) the reaction in which a, combining
with b, produces ¢ and d with (2) its in-
verse reaction, in which ¢ and d combine
to produce a and b. When both reac-
tions proceed under the appropriate
conditions, they represent time-reversed
situations. A definite relation can be pre-
dicted between the two sets of measure-
ments.

One such pair of reactions that has
been studied in detail involves the use
of a beam of particles from an accelerator
to bombard two kinds of magnesium tar-
get. In the first reaction the target is
composed of the magnesium isotope
Mg?* and is bombarded by a beam of
deuterons. Some of the atoms in the tar-
get are transformed into the isotope
Mg?5, and the transformation is accom-
panied by the emission of protons. This
strong nuclear reaction is written d +
Mg?* — Mg + p. The physicists at the
Nuclear Physics Laboratory of the Uni-
versity of Washington who conducted
the experiment measured the number of
protons of a given energy coming off the
target at a given angle and related these
measurements to changes in the energy
of the bombarding deuterons.

They next studied the inverse reac-
tion: the target was composed of the
isotope Mg=?, and protons were used as
the bombarding particles. Exactly the
opposite event occurred: some of the
Mg?> atoms in the target were trans-
formed into Mgt atoms and deuterons
were emitted. When measurements of
the emerging deuterons were compared
with the measurements of the protons
that emerged in the first reaction, the re-
sults agreed closely with values pre-
dicted under the assumption that time
reversal is invariant [see illustration on
page 911].

Several other inverse nuclear reac-
tions have also been measured with a
high degree of accuracy. In addition, a
variation of this approach involves ana-
lyzing the spin polarization of scattered
particles. Several experiments of this
kind have also been performed. In all
cases there has been good agreement
between the measurements of the pri-
mary reaction and those of the inverse
reaction. The method has been used to
study the strong interaction between
nuclear particles in some detail; the best
measurements agree to within an error
of .3 percent, indicating that time-rever-

sal invariance in strong interactions is
valid to about the same degree.

The inverse-reaction method can also
be used to study electromagnetic inter-
actions. A particularly good example is
the disintegration of a deuteron by a
gamma ray, which results in a neutron
and a proton. Measurements of this re-
action can be compared with those for a
neutron-proton collision, which results
in a deuteron plus a gamma ray (y + d
S n 4+ p). The presence of the gamma
ray indicates that the reaction is an elec-
tromagnetic one. Such experiments have
been performed, and analyses of the
measurements obtained are currently
under way.

Inverse-reaction analysis fails in prac-
tice as a method for investigating weak
interactions. Because the weak force is
the only one known to violate both C
and P invariance, it is logical to suspect
that it violates T invariance as well. This
means that the chief manifestation of
weak interactions—the decay of unstable
particles—is an important field for study.

An example of such a weak process is
the decay of the lambda particle (which
is always uncharged, or neutral) into a
proton and a pi meson (A" —p 4+ =7).
Although in principle we could compare
the decay with the inverse process
(7= 4+ p—>A"), the interaction is so
weak that its inverse has never been ob-
served. Another method of attack must
be used.

This method involves the discovery
of measurable phenomena—“physical ob-
servables,” as they are called—whose
very existence would constitute a viola-
tion of time-reversal invariance. It is the
only method used in the study of weak

PARTICLE

ELECTRON AND
ANTIELECTRON

MU MESON AND ANTI-MU MESON

Pl MESON AND ANTI-PI MESON
CHARGED K MESONS AND
CHARGED ANTI-K MESONS

NEUTRAL K MESONS AND
NEUTRAL ANTI-K MESONS

NEUTRAL LAMBDA PARTICLES AND
NEUTRAL ANTI-LAMBDA PARTICLES

interactions, and it is also a valuable ad-
dition to the inverse-reaction method in
the study of electromagnetic interac-
tions. Since the application of the meth-
od is not as obvious as the study of in-
verse reactions, I shall illustrate its use in
a study of time-reversal invariance with
respect to the lambda-decay interaction
I have already mentioned. The study has
several features that are common to time-
reversal tests in general. Because I par-
ticipated in it. I believe I can give the
reader some feeling for what was in-
volved in such an experiment.

r]‘he test for time reversal in lambda
+ decay is made by determining the
orientation of the spin of the decay pro-
ton. Consider the decay of a lambda
particle whose spin vector points up-
ward [see illustration on opposite page].
Assume that decay has resulted in the
emission of a proton at an angle of 90
degrees to the lambda spin vector, say
out from the page toward the reader.
The proton has its own intrinsic spin,
but the orientation of the spin vector is
unknown. (In fact, the purpose of the
experiment is to determine the orienta-
tion.) Until the spin vector is known,
then, we shall arbitrarily assign it three
components—a, B and y—along three
mutually perpendicular directions. The
possible spin component lying parallel to
the proton’s direction of motion we shall
call «. A second component, lying paral-
lel to the lambda spin vector, we shall
call y. The component along a direction
perpendicular to each of the others we
shall call B. One can determine values
for each component experimentally by
observing the scattering of a large num-

MASS |LIFETIME | MAGNETIC _Nl(sz
10-° 10-°
104 10-3 10-6
5x1074 1073
o | 0 :
5x1072 10!

EQUALITY between the properties of particles and their corresponding antiparticles, a
key prediction of the CPT theorem, has been demonstrated within close limits for the six
pairs listed in this table. Each number indicates the upper limit on the deviation from unity
observed for each pair with respect to mass, lifetime and, in two instances, magnetic mo-
ment. For example, the difference in mass between a charged K meson and its antiparticle,
an anti-K meson, is no more than one part in 1,000 and the difference in lifetimes is the same.
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STRONG INTERACTIONS

OXYGEN 16+ d=NITROGEN

POLARIZATION = ASYMMETRY
IN PROTON-CARBON SCATTERING

PROTON-PROTON TRIPLE SCATTERING

WEAK INTERACTIONS
n—>p+e- +v
NEON 19—FLUORINE 19+e+ v
Ke—m~ +pu* +v

ELECTROMAGNETIC INTERACTIONS

MAGNESIUM 24+ d==MAGNESIUM 25 +p _
MAGNESIUM 24+ az=ALUMINUM 27+ p

w
X
(@]
|
w

< 25x10-2
: b<3.5 x 10—
d<5 x1072

|
! $<7x1072

RUTHENIUM 99—RUTHENIUM 99+ y

IRIDIUM 193—IRIDIUM 1934y

RHODIUM 106—PALLADIUM 106+e+y+y
ELECTRON-DEUTERON SCATTERING

ELECTRON SCATTERING FROM
POLARIZED PROTONS

ELECTRIC_ DIPOLE MOMENT
OF NEUTRON

ELECTRIC DIPOLE MOME_NT
OF ELECTRON

d<2x10738
b< 4x10-3
d<2x1072
$<9x 1072

dp<9x 1072

[
'\ <5 x10~Be-cm
‘ <3x10~%e-cm

THREE KINDS OF INTERACTION have been studied by the means indicated in this table
for possible violations of time-reversal invariance. No violations have been found. The first
of the strong interactions listed is the one illustrated on page 91. As with the others, the ex-
perimental upper limit on time-reversal violation is only of the order of a few tenths of a
percent. In the case of the weak and electromagnetic interactions, time-reversal invariance

predicts a value of zero for the angle ¢». The experimental upper limits show no deviation
from zero to within an experimental accuracy of a few percent. The very small values

shown for the last two electromagnetic interactions are in good accord with the prediction,

also based on time-reversal invariance, that the particles cannot possess a dipole moment.

ber of decay protons as they strike car-
bon targets. This is possible because
when spin-up protons are scattered, they
scatter preferentially to the left rather
than to the right.

Consider now what happens to our
decay diagram if we perform a time-re-
versal operation on it. Changing the di-
rection of time flow sends all the particles
moving in the opposite direction. Hence
the proton that was coming toward the
reader is now going away. Moreover,
since clockwise rotations become coun-
terclockwise under time reversal, the
spin vectors will be reversed in direction.
This requires changing the direction of
the lambda spin vector from up to down
and also reversing the directions of the
three arbitrary vector components as-
signed to the proton.

If we now want to compare the time-
reversed diagram with the original, we
find it a bit clumsy: the proton is ap-
proaching in one case and retreating in
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the other. We can make the comparison
easier by in effect taking the x—x axis of
the time-reversed diagram in both hands
and rotating the diagram through 180
degrees. Now both the time-reversed
proton and the original proton are travel-
ing in the same direction. Such an axial
rotation does not change anything physi-
cally; physical processes are indifferent
to the orientation of coordinate systems
in space.

When we now compare the original
diagram and the time-reversed one, we
see that all the spin-vector arrows are
aligned in the same direction except for
the spin-vector component 8. In a time-
reversed world the proton spin compo-
nent along the direction of 3 changes its
sign. Thus if we insist there is to be no
difference in nature when time is re-
versed, we must demand that the value
of vector component 8 always be exact-
ly equal to zero. Conversely, if it is found
experimentally that 8 is not equal to
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zero, we would have discovered a physi-
cal observable that is, say, positive in the
world of forward-flowing time and nega-
tive in the world where time is reversed.
This would be a violation of time-rever-
sal invariance.

Because of preferential scattering it is
possible to measure the value of 8 ex-
perimentally. One simply compares the
number of protons scattered along the
direction of the lambda spin axis with
the number scattered in the opposite di-
rection. If time reversal is invariant, the
number of protons scattered in each di-
rection will be the same.

The preceding argument is, of course,

oversimplified. When it is made more
rigorous with respect to theory, two im-
portant considerations appear regarding
the value of 8. Both are common to all
time-reversal tests involving the search
for a physical observable that by its very
nature exists only if time-reversal invari-
ance is violated.

The first consideration is that for some
particle decays one will find by experi-
ment a value equal to zero for 8 for rea-
sons that have nothing at all to do with
time reversal. It turns out that the physi-
cal observables that might represent in-
variance violations are those resulting
from processes characterized by what is
known as the interference of two ampli-
tudes. Decays that are not characterized
by two amplitudes cannot provide a test
of time-reversal invariance. From earlier
work with lambda particles my associate
in the experiment, Richard F. Roth, and
I knew that their decay involved two
such amplitudes, making our proposed
test valid in this respect.

The second consideration is that, al-
though lambda-particle decay is due to
the weak interaction, the resulting pro-
ton and pi meson nonetheless interact
strongly at the moment of decay. The
strength of the interaction makes it nec-
essary to add a small correction that
gives 8 a value unequal to zero even if
the invariance of time reversal were val-
id. From earlier data on the scattering
of protons and pi mesons we could con-
fidently calculate an appropriate value
for the correction. When it came time to
present the results of the experiment, we
would be able to compare them with
this corrected value of . If the two did
not agree closely, we would have ob-
served a violation of time-reversal in-
variance.

Roth and I conducted our experiment
during the summer of 1965 whenwe
had access to the Princeton-Pennsylva-



Ittakesafast printer
to keep

up with BOAC’s

100 million doliar
computer system.

The amazing Kleinschmidt 311™
Teleprinter is part of BOAC’s 100
million dollar computer system
called Boadicea. This system puts
all the BOAC offices in the United
States right next door to the home
office in London.

For example, if the BOAC office
in Miami needs a passenggr list for
any BOAC flight, Kleinschmidt gets
the answer from London in seconds.
At 400 words a minute.

The Kleinschmidt 311 Teleprinter
gives BOAC the ultimate in speed
and reliability. Furthermore, the

311 Teleprinter can accept parallel
information on demand at an
average speed of 40 characters a
second, which eliminates the
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that requires quick reception of the
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Corporation, Deerfield, Ill. 60015.
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Large section boron wing flap skins now possible
from ‘‘broadgoods’’ sheets « Spark sintering pro-
duces beryllium and titanium parts rapidly and to
controlled density « High reliability interconnect
matrix modules developed for Polaris and Poseidon
programs ¢ Laser alignment system improves ac-
curacy in massive tooling operations.

Manufacturing research, one of the least publicized areas
of activity in the aerospace industry, is also one of the
most important. New materials and concepts coming out
of current R&D efforts require new techniques to turn
them to practical use. Manufacturing research provides
these needed techniques and processes. The following is a
report on some new methods developed by Lockheed for
the handling, forming, cutting and processing of new
materials and tools.

Large structure boron composites. Boron, combined
with epoxy, one of the most promising of the new com-
posite materials, would seem to be an ideal material for
such structures as wing slats. But the properties of boron
make it difficult to fabricate into large structures. It has
a modulus of elasticity of 60 million psi. It is twice as
stiff as steel, at less than half the weight. Under an Air
Force contract for the design, development, testing and
fabrication of boron composite wing slats for ten C-5 air-
planes, Lockheed has devised a technique for producing
10x22 foot ‘‘broadgoods’’ sheets of boron composites. A
special machine, converted from a conventional lathe,
applies 3-inch wide boron filament composite tape con-
tinuously on Mylar film to make these sheets. Several
pieces of these sheets with specified filament orientations
are placed in contoured fixtures for autoclave curing, thus
producing the finished wing slat skins.

As a result of this fabrication development, boron
composite wing slats are now being made for performance
testing and evaluation. Manufacturing research
has given aircraft designers free-
dom to think in terms of large
section boron composites for
superior stiff-

tting
new materials
to the
assembly line.
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ness and strength with no accompanying weight penalty.
Spark-sintered beryllium. Lockheed is utilizing a
breakthrough in the powder metallurgy processing of
exotic materials to achieve significant benefits. Simple-
geometry parts and specimens are now being produced
for a number of customers and require only minor ma-
chining to provide finished dimensions. In a new facility,
components of beryllium, tungsten-carbide, titanium and
other exotic naterial powders are displaying improved
mechanical properties over those found in conventional
hot-pressed blocks of the material. The one-shot process
has also lowered the fabrication costs of various complex
parts, providing controlled and uniform densities with
specific strength, thermal, electrical, nuclear and other
properties. This is a good example of how manufacturing
research turns a new process to practical use, with lowered
costs and eventual broadening of applications.
Interconnect matrix modules. New laminated
assembly techniques have produced significant advances
in the reliability of circuitry for Polaris and Poseidon.
These high reliability interconnect matrix modules have
virtually no possibility of contact resistance or break-
down and are far superior to conventional printed circuits.
In this new process, conductor pattern layers are photo-
engraved onto .020 thick sheets of phosphor bronze and
then chemically milled. The milled patterns are gold-
plated and positioned into a machine-recessed epoxy
glass substrate. They are temporarily bonded pending
final lamination. Connector tabs placed outside the cir-
cuit areas from the layers can be positioned in the same
plane as the conductors or diverted in the opposite plane
through holes punched in the epoxy substrate. Problems
associated with the close proximity of traces at the junc-
tion crossovers were eliminated by major redistri-
bution of plane configuration and the addition and
deletion of circuitry to avoid complex overlapping.
Modules are now being manufactured with 20 to over
1000 interconnections within 42 laminations. Manufac-
turing research combined a variety of techniques to
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arrive at this new process, then developed new test
equipment to check out these modules, inisuring that they
would meet stringent requirements for continuity, cur-
rent carrying capacity, insulation resistance, and voltage
breakdown with mechanical strength.

Laser alignment. As larger and larger aircraft are built,
tooling jigs become more massive and present difficult
alignment and handling problems. A new laser alignment

_H-W—+

Modulated laser beam used for alignment.
system at Lockheed has demonstrated exceptional gains
in both accuracy and cost savings over conventional
optical tooling methods. First tests indicate that the
laser system is approximately five times as accurate as
the optical system on tools of 60 feet and longer. It is
accurate to five-thousandths of an inch at 200 feet,
whereas optical systems are accurate to that degree only
to 70 feet because of the limitations of the human eye.
In comparative tests for cost factors, six major jig test
fittings were precisely positioned to the jig test frame. 163
man hours were required to set and inspect all six fittings
by conventional methods. In the same test, but using
laser alignment and hydraulic positioning controlled by
the laser, only 37.3 man hours were required to set and
inspect. In subsequent tests, this time dropped to 28 man
hours. Here again, manufacturing research was involved
in a chain of development. New materials make possible
larger aircraft, which require huge tools to build, which
require, in turn, new techniques of positioning and han-
dling. This sequence of opportunity and demand led to
the laser alignment system.

The activities described here are only a few of the
current Lockheed programs in manufacturing research.
If you are an engineer or scientist interested in this

field of work, Lockheed
invites your inquiry.
Write: K. R. Kiddoo,
Lockheed Aircraft
Corporation. Bur-
bank, California
91503. Anequal
opportunity
employer.
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Venture:

Use a love call
to count bacteria.

The lampyridae beetle family.
Delight of small boys. Biological
light bulb. And prime source of
raw material for another Du Pont
innovation.

Luciferase, an enzymatic protein
with intriguing properties, obtain-
able only from fireflies. Luciferin,
an organic molecule also found
in fireflies, but synthesizeable.
Adenosine triphosphate (ATP), a
common energy-yielding substance
found in all living cells.

Those are the three main ingre-
dients in lampyridae's love light.
And because ATP is common to
all living cells, university re-

searchers discovered they could
produce an artificial glow by mixing
luciferin and luciferase wherever
life is present.

Notingthat phenomenon, Du Pont
scientists and engineers went on
to develop it into a practical ana-
lytical system. Correlating the in-
tensity of the artificial ‘‘glow” with
the amount of ATP present in bac-
teria, they designed a means of
measuring the reaction.

The result is the luminescence
biometer—the first really basic im-
provement in bacteria-counting
methods since the days of Louis
Pasteur. Rather than waiting days
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for a culture to demonstrate growth
density, a doctor or technician can
now get a digital readout of bac-
teria concentration in minutes.

Other potentially lifesaving uses
for the biometer are being sug-
gestedevery day—such as diagnos-
ing metabolic rates, enzyme defi-
ciencies and nerve damage.

Innovation—applying the known
to discover the unknown, inventing
new materials and putting them to
work, using research and engi-
neering to create the ideas and
products of the future—this is the
venture Du Pont people are now
engaged in.

Ventures for better living.



nia accelerator as a source of bombard-
ing particles. Our apparatus consisted
basically of three spark chambers com-
bined with four scintillation counters
[see illustration on page 90]. A beam of
energetic pi mesons from the accelerator
passed through a pair of scintillation
counters to enter the first spark chamber,
where collisions in a group of polyethyl-
ene inserts produced the lambda parti-
cles for the experiment. A third scintilla-
tion counter separated the first spark
chamber from the second, and a fourth
counter separated the second chamber
from the third, which contained a num-
ber of half-inch-thick carbon plates.

The scintillation counters were inter-
connected so that they automatically
triggered a discharge of the spark cham-
bers whenever an interaction of possible
interest occurred. The system worked as
follows. When the first and second count-
ers fired, it was evidence that a pi meson
had entered the apparatus. If the third
counter then did not fire, it was evidence
that the meson had interacted in the
polyethylene insert, creating a neutral
lambda particle in the process. Lambda
decay into a proton and a pi meson oc-
curred in the second spark chamber, and
passage of these charged particles into
the third chamber fired the scintillation
counter in front of it. Each time this
1-1-0-1 sequence took place the spark
chambers were triggered, and the trails
left by the scattered particles were re-
corded on 35-millimeter film for later
analysis.

We took more than 1.2 million pic-
tures during the experiment, exposing

16 miles of film. Because interactions
other than the one of interest to us could
produce the same scintillation-counter
sequence, only 25 percent or so of our
photographs represented unambiguous
lambda decays. Of these 300,000-odd
photographs only 10,000 showed proton
scatters that provided information about
the particle’s polarization. Such a low
yield is typical of experiments of this
kind, where the desired event results
only from the compounding of a series
of very improbable processes. Actual-
ly the overall odds were considerably
worse: only one out of every 100 trillion
particles given full energy by the ac-
celerator produced an event of interest.
On the other hand, as a comment on ad-
vances in experimental techniques, we
did manage to record nearly a third of a
million lambda decays in the course of
one summer, whereas 10 years earlier the
total world sample of recorded lambda
decays was less than 1,000.

Our experiment required about three

months for assembly, another three
months to run at the accelerator and a
year and a half for analysis. When the
beam was available at the accelerator,
data were taken day and night. Once the
equipment was tuned up, we hired un-
dergraduates to help keep things run-
ning. Because the equipment proved
reliable and the students were on sum-
mer vacation, they generally worked the
shift from midnight to breakfast. When
data-collection at the accelerator was
completed, the film was turned over to
trained scanners at Princeton, who

searched it for good events. The next
task, undertaken at the University’ of
Michigan, was to make detailed mea-
surements of the events in our final selec-
tion of 10,000 photographs. Measuring
machines recorded the informaticn on
punch cards, which were then fed into a
computer that had been programmed to
give a full analysis of each event.

We foundthatour experiment showed
no evidence of any violation of time-
reversal invariance, at least within the
reliability limits of a study based on
10,000 events. Assuming that time-re-
versal invariance is valid, the predicted
value of B is —.07 = .02. Our results
gave a value for 8 of —.10 = .07, which
is not significantly different. A dozen
physicists in international cooperation
have since repeated the experiment at
the CERN accelerator in Geneva, and
our findings have been confirmed.

As far as symmetry operations other
than time reversal are concerned, the
results for lambda decay can be pre-
dicted by applying the same type of
analysis we used for time reversal. Since
the parity operation reverses the direc-
tion of linear momenta but leaves angu-
lar momenta, or spins, unchanged, it is
easy to show that, if parity is conserved
in lambda decay, & must always be equal
to zero [see illustration below]. We
found an experimental value for « equal
to .65, meaning that parity is indeed vio-
lated in this decay, as is typical of weak-
interaction processes.

Similarly, it can be shown that if both
conjugation and parity (CP) are con-
served in this decay, the anti-« for anti-

b

PARITY VIOLATION in lambda decay was discovered by another
analysis of proton spin-vector components. The parity operation
changes the direction of linear momenta but not the direction of
spin, so that a parity-reversed decay would send the proton away
from the reader (a, colored broken arrow) rather than toward him
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but would not affect the direction of the three spin-vector compo-
nents (solid black arrows). When the reversed case is rotated 180
degrees about its x—x’ axis for purposes of comparison (b), it is ap-
parent that to conserve parity the value of the @ component must
always be zero. The value of « proved to be equal to .65 instead.
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lambda decay should be equal in mag-
nitude but opposite in sign to the a for
lambda decay. Experimental evidence
for or against this prediction is not avail-
able because it is not yet known how to
produce antilambda particles with their
spins oriented in a particular direction
or how to analyze the spin components
of the decay antiprotons. This is a major
stumbling block in the way of studying
CP violations: a particle decay must be
compared with its antiparticle decay
and, in the present state of the art, it is
difficult to obtain large numbers of anti-
particles, particularly in the case of the
heavier ones.

As for time-reversal invariance, care-
ful searches have also been made involv-
ing other processes and all have failed to
find any violation. From the experiments
performed so far, it appears that for
weak and electromagnetic interactions
the upper limits on time-reversal viola-
tion are of the order of a few percent.
For the strong interactions they are a
few tenths of a percent [see illustration
on page 94]. Unfortunately our theo-
retical understanding of these problems
is not much enhanced by negative re-
sults that give only upper limits. A posi-
tive detection of a violation is eagerly
being sought. More sensitive tests of all
interactions are desirable, and many are
under way. ‘

hus the search continues as physicists

seek to understand better the impli-
cations of the CP violation observed in
neutral-K-meson decay. Is CP symmetry
violated elsewhere? Is T violated? Is the
CPT theorem exact? Only experiment
can answer these questions. Presumably
the violations we are seeking are small,
and the experiments must be quite re-
fined to detect them. There is even the
real possibility that the violations are so
extraordinarily small as to be undetect-
able with present techniques.

The chances are nonetheless quite
good that time-reversal invariance is vio-
lated in one of the fundamental forces.
It is most important that all promising
cases be investigated. We certainly can-
not expect to understand the details of
the basic forces of nature if we do not
know their general properties with re-
spect to basic symmetries. Moreover,
our entire concept of the universe
around us, our basic concepts of space |
and time, are strongly dependent on
which conservation laws and symmetry
principles we find are respected by na- |
ture. One thing appears certain: If it |
does make a difference whether time is
coming or going, only the future will tell
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The Physiology of the House Mouse

This small rodent, bred to desert conditions, has evolved efficient

mechanisms for conserving water and energy that allow it to thrive

as a commensal of man, living in his buildings and sharing his food

by Daniel S. Fertig and Vaughan W. Edmonds

r I Vhe house mouse (Mus musculus) is
remarkably well suited to live with
man as a commensal, an animal

that shares man’s dwelling places and

food. Its small size (five to eight inches
in length and less than an ounce in
weight at full growth) enables it to live
and travel with man unobtrusively. Its
nocturnal habit also keeps it out of man’s
way and out of his sight. It is restless, en-
ergetic and aggressive enough to chase
off competitors for its niche in the human
world. Because it is omnivorous it can
feed on any food man stores (and on oth-
er stored materials man does not eat).

What is particularly notable is the ability

of the house mouse to subsist on a diet of

dry food, which can be hoarded without
spoiling.

The disservices of the mouse to man-

kind are, of course, notorious. Mice cost
us many millions of dollars annually in
consumption and contamination of our
food, destruction of our materials and the
expense of our attempts to mouseproof
buildings. As carriers of bacteria and
parasites the mice act as vectors for a
number of human diseases, including
food poisoning, “rat-bite fever,” tulare-
mia and plague. Yet it can be argued that
the benefits the house mouse has con-
ferred on the human species through its
services as an experimental animal more
than compensate for the damage it does.
There is scarcely an area in basic biol-
ogy, medical science or pharmacology
that has not profited from its extraor-
dinary convenience as a laboratory re-
search subject.

The ability of the house mouse to get

along with a minimum of water and thus
to thrive in very dry environments may
in small part be due to habits developed
during its millenniums of commensalism
with man. For the most part, however,
its unusual ability to conserve water de-
pends on innate mechanisms inherited
from its ancestors in the wild.

The house mouse belongs to the Mu-
ridae, the largest rodent family. It is be-
lieved most of the house mice in the
world today, wherever found, are de-
scended from a wild subspecies (M. mus-
culus wagneri) that is still widely dis-
tributed over the dry steppelands of cen-
tral Asia and the areas in Turkestan and
northern Iran where man’s earliest ag-
ricultural settlements have been un-
earthed. These mice were in the right
place at the right time to take advantage

HOUSE MOUSE subspecies studied by the authors ordinarily lives
in and around structures built by man, but it may become feral,
or wild, when introduced into a suitable natural environment.

their specimens:
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The animal is pictured in the habitat where the authors trapped
a coastal salt marsh near Los Angeles char-
acterized by extensive growths of the pickleweed, Salicornia.
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of the beginning of man’s agricultural
industry. The mice, as well as Neolithic
man, had been feeding on seeds of wild
grasses, and as man developed the cul-
ture of these grasses the mice shared the
new bounty. It appears they may have
developed subtle behavioral adjustments
that enhanced their ability to use man as
a provider. In any case, they later proved
able to stand off other small rodents that
challenged their position, and they ac-
quired a unique capacity for traveling
with man’s baggage and produce.

By the beginning of the historic era the

house mice had spread widely over
the human settlements of the Middle
East by way of the trade routes. There
is evidence that some lineages traveled
westward from Persia through Iraq, Syr-
ia and Palestine to Egypt. The ancient
Egyptians, indeed, made a sacred animal
of the cat, presumably in reaction to the
incursion of house mice. (Four thousand
years later the frontier farmers of Ameri-
ca also held the cat in high regard, for
the same reason.) From the Middle East
the mice spread around the shores of the
Mediterranean and then moved into
northern Europe. There they took up
permanent residence indoors, particular-
ly in grain shelters, and lived for genera-
tions in those artificial arid environments
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without venturing into the cold, wet out-
doors.

In Europe two lineages developed: a
northern subspecies (M. musculus do-
mesticus) and a southern one (M. mus-
culus brevirostris). Both helped to colo-
nize the New World, the northern breed
as stowaways in English, French and
Dutch ships, the southern breed in ships
of Spain and Portugal. Each subspecies
tended to remain in the appropriate cli-
mate, domesticus occupying the north-
ern U.S. and southern Canada and brevi-
rostris migrating to the southern states,
California and Latin America. In the
central U.S. they interbred.

The mice went West in the boxes and
barrels of the pioneers’ covered wagons.
Thanks to their small size, they were able
to hide and to feed in nooks and cran-
nies that were inaccessible to their larger
commensal relatives, the rat species. As
time went on their comfort and speed of
travel improved with man’s. In the late
19th century they traveled by rail; today
they speed over superhighways in prod-
uce trucks and furniture vans. Wher-
ever the house mouse goes its ability to
establish itself is facilitated by its tre-
mendous rate of reproduction. A female
mouse can produce six to 10 litters per
year, with six to eight young in each lit-
ter. The gestation period is only about

INTRACELLULAR
l WATER

EXTRACELLULAR l : ':\
i £
|
|
1

1

WATER
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three weeks, and the young mature in
about 10 weeks. Although the avérage
life-span of a house mouse living with
man or in nature is less than a year, the
multiplication rate is still impressive. A
single pregnant female can initiate a
population explosion.

It has long been noted that the house
mouse, whether living with man or in
nature, does well in dry places. The pres-
ent-day distribution of wild house mice
extendsinto grassland, savanna and even
desert habitats. Mice that wander off
from human settlements, revert to the
wild state and live off the natural re-
sources of the environment (“feral” mice)
have established populations in the des-
erts of South America, Australia and (to
a lesser extent) North America, on arid
islands, on coastal beaches and in salt
marshes, where they have limited access
to fresh water for drinking. It is now
clear, in fact, that house mice have a
capacity for doing without drinking wa-
ter like that of the kangaroo rat and cer-
tain other rodents [see “The Desert Rat,”
by Knut and Bodil Schmidt-Nielsen;
SCIENTIFIC AMERICAN, July, 1953].

This conclusion emerged from a de-

tailed investigation of the physiologi-
cal ecology of house mice undertaken at
the University of Southern California.
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formed water is obtained from moisture in food as well as by drink-
ing. Water is lost by excretion in urine and feces, by evaporation
from lungs and skin and by secretion in sweat, saliva and milk.



The subjects were not domesticated lab-
oratory white mice, which have devel-
oped a placid temperament and coddled
way of life, but feral mice of the species,
which we collected from a salt marsh
near Playa del Rey in Los Angeles Coun-
ty and examined under various con-
ditions of feeding, temperature, water
loss and so forth. The mice were housed
in gallon jars covered with wire mesh
and containing a bed of dry litter. The
air in the jar became humid, simulating
the condition in a typical mouse burrow,
so that the mice suffered little loss of
water by evaporation. For experiments
the mice were moved either to stoppered
one-liter beakers with a controlled air
supply or to wire-mesh cages in which
the circulation of air kept the humidity
at the same level as that in the laboratory
(about 50 percent relative humidity).

Let us consider first the results of feed-
ing experiments. In the marsh the mice
had had access to succulent plants,
which have a high water content, and
sometimes to water from rain and dew.
Even in a dry indoor environment mice
can feed on insects that provide some
water. Dry seed or grain itself typically
has a 10 percent content of water by
weight. And of course the body produces
water by metabolizing food; the oxida-
tion of one gram of carbohydrate, for
example, generates about six-tenths of a
gram of water.

In their jars, where they lost little wa-
ter by evaporation, the mice maintained
themselves at full body weight on a
“natural” diet consisting only of dry
seeds. Even in the lower humidity of the
cages they lost little weight on this diet.
When the diet was changed, however,
to one with a high content of protein or
roughage, the mice, if deprived of drink-
ing water, reduced their caloric intake
of food. The metabolic processing of
large quantities of protein increases the
excretion of urine, and the processing of
roughage increases the loss of water by
way of feces. Hence in order to conserve
water the mice on such a diet ate less,
thereby subjecting themselves to slow
starvation. Thus for a house mouse
unable to obtain drinking water a high-
protein or high-roughage diet is essen-
tially lethal.

On the “natural” diet of dry seeds,
without drinking water, the mice were
able to maintain their body weight at a
stable level about 10 percent below nor-
mal. They were unable, however, to
stabilize body weight on the Purina
Chow diet usually fed laboratory mice
unless this was supplemented with wa-
ter. With this diet they needed about

MINERAL EIL

MICE WERE HOUSED in stoppered one-liter beakers, immersed in a constant-temperature
water bath, to measure their evaporative water loss and oxygen consumption. Dried air was
introduced into the beaker (left) and air leaving the beaker was analyzed for moisture
and oxygen content. The animal’s urine and feces were collected under mineral oil.
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EVAPORATIVE WATER LOSS (per gram of body weight) and its ratio to the amount of ox-
ygen consumed are compared in man, the laboratory rat and some desert animals including
the house mouse. These minimum recorded rates suggest that the house mouse is compara-
ble to other desert animals. In genera indicated in color, most species can get along on the
moisture in air-dry foods. Data for the water-to-oxygen ratio in the quokka are not available.
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WIRE-MESH CAGE designed by the senior author housed mice
during the experiments on weight loss and excretory water loss. The
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tubular extension (right) served as a feeding chamber and, when
it was removed from the cage (top right), as a weighing chamber.
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EXCRETORY WATER LOSS in house mice is compared with that
of other species in three ways: maximum urine concentration (os-
molality) and salt content and minimum water content of feces. (As
in the bottom illustration on the preceding page, data are from ex-
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periments conducted by various investigators and may not be direct-
ly comparable in detail.) Again, colored bars indicate genera in
which most species require no water beyond what is in air-dry
foods. Data on fecal water content are not available for two species.
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half a milliliter of water per day, about
12 percent of the amount they would
consume when allowed to drink freely.
When they were given the small water
allowance, they ate substantially more
Purina Chow than when they were de-
prived of water entirely.

In the laboratory, with no intake ex-
cept dry seeds, the mice were able to sur-
vive for months in apparent good health.
No doubt the house mouse rarely has to
endure a regime as severe as this in its
usual habitats. It appears, therefore, that
the mouse can live through almost any
naturally occurring drought or dry sea-
son if it has access to a stored supply
of seeds or grain and can establish a den
where limited air circulation keeps the
relative humidity high. We found that
dehydrated mice could tolerate a tempo-
rary loss of body weight of about 40 per-
cent. When they were returned to a full
ration of water, they recovered full body
weight in a short time—within 40 hours
on the average. In this respect they re-
sembled other small animals that have
been studied and somewhat resembled
the camel, which can make a dramatic
recovery from its emaciated appearance
with a single long drink [see “The Physi-
ology of the Camel,” by Knut Schmidt-
Nielsen; ScieEnTiFIC AMERICAN, Decem-
ber, 1959].

hat mechanisms account for the

house mouse’s considerable ability
to conserve body moisture? The main
pathways by which mammals lose water
from the body are by evaporation from
the lungs and skin and by excretion in
the urine and feces. It is well known that
animals vary greatly in the amount they
discharge by each of these routes. The
golden hamster and the guinea pig, for
example, provide a familiar study in con-
trasts. The hamster’s small excretion of
urine and production of dry feces ac-

count in considerable part for its popu- |

larity as a children’s pet, whereas the
guinea pig excretes water so copiously
that it is not generally welcomed as a
house guest.

Small rodents generally lose little wa-
ter by way of evaporation from the skin.
They can, however, lose substantial
amounts of water for a short time by
evaporation of saliva applied to their fur
and some increase of evaporation from
the lungs in breathing. We learned that
the house mouse loses less by this route
than most other mammals do. At mod-
erate temperatures (between about 60
and 75 degrees Fahrenheit) and very low
relative humidity (6 percent) the mouse
evaporates water by way of its exhaled |
air at a rate of about two milligrams of
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of fine optics) to find such perfection at such
a price. Remove the EMOSKOP from its fitted
leather case and it is a 30x microscope.
A twist of the wrist converts it to a 3x tele-
scope (ideal for theater, field or sky) or
a unique 3x telescope-loupe. Another change
and you have your choice of 5x, 10x or 15x
magnifying glasses. The perfect vest-pocket
companion for exacting professionals and
scientists and all those who wish to observe
anything closely and clearly. A most dis-
creet opera glass. If you make a fetish of
quality, the EMOSKOP will do you proud.
Coated lenses, fully achromatic, absolutely
flat field. Modern Photography Magazine calls
the EMOSKOP ““. .. the only magnifier worthy
of the name.”

] Send me the EMOSKOP. | enclose $15.95
($14.95 plus $1 postage and insurance).
Calif. residents add 5% tax. Refund with-
in 10 days if not delighted.

Name S0
Addres
584 Washington,
San Francisco 94111
Phone (415) 981-5688
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water per gram of body weight per hour
—a comparatively low rate for a small
mammal. Curiously, the rate does not
vary much with temperature at air tem-
peratures below 95 degrees F., probably
because the rate of metabolism and of
breathing slows as the temperature (and
speed of evaporation) rises. Estimating
the water loss in breathing by another
measure—the ratio of evaporative loss
to the body’s consumption of oxygen—
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OXYGEN CONSUMPTION
(MILLILITERS PER GRAM PER HOUR)
he) »

MOUSE UNDER STRESS (on a lethal diet for a week) and in an
ambient temperature of 68 degrees F. entered a state of torpor, as in-
dicated by reduced oxygen consumption, in order to conserve en-
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CHANGE IN BODY WEIGHT reflects the ability to
tolerate stress. Mice were fed either a lethal diet (in-
adequate for survival without water) or one of various
nonlethal dicts. Body weight became stabilized even
on a lethal diet with seawater. (Colored curve, which
is in part aweight-loss index, tends to overstate loss.)

we found that the house mouse again
shows only a small relative loss com-
pared with that of most other mammals.
Indeed, it turned out that at ordinary
temperatures the mouse loses very little
of its body heat through evaporation. It
gets rid of its metabolic production of
heat mainly by means of radiation, con-
duction and convection. Moreover, the
mouse’s selection of living space helps to
minimize its loss of water by respiratory

TIME (HOURS)
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evaporation. In the well-insulated nests
into which it burrows it creates a warm,
moist microclimate, so that the air it in-
hales is nearly saturated with water.

One wonders about the considerable
expenditure of water by a female mouse
in milk when she is nursing her litter. It
may be that in nature the mouse breeds
mainly in seasons when its habitat is rela-
tively moist and food is abundant. Yet
we know that mice do breed in build-
ings or other places where nothing but
dry food is available. They have even
been observed to breed in a granary
where their only source of food and mois-
ture was flour. Part of the explanation of
their ability to give milk to the young in
such situations lies in the fact that the
milk of the house mouse has an unusu-
ally high fat content, hence a relative-
ly low content of water. (Interestingly
enough, the same thing is true of the
milk of such marine mammals as whales
and porpoises.) It is also quite clear that
the house mouse possesses efficient phys-
iological mechanisms for conserving wa-
ter under stressful conditions.

t had been noted that in house mice, as
in some other animals capable of liv-
ing in arid habitats, the renal papillae,
the elements of the kidney in which urine
becomes concentrated with waste prod-
ucts, are unusually long. Our analyses
showed that the house mouse can pro-
duce urine that is as highly concentrat-
ed as that of the kangaroo rat and other
desert animals such as the sand rat and
the jerboa. House mice deprived of wa-
ter or fed a high-salt diet also reduced
their loss of water by way of the feces;
the water content of this waste matter
dropped to less than 40 percent. Fur-
thermore, under severe dehydration the
mice underwent a reduction of the water
content of the blood. They were able to
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ergy (black curve, scale at left). During periods of torpor it also re-
duced its evaporative water loss (colored curve, scale at right). After
arousal (right) its body temperature rose from 75 to 98 degrees.
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tolerate an increase of about 12 percent
in the concentration of plasma, chloride
ions and red cells in the blood.

The kidneys of the house mouse are
so efficient in eliminating salt that our
marsh mice were able to drink seawater
and even considerably saltier solutions
without harm. Mice that were fed only
dry seeds and were thirsty for water
drank solutions containing concentra-
tions of sodium chloride as high as 1.8
molar, more than three times as concen-
trated as seawater. This is perhaps the
highest salt tolerance for a drinking solu-
tion ever recorded for a mammal. The
tolerance of the mice depended on the
humidity of the environment and the
type of diet. In jars, with the humidity
at a higher level, mice that were fed
Purina Chow could drink a 1.3-molar
solution of sodium chloride; in cages at
lower humidity they were unable to tol-
erate such a high salt concentration but
could drink seawater (.54 molar). On
seawater and Purina Chow they were
able to maintain their body weight at 80
percent of the original weight.

When the mice drank seawater, they
produced urine in which the salt con-
centration was as high as two and a half
times that in seawater itself. On drink-
ing saltier solutions they sometimes ex-
creted urine that was almost four times
saltier than the sea. They were also able
to eat succulent marsh plants that con-
tained not only salts but also potentially

— PRAETEXTUS .
—— BREVIROSTRIS i

DOMESTICUS | Jo

GEOGRAPHIC DISTRIBUTION of house mouse subspecies has
been influenced by man. Mus musculus wagnersi, still found in Iran
and Soviet Turkestan, is one of four wild subspecies. The map indi-
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toxic substances. We tried feeding them
pulp from the cholla cactus, which is
reputedly toxic to laboratory rats; the
marsh mice ate this desert plant readily
and apparently suffered no ill effects.

We examined still another physiologi-
cal mechanism that enables house mice
to conserve water. Laboratory workers
have often observed that when mice are
subjected to cold and are inadequately
fed, they may lapse into a state of torpor.
Their life processes slow down marked-
ly, evidently as a conservation measure.
These mice recover their normal activity
spontaneously or when they are dis-
turbed. Feral mice were tested by being
subjected to food and water shortages
and cool temperatures, and the effects on
their temperature, consumption of oxy-
gen and loss of water through evapora-
tion were observed.

Ordinarily when a mammal or a bird
is exposed to cold it speeds up its me-
tabolism (and oxygen consumption) to
compensate for its increased loss of heat
to the environment. At an air tempera-
ture of 68 degrees F. an active mouse
may raise its rate of oxygen consumption
to twice that at an air temperature of 84
degrees. We found, however, that when
we exposed the stressed house mouse to
air temperature at 68 degrees it soon fell
into a torpid state in which its body
temperature, normally about 100 de-
grees, dropped to 75 degrees and its
consumption of oxygen sometimes de-

™
% .
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clined to as little as 10 percent of the
basal rate, reflecting a corresponding
drop in its rate of metabolism. At the
same time its loss of water by evapora-
tion was much reduced [see bottom il-
lustration on page 108]. This reaction in
the house mouse gave a clear indication
that it possesses a protective mechanism
in the form of dormancy for conserving
food and water when it is placed under
stress.

To sum up, the physiological ecology

(environmental adaptation) of feral
strains of the house mouse helps to ex-
plain the enduring success of this mouse
in sharing the man-made environment
and exploiting rigorous natural habi-
tats. For this purpose Mus musculus is
equipped with a number of helpful spe-
cial capabilities: the ability to tolerate
severe water restrictions, to get along on
certain diets without water, to use salt
water for drinking, to reduce the water
content of its urine and feces to low lev-
els, to restrict the loss of water by evap-
oration and to subside into a lifesaving
torpor when it runs short of food and
water. Thanks primarily to these capa-
bilities and its small size, the species has
found in man’s arid building interiors a
haven where it is provided with com-
fortable housing, has access to abundant
supplies of stored food, easily hides from
its hostile host and is secure from its nat-
ural predators.

cates the spread of wagneri’s Western descendants, two of which
were introduced into the Americas by human migration from Eu-
rope. The two subspecies met and interbred in the central U.S.



Actual size

A simple method of catching cold

Scientists wanting to carry out experiments at tem-
peratures around 1° K, had to pay heavily for the
privilege. They had to fit a helium cryostat with
bulky man-high boosters and backing pumps or
use expensive 3He.

A new, compact vortex refrigerator exploits the
fundamental flow properties of superfluid helium
to reach temperatures well below 1°K— fast.
At temperatures below the A-point (T=2.17°K), “He
becomes a system of two interpenetrating fluids- a
viscous normal fluid and a superfluid. The normal
fluid carries the entropy. Consequently, heat flow
is associated with a normal fluid flow.

The superfluid is non-viscous and may flow per-
sistently in a circuit, if its velocity is below a critical
value. Above this value, quantized vortex lines ap-
pear. These interact with the normalfluid,draggingit
along with the flow of superfluid. After studying
this phenomenon, Dr. F. A. Staas of Philips Research

stant throughout the superleak. If a generator of
thermodynamic potential (e.g. apump)is connected
to the series connection S;, A and C;, the thermo-
dynamic potential is seen only across the capillary,
in which vortex motion occurs. If there is no tem-
perature gradient along the capillary, the gradient
of thermodynamic potential appears as a pressure
gradient. This pressure gradient causes a flow of
viscous normal fluid from chamber A and thus cools
it. Most of the initial pressure gradientis then con-
verted into a temperature gradient along the capil-
lary. The pump, necessary as a thermodynamic
potential generator could be an ordinary centrifu-
gal pump. However, in order to avoid moving parts,
Dr. Staas chose to apply as a pump a series con-
nection (S, B, C,) similar to the one just de-
scribed for the cooling part, but now with reversed
action. The superleak S, is connected to the heating
chamber B and the capillary C,. Heating of B then

Laboratories,Eindhoven,the Nether-
lands,decided to applyitin a simple
cooling method. The diagram shows
the ‘‘vortex fridge” designed by
Dr. Staas and Mr. Severijns. It is
mounted on the base plate of a cryo-
statcontainingaliquid helium reser-
voir at a temperature below the _
A-point(e.g. T = 1.5°K). The refriger- =
ator part proper consists of a series -
connection of superleak S;,chamber
A and capillary C4. A superleak is a
porous plug which lets superfluid
pass without friction, but reduces
the flow of normal fluid to zero. It is
known that motion of quantized T,
vortex lines in the superfluid is
associated with a gradient ot the
thermodynamic potential: grad u =
/—;grad P - S grad T. A superleak is
analogousto a hardsuperconductor,
in which the vortices are pinned.
As vortex motion is then impossible,
the thermodynamic potential is con-

Schematic diagram
of vortex refrigerator

results in cooling of A. With the new
apparatus, in the absence of a ther-
mal load, heating B from 1.5°K to
1.7°K, cools A from 1.5°K to below
0.7°K. The cooling capacity is con-
siderable, for example at T = 0.8°K
it is approximately 10 mw. Its dimen-
sions are only 15 cm high and 5cm
wide. Dr. Staas’colleagues now can
do low temperature experiments on

E their own laboratory benches. Cool
] man, real cool.

In the Research Laboratories of the
i Philips group of companies, scien-

tists work together in many fields
of science.

Among these are: Acoustics, Cryo-
genics, Information Proces- |
sing, Mechanics, Nuclear
Physics, Perception, Solid
State, Telecommunications "\\h_
1 and Television.

PHILIPS

PHILIPS
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ere’s a little idea worth
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about $1 billion a year:

There are over 60,000 computers revolutionizing data processing in the
U.S. today. In an average year’s operation, they’ll spew out a stack of
paper thousands of miles high.

At a cost of billions of dollars. For the paper, for the handling and
for the time.

Cut down on the paper, and that cost could be cut dramatically.

How? By a unique information processing system developed by Strom-
berg DatagraphiX, Inc., a General Dynamics subsidiary. We call it
DatagraphiX Micromation. It’s microfilm photography from a very
special cathode ray tube called the CHARACTRON!. Hitch a Data-
graphiX printer to a computer, and it will print the computer output
onto microfilm at speeds up to 120,000 characters a second, 115,000
pages per eight-hour day. Our desk-top inquiry stations then can re-
trieve and display selected information at the push of a button. Data-
graphiX Micromation is more than 10 times faster than conventional
computer impact printing and reduces the cost of paper supplies alone
as much as 877%.

DatagraphiX systems are saving money and speeding up data han-
dling for insurance companies, banks, retailers, manufacturers, airlines
and major U.S. government agencies, among others.

They re revolutionizing the revolution in data
processing.

It’s just one example of what technology can
accomplish when it’s handed a problem.

At General Dynamics, we put technology to
work solving problems from the bottom of the
sea to outer space...and a good bit in between.

GENERAL DYNAMICS

Printer photographscomputerdata onto microfilm
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PLAZA OF THE VECINDAD, or tenement, in Mexico City where In the background is the adobe-brick wall of the tenement itself,
the author and his colleagues made their inventory of the material which consists of 14 one-room apartments in a row. Each apartment
possessions of the inhabitants is an unpaved area that serves as a is occupied by one family. The population of the tenement at the
communal playground, laundry, workshop, barnyard and bath. time of the study was 83, an average of about six per apartment.
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THE POSSESSIONS OF THE POOR

The combined value ofeverything from ashtrays to underwear owned l)y

14 families in a Mexico City tenement came to an average of $338 per

family. What does such material want reveal about poverty m general?

e all recognize poverty when
we are confronted with it, but
it is not easy to define the con-

dition in objective terms. Income itself
is not an entirely adequate measure be-
cause it does not tell us how people
actually live. We come closer to describ-
ing what poverty is when we define it
as the inability to satisfy one’s material
wants or needs. It occurred to me that it
might be interesting and useful to study
the material possessions of poverty-
stricken people as a concrete expression
of the lives they lead. In the hope of
finding new insights into the nature
of poverty, I undertook a systematic ex-
amination of the possessions of a group
of poor families living in a Mexico City
slum tenement.

In many respects such a survey is
analogous to an archaeological examina-
tion of the material remains of a civili-
zation. From an analysis of material
objects the archaeologist can learn much
about a people’s history, achievements,
cultural influences, values and ways of
life and can make important generali-
zations about the society. Similarly,
a quantitative analysis of the material
possessions of a living society should
tell us many things, including informa-
tion that might escape notice in a di-
rect study of the people themselves. In
the case of a living people we have the
advantage of being able to supplement
the story told by the material objects by
questioning the people about their pos-
sessions.

The inquiry opens up a mine of in-
teresting questions. What proportions of
their income do poor people spend on
furniture, on clothing, on religious ob-
jects, on luxury items, on medicines?
How much of what they buy is new?
How much is secondhand? To what ex-
tent do they depend on gifts or hand-me-
downs? (Welfare contributions did not

by Oscar Lewis

enter into the picture in my study, as
there was no public welfare system in
Mexico City.) How do families in pov-
erty finance their purchases? Where do
they do their shopping? How wide are
their choices? What is the physical con-
dition of their possessions? How long do
they manage to hold on to them? I was
able to obtain rather detailed informa-
tion on all these matters.

Fhe scene of my study was a small

vecindad (tenement), one of the poor-
est in Mexico City, that housed 14 fam-
ilies totaling 83 people (an average of
about six persons per family). The tene-
ment consisted of a row of 14 window-
less one-room apartments built of adobe
brick and covered with a cement roof
that joined them all together. Each
apartment had a small entranceway with
a makeshift roof of tar paper or metal
and a door so low that one had to stoop
to enter. These entrances also served as
kitchens. A walk of rough stone slabs
laid by the tenants to combat the mud
ran parallel to the row of apartments and
was cluttered with laundry tubs, pails,
chamber pots and articles set out to dry
in the sun. Firewood, covered with o'd
gunnysacks or pieces of cardboard, was
stored on the roof. Some of the tenants,
who plied their trade at home, had built
flimsy sheds as workshops against the
front of their apartment; the sheds were
used to store piles of materials and
tools. In the yard was a large cement wa-
ter trough that served all the tenants for
washing dishes and laundry and for
bathing children. Toward the back of
the yard there were two common toilets,
dilapidated adobe structures curtained
with pieces of torn burlap.

Clotheslines strung on forked poles
crisscrossed the yard, and the ground
was strewn with rocks and pitted with
holes dug by the children. In the day-

© 1969 SCIENTIFIC AMERICAN, INC

time the yard was filled with half-naked
babies and ragged youngsters playing in
the dirt.

The impression of extreme poverty
given by the vecindad was amply sub-
stantiated by my inventory of the posses-
sions of the 14 households. The total
value of all their belongings (based on a
detailed estimate of the cost or value of
each item) was about $4,730 in U.S.
dollars, or an average of about $338
per household. There was considerable
variation among the households: the
amount ranged from $119 for the poor-
est household to $937 for the “wealthi-
est.” Twelve of the 14 households owned
less than $480 worth of goods.

For purposes of analysis I classified
the family possessions into 13 categories:
furniture and furnishings (including
radios and television sets), personal
clothing, bedclothes, household equip-
ment, kitchen equipment, household
decorations, jewelry and other items of
personal adornment, religious objects,
toys (including bicycles), medicines,
animals, plants, and the tools and ma-
terials of those householders who car-
ried on trades at home [see illustration
on next two pages]. I shall first mention
some general findings and then discuss
the categories in more detail.

Not surprisingly, my inquiry showed

that substantial proportions of the
people’s possessions had been bought
secondhand; this was true, for example,
of about 35 percent of all the furniture
and 13 percent of the personal clothing
owned by the 14 households. Less than
15 percent of all their goods had been
purchased in shops; most of their posses-
sions (60 percent) had been bought in
open street markets. The tenants’ shop-
ping area was narrowly circumscribed:
66 percent of all their purchased posses-
sions had been bought either within the

15



tenement itself or within the neighbor-
hood. and about a fifth of the purchases
had been made in markets in nearby
neighborhoods. Thus about 85 percent
of the purchases were made within a
radius of less than a mile from the tene-
ment. Of the remaining purchases 8.9

ad FURNITURE (TOTAL VALUE $1,467.52)

200 $526 82

percent were made in distant neighbor-
hoods of Mexico City and 5.6 percent
were made outside the city. Although
the tenement was within a few minutes’
walk of Mexico City’s downtown shop-
ping center, comparatively few of the
tenants’ possessions had been bought

there or in more distant places. (Indeed,
apart from occasional religious excur-
sions to pilgrimage centers, most of the
families had traveled very little, either
within the city or outside it.)

The tenants™ principal possession was
furniture, accounting for about a third

b PERSONAL CLOTHING (TOTAL VALUE $1,356.52)
$205.96
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VALUE OF POSSESSIONS in 14 tenement households showed a
steady decline from best-off (No. 7) to poorest (No. 2) but varied
greatly from family to family. Furniture (a) was the most valu-
able possessien and personal clothing (b) the next. With a total

16
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4 10 11 6 13 9 4 12 1
HOUSEHOLD NUMBER

valuation of more than $2,800, the two were worth more than all
other possessions combined. More than 90 percent of the best-off
family’s investment in furniture, however, was in a $480 television
set, and nearly half of the value of all the toys (i) owned by the



of all their expenditures on material
goods. At the time of my inventory each
family had among its furnishings at least
one bed, a mattress, a table, a shelf for
an altar and a set of shelves for dishes.
They considered these items to be the
minimal essentials, although most of the

@ RELIGIOUS OBJECTS (TOTAL VALUE $210.53)
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families had lived without some or all
of them in the past.

The 14 households owned a total of
23 beds for their 83 members, so that
in most of the households some members
(usually the older sons) had to sleep on
straw mats or rags on the floor. Of the

9 4 12 2

23 beds, seven had been hought new,
13 secondhand and three had been re-
ceived as gifts. The new beds ranged in
price from $4.40 to $12.

The bed or beds usually took up most
of the space in the one-room apartment.
During the day the bed was used for

h PERSONAL ADORNMENT (TOTAL VALUE $139.43)

j HOUSEHOLD DECORATIONS (TOTAL VALUE $123.96)
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families that had children was represented by the $64 bicycle in
household No. 5. Unevenness in the decline from best-off to poor-
est in household equipment (d) is because households No. 3, No.
10 and No. 9 had sewing machines. Not only clocks but also wrist-

HOUSEHOLD NUMBER

9 4 12 2
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7 5 3 8

4 10 11 6 13 9 4 12 1 2
HOUSEHOLD NUMBER

watches were found in four of the seven better-off households, but
the seven poorer ones had no clocks at all. All, however, had
electric light and an electric iron. Only one had no chairs, only
two had no wardrobe for clothes and only three had no radio.
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BEST-OFF HOUSEHOLD (7)
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sitting, for work, for sorting laundry and
for many other purposes, including a
play area for the children. In families
in which a night worker had to sleep
during the day, he slept on one side of
the bed while the other members of the
family sat, worked or played on the other
side.

The average length of ownership of a
bed among these families was only four
years eight months, not hecause the beds
wore out rapidly but hecause for one
reason or another—prolonged illness,
family separations, death or economic
emergency—the families occasionally
had to pawn or sell their furniture to
raise money for food and other necessi-
ties. The instability of bed ownership
was only one instance of the brief and
uncertain possession of furniture items
among these families. The mean time of
possession for all the pieces of furniture
in the tenement was only four and a half
years, although a majority of the families
had lived there for more than 15 years.
The brevity of possession was frequently
due to the inability of the families to
meet the installment payments on furni-
ture bought on credit.

The poverty of the possessions is per-
haps most vividly illustrated by the mat-
tresses on which the people slept. Most
of the mattresses were of cheap quality
and stuffed with lumpy cotton or straw;
only four families had invested relative-
ly heavily (from $22 to $44) in better-
quality mattresses with springs. The
condition of many of the mattresses was
incredibly bad Dbecause of hard wear
and lack of any protective covering.
They were almost all stained, torn and
infested with bedbugs and fleas. Of the
26 mattresses in the vecindad, 14 had
been bought new, two were gifts and 10
had been bought secondhand, their poor
condition notwithstanding. In spite of
the low price of the used mattresses
(ranging from 56 cents to $2.40) the total
amount invested in mattresses ($178)
was higher than the amount invested in

SHARP CONTRAST in value between the
possessions of the two best-off and the two
poorest households, although it was predict-
able, had one surprising element. All the
possessions in the two poorest households
were worth less than half the value of those
in No. 5, the second-best-off household, and
those in No. 7 were worth nearly twice as
much as those in No. 5. The value of holy
pictures and other religious objects in ei-
ther of the poorest households, however,
far outstripped the value of such objects
in the best-off: combined, they constituted
33 percent of the total value of such ob-
jects in all 14 households in the tenement.



WASHING CLOTHES, a tenement housewife combines tradi-
tional and modern methods. The cement trough with its pound-
ing stone is a part of the past, as is the decorated pitcher. The tub

beds ($132). The average duration of
mattress ownership was three years eight
months.

Each household had at least one shelf
for votive candles dedicated to the
saints, even if it was only a small board
hung with string from nails on the wall.
The altar was often loaded with a
clutter of nonreligious objects: needles,
thread, razors and other things that had
to be kept out of reach of children. On
holy days it was cleared and decorated
with colored tissue paper.

Kitchen shelves were also found in
every household, although many of the
families had at one time been unable
to afford them and had had to keep
tableware and food on the floor. The
shelves were inexpensive, none costing
more than $1.20. The majority of them
had been bought secondhand, received
as gifts or built by members of the house-
hold.

The fifth essential article, a table, was
also owned by every family. Some of
the better-off families had two or three

tables and had managed to paint or
varnish them or cover them with oil-
cloth. The majority of the tables were
cheap unpainted wood ones; the most
expensive cost $5.20, and three-fourths
of them were valued at $1.20 or less.
None had been bought in a store; most
had been acquired at street markets or
from relatives or acquaintances.

n addition to the five indispensable

articles of furniture, nearly all the
families considered three others to be
necessary for a decent standard of living.
One of them was a chair. Only one
household had no chairs at all; the adults
there sat on the bed and the children on
the floor. One family had eight chairs;
another, seven; most had at least two.
The chairs made the single small room cf
the apartment very crowded indeed. In
the tenement as a whole, however, there
were only 52 chairs for the 83 residents;
at mealtimes many had to sit on the bed,
on a low stool or on the floor. Like the
other furniture, all the chairs were in-
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and buckets of galvanized iron form a part of the residents’ in-
ventory of more contemporary equipment. Although dishpans
were scarce, the families owned a total of 43 buckets and 21 tubs.

expensive; none had cost more than $2.

A wardrobe for clothing also was re-
garded as a necessity, since none of the
apartments had a closet. Twelve of the
14 households had a wardrobe; in the
other two clothes were hung on nails
or kept in boxes. A wardrobe repre-
sented a relatively large investment, and
the families considered it to be a prestige
item. It was often a wedding gift from
the husband to the wife.

Most of the wardrobes had been
bought new, at an average cost of
$16.80, and they were generally the
longest-held article of furniture in the
apartment. Some had been there for as
many as 15 years. In all but a few in-
stances the wardrobe was in poor condi-
tion—battered and with the door mirrors
either cracked or missing. Only one
family had been able to afford to replace
its broken mirrors.

Every family considered a radio es-
sential, and at the time of my study 11
of the 14 households had one. One fam-
ily had two radios. The radio was usu-
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ally the family’s most expensive piece
of furniture. More money ($414) had
been invested in radios than in any other
item except for two television sets. Most
of the radios had been bought new on
credit, at prices ranging from $20 to
$74. Because of the precariousness of
the tenants’ financial situation, the radio
tended to be only a briefly held posses-
sion; its ownership averaged less than
three years. Frequently the radio had to
be given up because the familv could
not meet installment pavments on it
or could not afford to have it repaired
when it broke down. Many radios were
pawned, usually in a clandestine pawn-
shop that charged 20 percent interest
per month on the loan. After losing the
radio most families would buy another
as soon as circumstances permitted.
Only one of the families was able to
buy and hold on to a television set. This
family, financially the best-off in the
tenement, was managing to keep up the
payments on a set costing a little more
than $480—an amount greater than the
combined value of all the family’s other
material possessions and greater than
the total personal property of 12 of the

other tenants. A second family had a
television set when I began my study,
but it pawned and lost the set before I
had completed the investigation. The
family bought another set later, com-
mitting itself to paying $24 a month for
several years; it would be a most ex-
traordinary achievement if the family
succeeded in maintaining the payments.
Needless to say, everyone in the tene-
ment, particularly the voung people,
would like to have a television set, but
few other families have attempted to
buy one.

Some of the families in better eco-
nomic circumstances had extra items of
furniture such as glass-fronted dish cabi-
nets and, in one case, three armchairs.
These articles apparently were esteemed
by their owners more for prestige value
than for utility; in the one-room apart-
ment they were impractical and they
crowded the small space to a point of
extreme inconvenience. The owner of
the armchairs was a young shoemaker
who was trying hard to raise his stan-
dard of living. He had bought a televi-
sion set and the first and only gas stove
ever used in the vecindad, but he had

lost both by pawning one and not meet-
ing the time payments on the other.

In nearly all cases furniture items
(such as new mattresses, wardrobes and
radios) that cost more than a few dollars
were bought on credit. The public mar-
kets or itinerant salesmen from whom
they were bought did not require a down
pavment, but for the privilege of paying
in installments the buyer had to pay
twice as much as the cash price of the
article. The tenants were aware of this,
but their cash resources were so small
that thev could obtain these articles only
by buying them on credit. The weekly
installments were usually low, averaging
80 cents, and often extended over more
than a year for a single article.

The purchases of secondhand furni-
ture were usually made from relatives or
friends, most often within the same tene-
ment. Since 11 of the 14 households
were closely related, there was consid-
erable opportunity for intrafamily com-
merce, usually at bargain prices.

Kitchen equipment in the 14 house-

holds was generally restricted to
inexpensive items. The largest total in-
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BUYING HABITS of the tenement families were analyzed by
finding out where some 1,600 objects had been bought. In every
case, buying in the immediate neighborhood and within the tene-
ment itself outweighed purchases at nearby or more distant city
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markets. In part this reflects buying from itinerant peddlers who
visited the tenement regularly. Two households contained more
than four objects obtained outside Mexico City; some had come
from as far away as Guadalajara, Acapulco and the state of Chiapas.



vestment in this category by any family
was. $42.63, and the aggregate for the
14 households was $230.36. None of the
apartments had a refrigerator. The prin-
cipal item of kitchen equipment was
usually a stove. Eleven apartments had
kerosene or petroleum stoves; in the
other three cooking was done on a bra-
zier or an earthenware plate over a char-
coal hearth on the floor. The cooking
vessels were generally inexpensive ollas
or cazuelas (narrow-mouthed or wide-
mouthed vessels of clay). Only two fam-
ilies had aluminum pots and only five
had copper kettles. Twelve owned fry-
ing pans.

Every family had a few spoons that
were used for cooking and for eating
soup. There were few other eating uten-
sils; only two families owned forks and
only seven had table knives. Solid foods
were usually eaten with the fingers, often
with the aid of a tortilla to wrap or scoop
up the food. The eating plates were
most commonly “tin” ones (costing from
eight to 16 cents); one family had a six-
piece place setting of china, which it
had owned for 14 years. Because glass-
ware was a favorite gift item in the
community, particularly on Mother’s
Day, the households had more glasses
than traditional Mexican clay cups. One
family owned 76 glasses. Some families
also had serving trays and other “luxury”
items that had been received as gifts.

Almost 90 percent of the kitchen
equipment had been bought new De-
cause it was relatively inexpensive. In
spite of the breakable nature of much of
it this equipment had a better record of
durability (the average was two and a
half years) than many of the other arti-
cles in our inventories.

Other household equipment, although
more meager in quantity than kitchen
utensils, was placed in a separate cate-
gory of study. Household equipment for
all the families totaled $294 in value and
ranked fourth in the list of categories.
Three sewing machines owned by three
families accounted for about a third of
this total. One of the sewing machines
had been pawned three times in three
years to pay debts.

All the women in the community
sewed; many of them mended and made
clothes and bedclothes for the family,
much of it from flour sacks. All owned
at least one needle and most owned a
pair of scissors, although on occasion the
scissors might be pawned. Only seven
of the households had a thimble, and
none of the women owned a sewing
basket for storing thread and needles.
They usually bought thread in small
quantities, sufficient only for the job at
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AVERAGE LENGTH OF TIME that objects remained in a tenement household was at its

maximum in the case of pictures of saints and other religious items, which were often

considered heirlooms. This was also true of tools, which were a source of livelihood for
the tenement households that engaged in manufacturing. On the other hand, items that were
easily pawned, such as jewelry, or quickly worn out, such as clothing, were soon let go.

hand. Each family had at least one elec-
tric iron, in most cases bought second-
hand. Two better-off families had iron-
ing boards; in the other households the
women ironed on the table.

In the entire tenement there were no
wastebaskets and only two ashtrays, al-
though most of the men and many of
the women smoked. Nine of the 14
households had no garbage can for the
kitchen. Cigarette butts and all other
trash were simply thrown on the dirt or
cement floor of the room and were even-
tually swept out. Every family had a
broom, generally a crude handmade af-
fair that had to be replaced frequently
because of constant use.

rl‘\vo water taps in the yard were the

only source of water for the apart-
ment and every family required several
buckets or containers for fetching wa-
ter. The 14 households had a total of 43
pails. They also owned a total of 21 tubs,
some of them quite large, for launder-
ing and for bathing. Fewer than half of
the families owned dishpans; only four
had a washstand. Toothbrushes were a
luxury; in only three families did each
person have a toothbrush of his own.
Among the more unusual items were
three douche bags, a syringe and three
eyecups.

Awareness of time and of schedules
was increasing among the slum dwellers,
and most of the families felt the need
of a clock—for feeding babies, giving
medicine, getting children off to school
on time or listening to favorite radio
programs. Still, only half of the families,
and only the better-to-do ones, owned
a clock. The others kept track of the
time either by their radio or by asking
their clock-owning neighbors.

All the apartments had electric light.

Three households owned gasoline or

© 1969 SCIENTIFIC AMERICAN, INC

kerosene lanterns for use in their work-
shop at night. One household owned an
electric heater; for all the others the
only source of heat on cold nights was
the cooking stove.

As they did in other respects, the fam-
ilies of the tenement varied considerably
in the poverty of their household equip-
ment. The better-to-do families not only
owned more items in this category (165
articles for the upper seven families com-
pared with 104 for the lower seven) but
also had a wider range of objects. One
family (the second-poorest) owned no
washtub, no clothespins, no scissors or
thimble, no storage receptacles, no dish-
pan, no floor brush, no clothesbrush, no
toothbrush and of course no sewing ma-
chine or clock. In the tenement as a
whole the length of possession of house-
hold equipment was very brief, averag-
ing only two years.

Bedc]othes, the fifth most costly ma-
terial goods in the community, ac-
counted for a value of $279.99, or 6.8
percent of the total. This relatively high
figure was due mainly to the expensive-
ness of blankets and quilts; the number
of items was actually quite small. No
family had more than 30 articles of bed-
clothing, including sheets, pillows, pil-
lowcases, blankets and quilts. The best-
off family owned a silk bedspread. Much
of the bedclothing had been bought
new, mainly on credit, but a large pro-
portion was homemade. The women of
the vecindad, even in the better-oftf fam-
ilies, usually made their sheets from flour
sacks. Four sacks made an average-sized
sheet. The length of possession of hed-
clothing averaged only 1.7 years. This
was partly because of wear and partly
because even bedclothes sometimes had

to be sold to meet more urgent needs.
I shall merely summarize briefly here
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the inventory of the other five categories
of general household goods: decorative
objects, religious objects, animals, plants
and medicines. The principal investment
in decoration was expended on photo-
graphs of family members. There was
an average of more than seven pholo-
graphs per apartment. They were usual-
ly framed and often in color and repre-
sented a total cost of $82.38. Most of the
apartments were also adorned with pic-
tures of saints and with colorful calen-
dars, usually religious ones that had
been obtained free. A few households
had different types of pictures, painted
vases, china figurines of animals and
other items.

The investment in religious objects by
these impoverished families was remark-
ably large. A total of 147 pictures of
Catholic saints and Biblical scenes, an
average of more than 10 pictures per
household, hung on the walls of the tene-
ment apartments. There were also flow-
ered vases, candles, small religious fig-
ures and a variety of other religious
objects displayed on the altars. In the

tenement as a whole the total investment
in religious objects was $210.53. About
half had been bought by the residents
themselves and half had come as gifts.

The emphasis on religious objects was
greatest among the poorestfamilies. The
familv that ranked lowest in total in-
vestment in material possessions actually
stood highest in the value of its religious
objects. This family and the next-poorest
had spent almost as much on religious
articles as on furniture. If we include
the religious gifts they received, their
1'e1igious possessions represented nenrly
twice the total value of their furniture.
Nearly all the religious objects in the
14 houscholds had been bought new and
were kept for an average of 5.07 years,
longer than possessions in any other cat-
egory.

The investment in the other categories
of general household belongings—ani-
mals, plants and medicines—was so small
that it calls for little comment. The tene-
ment residents loved animals; almost
every family had a cat or dog (partly as
protection against rats and thieves) and

INSTALLMENT-PLAN BICYCLE, undergoing repair in this photograph, was bought as
a Christmas present for his son by the head of household No. 5. The $64 that it cost was
met by monthly payments of $4.80. To recoup some of the money the father rented it out.
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some tenants also kept chickens, pigeons
and other birds. Their total cash invest-
ment, however, was only $15.94 for ani-
mals and $10.20 for plants. The 14 fami-
lies” entire investment in the medicines
on their shelves amounted to $7.76.

In the category of personal possessions,

clothing was of course the major
item. Clothing ranked second to furni-
ture among the 13 property categories,
and it accounted for 27.4 percent of the
tenants’ total investment in material
goods. The 14 families had spent a total
of $1,127.36 on the clothing they owned
at the time of the inventory. About 87
percent of their purchased clothing had
been bought new (usually for cash but
a third of it on credit); the rest had heen
obtained secondhand. A substantial pro-
portion of their total of clothing posses-
sions were gifts and clothing made at
home.

The families differed markedly in their
expenditures for clothes. The poorest
families bought very little, relying main-
ly on gifts from relatives. One family,
for example, had spent only $3.92 for
clothing and had received $20.72 worth
as gifts. The largest outlay for clothing
by any family was $192.64. This family
ranked near the bottom in furniture pos-
sessions. Generally those families that
invested heavily in clothing tended to
spend little on furniture.

In every household the women sup-
plemented the clothing purchases and
gifts with clothing they made them-
selves, often out of flour sacks or scraps.
Most of this home manufacture was for
the women and children. For example,
the mother in the family with the largest
number of children (eight) had produced
42 articles, including 15 items for her
youngest baby, 11 dresses, nine slips and
seven shirts.

The clothing of all 14 families was
limited to a few basic items. Every
woman owned at least a dress and a pair
of shoes, usually only one pair, so that
much of the time she went barefoot.
The adult women had an average of
fewer than four dresses apiece; the
young girls averaged six apiece. Nearly
all the women had a rebozo, the tradi-
tional Mexican shawl, and most of them
also owned a sweater, two or more slips
(often homemade), underpants (an av-
erage of about three pairs per woman)
and brassieres. About half of the women
had skirt-and-blouse outfits; none wore
slacks. There were only 15 pairs of stock-
ings in the entire community; these be-
longed mainly to teen-age girls. One
woman and five girls had coats, one
woman had a bathrobe and one owned



a pocketbook. Handkerchiefs were rare;
among the 83 residents in the tenement
the only people who had this item were
two men and two young girls.

The children and men of the commu-
nity were better shod than the women.
The basic wardrobe of the men consisted
of shoes, undershorts (often homemade),
a pair of pants, one or more shirts and a
jacket or coat against the cold. There
were only two suits in the community,
belonging to two boys who had worn
them at their confirmation. A number of
men had no socks or undershirts. No
male in the tenement owned a necktie.
A few men had working overalls, several
had a cap or a straw hat and one owned
a bathing suit.

The clothing of this community, gen-
erally of poor quality and subjected to
frequent wear, had a short lifetime. The
average length of possession for all items
of clothing was only 9.9 months. Some-
times clothes were sold before they wore
out because of a financial crisis. In one
instance the man of the household sold
much of the family’s wardrobe during
a prolonged drinking spree, leaving his
wife with only a single torn dress.

In the category of personal adornment
the list of articles is brief. The entire
investment in this category was $126.32,
more than half of which was accounted
for by five wristwatches owned by com-
paratively well-off families. Religious
medals, finger rings and cheap earrings,
also owned mainly by less poor families,
constituted the rest of the articles in this
category. Women’s jewelry was extreme-
ly scarce. Not a single woman had a
necklace, a bracelet or a brooch. In any
case, the possession of such items in this
community was ephemeral—averaging
only 9.8 months—because of the ready
convertibility of jewelry into cash.

Toys were even scarcer than jewelry
among these families. Of the total invest-
ment of $121.62 in toys, more than half
was represented by two bicycles. One
had been bought new on installments
and was rented out part of the time; the
other was a secondhand bicycle without
tires. There were also three tricycles in
the community, two of them second-
hand. Only half of the families in the
tenement were able to invest in any toys
for their children.

Finally, there were a few households
that owned material goods in a special
category: tools and materials for manu-
facturing in the home. In total value this
category ranked third, after furniture
and personal clothing. Three artisans
who worked at home accounted for most
of the investment: a shoemaker and two
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household heads who made and sold toy
water bottles. The shoemaker had a stock
of soles, heels, nails and various other
things required for shoe repairing. Hav-
ing little capital, he could maintain only
a small supply of materials and had to
replenish it every few days. Most of the
materials and tools had been bought
used. All three artisans had held on to
their tools for a comparatively long time
(an average of 5.05 years), since the tools
constituted the family’s means of liveli-
hood and could not be sold or pawned as
casually as other household goods.

It is surely significant that two of the
three households that had managed to
scrape up enough capital to make a sub-
stantial investment in income-producing
tools and materials were also the most
affluent families in the tenement in terms
of their total accumulation of material
possessions. The best-off family owned
$134.38 worth of tools, whereas two of
the three poorest families in the tene-

ment had no tools whatever.
\ hat conclusions, if any, can one
draw from the inventory of the pos-
sessions of these 14 slum families? For
one thing, I was struck by the truly re-
markable differences within this group
of families, all of whom might seem to a
casual observer to be living at the same
level of poverty. Moreover, the differ-
ences in the value of their possessions
were greater than differences in their in-
come. If we compare the possessions of
the three “wealthiest” families [ Families
7, 5 and 3 in the illustration on pages
116 and 117] with those of the three
poorest families [Families 12, 1 and 2],
we see that the top three owned a total
of $1,754.46 worth of purchased goods,
whereas the bottom three owned a total
of $250.55—only a seventh as much. The
largest differential was in the families’
relative investment in furniture and
clothing: $1,093.92 for the top three
against only $149.49 for the bottom
three. There were similar differences in
expenditures for luxury items such as
jewelry (371.97 against $2.38) and toys
($86.58 against $13.68).

The only category in which the poorer
families had spent more than the better-
off was that of religious objects. The dif-
ference in amount was small ($23.45
by the poorer families compared with
$21.78 by the better-off), but in its pro-
portion to the families™ total investment
in material goods the contrast was great.
Whereas the better-off families had in-
vested only slightly more than 1 percent
of their money in religious items, the
poorer families had invested nearly 14

| percent. Furthermore, religious objects
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also predominated in the gifts the poorer
families had received; such objects rep-
resented nearly half of all gifts received,
whereas religious objects accounted for
less than 15 percent of the gifts in the
better-off families.

The fact that the tenement dwellers
had held on to religious objects longer
than most of their other possessions at-
tests to the crucial role of religion in the
lives of the poor. It appears also that re-
ligious objects may be the only things
they own long enough to establish a real
identification with. Yet even these are
held for a fairly brief period, an average
of about five years. The brevity of pos-
session, and the singular absence of heir-
looms passed down from generation to
generation, suggest that the life of the
very poor is weak in tradition and is ori-
ented almost exclusively to day-to-day
concerns.

It might be supposed that for lack of
funds people in poverty are driven to
making their own goods such as clothing
or furniture. I found, however, that the
better-off families in the tenement were
the most productive in this sense because
only they owned sewing machines or
work tools and could afford to buy the
materials. These families produced five
times as much clothing (in value) as the
poorer families did. By the same token
they were also able to buy more of their
goods new. Whereas about 25 percent
of all purchases by the three poorest
families were secondhand, only about 7
percent of those by the three best-off
families were secondhand. The contrast
was greatest in furniture purchases. The
poorer families bought three-quarters of
their furniture secondhand; the better-
off families bought three-quarters of
theirs new.

"Ihe study of possessions, while con-

firming some previous findings about
the poor, raises questions about others.
For instance, there has been reason to
believe that the mobility of poor people
is highly restricted, that they rarely ven-
ture out of their immediate neighbor-
hood. The analysis of the 14 families’
possessions, however, showed that the
objects came from 43 different markets
or localities, some of them at consider-
able distances from Mexico City. Eight
of the families owned objects that came
from 14 marketplaces outside the capi-
tal. One family had possessions that were
bought in 28 marketplaces, 11 of which
were in distant cities, one as far away
as Chiapas. It therefore appears that at
least some of the Mexican urban poor
may move about more widely than has
been supposed.



Find out now
what NCR can do
to further your career

Positions available in the following areas:

Electro-optics engineer

MSEE or Physics or BS with related ex-
perience. Knowledge of geometric op-
tics, electro-optic devices, control sys-
tems, digital circuit design and logic.

Senior communications systems
engineer

BS/MSEE. Modulation and coding the-
ory, data communications and develop-
ment of high speed data modems for
voice channels. Experience in data
tralnsmission and modem design desir-
able.

On-line systems engineer

Design of commercial on-line systems
involving terminals, communication net-
works, and central processing systems.
Requires background in one or more of
the following: design of computer sys-
tems preferably oriented to real-time
applications, digital data transmission,
systems software. Exposure to business
system requirements helpful. Entails
configuration analysis, trade-off analy-
sis, optimization studies, systems mod-
eling, sub-system requirement defini-
tion, design of interfaces, studies of re-
liability, maintainability, installability.
Minimum of three years’ pertinent ex-
perience. BS in engineering or sciences
required. Advanced technical degree
and/or MBA preferred.

Design engineers

These positions are with our Industrial
Products Division and are varied in their
requirements. A BSME as well as five
years’ experience will qualify you for
these positions. Duties would include a
variety of assignments including design
of moving mechanisms, testing and
calibration as well as advisor to depart-
mental supervision.

Terminal hardware design engineers

A BSEE required.Primary responsibili-
ties are varied but, include MOS-LSI,
logic design, system transaction analy-
sis, terminal unit design and electronic
packaging.

For confidential consideration, forward your resume to:

Data communications engineer
Experience with switched telephone net-
work and private lines, communication
procedures, software implications at
central processor, digital control, mod-
ems, signal transmission and modula-
tion theory. Minimum requirements in-
clude BSEE plus three years’ pertinent
e)é?erience. Advanced EE degree desir-
able.

Senior editors

(PCMI Library Information Systems)
Library Science or education degree with
five years’ experience in library refer-
ence work, publishing field (academic)
or education. Duties include selection of
reference materials for inclusion in
basic information ‘‘units’’ and nrganiza-
tion of material foroptimum user accept-
ance.

Test equipment engineers

These positions involve the develop-
ment of complex test systems for MOS-
LS| arrays and array PC assemblies.
Minimum requirements include three
years’ experience in logic assembly de-
sign of IC test systems.

MOS/LSI

A MSEE or Physics degree required. Pri-
mary responsibilities include the follow-
ing: mask making and photo-resist op-
erations; oxidation and heat treatment;
assembly and packaging design automa-
tion and testing.

Military circuit & logic design

Our Military Advanced Development
area is presently reviewing applications
for positions of senior circuit and logic
design engineers. This department is
concerned with government contracts of
a highly sophisticated nature for both
defense and non-defense programs.
This department is presently engaged
in highly technical programs that offer
high level challenge for the senior en-
gineer. Applicants should be capable of
handling future projects.

Mr. Vernon L. Mirre

NCR

Software/systems engineers

These positions require creative in-
dividuals with proven leadership ability.
A BS degree in engineering with 3-5
years’ experience as Systems Engineer/
Systems Analyst with hands-on ex-
perience with 360 systems software, re-
lated to teleprocessing, DOS or OS is
desired. Duties would include interfac-
ing NCR terminals and communication
systems with other computer equip-
ment.

Engineering design evaluators
BS-MSEE minimum requirement. For
detail design evaluation of product de-
signs, before product is approved, for
final stage of development or purchase
of equipment from other sources is ap-
proved. Sound technical judgment as
well as a good working relationship with
others is essential.

Solid state physicist .
Or EE, MS, Ph.D. Solid State Physics,
BSEE or Physics with three years’ ex-
perience relating to semiconductor de-
vice theory, trapping mechanisms, and
charge phenomena in meta-insulator-
silicon structure (MIS).

Projectleader—advanced memory
development

Advanced degree preferred, or BS with
considerable experience. Memory archi-
tecture, semiconductor memories, solid
state devices, digital circuit design and
logic implementation.

Display device engineer

MSEE or BSEE with related experience.
Knowledge of solid state and electron
physics, liquid crystals, optics ex-
perience desirable. Must be strong in
logic circuit design.

Executive & Professional Placement
The National Cash Register Company

Main & K Streets
Dayton, Ohio 45409

AN EQUAL OPPORTUNITY EMPLOYER M/F

© 1969 SCIENTIFIC AMERICAN, INC

125



MATHEMATICAL GAMES

A numeranalvsis by Dr. Matrix

of the lunar flight of Apollo 11

by Martin Gardner

fter the historic completion in July
A of the Apollo 11 moon mission it
occurred to me that the famous
numerologist Dr. Irving Joshua Matrix
might have some enlightening comments
about it as well as some insights into the
approaching end of the 1960-1969 dec-
ade. I sent a letter to the last address I
had for him, but the peripatetic doctor
and his half-Japanese daughter Iva had
already left for parts unknown. My letter
was forwarded five times, to various Eu-
ropean and Asian cities, before it finally
caught up with him. His reply has ar-
rived just in time for my October column.

I had asked Dr. Matrix a series of
questions. They follow, together with
slightly cut but considerably edited ver-
sions of the great numerologist’s replies.
The statements in brackets are my own.

Question: Have you observed any re-
markable numerological aspects of the
Apollo 11 mission?

Dr. Matrix: The key symbol of the
“moon landing” (note the 11 letters) is,
of course, 11. It can be interpreted in
two ways: as the number 11 and as a pair
of 1.

Consider it first as 11. The 11th let-
ter of the alphabet is K. Surely it is no
coincidence that President Kennedy ini-
tiated the Apollo project and that the lift-
off of Apollo 11 was from Cape Kennedy.
Eleven is the smallest prime factor of
1,969. The landing was in the Sea of
Tranquility and “tranquility” has 11 let-
ters. The first message received from
lunar soil, Neil Armstrong’s “That’s one
small step for man, one giant leap for
mankind,” has exactly 11 words. (Arm-
strong later said he’d said “for ¢ man,”
but so strong was 11's power that the
message was received without the a.)
Armstrong was then 38 and 3 plus 8 is
11. When the three lunar explorers
splashed down in the Pacific, they landed
11 miles from the recovery ship, the car-
rier Hornet. On the carrier they were giv-
en buttons to wear that read “Hornet
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plus three.” The six letters of “hornet”
added to the five letters of “three” equal
11. These are only a small fraction of the
11’s involved in the Apollo 11 flight.
Now consider 11 as a pair of 1’s, svm-
bolizing the first two men to walk on the
moon. A is the first letter of the alphabet.
Is it not significant that the first two men
to put their footprints on the moon, Arm-
strong and Edwin Aldrin, both have last
names that start with A? Note also the
two A’s in NASA. If we write Arm-
strong’s name as Neil Arm Strong, Astro-
naut, we obtain NASA as an acrostic.
Andrei Voznesensky’s clever Russian
palindrome [reported in The New York
Times, July 21], “A luna kanula,” mean-
ing “The moon has disappeared,” was
written, the Russian poet explained, so
that one can travel letter by letter to the

moon and back. Note that the palin-
drome has exactly 11 letters, which in-
clude four A’s and the two L’s of “Apol-
lo” Armstrong’s middle initial is A, so
that the first men on the moon actual-
ly had three A initials between them; the
palindrome’s extra A is for Andrei. There
are also three A’s in “United States of
America.” Perhaps it was because of the
double A’s in Armstrong’s initials, sym-
bolized by 11, that he was the first to set
foot on the lunar surface.

Edwin Aldrin (11 letters) has E as a
middle initial, providing two E initials.
We all saw the astonishing “ease” with
which Aldrin bounded over the lunar
soil. His youngest child, Andrew, is 11
and has the initial A for his first name as
well as his last. Edwin Aldrin’s mother’s
maiden name was Moon. Colonel Mi-
chael Collins (Mike Collins has 11 let-
ters) was the astronaut who remained to
pilot the command module. Can it be
coincidence that his last name, “com-
mand” and Columbia, the name of his
ship, all begin with C?

At the time I write, Apollo 12 is
planned for November, with the moon
walk to be made by astronauts Alan L.
Bean and Charles Conrad. Thus the A
walk of Apollo 11 will be followed by
the B and C walks of Apollo 12, the B

Houw to space lunar bases as far apart as possible.
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being symbolized by the 2 of 12, the C
by the'sum of 1 and 2.

Finally, your readers may enjoy find-
ing the appropriate single 11-letter word
that can be formed by rearranging the
11 letters of “moon starers.”

Question: Do you have a digital prob-
lem related to space travel?

Dr. Matrix: No sooner had the three
astronauts returned to the earth than
Vice President Agnew proposed that the
U.S. begin immediate plans for a land-
ing on Mars before 2000. It is numero-
logically significant that among the 10
letters of “Spiro Agnew” no letter is re-
peated. Multiply spiro by the mystical
digit 7—the seven-day week of creation
mentioned by President Nixon in his
ebullient welcome to the returning astro-
nauts in July, the seventh month—and
let AGNEw be the product. (The total
number of symbols is now 11.) This pro-
duces the following cryptarithm:

SPIRO
7

AGNEW

Assuming that each letter stands for a
different digit and, as is customary in
such problems, that neither five-digit
number begins with 0, the cryptarithm

has one and only one solution. Your
readers may derive pleasure from finding
it. You can see at once that S must be 1;
otherwise the product would have more
than five digits. For the same reason P
must be either 0, 2, 3 or 4. Further re-
flection will show that A must be 7, 8 or
9, and that O cannot be 0, 1, 3 or 5.
(One would duplicate the 1 of S, 3 would
cause W to be 1, 0 or 5 would duplicate
O and 5.) The problem becomes tougher
from here on, although it can be solved
easily without the help of a computer. If
the multiplier is O or 6, there is no solu-
tion. Any other single-digit multiplier ex-
cept 7 has more than one solution. [Next
month I shall give Dr. Matrix’ answer,
together with references bearing on the
problem.]

Question: The approaching end of
1969 will terminate the sixties. Do you
have any numerological comments?

Dr. Matrix: As you may recall, you
once quoted me as saying that the deci-
mal expansion of pi, properly interpret-
ed, conveys the entire history of the hu-
man race. The sixties have been 10 years
of unprecedented change and variety.
The 10 decimals of pi from the 60th
through the 69th are 4592307816. [The
first 100,000 decimals of pi were pub-
lished in Mathematics of Computation,

Vol. 16, January, 1962, pages 80-99. In
1967 this was extended to half a million
decimals by the computer program of
a French mathematician, Jean Guilloud.]

Whatissignificantabout 45923078167
They are the first 10 consecutive dig-
its in pi that contain each digit exactly
once! It is infuriating that the first two
digits are not reversed; then there would
be alternating odd and even digits for
the entire series. The 70th decimal is 4,
the same digit that begins the series. I
predict that a major event, involving
the number 4 and closely related to a
4-event of 1960, will occur in 1970.

Computer expert Donald E. Knuth has
called my attention to another fantastic
fact that strengthens my interpretation
of pi’s decimals 60-69. The 1,960th
through the 1,969th decimals are
5739624138. Here there is no 0 because
of the repetition of 3, but all digits from
1 through 9 appear. The chance of find-
ing all 10 digits in a given sequence of
10 consecutive random digits is, Knuth
tells me, 10!/1010, or .00036288 exactly.
Naturally the probability of finding this
as early in pi as decimals 60-69 is not
that small, but it is still small enough to
deserve earnest meditation.

The decimals of pi from the 70th
through the 79th are almost as fascinat-

LA

1

Solutions are given for twco to nine bases, 11 and 12 bases. No solution is knowcn for 10 bases
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ing: 4062862089. Observe the curious
repetition of the same four digits in ad-
jacent middle quadruplets and note that
the first nine digits are even. Something
exceedingly odd undoubtedly will take
place in 1979.

The last three digits of 1,969 are the
17th tetrahedral number as well as the
age of Methuselah when he died. [Gene-
sis 5:27.] This was pointed out to me not
long ago by Elvin J. Lee of Oak Ridge,
Tenn., who has made some recent dis-
coveries about amicable numbers. [Lee
disproved a conjecture first published in
this column in March, 1968, that all pairs
of even amicable numbers have sums
that are multiples of 9. Lee found nine
pairs of counterexamples, all (for some
reason as yet unknown) with digital roots
of 7. A tetrahedral number is the number
of unit spheres that close-pack to form
a tetrahedral pyramid. Such a pyra-
mid, 17 spheres on a side, contains 969
spheres.]

One final observation on 1,969, dis-
covered by Maxey Brooke of Sweeny,
Tex. Square 1,969, circle the last four
digits of the product, then view them
upside down. You will be surprised by
what you see. Aside from the trivial case
of the year 1, can your readers deter-
mine the earliest o.D. year with the same
property? [The number of circled digits

must be the same as the number of digits
in the year. Answer next month.]

Question: Can you provide a problem
of nontrivial interest that ties in with
moon-exploration plans?

Dr. Matrix: Assume that the moon is a
perfect sphere and that we want to es-
tablish n lunar bases as far apart from
one another as possible. More precisely:
How can n spots be arranged on a sphere
so that the smallest distance between
any pair of spots is maximized? The
problem is equivalent [as H. S. M. Cox-
eter shows in a paper cited in the bibli-
ography on page 148] to that of placing
n equal, nonoverlapping circles on a
sphere so that the radius of each circle
is maximum.

When n is 2, the answer is obvious.
The two bases are placed at opposite
ends of a diameter. For three bases the
solution is to put them on an equator at
the corners of an inscribed equilateral
triangle. For four bases the unique solu-
tion is the corner points of an inscribed
tetrahedron.

Let us jump to n = 6. Here the only
answer is to place the spots at the cor-
ners of an inscribed regular octahedron
or, what is the same thing, at the centers
of the six faces of a circumscribed cube.
The case of n = 5 has an unexpected an-
swer. The maximum distance turns out

The snub cube, the 24-base solution

128

© 1969 SCIENTIFIC AMERICAN, INC

to be the same as when n is 6. Simply
take the solution for six spots and re-
move one spot. The result is the best
possible answer for five spots. The solu-
tion is not unique; two spots must be at
opposite ends of a diameter but the oth-
er three can be shifted along the equa-
tor to an infinity of positions.

There are unique solutions for seven
and nine spots. When n is 8, the best
placing of spots is not, as one might
guess, at the corners of an inscribed cube
but at the corners of a square anti-
prism. The solution for 10 spots remains
unknown. When n is 12, the corners of
an inscribed icosahedron give the best
solution. In 1958 it was shown that
n = 11 is similar to the case of n = 5:
The best answer is obtained from the
12-spot solution by removing one spot,
except that in this case the remaining
11 spots are rigid and cannot be varied
to provide other solutions [see illustra-
tion on preceding two pages].

The only other known solution is
when n is 24. In 1961 Raphael M. Rob-
inson proved a conjecture of B. L. van
der Waerden’s that the answer is the
vertices of an inscribed snub cube, one
of the Archimedean semiregular solids
[see illustration on this page]. This poly-
hedron is asymmetric, so that it has left-
handed and right-handed forms. Its 38
faces consist of six squares and 32 equi-
lateral triangles. For further details on
this problem readers can consult Cox-
eter’s paper and his list of references.

Question: Anything else?

Dr. Matrix: Since you will not receive
my reply in time to use it before Octo-
ber, your readers may find it of interest
that the next month, November, 1969, is
what my friend Kirby A. Baker, a mathe-
matician at the University of California
in Los Angeles, calls a “perverse month.”

A perverse month is one that has six
calendar weeks, requiring six lines on the
calendar unless the last one or two days
are shown by tiny numerals squeezed
into the fifth row. What is the maximum
number, Baker asks, of perverse months
that can occur in a year? What is the
minimum number? Both questions are
closely related to the maximum and
minimum numbers of Friday the 13th’s
that can occur in a year. They are 3 and
1. As you may know, it has been proved
that the 13th is more likely to fall on
Friday than on any other day of the
week. Next year will have the maximum
number—an ominous omen. The only
remaining years of this century with
three Friday the 13th’s are 1981, 1984,
1987 and 1998.

Baker has shown that the more per-
verse months, the fewer the Friday the
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Simpler solution for “Napoleon’s problem”
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13th’s, and the fewer the perverse
months, the more Friday the 13th’s.
“Thus,” he writes, “a year good for cal-
endar makers is unlucky for the rest of
us, and vice versa.” [ Next month I shall
explain the relationship between the two
calendar problems and cite references.]

r‘Fhe top illustration at the left shows

a nine-arc method of solving last
month’s Mascheroni problem: Given two
diagonally opposite corners of a square,
find the other two corners using only a
compass. A and B are the given corners.
Draw the circle with radius AB and B as
center. Keeping the compass at the same
opening, draw arcs C, D and E (centers
at A, C and D). With radius CE and cen-
ters at A and E, draw the two arcs that
intersect at F. With radius BF and cen-
ter at E, draw the arc that intersects a
previous arc at G. With radius BG and
centers at A and B, draw the arcs inter-
secting at H and I. A, H, B and I are the
corners of the desired square. Philip G.
Smith, Jr., of Hastings-on-Hudson, N.Y,,
sent a simple proof of the construction,
based on right triangles and the Pythag-
orean theorem, but I leave it to interest-
ed readers to work out such proofs for
themselves.

Since writing the column on Masche-
roni constructions I have learned that the
six-arc solution to “Napoleon’s problem”
given last month is indeed Mascheroni’s.
Fitch Cheney sent me his paper “Can
We Outdo Mascheroni?” (The Mathe-
matics Teacher, Vol. 46, March, 1953,
pages 152-156), in which he gives Ma-
scheroni’s solution followed by his own
simpler solution using only five arcs.

Cheney’s solution is shown at the bot-
tom left. Pick any point A on the given
circle and draw a second circle with ra-
dius AO. With C as center and the same
radius, draw a third circle. With D as
center and radius DA, draw the arc in-
tersecting the original circle at E. With
F as center and radius FO, draw an arc
crossing the preceding arc at G. With C
as center and radius CG, draw the arc in-
tersecting the original circle at H and
I. E, I, C and H mark the corners of the
desired square.

Cheney calls attention in his article to
the difference between a “modern com-
pass,” which retains its opening like a
divider, and the “classical compass” of
Euclid, which closes as soon as either leg
is removed from the plane. Cheney’s
five-arc solution uses only classical arcs,
in contrast to Mascheroni’s. Cheney also
gives in his article a seven-step classical
method of inscribing a pentagon in a
circle, two steps fewer than Mascheroni’s
modern-compass method.



Basic Research at loneywell

Research Center
Hopkins, Minnesota

Investigations of Passive Materials
for Sonar Devices

Use of new combinations of materials in sonar trans-
ducers should make greater ocean depths accessible for
investigation and exploitation.

A critical obstacle to full exploitation of
ocean resources for both military and com-
mercial applications is the lack of equip-
ment for communication at depths greater
than about 2,000 feet. Currently sonar is
the only means of communicating under-
water, since electromagnetic radiation does
not penetrate the sea significantly, and the
use of lasers, so far, is strictly experimental.
The fundamental limitation on sonar equip-
ment focuses on the materials used within
the transducer. These materials must be
responsive to slight changes in sound ener-
gy, while at the same time resisting the
enormous hydrostatic pressures found at
increasing depths.

Sonar devices have two main parts—the
active element which converts sound en-
ergy into measurable electrical signals, or
vice versa, and the inactive elements which
control the paths sound can travel in the
transducer. This directivity pattern of a
transducer is especially critical to its proper
functioning; it enables the transducer to
distinguish sounds from one specific direc-
tion from other sounds in the ocean, and
to transmit sounds in a given direction.

Thus, transducers are used either as
projectors (for active sonar) or as hydro-
phones (for receivers, or passive sonar).
In each type, inactive materials
are selected to match or mis-
match the characteristic im-
pedance (product of density
and sound velocity ), of the ac-
tive materials. Matching mate-
rials include those that are
transparent, refracting and ab-
sorbing; mismatching materials
include those that reflect and
decouple.

A satisfactory absorptive
material, for example, should
have impedance equal to that
of the active element so the
sound will enter the material.
The material must neither re-
flect nor transmit sound; must
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ABSORPTION COEFFICIENT (CM 1)

pressure up to 10,000 psi, while having
adequate absorption over the frequency
range from 1 KHz to 300 KHz. 1t is “physi-
cally impossible” for a single material to
meet all these conflicting requirements, but
a compromise is feasible.

Absorber materials with high absorption
coeficients at shallow depths in the ocean
depend upon air cells to scatter the sound
back and forth on a low absorbing matrix
material. As the pressure increases, these
air cells disappear and so does the attenu-
ation. Other damping materials have been
tried using trial-and-error testing in the
sonar design. However, most of these
materials have little or no attenuation or
function poorly as the hydrostatic pressure
increases.

Believing that detailed descriptions of
acoustic and mechanical properties would
be valuable for future sonar design, Hon-
cywell scientists have been investigating a
wide variety of passive materials in the
hope that identification of desirable fea-
tures of absorbers successful at sea level or
slightly higher pressures would help in the
development of newer, stabler materials.

Using an impedance tube with an RF
pulse generation system and small samples,
measurements were made of a number of

f=100 KHz
T=12°C

passive materials now in use. Comparing
transmitted energy (1) and incident energy
(1) by means of Lambert’s (or Bouquer’s)
Law I=I,e 2a4, changes in the absorption
cocfficient, @, with varying frequencies of
sound waves and hydrostatic pressure were
noted.

Results suggested that combining mate-
rials could be one way to maximize absorp-
tive properties. Honeywell has fabricated
composite materials that have greater
acoustic attenuation than possible in pure
materials at the same frequency, and other
materials which function in frequency
ranges where pure materials have no mea-
surable absorption. Some promising new
materials are combinations of metals and
polyurcthane rubbers. The metals, rather
than air, scatter or reflect the energy back
and forth through the polyurethane matrix,
causing high sound attenuation. The
amount of attenuation is varied by chang-
ing the composition and the components.
In some cases as much as 90% of the sound
is absorbed in one pass through an absorber
of 1 cm length. Even more important, the
absorption coefficient is constant as high
as 2,000 psi, which represents a depth of
more than 4,000 feet.

Ongoing investigations will evolve more
complete descriptions of properties of inac-
tive materials. Future development and
fabrication of new materials, particularly
combinations of two and conceivably three
materials, are aiming for stability at 30,000
feet and below.

If you are working in the area of mate-
rials for sonar transducers and want to
know more about Honeywell’s
investigations of passive mate-
rials, please contact Dr. Ron-
ald W. Higgs, M.S. C1221,
-I Honeywell Corporate Research

Center, Hopkins, Minnesota
55343. If you have an ad-
vanced degree and are inter-
ested in a career in research at
Honeywell, please contact Dr.
John N. Dempsey, Vice Presi-
dent Science and Engineering,
M.S. G5208, Honeywell Inc.,
2701 4th Avenue South, Min-
neapolis, Minnesota 55408.

, Honeywell

be chemically stable in sea wa- 0
ter, and must be unaffected by 0
temperature changes from 0°
to 30°C. Above all, it must re-
main stable against changes in
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The Helicopter:
Whats it done tor you lately@
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Our helicopters are
airlifting all kinds of people. Planting
transmission towers. Placing prefab
building sections. Delivering supplies
to our fighting men,
and our men from tight spots.

We're out to make helicopters
even more useful to more people.
By cutting operating costs. Boosting
speed and range. And payloads.
And versatility: future helicopters that
whisk commuters to and from
work will also be able to
heft big loads of cargo.

Helicopters: just one of many
ways we're working toward a
coordinated, efficient transportation
system. That's our main
purpose at United Aircraft,
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alot of people out of trouble. ..



Conducted by C. L. Stong

eriodically this department pre-
Psents short descriptions of projects

that illustrate what an enterprising
amateur can accomplish with a bit of in-
genuity. Four such projects have recent-
ly come to my attention. The first one
deals with the problem confronting an
experimenter who wanted to examine
the flow of blood in a healthy animal but
lacked a number of essential elements.
For example, he did not have access to
experimental animals, and although he
had the objective lens of a microscope
(with its companion eyepiece), he did
not have the other parts of the instru-
ment. The experimenter is Julio Santilli
of Long Island City, N.Y., who solved
the problem by examining the blood in
his own capillaries with an instrument
that he assembled largely from odds and
ends. Santilli writes:

“The idea of doing this experiment
came to me one morning while I was
shaving. I noticed that the capillaries in
the white of my eye are covered with
transparent tissue, and I wondered what
the blood would look like if I could see
it up close. The question itself suggested
the kind of instrument I would need: an
optically folded microscope. Light from
the capillaries of one eye would pass
through the objective lens of a micro-
scope and proceed to a distant mirror for
reflection to the other eye [see top illus-
tration on opposite page]. I had a 10-
power objective lens and a 10-power
eyepiece. Luckily I also had a small mir-
ror that was silvered on the front side.
Mirrors silvered on the back would not
work as well because light would be re-
flected from both the front and the back
to create a double image.

“Experimenting with the apparatus, I
soon learned that all parts of the system,
including the viewer’s head, must be
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The flow of blood, weather vanes, telescope

mirrors and the conductivity of insulators

rigidly supported because all motions of
any part are equally magnified. In my
design the objective lens, the eyepiece
and the mirror are supported by a wood-
en box. The box rests on and is attached
to the upper end of a lens barrel from an
old portrait camera. The barrel has a
rack and pinion that serve as a focusing
adjustment. The framework holding the
lens barrel is made of wood and includes
both a head board and a bite board [see
bottom illustration on opposite page].
These rests are essential. Indeed, I have
been tempted at times to strap my skull
to the fixture.

“Neither the dimensions nor the ar-
rangement of the parts is critical. The
experimenter can be guided by the con-
tents of his junk collection. Focusing can
be accomplished by moving the entire
optical system up or down, as in my de-
sign, or by moving the objective lens
alone. I light the capillaries with a spot
lamp that I made, and regulate the
brightness with a rheostat. I always use
minimum light to prevent irritation or
damage to the eye, and I usually limit
periods of observation to five minutes,
with an hour or two of rest between pe-
riods.

“What does one see? This depends on
the size of the capillaries. I classify the
capillaries simply as large, medium and
small. The large ones show no flow of
blood because the stream is thick and
consequently opaque, nor is regular flow
observed in the smallest capillaries. Sin-
gle cells or small clusters of cells spurt
irregularly through the smallest capil-
laries much as random tracks appear in
a Wilson cloud chamber. The most in-
teresting flows are found in capillaries
of medium size, which are both clear-
ly transparent and supplied with just
enough blood to display the streaming
red cells to advantage.

“I found viewing my own blood a fas-
cinating experience. Here and there the
cells move in synchronism with the
pulse, alternately speeding up and slow-
ing down, but the action of the heart is
not apparent in all capillaries. In many
the flow is constant. Occasionally the
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blood comes to a complete halt and then
resumes in the same direction. Most as-
tonishing are times when the cells stop
and reverse direction against the pow-
erful pumping of the heart. Another stop
follows, and then the flow resumes in the
original direction. Rarest of all are oc-
casions when a capillary empties. This
usually occurs during a backflow, when
for some reason the blood supply ap-
pears to be cut off. The capillary seems
to vanish, but it reappears in a matter
of seconds with the return of normal
circulation.

“Several experiments come to mind.
For example, it might be interesting to
observe the effects of coffee, tea, beer
or tobacco on the circulation. It should
also be possible to investigate the influ-
ence of aging on the structure of certain
capillaries and on the circulation. Such
changes could be photographed by fit-
ting the eyepiece with an optical beam
splitter to divert part of the light into a
camera. The apparatus would similarly
lend itself to recording the effects of
emotional or mental states on the circu-
latory system.”

The next project is submitted by

Cleveland H. Hood of Middles-
brough in England, who makes a hobby
of constructing meteorological instru-
ments. He calls attention to an inexpen-
sive device for electrically synchronizing
the rotary motion of two mechanically
independent shafts. The device consists
of two principal assemblies: a transmit-
ter and a receiver.

The transmitter includes a rotatable
shaft that carries two electrically insu-
lated wiper arms spaced 180 angular
degrees apart. The tips of the arms make
sliding contact with a surrounding toroi-
dal coil of resistance wire. A comparable
shaft of the receiver supports a bar mag-
net, much like the needle of a compass,
that is free to rotate inside a surrounding
configuration of three interconnected
solenoids spaced 120 angular degrees
apart. Direct current is applied to the
wiper arms. From three points spaced
120 angular degrees apart on the toroi-



dal coil leads connect to each of the
corresponding solenoids [see top illus-
tration on next page).

When power is applied to the trans-
mitter, the resulting current divides into
three parts. The amount and the relative
polarity of each part depend on the
points where the wiper arms make con-
tact with the toroidal coil. These cur-
rents induce a corresponding pattern of
magnetic flux in the region of space en-
closed by the solenoids. The bar magnet
aligns itself with this field. Rotation of
the transmitter shaft redistributes the
current and, in effect, rotates the mag-
netic field of the receiver. The bar mag-
net and its supporting shaft turn in step.

Hood writes: “Any reasonably handy
craftsman can construct a version of this
synchronizing device, but in Britain
(and perhaps in the U.S)) the transmitter
and receiver are available on the surplus
market. Known as the ‘Desynn System
of Remote Indication,” they are manu-
factured for use with airplane instru-
ments by Smiths Industries Limited,
Kelvin House, Wembley, Middlesex,
England.

“I picked up a set of Desynns in the
surplus market for 16 shillings (about
$2) for remote display of wind direction
at my home weather station. The weath-
er vane is on high ground some distance
from the house. The lower end of the
vertical spindle that supports the vane
assembly is coupled to the Desynn trans-
mitter. The receiver of the Desynn dis-
plays on a dial in my study the direction
in which the distant vane is pointed.

“The design of the vane is novel in
that the moving parts float in a container
of light machine oil. The spindle passes
through and is soldered to the axis of a
sealed cylindrical can that functions as
a float [see bottom illustration on next
page]. The oil that supports the float is
contained by a glass jar that also serves
as the base of the instrument.

“I wedged the Desynn transmitter in
the bottom of the jar and joined its shaft
by a spline to the lower end of the spin-
dle. A sleeve bearing in the lid of the
jar supports the spindle vertically. The
perforated lid of a round tin can was
soldered to the spindle just above the
sleeve bearing to act as a rain shield.
The spindle attaches to the balance point
of the horizontal arm that carries the
vane.

“The buoyancy of the float was ad-
justed, by putting oil inside, to coun-
terbalance the weight of the rotating
assembly. The weather vane behaves
as though it were weightless and nearly
frictionless, as indicated by the fact that
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Circuitry of Cleveland H. Hood’s apparatus for reading a distant weather vane

it responds to an almost imperceptible
breeze. It has operated continuously
without maintenance in weather of all
kinds for more than a year.”

A discouraging phenomenon tends to
beset those who first attempt to
grind and polish the objective mirror for
a reflecting telescope. At least one deep
scratch mysteriously appears in the glass
no matter how carefully the craftsman
works. Telescope mirrors are ground to
a concave figure by sandwiching an
abrasive slurry between two disks of
glass and pushing the top disk back and
forth. As the grinding proceeds the lower
surface of the top disk, which will func-
tion as the mirror, becomes increasingly
concave and the top surface of the lower
disk, which acts as the grinding tool,
becomes correspondingly convex.
The worker uses successively finer
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shield

particles of abrasive and finally polishes
the lightly frosted surface of the mirror
to a paraboloidal figure by stroking the
glass on a disk of pitch coated with a
slurry of rouge. All instruction books ad-
monish the beginner to use abrasives of
high quality and to maintain scrupulous
cleanliness in order to prevent a coarse
particle of grit or dust from lodging be-
tween the disks and making the unwant-
ed scratch. Although scratches have
almost no effect on the optical perform-
ance of the telescope, they are irksome
to craftsmen who prize excellence in
workmanship. T. R. Macfarlane of Re-
gina, Saskatchewan, describes a little-
known but reliable method of ending
the difficulty:

“Scratches are made by lumps that
form in all grades of fine abrasive. The
lumps plow grooves in the glass just as
though they were solid particles. They
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can be dispersed by a sedimentation pro-
cedure that improves the abrasive in an-
other respect. All grades of abrasive
contain powdered grit: particles much
smaller than those of the maximum size.
When the powder becomes wet, it acts
like mud in that it retards cutting action.
By removing the powder the time re-
quired for the final stages of grinding
can be cut in half.

“Abrasives are graded by number,
ranging from 80 (particles about the
size of granulated sugar) to 600 (micro-
scopic particles). The coarser grades do
not clump and rarely cause scratches.
The difficulty appears with grade 320
and smaller. To purify abrasives you
will need a few jars of clear glass rang-
ing in size from a quart to a gallon, small
jars with caps to hold the purified abra-
sive, four feet of rubber hose a quarter
of an inch in diameter and a quart of
water glass (sodium silicate).

“I put clean water, to which I have
added about two ounces of water glass,
in a gallon jar until the level is an inch
below the top. The water glass serves as
a deflocculating agent: it disperses lumps
that remain solid in water alone. One
ounce of abrasive is thoroughly mixed
with the solution and left to settle for 30
minutes. With the rubber tubing I then
siphon all but two inches of the fluid
into a clean container. I label the con-
tainer 600-1 and put it aside.

“I refill the settling jar with water
containing one ounce of water glass,
thoroughly mix the remaining grit and
again let it settle for 30 minutes. All
but an inch of the fluid is then siphoned
into a clear glass container and labeled
600-2. Thereafter I repeat the proce-
dure, progressively reducing the inter-
vals of settling to 15, eight and three
minutes. The stored containers are la-
beled 600-3, 600—4 and 600-5 respec-
tively.

“Finally, I shake up the settled dregs
and pour them into a smaller jar. This
material settles quickly. A sharp line ap-
pears at the boundary between the clear
fluid and the suspended grit. When the
upper third of the fluid clears, I care-
fully pour all but a third of the remain-
der into a clean jar. When this material
settles, I pour off and discard the clear
fluid. T then refill the jar that contains
the dregs and repeat the procedure three
times. The collected material is labeled
600-6. To the remaining dregs I add one
ounce of the 600 grit as it comes from the
manufacturer, process it by the same
procedure and similarly treat the re-
maining stock. After several days, when
the grit in all six labeled containers has



settled, I carefully siphon off the clear
fluid and dry the abrasives for use.

“What about the accumulated dregs?
To them I add one ounce of 500 grit,
proceed as described and then switch to
400, followed by 320. I do not process
the coarser grades.

“Purified abrasive easily cuts twice as
fast as untreated material. During the
final grinding stage, when 600-6 grit is
followed by 600-5, -4, -3, =2 and -1,
the glass emerges unscratched and with
a semipolished surface. Other defloc-
culating agents and techniques of sedi-
mentation that differ slightly from this
procedure are described in Amateur Tel-
escope Making (Book Three), by Albert
G. Ingalls (Scientific American, Inc.).”

Occasionally an unexpected event

such as the flick of a pointer across a
dial, a puff of smoke or a flash of light
alerts the careful experimenter to a fruit-
ful opportunity. A case in point is re-
ported by W. W. Withrow of Teague,
Tex., who recently hit on an inexpensive
method of measuring the electrical con-
ductivity of materials ordinarily classed
as insulators. He writes as follows:

“Some months ago I received a num-
ber of transistors from a cousin who
works for a computer manufacturer. The
devices had been rejected during tests at
the plant. They were designed to con-
duct current from the emitter to the col-
lector terminals but not in the reverse
direction. I decided to measure their re-
sistance in the reverse direction, on the
assumption that those of high resistance
might be usable. The measurements
were made with an inexpensive ohm-
meter that has a midrange scale of 150,-
000 ohms.

“During all the tests except one the
pointer of the meter swung to the top of
the scale and stayed there, indicating a
usable transistor. In this one case, how-
ever, the pointer first swung to the top
of the scale, flickered a few times and
finally dropped close to zero. Initially I
thought the device was defective. Then
I became aware that the tip of one of
my fingers was touching both the collec-
tor and the base terminals of the transis-
tor. When I removed the finger, the
pointer swung to the top of the scale, as
in the case of units previously tested.
Evidently current through my finger was
triggering the transistor into its ampli-
fving state. The relatively small current
in the base-collector circuit caused a
large current in the emitter-collector cir-
cuit. It occurred to me that the transistor
might be used to magnify the scale of
my ohmmeter, perhaps from its normal

midrange of 150,000 ohms to several
million ohms.

“To test this notion I clipped the posi-
tive terminal of the meter to the emitter
lead of the transistor and the negative
lead of the meter to the collector. (The
silicon transistor was of the p-n-p, or
positive-negative-positive, type.) I then
connected a one-megohm resistor across
the collector and base terminals of the
transistor. The pointer of the meter
promptly swung to 10,000 ohms, which
suggested that the transistor had mag-
nified the scale of the instrument 100
times, equivalent to a midrange value of
roughly 15 megohms. The thing had
worked!

“Why not place another transistor
ahead of the first one and get still more
magnification? This was done by con-
necting the base of the first transistor to
the emitter of the second one and inter-
connecting the collector leads. In this
circuit the transistors function as a two-
stage current amplifier [see illustration
below]. The circuit again worked, am-
plifying 10,000 times to yield a midrange
scale of 1,500 megohms.

“Rough measurements are of little
use. My next step was to calibrate the
magnified scale, which can be done with
two resistors, one having a known, fixed
value and the other being variable from
zero to at least 1,500 megohms. The re-
sistor of known value is connected in
series with the variable resistor. The
variable resistor is set to zero and the
fixed resistor alone is measured. The po-
sition to which the pointer swings is
noted. The fixed resistor is short-cir-
cuited by connecting a copper wire
across its terminals. The variable resistor
is adjusted so that the pointer swings to
the previously noted position. With the
pointer at this position the value of
the variable resistor matches that of the
fixed resistor.

“The value of the fixed resistor can
now be added to the circuit by remov-
ing the copper wire. The pointer then
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swings to a new position that is equal to
twice the value of the fixed resistor. With
the fixed resistor again short-circuited
the variable resistor is adjusted so that
the pointer swings to the new position
on the scale. The cycle of operations
is repeated until the expanded scale is
fully calibrated.

“Fixed resistors calibrated to within
1 percent of their rated value are avail-
able from suppliers in sizes up to sev-
eral megohms. Obtaining a variable
resistor of the size needed for this jobh
is another matter. Variable resistors of
zero to 3,000 megohms are not available
commercially. I tried a number of ways
to improvise one with several materials
in my shop.

“One of my devices seemed promis-
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The wondrous ways
of man and beast

YIWARA

FORAGERS OF THE
AUSTRALIAN DESERT

by Richard A. Gould

“It would be hard to find a people and a
culture living today that present a greater
contrast to our own world than do the
Australian Aborigines. To dwell among
them, to share their lives, to come to un-
derstand their spiritual and physical needs,
opens up new and profound vistas.
Richard A. Gould shares these insights
with his readers in this sensitive and highly
perceptive book.”—DR. HARRY L. SHAPIRO,
Chairman, Department of Anthropology,
American Museum of Natural History.
Photographs and drawings. $8.95

VENOMOUS REPTILES

by Sherman A. Minton, Jr. and
Madge Rutherford Minton

“A scholarly, highly readable review of
the poisonous snakes of the world—the
kinds, their deadly potentials, the effects
of their venoms, and the weapons the
medical profession has fashioned to aid
the snake-bite victim. Most fascinating
are the chapters on folklore, the role of the
serpent in mythology, in tnbal customs,
and as a phallic symbol.”—DR. ROGER
CONANT, Director and Curator of Reptiles,
thladelphza Zoological Gardens.

Tables. $7.95

BIOLOGY OF MAMMALS
by Richard G. Van Gelder

How mammals are born, how they de-
velop, how they find shelter, food, and
water, and how they defend and protect
themselves, described clearly and simply
by the Chairman of the Department of
Mammalogy at the American Museum of
Natural History. A valuable introduction
and guide to an important branch of natu-
ral history, the book stresses the environ-
mental and economic value of mammals
to man, whose own survival is at stake.

$5.95. Lyceum Ed. $2.45 paperback

Name

At your bookstore or mail coupon to: § CHARLES SCRIBNER’S SONS
597 Fifth Avenue, New York, N.Y. 10017

Please send me: ________ copies of YIWARA @ $8.95 each.
____ copies of VENOMOUS REPTILES @ $7.95 each.
_____ copies of BIOLOGY OF MAMMALS @ $5.95 each.
copies of BIOLOGY OF MAMMALS @ $2.45 each.

Address

City — State
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Please enclose check or money order. Add city sales tax where necessary.
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Details of the variable resistor

ing. It was a wood scrap two inches wide
and two feet long with a series of steel
nails driven in a row down the middle
to serve as terminals. The strip had about
the right order of conductance, but the
conductivity changed faster than I could
clip instrument leads to the nails. Evi-
dently current in the wood was carried
by absorbed moisture.

“After trying a number of other ma-
terials without success I finally hit on the
idea of using a cadmium sulfide pho-
tocell as a light-dependent resistor. I
sealed the photocell in a small, light-
proof box along with a miniature lamp
bulb, a flashlight battery and a rheostat
for adjusting the brightness of the lamp
with a knob outside the box [see illus-
tration above]. The maximum resistance
of the cell in darkness is about 3,000
megohms. All photocells of this type are
sluggish: their resistance continues to
change for several seconds after each ad-
justment of the light. Their resistance
also changes with temperature and other
variables. Even so, if one is patient, the
device can be used to calibrate the ohm-
meter. Any type of silicon transistor with
a current gain (beta) of 100 or more will
work in the ohmmeter circuit.

“Resistances up to a billion ohms are
normally measured with a ‘megger,” es-
sentially a hand-cranked generator, that
develops several hundred volts. It is con-
nected to a meter that responds to a
few millionths of an ampere. Meggers
are costly and inconvenient to use. The
same measurements can be made by fit-
ting a $20 ohmmeter with a pair of sili-
con transistors. I use mine for checking
capacitors, insulators and similar elec-
tronic components.”
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This is the biggest ship ever to be launched
sideways.

She’s the Esso San Francisco, hitting the
Mississippi at Avondale, Louisiana, last July.
And two 76,000-ton sister ships, also ordered by
Jersey's affiliate, Humble Oil & Refining Com-
pany, will follow her act in the next few months.

228,000 deadweight tons of ships. It's a
big order. And it's only part of Humble’s cur-
rent shipbuilding program in the U.S.

Elsewhere around the world, Jersey's
affiliates are making shipbuilding news.

At the beginning of this year, there were
33 tankers on order in nine different countries,
Nearly five million deadweight tons. An invest-
ment of over $400 million.

Historic

This, the biggest tanker-building program
in Jersey’s history, is necessary to meet the
world’s ever-growing demand for oil.

And there are some heart-warming stories
to tell. For example, at Wallsend in England.

Two years ago, Jersey’'s British affiliate,
Esso Petroleum, decided to build two mammoth
253,000-ton tankersat Wallsend. Then the larg-
est ships ever to be ordered in Europe.

“It’s the best news this town has had in
years,” said Wallsend's mayor.

The Esso Petroleum order guaranteed two
vears’ employment for 3,000 men. It put $7
million a year in wages into the town’s econ-
omy. And now you can see the effect. More
goods in the shops. More cars on the streets.
More smiles in the pubs.
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splashdown.

Behind this news is an encouraging story.
Only seven weeks before Esso Petroleum
placed its order, no British shipyard was in the
running either for price or delivery date. And
delivery date was particularly tough. Two ships,

both bigger than the Queen Mary;, to be finished -

in two years. And ten unions were involved.

The initiative came from the unions them-
selves. They negotiated agreements that
allowed one trade to pitch in on anothér's job.
The more a worker produced, the'more he
earned. When they and the shipbuilders were
sure thejob could be done, the barks responded
with low-cost loans. _

NCISCO

Now Wallsend has more ships on order
than anyone could have foreseen.

In fact, since Esso Petroleum broke the ice,
there are twenty-one ships to be built there,
including a third giant tanker.

We like to think that the splash we made’
at Wallsend was, in its own way, as historic as
the one we made on the Mississippi.

Standard Oil Company




by Philip Morrison

AN THE HUNTER, edited by Rich-
M ard B. Lee and Irven DeVore,

with the assistance of Jill Nash.
Aldine Publishing Company ($6.95).
Noaaps or THE Long Bow: THe Sir-
10NO OF EASTERN Borivia, by Allan R.
Holmberg. The Natural History Press
($1.95). Is man in a state of nature a
noble, free and happy being, chained
to no onerous social contract? Or is he
doomed to a life that is solitary, poor,
nasty, brutish and short? It is the mea-
sure of the power of science that what
was a grand philosophical cleavage is
now the subject of empirical test.

But is it? In actuality the issue joined
in both of these books remains unre-
solved. Yet the importance of the ques-
tion, and the subtlety of the answer,
come out in two very different but fas-
cinating ways.

The population of heaven and hell,
the total count of all the men and wom-
en who have ever lived out their lives
on the earth, numbers somewhat less
than 100 billion. A large fraction of all
the members of our genus have lived
by hunting and gathering. Lee and
DeVore say nine-tenths, although they
appear to overestimate it. If we are ever
to understand ourselves, we need to un-
derstand that way of life. We know well
that our entire biological makeup is
adapted to it; all men were hunters up
to 10,000 years ago, when they ate
of the fruit of agricultural knowledge.
What we learn of ancient man from
the archaeologist, from all those deftly
chipped tools and vigorous paintings,
we must seek to test among that .001
percent of our fellow-men who still live
as hunters, although they are no longer
hunters in a world of hunters.

The main instrument of the inquiry
among living hunters (we can extend this
notion to our older anthropological col-
leagues, since the time of Captain James
Cook, not to say Aristotle) is ethnogra-
phy. This is a serious record of the cul-

BOOAS

Man in his primeval state, the rise and

fall of T. D. Lysenko and other topics

ture of a group of humans. At its best,
it is made by a man who lived among
them, who spoke their tongue, who held
them as friends, who thought deeply of
their life while it was his own and who
described it clearly in a context of sen-
sible comparisons and explanations. Eth-
nography does not always reach that
level. Too often it is secondhand, won
by talking to intermediaries, frequently
men who know hunters more as an en-
emy than as a friend. Even in the best
case we expect to learn a way of life
through one man’s experience, through
one observer who cannot, after all, be
astronomer and zoologist, economist and
sociologist as he trudges naked through
the forest.

It is clear that the personal ethnogra-
phy—all we shall ever have for most
hunting groups—is too frail to carry the
heavy load of our knowledge of mankind
and its way into the world. There is only
a little time left for doing better. That
is one of the main burdens of the Lee-
DeVore book, which reports a sympo-
sium of 67 participants (mainly Ameri-
can, but with other countries well rep-
resented) who read papers concerned
with all continents, presented along with
sueh a vivid, germane and meaty dis-
cussion as to set a model for symposium
reports.

The paperback Nomads of the Long
Bow is in contrast a classical one-man
ethnography, one of the best. It is par-
ticular, genuine and moving. Holmberg’s
premature death in 1966 gives a poi-
gnant quality to the warmth and open-
ness of this little book. It is his own
reworking of his doctoral thesis, first
published in 1950, eight years after his
seasons in the field. He characteristi-
cally thanks his skilled companion of the
bush, Don Luis Silva Sanchez, in appro-
priately courtly phrase, and his hosts
the Siriono, who “tolerated a naive but
inquisitive anthropologist.”

The life of the Siriono is Hobbesian.
Wandering through the dense, wet for-
ests, they are often hungry. In the rainy
season the land turns into one vast
swamp; they choose a stretch of high
ground and stay on it. They clear garden
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plots with fire and digging stick and
raise some crops; only maize, which they
said had been known to them for 50
years or so, ever produces enough for
serious storage. They have no canoes to
travel their stream-filled world, little art,
one story about the great hero Moon,
poor huts, no clothing, numbers up to
three. “Fire-making is a lost art”; once
they could make it with a twirled stick.
In that moist forest the skill was lost, and
instead fire is carried from camp to camp
in a burning brand made of the spongy
spadix of a palm. At least one woman in
every traveling band carries the fire.

The Siriono make eight-foot bows—
each man makes his own—out of a spe-
cial palm wood planed with a shell. A
man who is busy is either hunting or
working on arrows. There is great free-
dom in the matter of sex, for both men
and women, married and unmarried.
The dreams of the Siriono, like most of
their constant quarrels and wrangles, are
about food and drink rather than sex.
The children are loved (a photograph of
a father watching his young son draw
the great bow is the happiest in the
book) but the old are held as the burden
they are. The people abandon the ill or
the infirm without a word of farewell.
Old age comes soon.

Holmberg and Silva themselves lived
from the forest, but their lives depended
on their shotgun and rifle, insect netting
and knife. The Indians at once coveted
the tools, the machetes in particular.
Holmberg later introduced a few imple-
ments, a shotgun and the domestic hen.
They enriched the individuals who re-
ceived them, and began to spread to
their kinsmen. Some of these very peo-
ple have by now shifted from the no-
madic to a settled way of life based on
agriculture. “T am frequently disturbed,”
writes Holmberg, “by the fact that I
had a hand in initiating some of the
changes ... over which neither I nor they
had control....Maybe they should have
been left as they were.”

Holmberg spent his remaining years
as a conscious innovator. He bent his
anthropology to the service of the peo-
ple whose ways he studied, notably in



the decade among his friends in the vil-
lage of Vicos in the Peruvian altiplano.
They had been unable to free themselves
from the peonage of centuries; today
they live as hopeful men and women
on their own lands. Their opportunity is
also Holmberg’s legacy.

The Lee-DeVore symposium, which
is of course far wider in scope than any
single ethnography, turns on the eco-
nomics, demography and cultural pat-
terns of hunters. The “devolved” Siriono
are not even pure hunters and gatherers,
of course. The wandering desert Bush-
men, who have no gardens at all, make
out contrastingly well. Their calorie in-
take is by actual count sufficient; they do
not press their children to hunt food, nor
do they dispose of unproductive oldsters.
In one intimate ethnography they are
called “the harmless people.” They work

an average 15-hour week gaining a liv- '

ing (plainly the envy of their hardwork-
ing Harvard observers!). This figure held
true even during the third year of a se-
vere regional drought.

The main economic basis for this in-
ventory-free affluence appears to be
the mongongo nut—abundant, reliable,
drought-resistant, nutritious and good to
eat even after lying a year on the ground.
A Bushman, asked why he did not farm,
reasonably answered: “Why should we
plant when there are so many mongon-
go nuts in the world?” By and large
hunters do not care for the morrow; they
prodigally eat all there is on hand; they
sleep a lot. Is that the “confidence born
of affluence” or is it the lack of responsi-
bility to their fellows of men who live
by an intense individualism? Must we
hold with Hobbes or with Rousseau? The
answer is mumbled and incomplete, but
it seems most unlikely to be unified.

Man is a plastic creature, as he is
a powerful one. Only man can swim
a mile, walk 20 miles and then climb a
tree. There are Indians who can run
down horse and deer, the runner making
tull use both of his physical superiority
and of his mental one, in his knowledge
of the prey and his planning for a com-
ing day of rest. Professor William S.
Laughlin has put it well: man the hun-
ter domesticated only one species, but
that was the vital one—himself. Natural
selection made the hunter. The inven-
tory he then made for himself was main-
ly informational; it was stocked in his
speech, his pedagogy, his organizing, his
skills. We cannot easily recover those
things, at least not as easily as we dig up
pots or expose the walls of Troy. Yet
they lie everywhere, enciphered in the
materials of the past, or in our old tales
of the earth and the moon, or in the
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structures of speech and thought that
still hold sway among men, a treasure
trove too subtle for the spade.

HE RisE AND FaLL oF T. D. LySENKoO,

by Zhores A. Medvedev. Translated
by I. Michael Lerner. Columbia Univer-
sity Press ($10). The first Pravda story
about Professor Lysenko, in 1927, draws
him thus: “God give him health, he has
a dejected mien.... Only once did this
barefoot scientist let a smile pass, and
that was at mention of Poltava cherry
dumplings.” So he looks out of his pho-
tographs: slight, dour, intense, lined
face, cap pushed back, cigarette dan-
gling. He still directs the experimental
farm where his expensively fed and
much culled Jersey crosses produce
more milk but not a higher butterfat con-
tent. This book is an authorized, lively
but somewhat unfortunately abridged
translation of a still unpublished Rus-
sian work. It is the 1967 product of an
able molecular geneticist; he began it in
1961 and has circulated it widely in pre-
liminary form among Russian biologists.
The present version was unanimously
recommended for publication in the
U.S.S.R. by an Academy of Sciences
committee. The work itself has played a
real role in the rehabilitation of Russian
genetics, after one generation of pseudo-
science that has cost the Russian farmer,
consumer and medical patient dear.

Lysenko came on the scene, his beard-
ed and robust farmer-father beside him,
with the vernalization technique, which
sometimes gained winter grain crops
from summer plantings. It does not seem
to have been a very novel practice, and
it died out even in Lysenko’s eyes by the
end of World War II. Lysenko and
his theoretical colleague, I. 1. Prezent,
gained much from it nonetheless. He ap-
pealed explicitly to the deep issues of
the truly terrible epoch of 1935: “There
were kulaks and their abettors who kept
whispering ...into the peasant’s ears:
‘Don’t soak the seeds.’... A class enemy
is always an enemy whether he is a sci-
entist or not.” Stalin was there, and
exclaimed, “Bravo, comrade Lysenko,
bravo!”

Lysenko could draw big conclusions
from a single plant; he and his school
were not above falsifying data or cen-
soring classic references, and they sys-
tematically attacked opponents at the
most overt level of xenophobia and po-
litical partisanship. He chose to acquire
practical large-scale data with loaded
questionnaires directed to frightened or
self-serving subordinates rather than by
controlled test. There can be no doubt
that he was an effective phrasemaker.
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Khrushchev too heralded him as a na-
tional property and the guarantor of
abundance.

It is clear that in the absence of public
criticism, with a near-monopoly of pub-
lication and support, surrounded by an
atmosphere of repression and fear, the
provocative, self-praising Lysenko could
prosper. The author judges him a “pro-
vincial experimenter . .. expressing ele-
ments of fanaticism and obscurantism.
We have many such people today, and
there are many in other countries, but
there they are not normally placed at the
head of science.” Rigid centralization
and long isolation had their clear results.

Yet not enough thought is given to
what Lysenko offered. He had few prac-
tical successes. Branched wheat, cluster
planting, anti-inbreeding—all were fail-
ures. That both Stalin and Khrushchev
should have so vigorously supported him
was not predictable. Was it perhaps
chance? Or did he supply the public
mind with something genetics could not?
Professor Medvedev is too close to the
issues to say.

The final tide-turning events—there
were ebbs and flows—seem to have be-
gun with Watson and Crick and the
great successes of molecular biology
abroad in 1961 and 1962. It was then
that leaders within the Academy of Sci-
ences began to see that the science of
genetics hardly existed within the
U.S.SR. A strong scientific campaign
for molecular genetics began. Then Ly-
senko worked not on experiments but
on Khrushchev, and by the middle of
1964 a Lysenkoist geneticist (“an excep-
tionally unpopular personality”) was pre-
sented for admission to the Academy,
where he was subject to confirmation not
by biologists alone but at a general meet-
ing. The physicist A. D. Sakharov made
a short, strong speech, and the biochem-
ist V. A. Engel’'gardt observed that the
candidate had no practical successes and
no recent research publications. The man
was roundly refused, 126 against to 20-
odd for.

Chairman Khrushchev was furious,
and review committees were charged to
look into the Academy itself. The Soviet
people did not need such an Academy,
he said. It was too late. The entire coun-
try was badly off. Grain was bought
abroad in 1963, and the crops failed
again in 1964, both in Siberia and in the
virgin lands. By October, 1964, Khru-
shchev’s energetic, self-guided amateur-
ism was itself done, and Lysenko, to this
day never dismissed or punished, re-
signed as director of the Institute of
Genetics and lost the monopoly under
which his strange views had cost Rus-
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sian science and agriculture a generation
of progress. “Lysenkoism is far from
having been liquidated.... Neither has
it lost...people...unwilling to relin-
quish the primitive collection of dogmas
they have so firmly mastered [or] the
high posts they [have] occupied for so
long.” Busts and reliefs of Lysenko are
available “at triple discount.”

It is a gloomy story, even a tragic one.
Medvedev writes, however, as a patriot
who retains his faith in socialist legality.
There are tales of heroism, like that of
the plant breeder D. N. Pryanishnikov,
who nominated N. I. Vavilov, already
confined in prison, where he was to sick-
en and die, for a Stalin prize. One bitter-
ly funny story is in a footnote. The vin-
dictive Prezent demanded the expulsion
from the party of certain Leningrad Mor-
ganists as “abettors of fascism.” A listen-
er objected that “these comrades of
whom you speak spent nearly the whole
war under arms, fighting fascists, and
were decorated with military awards.”
“This is no argument,” replied Prezent;
“they fought fascism only empirically.”

INFRARED SysTEM ENGINEERING, by

Richard D. Hudson, Jr. John Wiley
& Sons, Inc. ($19.75). In the early 1950’s
“those shady figures who have intelli-
gence for sale” traded at high cost in the
latest information on the infrared. Ana-
lytical infrared spectroscopy (the most
important domain) apart, this well-or-
ganized and skillfully written book now
tells it publicly like it is, or at least like
it just was, in the entire civilian and mili-
tary field of infrared. There are no classi-
fied references, of course. One should
expect some lag, probably in such mat-
ters as the abilities of satellites (which
these days regularly carry infrared op-
tics of three-foot aperture). What is here
is a wide-ranging approach to the over-
all design of working infrared systems, a
book practical in outlook yet knowing
in physical and analytical methods. The
author teaches the material—and plainly
enjoys himself—to the design engineers
of Hughes Aircraft, a firm long expert in
the art. Military infrared is by an order
of magnitude or more a bigger industry
than the civilian. Infrared is first of all a
way to see in the dark and second a
means of long-range sensing of uncoop-
erative men and engines. (There is even
a citation of the best-known Chinese
work on tactics, although its author’s
name is wrongly abbreviated; it should
be written as T.-T. Mao.)

To see in the dark it is enough to use
the near-infrared wavelengths, beyond
the limit of the visible red around .75
micron up to a few microns. All the ma-



jor powers had developed such gear by |
the end of World War II, usually for
signals or for the use of riflemen. One
used one’s own invisible light source.
The current standard U.S. infrared rifle
sight has a range of 200 yards and
weighs 11 pounds including the light
source. It costs about $2,000. Nowadays
the emphasis is on search and guidance,
against such sources as jet engines (the
U.S. alone has seven different produc- |
tion airborne missiles of this kind) or
even smaller sources such as cooking
fires or parked trucks with their engines
cooling slowly. The far infrared has a
clear “window” of atmospheric trans-
mission in a band around 10 microns;
more than that, it contains most of the
energy radiated by objects at room tem-
perature or close to it. This is the band
that is important for medicine, mete-
orology, crop surveying, water-current
studies and the detection of submarines
and thermal pollution.

Infrared optics cannot use glass lenses
past two or three microns. Ingenious
mirror systems were the answer 20 years
ago; now there is a long list of special
materials suitable for lenses, prisms and
windows. They include silicon and ger-
manium and such exotic compounds as
hot-pressed thallium bromide-iodide and
cadmium telluride.

Photography works into the infrared
with dyed emulsions, but only as far as
1.3 microns, a limit already reached in
the 1880’s. That is one octave past the
red; there are nine to go. The first detec-
tors were only heat-sensors, elegant and
sensitive thermometers of various kinds,
slow to respond and very broad-band.
Nowadays, with signal-chopping and
image-scanning the favorite means of
fighting noise and feeding amplifiers,
fast narrow-band detectors are needed.
Solid-state science has met the need, pro-
viding a variety of semiconductors for
any wavelength out to 40 microns, where
one uses germanium artfully doped with
just the right few parts per million of
zinc or cadmium to supply a few easily
freed electrons.

Cooling of detectors and of filters is
helpful too, and it is indispensable for
the far infrared; there is now a sophisti-
cated technology of small refrigerators
using the once-through flow of high-
pressure gas, and even more elegant
compressor cycles that cool down to liq-
uid-nitrogen temperatures for a few
watts of power and a few pounds of |
weight. Image tubes, with a scanning
beam feeling out the conductivity chang- |
es of the detector target, just as the
Vidicon used for closed-circuit television
in the visible does, are developed to
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some extent. Ingenious thermal devices
(depending on evaporation of a thin oil
film in a vacuum to produce film-thick-
ness changes made visible by optical in-
terference colors from the film) have
been used widely, for purposes ranging
from military mapping to locating hu-
man tumors by the increased capillary
blood flow marking the higher metabolic
rate of the malignancy.

A Boeing 707 jet could be picked up
effectively at a distance of 60 or 70 miles
by a system here designed before one’s
eyes in one chapter as a worked-out ex-
ample. The system weighs less than 50
pounds, cooling included, and needs less
than a kilowatt of power. It works in the
four-to-five-micron window.

The marvelous development of high-
resolution infrared interference spectros-
copy is alluded to but is not fully treated.
The astronomy of the extreme infrared
is a topic still not engineered. The sun
could barely be detected in the dry air
of the high Andes at wavelengths of be-
tween 40 and 400 microns even by a
quite modern apparatus. Mist and fog,
but not haze and smog, stop all infrared.
Too much water. All human beings,
whatever their hair color or their genes
for melanin formation, have skin of one
and the same color if they are viewed at
wavelengths beyond two microns. We
are all brothers by the blood’s radiation.

W’ ALLACE AND BATES 1N THE TROPICS:
AN INTRODUCTION TO THE THEORY
or NATURAL SELECTION, edited by Bar-
bara G. Beddall. The Macmillan Com-
pany ($5.95). This thoughtful little book
presents a joint biography of the two
men, friends and companions of “this
wandering life” on the Amazon. Most
of the volume consists of excerpts from
their great traveler’s accounts of about a
century ago, set in a clear, sometimes
ingenuously simple exposition of the his-
tory of evolution. These two fast friends
met as a result of their love for collect-
ing. Wallace wrote: “He asked me to see
his collection, and I was amazed to
find the great number and variety of
beetles ... almost all...collected around
Leicester.” Wallace was a schoolmaster
and Bates a workman. In those days the
universities trained only for the great
professions; Darwin, Lyell, Hooker and
Huxley all studied some medicine or
law, or hoped for posts in the clergy or
the armed services. Bates and Wallace
came from social origins so poor that
they could not aspire to life in college;
they each left school at 14, Wallace
apprenticed to a railway surveyor and
Bates to the knitwear trade. It was the
Mechanics’ Institute and the books of

146

the Society for Promoting the Diffusion
of Useful Knowledge that were their
Oxford and Cambridge. It all sounds like
a paradigm of the Victorian career. In-
spired by an “unpretending volume” by
an American amateur collector who
went briefly up the Amazon, they decid-
ed jointly to see the world. The British
Museum assured them that almost any
specimen they might collect could be
sold to pay their expenses. They aimed
to keep duplicates for their own study
as a path “toward solving the problem
of the origin of species.”

Off they went to the Amazon. Bates
spent a decade there and returned to a
lifelong career as an officer of the Royal
Geographical Society, with a widely
read traveler’s journal to his credit and
8,000 species new to science. The swarm
of species in the ancient rain forest re-
mains its greatest wonder. Batesian mim-
icry, the aping of a bad-tasting species
by an edible one, is Bates’s best scien-
tific coinage.

Wallace returned from the Amazon
after only four years. Forced to flee a
fire at sea, he spent 10 days in an open
boat and lost nearly all his collections.
After a year and a half writing and talk-
ing in London, he concluded that the
“very finest field for an exploring nat-
uralist was to be found in the great Ma-
layan Archipelago.” He spent eight years
in these islands, making 60 to 70 sepa-
rate excursions. Once he kept a baby
orangutan, which did not thrive because
“I had no milk to give it, as neither Ma-
lays, Chinese, nor Dyaks ever use the
article, and I in vain inquired for any
female animal that could suckle my little
infant.”

He acquired a taste for the durian,
that huge king of fruits reminding him
of “a rich butterlike custard highly fla-
vored with almonds [and] wafts of flavor
that call to mind cream cheese, onion
sauce, brown sherry, and other incon-
gruities. ... The more you eat of it the
less you feel inclined to stop.” He made
his base in the island town of Ternate in
a “rather ruinous” house with four rooms,
two verandas, “a wilderness of fruit
trees” and pure cold well water. A
high, smoking volcanic cone recalled
the earthquakes that had many times
wrecked the town, but there he found
peace to write the famous brief paper
on natural selection that he sent off to
Darwin to initiate public knowledge of
the great theory. On his final voyage to
London he took home with him two live
birds of paradise. He fed them on roach-
es, except that on the Peninsular and
Oriental steamers (a high testimonial!)
the bugs were scarce, and he had to set
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traps and hunt an hour every night in the
forecastle to win his birds a single daily
meal.

The big, leisurely books of Bates and
Wallace were both reprinted in 1962,
Bates’s by the University of California
Press and Wallace’s by Dover. This ac-
count will send many a vicarious travel-
er to those amply flowing sources out of
another time.

D"[ESSIER,S NEBULAE aAND STaR CLUSs-
TERS, by Kenneth Glyn Jones.

American Elsevier Publishing Company,
Inc. ($22.50). A well-known British ama-
teur astronomer has indulged himself
and his readers with a thick, useful, at-
tractive, digressive volume on the fa-
mous list of nebulae and star clusters
prepared by a professional comet-seeker,
a civil servant to the navy in Paris, who
patiently swept the skies for more than
50 years under the Bourbons, during
the Republic and on into the Empire.
Charles Messier might have been the
first to announce the predicted return of
Halley’s comet in 1759, but his chief
mistrusted the claim and Messier was
scooped by a German amateur. He lived
to discover 13 other comets; for these
discoveries he earned praise and modest
honors. He computed no orbits; his merit
was careful, patient observation, not
theory or inventiveness. His fame rests
entirely on the list of nebulae and clus-
ters that he slowly compiled and pub-
lished as a guide to comet-seekers. One
key to priority in comet-finding is not to
have to waste hours watching some faint
fuzzy object that in the end does not
move and is no comet after all.

Messier’s list of 100-odd objects, all
visible with a three- or four-inch tele-
scope, includes most of the brighter
northern close galaxies, globular and
galactic clusters, planetary and diffuse
nebulae and the famous supernova rem-
nant Messier 1, called the Crab Nebula.
This volume is that list written very
large, with the needed simplified astro-
nomical background, a couple of pages
of comment on every object and its na-
ture, a finding chart and a drawing of
each object as it is seen in a small tele-
scope, a fine set of big-telescope pictures
of most of the objects, plenty of auxiliary
history, disputes, asides, practical hints,
uncertainties and prehistories, and a
collection of brief biographies for almost
all the people mentioned in the text. The
illustration showing M (for Messier) 31,
the Great Nebula in Andromeda, from
a Persian manuscript copy of Al-Sufi’s
book of A.p. 964, is a plum.

The book is replete with tables, maps
and indexes.
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Americas second roomiest car...
but it's very quiet about it.

Modesty is a Monaco trait. Even to its price.
But in size and luxury, it has to be classed up
there with cars costing much more. Case in
point: Torsion-Quiet Ride. A unique suspen-
sion system that insulates against road shock
and engine noise. We simply took the engine,
torsion bars, and steering gear and mounted
them on a massive frame. Then we isolated
them from the Unibody with special rubber

mounts. Result? A new concept in silence.
And with Monaco’s wide rear stance which
puts more car between the wheels, you get
greater stability and handling ease. Another
luxury-car trait—sleek styling that’s all new.
Long hood . . . taut deck. And lavish interiors
accented with simulated walnut. With the
roominess you expect in a luxury car. 1970
Dodge Monaco. Come take a drive.

If you demand
one quiet
hour aday...
you could be

DODGE
MATERIAL.
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How 120 old cars caused
an underwater population explosion

Off the coast of California, near our Atlantic Richfield created the reef
oilwells,there’s an artificial reef built  as an experiment in improving the
of discarded automobile bodies. environment for fish colonies. Algae
One so compatible to local sports began to grow on the cars. As did
fish that it has become a veritable kelp, mollusks and lots of other very
deep sea apartment house. tasty undersea delicacies. So the

the new AtlanticRichfieldCompany
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fish moved in, and reversed a
dwindling birth-trend. It's the kind of
population explosion we like to see.
And just one of many steps ARCO is
taking to make the world we live in just
a little better than when we started.

ARCO &




