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they are now standard equipment on all these commercial jets

Westinghouse electrical systems
supply the electric power for most of
the commercial jet aircraft in the free
world.

This is because Westinghouse sys-
tems are so reliable.

They have to be. Passenger safety

and comfort depend on them.

Westinghouse systems supply the
electric power required for flight con-
trol of the aircraft and for other vital
things like fuel pumps, navigational
gear, warning and indicating systems,
deicing equipment and radar.

Westinghouse reliability has cut
electrical system maintenance costs
50% in the last five years.

Westinghouse believes that reliabil-
ity—especially in aircraft electrical sys-
tems—is something you can never get
enough of.

You can be sure if it's Westinghouse

For information on a career at Westinghouse, an equal opportunity employer,
write' L. H. Noggle, Westinghouse Educational Department, Pittsburgh, Pa, 156221,
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an of Precision...
he’s always sure of his bearings

He should be. He's been intimately associated with them for a great many years,
As a skilled employe of New Departure-Hyatt Bearings Division of General Motors,
he operates a hydraulically controlled tracer lathe which machines the outer races
of tapered roller journal bearings for railroad cars.

The workmanship. is precise, the inspection process rigid, resulting in bearings as
nearly perfect as the most highly refined production methods can make them.

Product guality and reliahility are watchwords at New Departure-Hyatt. That's why
the people who build, test and inspect these essential bearings are vital to the
welfare of General Motors and its customers.

General Motors IS People...making better things for you
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On Our Cover

Eugene Shoemaker, research associate
at Caltech and chief of the U.S. Geolog-
ical Survey’s astrogeology branch,
holds a handful of tektites—stones that
he thinks are remnants of lunar ma-
terial ejected from the moon’s surface
during an impact about a million years
ago. For several years Dr. Shoemaker
has been an active exponent of the
theory that most of the large craters on
the moon have been formed by impact,
and he was a member of the team of
American scientists that evaluated the
pictures taken during the Ranger mis-
sions. On page 11 he presents his ver-
sion of what happens “When the Ir-
resistible Force Meets the Immovable
Object,” and also gives some new in-
formation on the ages of surface fea-
tures on the moon.

Donald E. Hudson,

professor of mechanical engineering
and applied mechanics, explains in
“Earthquake-Resistant Design” (on
page 20) how studies of the effects of
earthquakes on structures are provid-
ing information that can prevent losses
of life and property caused by earth-

-quakes.



They won’t be matriculating but
they’ll be studying ways to have
some lengthy talks with you.

Their assignment is to search out
graduates who have the talent and
imagination to handle sophisticated
assignments and the determination
to do a job better than most. .

The vitality of McDonnell is ap-
parent by the headline-making
strides it has taken in spacecraft, air-
craft, electronics and automation.

We’re sending some of our representatives back to school

The NASA Gemini has set new re-
cords in space, laying the ground-
work for exploration of the moon and
it is being readied for new assign-
ments with the Air Force.

~ If these projects strike sparks with

your imagination you’re in good
company...the top scientific and en-
gineering talents in the nation.

For more information see your
College Placement Office

MCDONNELL
P.0. Box 516, St. Louis, Missouri 63166

A PLANS FOR PROGRESS COMPANY AND
AN EQUAL OPPORTUNITY EMPLOYER -



PROFESSORS...

ENGINEERS...

CLEARPRINT IS THEIR COMMON DENOMINATOR

The reason for that is quality. To do the best work
you have to start with the best materials. For ever 30
years Clearprint Technical Papers have served stu-
dents, educators, and professionals with distinction.
m Clearprint's unchanging character includes 100%
rag uniformity, permanent transparency, outstanding
erasing and handling qualities. You get all this in
addition to Clearprint's ideal ink and pencil surface.

R Everyone who uses technical papers should try this
comparative test: Draw, erase, and hold the sheet to
the light. Not a chance of a ghost! ®m Repeat and re-
peat this test. The results will amaze you. You will
agree — Clearprint is America’s finest technical pa-
per. Introduce your students to it today. ® Write now
for Clearprint samples, sizes, and prices.




‘Books

Inventing the Future
by Dennis Gabor
Alfred A. Knopf, Inc. ......c........ $4.95

Reviewed by Joel N. Franklin,
professor of applied science

Dennis Gabor, professor of applied
electron physics at the University of
London, is 65 years old and a fellow
of the Royal Society. His Inventing the
Future defines, and suggests solutions
to, the problems of the world he feels
will be the most important during the
next 50 years. The title reflects Gabor’s
belief that the future cannot be pre-
dicted, but futures can be invented.

Gabor offers these “inventions™

Threat of nuclear destruction. There
will not be an all-out war. The cer-
tainty of retaliation prevents Russia
and the United States from attacking
each other. They are prosperous na-
tions and are becoming indifferent to
conflicts between political philosophies.

Overpopulation. The extraordinary
growth of the world’s population must
and will be slowed. The recent growth
has been due, not to a rise in the birth
rate, but'to a fall in the death rate.
The only answer to this problem is in-
creased birth control. When overpop-
ulation becomes more serious, the
world’s religions will relax their op-
position to birth control.

Automation and leisure. In the ad-
vanced countries most of the useful
work will be done by a small fraction
of the people. What will the rest of the
people do? Men are psychologically
unprepared for a life of leisure. Men
must have work to be mentally healthy.,
and their work must seem meaningful
and important. The solution to this
problem is a change of values. In-
creased industrial production and the
saving of lives cannot be the supreme
values in an automated, overpopulated
‘society. We must learn to value knowl-
‘edge and beauty for their own sakes.
We must move toward a life of abun-
dance and satisfaction for the common
man and toward a life of creative strug-
gle for the uncommon man.

Depletion of natural resources. In
50 years there will be serious shortages
of lead, zinc, copper, tin, petroleum,
and other natural resources. This is a
challenge to technology. Because tech-
nological problems are met the most
readily by mankind, they are the least
of our worries.

Poverty and political immaturity.
The underdeveloped countries are poor
and politically immature. The problem

is serious because the least advanced

6

countries respond the slowest to scien-
tific progress. Two percent of the in-
come of the United States and of the
other most advanced countries should
be devoted to improving the technol-
ogy of the rest of the world. As the
rest of the world becomes economically
self-sufficient, it will become politically
more mature and less volatile,

This is an extraordinary book. It is
at least 50 times as good as the average
book of its type. It would be hard to
describe adequately the author’s bril-
liant literary style, the depth of his in-
sight, and the scope of his knowledge.
Reading Gabor’s book is like having a
series of coffeeshop conversations with
the most learned and witty of your
colleagues. To this reviewer the book
has only one serious fault, and that is
a fault of omission. Gabor is unduly
complacent about the threat of nuclear
destruction. His complacency is based
on a sound analysis of two countries,
the U.S.S.R. and the U.S.A. He ignores
the great problem which will come in
10 or 15 years. Then there will be more

than two countries with nuclear-mis-.

sile capability. If a nuclear submarine
of unknown origin deposits a bomb on
New York City, against which country
will we retaliate?

General Genetics

by Adrian M. Srb, Ray D. Oiwen, and
Robert S. Edgar.

W. H. Freeman & Co. ...............$9.00

This book is the second edition of a
standard college textbook of genetics.
Two of the authors are members of the
Caltech faculty — Ray D. Owen, chair-
man of the division of biology, and
Robert S. Edgar, associate professor of
biology. Adrian M. Srb, of Cornell Uni-
versity, was research associate in bi-
ology at Caltech in 1949.

The new edition incorporates the es-

sential details of the many spectacular

developments which have occurred in
genetics since the first edition of  this
work appeared in 1952. The book be-
gins with a discussion of the principles
of heredity as exemplified in higher
plants and animals. The student is then

introduced to the intricacies of the-

physical and chemical basis of heredity
as elucidated by experiments with the
lower organisms, especially the phages,
bacteria, and fungi. The book remains
broad in scope, and the student will find

“comprehensive and thorough discus-

sions of such topics as plant and animal
breeding, the role of the genes in de-
velopment, and the genetics of man.

Letters

EpITOR:

- This letter is written in response to

the article “Student Life—~Some Prob-
lems and Proposals,” by Fred Lamb
'68, in Engineering and Science, De-
cember 1965.

Subject article definitely requires
some attention to clear the air in this
puzzled world of student life as por-
trayed by Fred Lamb.

California Institute of Technology
and all other accredited educational
institutions in this country and all
other parts of the world function for
only one purpose, i.e.: To instruct stu-
dents in the courses respectively cho-
sen by the students.

Coffee houses, beer joints, an associ-
ated women'’s college, and similar en-
vironments are certainly not essential
to the successful pursuit of an engi-
neering science course,

My academic years, which began
with high school and the Far Eastern
State Institute of Techrology in Rus-
sia, and later, Willamette University,
were completed at California Institute
of Technology. While at Caltech, my
tellow students and I did not experi-
erice any necessity for “a course for
credit involving work projects on cul-
tural, social, and political problems in
the Los Angeles area, perhaps in co-
operation with a girls” school.” I imag-
ine it could be lots of fun — if that’s
what Caltech is for.

It appears that the problems de-
scribed lie not with the Institute, but
with some students who, unfortunate-
ly, were brought up on “ice cream and
mashed potatoes.”

During my college years and there-
after, I have found that the Caltech
Board of Directors and members of the
faculty have performed an excellent
job in every respect. Considering their
outstanding record, I would leave such
matters to our experienced educators
and administrators, many of whom
have received international recognition
and great respect. Let’s not tinker with
the best.

As for those who find the develop-
ment of their social skills and emo-
tional maturity being stifled, let them -
transfer to one of the many second-rate
colleges which offer everything except
a good education.

) Boris N, SAMMER ’26 -
Registered Professional Electrical. ¢
Mechanical Engineer, California.
Vice President & Member Board of

. Directors, Halliburton Enterprises, Inc.

Engineering and Science



the universe is your oyster at AC

Today's chalienge at AC—the universe! As a
member of the AC team, you'll be in the van-
guard of men working to advance the state of
the art of guidance and navigation.You’ll work
in research, design and development on such
advanced projects as an avionics system for
supersonic aircraft, a guidance system for
the Titan 1] space launch vehicle, guidance/
navigation systems for Apollo and advanced
fire control systems.

Step up to the challenge, and move up with
AC. Your opportunities for growth and ad-
vancement depend on your ability and
initiative. AC offers “in-plant” courses cov-
ering both technical and management prepa-
ration. A Tuition Plan pays your tuition costs
when you complete college-level courses. In

addition, you enjoy full General Motors
benefits.

If you are completing your advanced degree
in EE, ME, Math or Physics, we invite you to
inquire about opportunities at any of our
three locations: AC in MILWAUKEE—our
Main Research, Development and Manufac-
turing Facility; AC in BOSTON — our
Research and Development Laboratory spe-
cializing in Advanced Inertial Components
and Avionics Navigation/Guidance Systems;
AC in LOS ANGELES—our Research and
Development Laboratory specializing in Ad-
vanced Airborne Computers, and Ballistic
Missile and Space Booster Guidance/Navi-
gation Systems.

PhD’s, please note: Positions are available in

all three AC locations for PhD's, depending
upon concentration of study and area of
interest.

For further information, see your college
placement office regarding a General Motors/
AC on-campus interview, or write directly to
Mr. R. W. Schroeder, Director of Scientific
and Professional Employment, Dept. 5753,
General Motors Corporation, Milwaukee,
Wisconsin 53201

AC ELECTRONICS

Division of General Moters. Milwaukes. Wisconsin 53201
An Equal Opportunity Employer



EE, ME, ChE, Physics and Chémistry Graduates:

How soon after graduation will somebody
give you a chance to invent something?

It couid happen on your first job.

Some very young engineers and scientists at
Xerox helped our “old timers'' invent the electro-
mechanical-optical- chemical machine pictured above
—the Xerox 2400. On its patent documents you’ll find
names like John Wirley (BSEE Univ. of Detroit '60),
Henry P. Jankowski (BSEE Rensselaer Poly '62), and
Larry H. Warren (BSEE Clarkson ’63). They all joined
Xerox right after graduating.

The 2400 is no fluke. It's just a recent example
of a tradition that began in 1959, when Xerox revo-
futionized the office .copying field by introducing the
now world-famous 914 Copier. From the 914 onward,
every new piece of equipment or system we've devel-
oped has had no real counterpart already on the scene
from any competitor. .

What about the future? It gets even more inter-
esting. Because as advanced as today's systems may

appear, they don’t yet fully reveal the true technoiogy
Xerox is pursuing—graphic communications.

Born out of the global information explosion
and its incredible potential for helping to solve man’s
oldest problems (as well as his newest scientific rid-
dles), graphic communications at Xerox encompasses
the entire spectrum of communications in a graphic
sense: the formulation, reception, transmission, re-
cording, storing, retrieving, processing, copying and
presentation of any meaningful images. ‘

And if you don’t think all this has a habit of
creating continuing opportunities to *‘invent . some-
thing,”” ask John, Henry, Larry ... or some of your
own alumni who started their careers here...or your

‘Placement Director. If you prefer, write directly to

Mr. Stephen G. Crawford, Xerox Corporation, P.O.
Box 1540, Rochester, New York '14603.

XEROX

An Equal Opportunity Employer

XEROX, 2400 AND 914 AREv TﬁADEﬂARKS OF XEROX CORPORATION

Performance Note: The Xerox 2400 (illustrated) can produce copies on ordinary paper directly from an original document at the rate of 2,400 per hour.
No “master” need be prepared first, An operator simply places the original on the machine, dials the number of copies wanted, and presses a button.



Here’s our story

The Rohr Corporation was founded
by Fred H. Rohr in 1940 based on a
new idea...that he could specialize in
the design and manufacture of large
aircraft components and build them
' better at lower cost than the airframe builders themselves.
The rest is history. Today Rohr is the nation’s largest sub-
contractor to the aerospace industry. Typical of the accept-
ance of our product is this: Rohr is building major assemblies
for every commercial and military multi-
engine jet transport in production in America today. Yet,
we’re widely diversified . . . designing, building and erecting
very large tracking antennas around the world, for instance

. . and fabricating large missile and space
components such as rocket engine nozzles and liners. Re-
cently Rohr has acquired large, new, long-term contracts.
More are still un-announced. The future looks bright here,
and we’re looking for bright, young engineers to help keep it
that way.

On February 25, 1966

we’d like to hear yours.

RESEARCH AND DEVELOPMENT: Technical staff work on aerospace
materials and processes and aero-thermo problems with such components
as engine nacelles, thrust reversers, noise suppressors, and rocket
nozzles. MS or BS in Aeronautics, or Mechanical Engineering

with Jet Propulsion or Physical Metallurgy option.

TECHNICAL SUPPORT: BS in Mechanical
Engineering for Plant Facilities and
Equipment Design, or for Manufacturlng
Engineering.

Arrange your interview through your Place-
ment Director. See interview dates above.
AN EQUAL OPPORTUNITY EMPLOYER

MAIN PLANT HEADQUARTERS CHULA
VISTA, CALIF./PLANT: RIVERSIDE,
CALIF, /ASSEMBLY PLANTS: WINDER,
GA.; AUBURN, WASH.



ere ill you stand 10 years

from today, when half of what you now
know becomes ohsolete?

Right now you're steeped in the latest
technologies. But 10 years from now
half of this knowledge will be obsolete.
And half of what you will need to know
isn't even available today.

To keep up, you'll have to spend
an increasing amount of your time in
professional study.,

That's another good reason for joining
IBM. We offer you a broad choeice of
educational programs—from on-job
training to graduate study programs
supported by the company.

‘We want to help you grow because

we've found it's the best way for
IBM to grow.

Today 1BM is a leader in science

and technology. A dynamic company
whose people and systems are at
work on almost everything new in the
world today. The discovery of new
knowledge. The desian of new
products. The development of new
solutions to a host of problems. 1BM

is an exciting company that enables
you to stay technologically ""hot”’
throughout your career— and provides
you with real opportunity for
advancement,

Your first opportunity with 1BM staris
with your placement officer, And with
the IBM interviewers when they come
to your campus. See them —and learn
why you won't stand still at IBM.

For more information, or if
you missed our interviewers, write to:
Manager of College Relations

IBM Corporate Headquarters
Armonk, New York 10504

IBM is an Equal Opportunity Employer.,

IBM.
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When the Irresistible Force Meets
the Immovable Object

The results of such encounters are plainly visible
on the surfaces of the moon, Mars, and the earth

by Eugene Shoemaker

A solid object moving at speeds of many kilo-
meters per second or faster creates a truly irresistible
force if it strikes another solid object. Such fast-
moving objects abound in the inner part of the solar
system, and they occasionally collide with the solid
surfaces of the terrestrial planets and the moon.
Most of these cosmic projectiles are so small that,
when they collide with a planet, the planet may for
most purposes be considered immovable. A com-
plex series of events take place, however, in the near
vicinity of the impact point. A shock, which deceler-
ates the projectile, is propagated back to the pro-
jectile from the impact interface, and another shock
is propagated out into the planetary target where it
sets a small region within the target in motion. Rare-
~ faction waves, reflected from the free surfaces of
the projectile and target behind the shocks, deflect

the moving, shocked material so that it flows away

from the target in a diverging spray, leaving a cavity
in the target. Thus, the answer to the old paradox
about what happens when an irresistible force meets
an immovable object is: It will make a crater.
High-speed impact cratering is a process that ge-
ologists, with a few exceptions, have almost entirely
ignored. Other scientists who ought to be concerned
about it, such as astronomers, have generally ig-
nored it too. So it has only been in the last few years

that the significance of impact phenomena in the

evolution of solid planetary surfaces has come to be
appreciated. ,
Normally we are not conscious of the relatively

February 1966

big pieces of solid debris in the vicinity of the earth
except on those occasions when there is a near-miss.
One of the best documented near-misses was dis-
covered by the late Walter F. Baade of Caltech on
a photographic plate taken in 1949 with the 48-inch
Schmidt camera at the Palomar Observatory; he
found a long streak on the plate that represented an
object moving very rapidly near the earth. Subse-
quent exposures permitted a calculation of its orbit
which showed that this body, usually called an aster-
oid (although we have good reason, I think, for call-
ing these objects something else), not only comes
close to earth but crosses the orbit of Venus and
Mercury and passes close to the sun. Because of its
close approach to the sun it was named Icarus.

Icarus is only one of a family of more than 15
telescopically observed objects that cross the orbit
of the earth (i.e., their perihelion distance, the near-
est point in their orbit of the sun, is less than the
average distance of the earth from the sun). Some
of them have been observed to pass much closer
than Icarus, which came within eight million miles
of the earth at the time of its discovery. In 1937,
Rheinmuth at Heidelberg discovered a very near
object, later called Hermes, which passed within
less than half a million miles of the earth, a little less
than twice the average distance to the moon.

If the earth is pictured as a bullseye on a target
with a radius of half a million miles, the frequency
with which it is hit by things like Hermes can be
calculated by a simple probability argument. It

11



turns out that this frequency, from the geological

viewpoint, is rather high. If there is a population of-

objects like Hermes in space near the earth, with
more or less randomly distributed orbits, then the
earth ought to be hit by objects as large as Hermes
at a rate of about once every 100,000 years. This is a
minimum estimate of the rate because we don’t
know what other telescopically resolvable objects
may have gone whizzing by that we didn’t see. We
have discovered only a small fraction of them, and
most of the discoveries have been accidental.

An object has to be of substantial size to be tele-
scopically observable even in a fairly close passage
by the earth. Hermes is probably about a kilometer
in diameter. On the other hand, much smaller ob-
jects may be observed indirectly if they actually en-
ter the earth’s atmosphere. These objects are enter-
ing the atmosphere almost constantly and are seen
as meteors (bright streaks of light in the sky, pro-
duced by shock-heating of the atmosphere along the
entry trajectory).

The Tunguska fireball

In the size range between the very small things
that are seen indireetly as ordinary meteors and the
smallest asteroid seen at the telescope, there is a
class of objects which is extremely difficult to detect.
From time to time these objects encounter the earth
and produce very bright meteoric fireballs (bo-
lides ). The most spectacular of these on record was
the great Siberian meteor of 1908, sometimes called
the Tunguska meteor.

The Tunguska bolide entered the atmosphere
over a remote part of central Siberia, and the site
was not visited by scientists until almost 20 years
later. Some phenomena associated with the meteor,
however, were recorded on scientific instruments at
great distances from its path. A train of low-fre-
quency acoustic waves and gravity waves radiated
out from the Tunguska region and was recorded on
ordinary weather station barographs in central Asia.
The air-wave train was also recorded on microbaro-
graphs in western Russia and in Great Britain, and
even the reverse wave, formed after the air-wave

train had converged at the antipodes, was recorded

at some of the microbarograph stations. Moreover,
when the air wave slapped the ground near the end
point of the meteor’s trajectory, it generated a seis-
mic wave train that was recorded as far away as Jena
in eastern Germany. Thus, we have a surprisingly
good record of some of the more energetic responses
of the earth to the entry of the Tunguska bolide into
the atmosphere.

In 1927 the Russian scientist L. A. Kulik orga-
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nized an expedition to the Tunguska region to
search for a meteorite crater at the end point of the
trajectory. Kulik failed to find any genuine impact
craters but did find one very spectacular effect on
the ground, which was later documented in great
detail by aerial photographs. Fallen trees made it
possible to find the end point of the trajectory from
their radial pattern of fall, which extended out to a
distance of about 40 kilometers. In addition, the
trees were scorched out to a distance of about 15
kilometers from the end point. If a bolide like the
Tunguska object entered the atmosphere today,
anyone under the end point would be quite sure that
he had been blitzed with a nuclear bomb. The im-
mediate effects, except for gamma and neutron ra-
diation, are strikingly similar to those of an airburst
of a megaton-sized nuclear weapon.

It is possible, with the data now available from
large atmospheric nuclear explosions, to calibrate
empirically the respouse of the atmosphere to very
large, very strong shocks. It is also possible to calcu-
late what modes of vibration should be observed on
the air-wave train propagated away from the region
of strong shock. David Harkrider, a Caltech gradu-
ate now at Brown University, has worked out in de-
tail the theory of these wave trains.

The total energy released by the Tunguska fire-
ball can be estimated, using the nuclear explosion
data, to have been about 10 megatons. The photo-
visual radiation, which set the trees on fire, was
comparable to the scorching that would be pro-
duced by a 5-megaton nuclear device. I became
concerned, after I had run through these calcula-
tions, over what might happen if a similar bolide

- were to fall over the Soviet Union or the United

States today, and whether the resultant fireball
would be recognized as a natural phenomenon. As
it turns out, smaller events of this type have oc-
curred in the last 10 years, and a number of them
have been detected on sensitive microbarographs.

Asteroid or something else?

Another interesting phenomenon accompanying
the Tunguska meteor was observed on the night
following the fall in a broad region extending west-
ward all the way to western Europe. The sky that

‘night never became completely dark. People were

able to read newspapers at midnight at latitudes as
far south as southern Russia. The actual sky bright-
ness was about one ten-thousandth that of the ordi-
nary bright sunlit sky. By the followmg night the
phenomenon had disappeared.

From its geographic distribution, it is p0551ble to
show that the brlght night sky resulted from scatter-
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ing of sunlight by very high dust, extending as high
as 800 kilometers. The dust particles settled rapidly
enough that the sky returned to normal darkness
the following night.

Apparently the Tunguska meteor was produced
by a small comet, and the dust was derived from
the tail of the comet. This comet was not bright
enough to have attracted notice prior to its entry in-
to the earth’s atmosphere. The diameter of the nu-
cleus was small, probably no more than 25 to 30
meters. It weighed about 20,000 tons and was com-
ing in at a velocity of about 60 kilometers per sec-
ond. It never reached the ground because the pres-
sure on the front end built up rapidly, and the stress
difference between the front and back sides finally
exceeded its shear strength; it came apart at an alti-
tude of about 15,000 feet.

I suspect that the so-called asteroids like Hermes
and Icarus are also comets which have passed near
the sun so many times that their volatile constitu-
ents have been almost entirely driven off. These
objects have orbits that are more like those of the
comets than of the normal asteroids, which are in
orbits between Mars and Jupiter.

Most small bodies that enter the earth’s atmos-
phere are decelerated to very low velocities before
they reach the solid surface; also, objects in the size
range of 1 millimeter to 100 meters are generally
torn to pieces by aerodynamic forces. Iron meteor-
ites are the only objects in this size range that are
strong enough to survive passage all the way
through the atmosphere and make a crater. The
iron meteorites constitute about five percent of the
meteorites observed to fall. At present, craters
formed by impact of iron meteorites are known at
12 localities on the earth. The biggest of these
craters is the Arizona meteorite crater, near Flag-
staff, which is about 1.3 kilometers in diameter. The
energy required to produce this crater was about 4
to 5 megatons TNT equivalent, and the meteorite
was probably about 30 meters in diameter.

Age of the lunar surface

If an object like the Tunguska bolide hits the
earth once every 50 years, which is the approximate
expected rate of encounter, similar objects will hit
the front side of the moon about once every 1500
years. An object the size of the Tunguska bolide
would make a crater about 1.5 kilometers across on
the moon—which would be easily resolvable tele-
scopically. Objects the size of Hermes and larger
hit the moon at least once every three million years
~and form craters tens of kilometers across.

1f this present rate of encounter is approximately -
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Mare Imbrium, the moon’s largest circular basin, may
be only one billion years old. This makes it considerably
younger than the moon itself, whose age is probably on
the order of four and one-half billion years.

the same as the rate in the past, we may use the
number and distribution of observed craters to esti-

mate the age of different parts of the lunar surface.

One of the most obvious things about the moon
is that the lunar terrain can be divided into two
fairly distinct classes. One terrain class consists of
the rather smooth, dark parts of the surface (which
can be recognized with the naked eye). Galileo
called the dark, smooth regions maria (seas) be-
cause, with his small telescope, he couldn’t see the
craters and other features on them, and he thought
the maria were actually water surfaces. The other
terrain class includes the bright, higher, more heav-
ily cratered regions, which he called the terrae.

The spatial densities of the small, telescopically
resolvable craters on the different maria are about
the same, which leads us to suspect that most of the
individual mare surfaces were formed at about the
same time in lunar history. When observed in close
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The best view of the moon so far—pictures from the Soviet Union’s Luna 9, from about two feet off the moon’s surface.

detail, the maria are found to have features similar
in form to small volcanoes and volcanic flows on
earth. Probably the mare surfaces were built up as
a series of overlapping volcanic deposits. This epi-
sode of volcanism is a significant part of the history

of the solar system, and the question is: When did -

it happen?

One idea is that the maria are very old. Estimates
that these dark, smooth surfaces are almost as old as
the earth itself—about four and one-half billion
years—are common in the literature of the moon. At
the present rate of impact, however, all the craters
- on the maria could be accounted for by the accu-

mulated influx of about half a billion years. Thus, the

maria may be only about one-tenth the age of the
earth.

This estimated age for the maria is radically dif-
ferent from the age I would have given half a year
ago. I would have said then that the mare surfaces
were several billion years old. It was a recalculation
of the energy of the Tunguska object, along with
new data on other very large meteoric fireballs, that
has permitted this drastic revision of the time scale
of the moon. The maria now appear to be about as
young as some of the older fossiliferous rocks here
on earth. Placed in the geologic time scale, they
would be late pre-Cambrian or early Paleozoic in
age.

Thus, it is possible to revise the estimated ages of
some of the other prominent features on the moon as
well. For example, the largest circular basin on the
moon is the Mare Imbrium basin, which appears to
be a very large impact crater almost filled with lava.
On the basis of the number of smaller craters super-
imposed on the exposed rim of the basin, it turns out
that the basin was formed about a billion years ago,
which makes it much younger than the moon. More-
over, existence of this “young” basin on the moon
suggests that similar huge impact scars may have
been formed on the earth during the latter part of
geologic history. While normal surface geologic
processes tend to obscure most craters formed very

long ago, one as big as the Imbrium basin (several -
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hundred kilometers across) might be more difficult
to hide in a billion years. The large circular basin in
the southern part of Hudson Bay in Canada may
well be a crater like Mare Imbrium, as suggested by
the Canadian astronomer C. S. Beals several years
ago.

The parts of the moon most densely populated
with craters have roughly 10 times as many large
craters as do the maria. These heavily cratered parts
of the terrae may be nearly as old as the moon.

The pictures transmitted from Mariner IV
showed that parts of the surface of Mars look
rather startlingly like the terrae of the moon; the
regions observed on Mars are populated by large,
overlapping craters. A good deal of argument has
transpired in the last half year about how old the
Martian surface is. I think most of the arguments are
unsound. It has been assumed by most people that
the craters were formed by asteroids, because the
asteroids have orbits relatively close to Mars. If
most of the craters on earth and the moon are
formed by comet nuclei, however, the impact rate

- of comets on Mars may be greater than that of

asteroids. The impact rate of comets per unit area
on Mars probably is within a factor of two or three
of the estimated rate for the earth and the moon.
For a given area, craters should be formed more
rapidly on Mars than on the earth and moon, but we
do not have sufficient information as yet to know
what the difference in impact rate should be.

Pieces of the moon

One of the consequences of a high-speed 'impact
is that some material is ejected from the target at

very high velocity. A projectile striking a dense solid

surface on the moon at speeds greater than 8 kilo-
meters. per second will eject more than its own
weight at escape velocity (2.4 kilometers per sec-
ond). Thus, one of the things to look for on the
earth would be pieces of the moon that have been

- thrown off during the formation of impact craters.

Little pieces of the moon must be falling on the

-Engineering and Science



The lunar surface around the landing site is covered with a debris layer in which there are some small craters.

earth all the time. Moon dust is in the air we
breathe; the trouble is we don’t know how to tell the
moon dust from earth dust. On rare occasions, how-
ever, a great squirt of shock-melted material ejected
from a big lunar impact crater should hit the earth.
When the liquid jet diverges as it goes out into
space, it will break up into little globs that surface
tension will tend to make into spheres (or other
rounded shapes if they are spinning ). The melt will
congeal to glass before it hits the earth., Thus, we

might expect to find small spherical and rounded

bodies of glass scattered about the earth, and in-
deed we do. They are found in a number of re-
stricted, but still large, strewn fields on various
parts of the earth and are called tektites.

Evidence that tektites are likely to have come
from the moon rests on surface features produced
by aerodynamic ablation as they entered the earth’s
atmosphere. Dean Chapman, a Caltech graduate
now at the Ames Research Center of NASA, has
shown that the amount of ablation, the thickness of
the remelted layer, and the spacing of ring waves
on the ablated surfaces on some tektites from the
Australasia field indicate that these objects entered
the earth’s atmosphere at about 11 kilometers per
second, which is very close to the escape velocity
from earth. Thus, Chapman’s analysis indicates the
Australian tektites came from some place essentially
on the earth’s orbit. The most likely place is the
moon. These silicious glasses might be derived from
silicious volcanic rocks in the maria.

Other lunar material

In addition to tektites, there are some other ma-
terials that are possible fragments of the moon.
Harold Urey has suggested that most of the stony
meteorites are derived from the moon and have
been knocked off by cometary impact. I think it
even more likely that the meteorites known as ba-
saltic achondrites, which are similar to terrestrial
basalts, may be pieces of the moon. These too might
be samples of volcanic rocks in the maria.
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The Luna 9 pictures

Most types of meteorites and much smaller parti-
cles of the type that produce the ordinary meteors
in the earth’s atmosphere are striking the moon’s
surface at about the same rate per unit area as they
encounter the earth. These form craters of the size
observed in high-resolution Ranger pictures and in
the pictures obtained from the Soviet Union’s space-
craft, Luna 9, which soft-landed on the moon on
February 3, 1966.

In addition to craters formed by extra-lunar par-
ticles, large numbers of small craters are produced
by flying fragments of the moon ejected from large
impact craters. It turns out that the secondary frag-
ments of the moon produce far more small craters
than does the primary flux of interplanetary debris.
The cumulative effect of this bombardment is the
formation of a layer of fragmental debris covering
most parts of the moon, the upper surface of which
is pockmarked with small craters.

This debris layer with small craters on it is well
portrayed in the Luna 9 pictures above. The pic-
tures were acquired by a rotating scanning system
located about two feet above the lunar surface. The
axis of the scanning system is inclined eastward,
toward the sun; and, near the central part of the
panorama, fragments only a few centimeters across
can be seen near the spacecraft. To the north and
south larger fragments and small craters are scat-
tered about the surface, and craters that are prob-
ably many meters in diameter occur near the hori-
zon. Much of the near surface has a rubbly appear-
ance.

A debris layer such as this will be of great interest
for study in the first manned lunar landing. In most
places it will contain pieces derived from both local
and distant parts of the moon. By careful sampling
of the debris layer it should be possible for us to
learn a great deal about the variety of rock types
that are exposed over the lunar surface and to de-
termine whether, in fact, tektites and certain kinds
of meteorites really are pieces of the moon.
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Construction on Caltech’s new R. A. Milli-
kan Memorial Library is under way behind
800 feet of plywood fence — now handsome-
ly decorated with the results of an interhouse
outdoor art competition. The masterworks
occupy 16 fence panels and include volun-
teer efforts by a faculty member, a profes-
sor's wife, and the Fleming House Mickey
Mouse Club. The top three winners got $50,
$20, and $10, but to at least one student
house the real rewards were the side bets:
three weeks of Wednesday sundaes.
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The Company’s first engine, the Wasp, took
to the air on May 5, 1926. Within a year the

= ) s s Wasp set its first world record and went on
_—— g " s to smash existing records and set standards

;- ‘\\\\\\\\\\\\\\\‘j 5 . £ (R " for both land and seaplanes fotr years to

- /@ BN\ T . S come, carrying airframes and pilots higher,

S d - - farther, and faster than they had ever gone
before.

In recent years, planes powered by Pratt
& Whitney Aircraft have gone on to set
new standards of performance in much the
same way as the Wasp had done in the
1920’s. The 727 and DC-9 are indicative of
the new family of short-to-medium range
jetliners which are powered by the highly
successful JT8D turbofan. Examples of
current military utilizations are the J58-
powered Mach 3 YF-12A which recently
established four world aviation records and
the advanced TF30-powered F-111 variable-
geometry fighter aircraft.



Take a look at the above chart; then a good long look
at Pratt & Whitney Aircraft—where technical careers
offer exciting growth, continuing challenge, and lasting
stability—~where engineers and scientists are recog-
nized as the major reason for the Company's con-
tinued success.

Engineers and scientists at Pratt & Whitney Aircraft
are today exploring the ever-hroadening avenues of
energy conversion for every environment. . . all opening
up new avenues of exploration in every field of aero-
space, marine and industrial power application. The
technical staff working on these programs, backed by
Management’s determination to provide the best and
most advanced facilities and scientific apparatus, has
.already given the Company a firm foothold in the cur-
rent land, sea, air and space programs so vital to our
country’s future. The list of achievements amassed
by our technical staff is a veritable list of firsts in the
development of compact power plants, dating back to
the first Wasp engine which lifted the United States
to a position of world leadership in aviation. These
engineering and scientific achievements have enabled
the Company to obtain its current position of leader-

ship in fields such as gas turbines, liquid hydrogen
technology and fuel cells.

Should you join us, you'll be assigned early responsi-
bility. You'll find the spread of Pratt & Whitney Aircraft's
programs requires virtually every technical talent. You’ll
find opportunities for professional growth further en-
hanced by our Corporation-financed Graduate Educa-
tion Program. Your degree can be a BS, MS or PhD in:
MECHANICAL ¢ AERONAUTICAL ¢ ELECTRICAL « CHEMICAL
ENGINEERING ¢ PHYSICS ¢ CHEMISTRY « METALLURGY
o CERAMICS ¢« MATHEMATICS ¢ ENGINEERING SCIENCE OR
APPLIED MECHANICS. '

For further information concerning a career with Pratt
& Whitney Aircraft, consult your college placement
officer—or write Mr. William L. Stoner, Engineering
Department, Pratt & Whitney Aircraft, East Hartford,
Connecticut 06108.

SPECIALISTS IN POWER...POWER FOR PROPULSION—POWER
FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS INCLUDE
AIRCRAFT, MISSILES, SPACE VEHICLES, MARINE AND INDUS-
TRIAL APPLICATIONS,

Pratt & Wh itney Q i rcraﬂ DIVISION QF UNITED%RAFT CORP.

CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT
FLORIDA OPERATIONS WEST PALM BEACH, FLORIDA

An Equal Opportunity Employer, M & F



EARTHQUAKE-RESISTANT DESIGN

Proper design and construction can prevent

loss of life and minimize economic loss

by Donald E. Hudson

Every year there are about 1,000,000 true earth-
quakes occurring in the earth. Most of these are so
small that they can be detected only by sensitive
instruments, but about 100,000 of them could be
felt to some degree by human beings located near
the origin. Fortunately, only about 100 are of a size
sufficient to cause severe damage, and most of them
occur far from any man-made structures. As an
average there are each year perhaps a dozen or so
earthquakes that cause significant damage some-
where in the world. These dozen are enough to rep-
resent a heavy economic loss and a continuing
hazard to life and limb in many areas of the world.
According to a recent UNESCO report, earth-
quakes between 1926 and 1950 resulted in 350,000
human deaths and an economic loss estimated at
$10 billion.

Even though the number of earthquakes is not
expected to increase significantly, the severity of
the problem is sure to grow, because the world is

Donald E. Hudson, professor of mechanical engineer-
ing and applied mechanics, with one of the strong-
motion accelerographs that will be installed in Cal-
tech’s new Millikan Library.

rapidly filling up with people and structures. For
example, had the Alaska earthquake of 1964 oc-
curred a few years earlier, there would have been
much less damage, because there would have been
few structures in the area.

Studies based primarily on the work of Caltech
seismologists Charles Richter and the late Beno
Gutenberg and reported in their book Seismicity of
the Earth have shown that the distribution of earth-
quakes over the earth is far from uniform. About 80
percent of the world’s earthquakes occur in a rela-
tively narrow belt circling the Pacific Ocean. The
most seismic parts of the United States are the Pa-
cific Coast states, which form a segment of this
basic circum-Pacific belt. It cannot be assumed,
however, that destructive earthquakes will not oc-
cur in other parts of the country. Very large earth-
quakes occurred in the central Mississippi Valley
(1811-1812) and in Charleston (1886), and several
sharp shocks have been felt in the Boston area
during the past 100 years.

Earthquakes are commonly described by their
magnitude, measured on the Richter scale, but
many of the most destructive in terms of property
and lives were seismologically “moderate or small.”
A brief survey of recent well-known earthquakes
shows that the Alaska earthquake was perhaps not
quite as large as the 1960 Chile earthquake, and
hoth were probably exceeded by the Assam [India]
earthquake of 1950. The San Francisco earthquake
of 1906 is definitely down the scale a little, and the
Kern County earthquake of 1952, the most recent
one to cause appreciable damage in Los Angeles,
was of an intermediate size. Of equal interest is the
low end of the scale; Agadir [Morocco] and Skopje
[Yugoslavia], which did immense damage and
killed thousands of people, were relatively small
earthquakes that happened to occur close to dense-

ly populated areas with many very weak structures.

Engineering and Science



Similarly, the destructive Santa Barbara and Long
Beach earthquakes, which made a deep impression
on the southern California consciousness of the

earthquake hazard, were relatively small. The num- -

ber of small earthquakes far exceeds that of large
earthquakes; there are on the average about 12
shocks of magnitude 6 each year, but only one of
magnitude 8. o

A magnitude 8.5 earthquake would cause struc-

tural damage over an area of about 100,000 square

miles (the area of southern California); the Long
Beach earthquake (magnitude 6.3) caused damage
over some 300 square miles. In light of the greater
number of smaller earthquakes, however, it can be

concluded that there is almost as much total damage -

from smaller earthquakes as from the larger. The
bigger ones nevertheless present more of a problem,
since damage over a very wide area complicates
relief and rescue work and intensifies the economic
problems of recovery and reconstruction.
Considering past data on the numbers of earth-
quakes of various sizes occurring in California and

the areas of damage associated with each, one can -

arrive at the number of years that should elapse on
the average between destructive ground motions at
any particular point. It is found for any point in
California that the expected frequency of experi-
encing ground motion equal to or greater than that
in Long Beach during the 1933 earthquake is about
once per 70 years. Smaller magnitudes of shaking
will be felt more often, but the 70-year figure is a
good one to keep in mind in relation to the expected
life of structures. ‘

One cannot “run away from earthquakes” in Cal-
ifornia by locating structures far from known faults;
there are too many faults distributed throughout
the state. A common opinion now is that perhaps
the whole of California should be considered to
have approximately the same earthquake risk.

Effects of earthquakes on structures

Structural damage caused by earthquakes falls
into two broad classes: that caused primarily by a
disruption of the foundation, and that caused by
shaking of the ground. The dangers of foundation
disruption were clearly shown in the Alaska earth-
quake, where landslides caused great damage. n
one instance a hospital, which withstood the shak-
ing of the earthquake as it had been designed to do,
narrowly escaped destruction when a landslide
came within a few feet of it. Although the hospital
site has obvious scars that are evidence of former
landslides, those warnings were ignored, and a wa-
ter supply tank was erected right on the edge of a
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previous slide. This whole situation illustrates one
type of precaution that should certainly be taken
in locating buildings. No amount of skill in stru¢-
tural design could withstand an undermining of the
foundation by such landslides. Other areas in An-
chorage were not as fortunate, and a large fraction
of the damage there was the result of houses being
engulfed in massive slides.

A second kind of foundation disturbance was
shown in Niigata [Japan] where whole buildings
tilted as though they were rolling in a heavy sea.
One large multi-story apartment house rotated
through an angle of 80 degrees in foundation soil
that was “liquefied” by the earthquake shaking.
Even though this concrete building finished up on
its side, little structural damage occurred.

The type of damage that is most susceptible to
analysis occurs when buildings on firm ground are
shaken by an earthquake. Before-and-after photo-
graphs of a multi-story office building in Agadir
show what happened during the 1960 earthquake.
Although the building disintegrated because of the
shaking of the solid ground, telephone poles re-
mained firmly planted in the ground.

Measurement of destructive ground motion

It might be expected that information about the
shaking of the ground during destructive earth-
quakes would be obtained from the instruments in
seismological laboratories. However, those instru-
ments are for the most part sensitive devices de-
signed to record distant earthquakes giving rise to
extremely small ground motions. If a strong earth-
quake should occur near the station, the instru-
ments would read off-scale, or might even, as in
Tokyo in 1923, be thrown off their hases onto the

Even if a structure is well built, a poorly chosen site
can lead to disaster in an earthquake, as almost hap-
pened at this hospital in Anchorage. Note the scars
of old landslides to the right of the latest break.



This building in Agadir, Morocco, collapsed during
an earthquake, although the ground remained firm.
Another “structure,” the telephone pole, was unharmed.

floor. Earthquake engineers must thus design and
install their own rugged instruments specifically for
the purpose of recording big earthquakes.

Recording strong ground motion

A special strong-motion accelerograph has been
designed for recording three components of the
ground acceleration versus time during strong
earthquakes. Because the recording paper must
move fairly rapidly to permit the analysis re-
quired by the engineer, it is not feasible to run the
paper continuously as in seismological instruments.
The instrument must be triggered by the earth-
quake which is to be recorded. This is done by a
starting pendulum, which at the beginning of the
ground motion makes an electric contact to start the

photographic paper and turn on the recording light. -

One of the biggest deficiencies of the present en-
22

gineering studies of earthquakes is the lack of a
sufficient number of such instruments. In order to
give a usable record, the device must be located
within 20 to 30 miles of a large earthquake. The
area to be covered is immense, and thousands of
instruments are needed where only hundreds exist
at present. '

Because of this lack of instruments, for only one
recent, destructive earthquake—Niigata—has a rec-
ord of the strong ground motion occurring in the
region of damage been obtained. Of course this
lack of basic data hampers studies of what hap-
pened, since in examining ruins one is often not
sure whether the damage was caused by a heavy
ground motion or by an especially weak structure.

The U.S. Coast and Geodetic Survey maintains a
network of recording instruments, which includes
15 accelerographs in Alaska installed since 1964.
Unfortunately, there were no instruments in Alaska
to measure the destructive ground motions of the
1964 earthquake. Because of the limited area of
coverage of each instrument and the small prob-
ability of occurrence of a strong earthquake suffi-
ciently near any particular instrument, such net-
works must be operated for many years to accu-
mulate useful data. There is a concentration of in-
struments in San Francisco and Los Angeles where
there are many important structures on various
foundation conditions. In addition, several build-
ings in San Francisco and Los Angeles have instru-
ments in upper-story positions to record the be-
havior of the building during earthquakes. Such
simultaneous measurements of ground motion and
building response make it possible to consider a

-strong earthquake as a full-scale, dynamic test of

the structure, from which significant dynamic prop-
erties can be computed.

In spite of the small number of instruments, a
number of excellent records of strong ground mo-
tion have been obtained. One, the El Centro 1940
earthquake record, has become in a sense a standard
earthquake for all workers in the field. A technical
paper on the subject from any seismic country (such
as Japan, Russia, Chile) will probably refer to it.

The El Centro earthquake had a maximum hori-
zontal acceleration of about one-third the acceler-

“ation of gravity. George Housner, Caltech profes-

sor of civil engineering and applied mechanics, has
made a special study of the maximum horizontal
acceleration that might be expected close to a fault
on firm alluvium during an earthquake, and he has
concluded that it is of the order of one-half the ac-
celeration of gravity. There are reasons for suppos-

- ing that the properties of the earth’s crust are such

continued on page 24
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How do you test a product
that’s six miles long?
Or reduce the size of something
almost too small to see?

OUGH jobs...typical of the engineering
work being done day after day at
Western Electric, the manufacturing

and supply unit of the Bell System. And you
can have a hand in solving problems like these.
The six-mile product was a complete tele-
phone cable. How to test it before it was
buried underground — before modifications,
if necessary, became time-consuming and ex-

pensive? The solution was to design an “arti- -

ficial cable” — a model a few inches in length
whose electrical characteristics matched
those of the full-size cable. In this way, engi-
neers learned which type of cable would do
the job best, how many repeater stations
would be needed, and where repeater equip-
ment should be installed. Artificial cable lets
us anticipate and solve many other problems
... before they ever arise.

The small product was a thin film circuit
— an electrical path only thousandths of the
thickness of a human hair. How do you de-

sign equipment to make certain parts thinner,

to increase resistance, without altering other
parts? WE engineers used capillary action to
bring liquid only to the desired areas — and
electrolysis brought about the precise reduc-
tion, It’s quick in the telling, but it took sharp
minds to arrive at this solution.

Western Electric

MANUFACTURING & SUPPLY UNIT OF THE BELL SYSTEM

Western Electric needs more sharp minds.
Whatever your field is, there are plenty of
opportunities for interesting work, and for
rapid advancement. If you set the highest
standards for yourself and seek a solid future
— we want to talk to you! Be sure to arrange
a personal interview when the Bell System
recruiting team visits your campus. And for
detailed information on the opportunities
that await you, get your copy of the Western
Electric Booklet “Opportunities in Engineer-
ing and Science” from your Placement Offi-
cer. Or write: College Relations Staff Man-
ager, Western Electric Co., Room 2510A,
222 Broadway, New York, N. Y. 10038. An
equal opportunity employer.




EarthquakeQResistaht Design .

that more destructive shaking is unlikely or even
impossible. Similarly, the maximum time duration
of strong shaking is of the order of 45 seconds, al-
though the shaking may be felt for a longer period.

Designing for Safety

A typical building, in the absence of earthquakes
or wind, supports its own weight and contents as
vertical loads. The effect of an earthquake is mainly
to apply horizontal loads to the building. As a first
approximation, these horizontal forces are propor-
tional to the weights of the floors, and also to the
ground acceleration. A secondary effect is a mod-
ification of the vertical loads because of vertical

accelerations, but this is not usually as important

a factor as the horizontal force.

To illustrate the potentially destructive nature of
a horizontal force, consider a simple structure
formed by placing a beam on top of two columns
without connections, Such a structure might ade-
quately support a vertical load, but could easily be
toppled by a horizontal load. A simple way to cure
this difficulty would be to connect the members to-
gether so that when a horizontal force acts, the
structure perhaps bends, but does not collapse. This
illustrates one of the most important principles
of earthquake-resistant design—that the structure
should be firmly connected together so that it acts
as a unit. This may seem to be such an obvious con-
sideration that it hardly needs to be mentioned.
Nevertheless, failure to remember it is the basic
cause of much earthquake damage, as was illus-
trated by a number of instances of complete col-
lapse during the Alaska earthquake.

A second simple type of difficulty may exist when
two different buildings are close together. Being
different, the two buildings are likely to vibrate in
a different way during an earthquake, one zigging
while the other zags. The consequent pounding of
the two buildings can do severe local damage, and
this has often been noted in past earthquakes. One
cure, of course, is to provide a sufficient clearance
between the structures to prevent contact,

A rather more complicated difficulty can be il-

lustrated by an L-shaped asymmetrical building,

where one part of the building is much stiffer than
the other. Differences in the way in which the two
sections vibrate may set up a damaging condition at
the juncture of the two sections. This does not mean
that asymmetrical buildings should not be built,
but special provisions should be made to strengthen
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them at critical sections. :

Much earthquake damage can be traced to a
relatively few basic design errors such as those
just mentioned. The cure for such difficulties is
more widespread dissemination of mformatlon
among architects and engineers.

Among the steps taken to ensure safe structures,
perhaps the most important is the establishment of
building codes or regulations containing directions
for earthquake-resistant design and construction. A
properly formulated building code embodying cur-
rent knowledge in the field, backed up by legally
enforced inspection and control, can go a long way
toward assuring public safety during earthquakes.
Such building codes are not as common or as com-
prehensive as is often supposed.

The most widely used building code in the west
is the Uniform Building Code of the Pacific Coast
Building Officials Conference. This code, which
covers all aspects of construction, is issued in a
standard form that can be legally adopted by vari-
ous municipalities and government agencies. At
present some 630 such agencies have officially
adopted it. However, the existence of the standard
code does not mean that all cities have officially
adopted it, or that, if adopted, it is effectively en-
forced. The universal experience of all countries
has been that an earthquake code itself without a
vigorous and continuous inspection and enforce-
ment policy is of little use. In any given region,
therefore, the question to ask is not whether an

-earthquake code exists, but whether or not there is

an active local group backing it.

The first effective earthquake-resistant building
code in California appeared in 1927 in the first
published edition of the Uniform Building Code.
Since then the code has been revised every few
years to keep up with the increasing knowledge.
The Long Beach earthquake of 1933 was the real
breakthrough in the development of regulation
and control. As a direct consequence of the great
damage to school buildings in the Long Beach
earthquake; the Legislature of the State of Cali-
fornia, through the Field Act, assigned to the State
Division of Architecture the authority and responsi-
bility, under the police power of the state, to ap-
prove or reject plans and specifications and to super-
vise construction of all public school buildings. The
State Division of Architecture has carried this as-
sighment out with great effectiveness, and all Cali-
forma school buildings built since 1933 have been

continued on page 26
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Why become an engineer at
Garrett-AiResearch? You’ll have to

“work harder and use more of

your knowledge than engineers

at most other companies.

If you’re our kind of engineer,
you have some very definite ideas
about your career.

For example:

You’ve worked hard to get a
good education. Now you want to
put it to work in the best way
possible.

You will never be satisfied with
run-of-the-mill assignments. You
demand exciting,
challenging projects.

You not only accept
individual responsibil-
ity — you insist upon it.

Does that sound like
you? Then AiResearch
is your cup of tea.

Qur business is
‘mainly in sophisticated aerospace
systems and subsystems.

Here, research, design, and de-
velopment lead to production of

" a customer’s problem

actual hardware.
That means you
have the oppor-

tunity to start with

and see it through to a
system that will get the job done.
The product linesat AiResearch,
Los Angeles Division, are environ-
mental systems, flight information
- and controls sys-
tems, heat transfer
systems, secondary
power generator
systems for missiles
and space, electri-
cal systems, and
specialized indus-
trial systems.
In the Phoenix Division there are
gas turbines for propulsion and
secondary power, valves and con-
trol systems, air turbine starters
and motors, solar and nuclear
power systems.
In each category AiResearch
employs three kinds of engineers.
Preliminary design engineers do
the analytical and theoretical
work, then write proposals.
Design engineers do the lay-
outs; turn an idea into a product.
Developmental engineers are
responsible for making hardware
out of concepts.
Whichever field fits you best, we
can guarantee you this: you can
go as far and fast as your talents

can carry you. You can make as
much money as any engineer in a
comparable spot — anywhere. And
of course, at AiResearch, you’ll
get all the plus benefits a top com-
pany offers.

Our engineering staff is smaller
than comparable companies. This
spells opportunity. It gives a man
who wants to make a mark plenty
of elbow room to expand. And
while he’s doing it he’s working
with, and learning from, some of
the real pros in the field.

If the AiResearch story sounds
like opportunity speaking to you—
don’t fail to contact AiResearch,
Los Angeles, or Phoenix, or see our
representative when he comes to
your campus.

An equal opportunity employer

AiResearch
is challenge

2
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Los Aﬁgeles » Phoenix




Earthquake-Resistant Desigh ..

designed and constructed under careful supervision
with respect to earthquake forces.

For many years both San Francisco and Los An-
geles operated under building codes different from
each other and from the Uniform Building Code.
In 1960 a special Seismology Committee of the
Structural Engineers Association of California de-
veloped a standard earthquake code which now
has almost universal acceptance, so that Los An-
geles, San Francisco, and the Uniform Building
Code all have virtually the same earthquake pro-
visions.

It is not to be supposed that an earthquake code
is a comprehensive treatise on earthquake-resistant
design. The complete earthquake section of the
Uniform Building Code runs to only a dozen or so
pages; it is only a guide for a trained and experi-
enced designer. Such building codes must always
presuppose the existence of a high-level profession-
al activity in the area.

Earthquake engineering research at Caltech

For many years basic problems of the behavior of
structures subjected to earthquake forces have been
studied at Caltech. One type of problem which has
been solved involves a simple one-story structure
consisting of a mass mounted on horizontally
flexible columns. It is supposed that the ground has
the acceleration of a measured past earthquake, and
a calculation of the maximum deflection of the
building with respect to the ground is made. This
maximum deflection is plotted against the ratio of
mass to stiffness, so that for any given structure an

idea of the deformation caused by the earthquake

can be worked out. Whether or not the calculated
deformation is dangerous for the structure must of
course be further examined. Analyses have been
made for all of the past strong earthquakes for
which good ground acceleration records are avail-
able. By a comparison of the results of such calcu-
lations, it has been possible to express certain aver-
age properties of past strong earthquakes in a
form that is useful for design purposes.

A second research field in which the Caltech

group has been active is that of the dynamic testing -

of full-scale structures. Because of the difficulty and
expense of making tests of large structures, there
are many gaps in the basic knowledge of the dy-
namic characteristics of such things as multi-story

buildings, bridges, and dams. To learn more about

such problems, a special system of vibration genera-
26
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tors has been developed at Caltech under the
sponsorship of the California State Division of -
Architecture. A test program was carried out in co-
operation with the Los Angeles Department of
Water and Power in which a set of four vibration
generators was mounted at the crest of an earth-
filled dam. With this system, a sinusoidally varying
horizontal force of 20,000-pound amplitude can be
produced over a range of accurately determined
frequencies. By measuring the motion of the dam
at various frequencies, one can calculate the dy-
namic physical properties of the dam in the as-
constructed condition. Similar tests have been made
in several multi-story buildings and in various spe-
cial structures, such as large rocket test stands, and
a considerable clarification of the dynamic prop-
erties of structures has resulted.

Current design philosophy does not attempt to
avoid all damage, but does intend to prevent the
kind of complete collapse that would lead to injury
or loss of life. Once this has been accomplished, the
designer hopes to balance repair costs against the
increased initial building costs that would have
been necessary to prevent damage completely. This
is clearly a statistical problem which requires for
its satisfactory solution improvements in knowledge
of the probability of occurrence of earthquakes in
a particular region and of the true dynamic be-
havior of structures.

If all existing knowledge can be employed and
good construction techniques and high-quality ma-

terials can be ensured, there is no reason why struc-
tures cannot be made safe in the above sense against
the most violent earthquakes. The principal danger
in the world today comes from the millions of old
structures that were built either before present
knowledge existed, or under economic conditions
that for various reasons did not permit suitable
quality construction. Unfortunately, a large fraction
of the world’s population must live in houses that
would inevitably collapse in even a small earth-
quake. This is a problem that is being investigated

- by several UNESCO committees, but as yet no

satisfactory solution to this immediate practical
problem seems to be in sight.

Although there are a number of such pressmg
practical problems remaining to be solved, it may
be said that the basic knowledge of the effects of
earthquakes on structures is at present extensive
and is steadily advancing. It may thus be expected
that, with the proper effort, the world will ultimate-
ly be relatlvely free of serious earthquake hazards.
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“I left a secure,

satisfying job after 15 years

for a new and even

more rewarding career!”

Says — MELVIN WEISZ, C.LU., The Gold Agency, Detroit

B g

"My 15 years as a high school teacher
were personally rewarding and now, as
a representative for Mass Mutual, I'm
still enjoying some of the satisfactions
of teaching. I'm now educating adults
in the art of solving their financial prob-
lems. Helping people save money, create
estates, and guaranteeing their families
the resources they'd need in case of pre-
mature death.”

“Financially, the rewards of a career with
Mass Mutual have been grarifying, too.

In fact, each of the 5 years I've been at
it, P've put in force over $§1 million in
life insurance! This has made possible
foreign travel, a new home, a college
education for our son, and the leisure
time to participate more fully in com-
munity activities!”

"And Mass Murual representatives are
a skilled group of professionals who
work for themselves, but not by them-

" selves. Backing them is the prestige of

a company over 100 years old, with over

$3 billion in assets.”

If you're looking for the same rewards
that appealed to Mr. Weisz in his new
career, write a personal letter to: Charles
H. Schaaff, President, Mass Mutual,
Springfield, Massachusetts. He's always
interested in hearing from a good man!

MASSACHUSETTS MUTUAL
LIFE INSURANCE COMPANY

Springfield, Massachusetts forganized 1851
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Intrigued by exotic designs?

Come to Douglas. We have a lot to intrigue you: extensive and exceptional Southern
California facilities, where there are many independent research and development programs
underway; engineering design problems to challenge the most creative minds; encouragement
to publish. Why not find out about Douglas? Contact your placement office or send a resume to
L. P. Kilgore,Box 701-C, Corporate Offices, Douglas Aircraft Co., Inc., Santa Monica, Calif.

An equal opportunity employer



Industry’s choice for severe service. ..

GRINNELL DIAPHRAGM VALVES

The many features inherent in the
basically simple design of Grinnell
diaphragm valves make these valves
industry’s choice for severe service.
The diaphragm, for example, pro-
vides two-way protection against
contamination: (1) valve lubricants,
dirt, or other foreign matter can’t
enter the product stream; (2) the
product stream is sealed off from
contact with the bonnet mechanism.
In addition, valve body and body
linings, as well as diaphragms, are
available in a wide choice of mate-
rials to meet virtually any.require-
ment.,

Advantage to industry: selection
of the most effective valves for the
specific needs of piping systems.

Grinnell is piping . . . piping that
ranges from systems engineered for
food processing, to power plant pip-
ing, to sprinkler systems for fire
protection in schools, hospitals, fac-
tories, buildings of all kinds.

Grinnell offers industry (1) the
engineering (from basic metallurgy
to piping systems design and pre-
fabrication), (2) the production facil-
ities (ten large plants in the U. S.
and Canada), (3) the product line
(everything in piping), (4) offices

and engineers in over 60 major cities.
(5) the experience (over 100 years
of leadership in the field) to solve
the toughest piping problems.

Worth remembering—for the day
you may have piping problems to
solve. And worth investigating now
if you’re looking for the unusual in
an engineering, or sales engineering
career! Write Grinnell Company,
Inc,, 260 West Exchange
Street, Providence, Rhode
Island 02901.

GRINNELL

WHENEVER PIPING IS INVOLVED

Grinnell Company, Inc., Providence, R. I. Warehouses and distributors coast to coast.

pipe and tube fittings + welding fittings

Grinnell diaphragm valves .
water works supplies °

* engineered pipe hangers and supports
prefabricated piping .

Grinnell automatic sprinkler fire protection systems

plumbing and heating specialties .

¢ Thermolier unit heaters ¢ valves
industrial supplies -
. Amco air conditioning systems



Paul Sophus Epstein, professor emeritus of theo-
retical physics, died at his home in Pasadena on
February 8. He was 83 years old.

“The death of Professor Epstein marks the ending
of an era at the California Institute,” said President
Lee A. DuBridge. “A distinguished theoretical
physicist, he played an influential part in the foun-
dation of the present physics division. From his ar-
rival in 1921 until his retirement as professor emeri-
tus in 1953, several generations of Caltech students
were guided and inspired by his warm and vital in-
terest in his field and in their lives. He occupies a
special place in the history and progress of the
Institute.”

Paul Epstein was born in 1883 in Warsaw. He was
graduated from the Imperial University of Moscow
in 1906, and in 1909 got the equivalent of a PhD,
becoming assistant professor of physics there. A
year later he went to Munich, where he studied the
theory of electromagnetic waves, in particular the
theory of diffraction, with Arnold Sommerfeld. In
1919 he went to Zurich University where he submit-
ted a paper on the theory of the Stark effect as his
thesis for an appointment as assistant professor of
physics. He was at Leyden University as assistant
to H. A. Lorentz when he met R. A. Millikan, who
was scouting for Caltech personnel, and in 1921 he
came to Caltech. Epstein’s work from about 1910
to 1920 in the development of quantum mechanics,

30

PAUL &.
EPSTEIN

(1883-1966)

with that of Sommerfeld and Niels Bohr, was an im-
portant contribution to the development of atomic
theory.

At Caltech he began by teaching all phases of
theoretical physics, but eventually confined his
teaching to thermodynamics and statistical mechan-
ics. His work led him to areas of applied theoretical
physics, which occupied most of his Caltech career.
Among his later contributions were studies of elec-
tromagnetic waves around the earth, the stability
of air bubbles in water, and the theory of absorption
and scattering of sound waves in the atmosphere.
During the war he studied the absorption and scat-
tering of sonar waves in the ocean.

Dr. Epstein was a member of the National Re-
search Council from 1928-30, 4 member of the Na-
tional Academy of Sciences, a fellow of the Amer-
ican Physical Society, of the American Association
for the Advancement of Science, and of the Societé
Francaise de Physique. His broad interests ranged
over the fields of art, music, history, and psycho-
analysis, and his friends included such men as the
artists Paul Klee, Vassily Kandinsky, and Franz
Marc. He was also a friend of the distinguished
psychiatrist Sigmund Freud. He was a trustee of the
Psychoanalytic Institute of Los Angeles, a board
member of the Psychoanalytic Study Group of Los

~ Angeles, and he had been a member of the Coleman

Chamber Music Association of Pasadena since 1921.
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CONSUMER PRODUCTS * COMMUNICATIONS * SEMICONDUCTOR PRODUCTS * MILITARY ELECTRONICS * AUTOMOTIVE PRODUCTS * CONTROL SYSTEMS

TRUST THIS EMSIGNIA

button
button...

Want to know how much oil is in your Dallas tanks while
you're sitting in Tulsa? Push a button.

Making salad dressing? Not at home by the spoonful—but
industrially by enormous vats-full. No more hand pouring
or mechanical dumping. Hit the vinegar button and it's
measured precisely. The oil—to the drop. Lace the con-
coction with zesty oregano? Just push a button.

Load a gas truck with gasoline, check the gallons left in
the storage tanks, make out the statement, give the driver
a receipt, and then record the whole transaction. Tough?
Just have the driver push a button (or a lever). You don't
even have to be there. ;

So goes the lively art of solid state electronics. Remote
Control, Data Acquisition Systems, and Process Control
Systems. All available right now for modern industries—
control devices for—you name it.

Tomorrow? Around the world automation systems. Remote
control devices—you name it.

And who's got the button? Why Motorola of course . . .
they've been button-controlling for years!

MOTOROLA

WHEREVER YOU FIND IT



"Drift-along” careers? We don’t have them.

You won’t find the environment at Sikorsky Aircraft
conducive to inertia. We earned our reputation as a pioneer
and leader in our dynamic, young industry by applying a
lot of mental muscle to a bewildering array of problems.
And being willing to buck the current in order to go places
is an essential engineering attitude with us today.

Are you this kind of young engineer? Willing to wrestle
with new ideas, hard work? Then you should certainly talk
to us about the opportunities for personal progress and
rewarding professional satisfaction offered in our world of
advanced VTOL systems.

The Sikorsky vehicle of today reflects a startling new tech-
nology . . . the merging of sophisticated electronic systems
with the VTOL airframe to provide new dimensions in
airborne capabilities. These advanced VTOL systems are
fulfilling the broadest demands on their versatility . . . from
space capsule recovery to wide-ranging military and com-

mercial application. As for the future—it’s bounded only
by the span of engineering imagination.

THE RIGHT SPOT FOR YOU? We'll have it. You’ll be
given tough, responsible assignments within one of our
small, interdependent groups—working on demanding prob-
lems in such areas as aerodynamics s human factors engi-
neering « automatic controls e structures engineering « weight
prediction e systems analysis » operations research » relia-~
bility/maintainability engineering s autonavigation systems
e computer technology . . . among others,

And your career potential can be increased materially by our
corporation-financed Graduate Education Program . . .
available in many outstanding colleges within the area.

Please consult your College Placement Office for campus

interview dates—or—for further information, write to
Mr. Leo J. Shalvoy, Engineering Personnel.




Twenty-five hundred dollars
in cash awards

to engineering and
metallurgy students.

The Forging Industry Educational and Research Foundation announces a $2,500 award
competition for the best paper on the subject “The Principal Technical Development Needed
by the Forging Industry in the Next Decade.” First prize, $1,000, plus eight other awards
totaling $1,500.

Competition is open to senior and graduate engineering and metallurgy students. Length of the
paper, 3,000 to 3,500 words.

Winner and his faculty advisor will also receive an all-expense-paid trip to Colorado Springs,
Colorado, where the award presentation will be made at the 1966 meeting of the Foundation.

For full details fill in and mail the coupon or write:

The President

Forging Industry Name
Educational hecress
and Research oo
Foundation

b5 Public Square « Cleveland, Ohio Faculty Adyisor



1923 .
BERNARD G. EVANS, who has been in
the real estate field for more than 40 years,
is currently doing valuation work for the
proposed Malibu nuclear power plant site
and for the expansion of the Los Angeles

International Airport. He plans to retire
in June but will continue to do consulting.

1925

FRANK CLAYTON writes from Ft.
Worth, Texas, that he is still chief plant
engineer for the General Dynamics Corp.
division there, involved in building F-111
fighter-bombers. He is also a national di-
rector of the National Society of Profes-
sional Engineers.

1928

SYDNEY B. INGRAM, PhD, recently cel-
ebrated his 35th year of service with the
Bell Telephone Laboratories. He is direc-
tor of the company’s technical employ-
ment center in Murray Hill, N.J. Before
1960 he was director of education and
training, in charge of graduate and under-
graduate educational programs adminis-
tered by Bell.

1929
DUANE E. ROLLER, PhD, professor

emeritus of physics at Harvey Mudd Col-
lege in Claremont, died on December 24
at the age of 71. A member of the initial
group of seven faculty immembers when the
college opened in 1957, Roller had been
retired since 1964 from his position as
head of the department of physics. Earlier
in his career, Roller taught at the Univer-
sity of Oklahoma in Norman, at Hunter
College in New York, and at Wabash Col-
lege in Crawfordsville, Ind., and was the
first editor of the American Journal of
Physics from 1933 to 1949, He was also
assistant director of the Hughes Aircraft
research and development lab and on the
senjor technical staff of Ramo-Wooldridge
Corp. He leaves his wife, Doris, and a
son, Duane, of Norman, Oklahoma.

1931

CAPT. PERRY M. BOOTHE, USN, MS
'32, has been assigned to Saigon for duty
in construction planuing for U.S. troops
in Vietnam. Boothe recently spent 27
months in London as director of the Euro-
pean division of the Bureau of Yards and
Docks, a job involving all Navy con-
struction and facility maintenance from
Ethiopia to Northern Ireland. His family
will remain in Arlington, Va., during his
Vietnam assignment.

1934
NICK T. UGRIN, vice president of indus-
trial relations of the Union Oil Company

the

Donald S. Clark -Alumni Award

has $13,000 inhand ... ... .. ..

NOW

is the time to honor

Don Clark

cevee... 812,000 to go

Make checks payable to California Institute of Technology

of California, has been elected president
of the Unemployment Insurance Associa-

_tion for 1966.

1936
JOHN Y. BEACH, PhD, supervisor of the
analytical and physical measurements sec-
tion of the Chevron Research Co. in Rich-
mond, Calif., is now chairman of the
American Chemical Society’s California
section.

1943

ARTHUR V. CARLSON, MS, a meteor-
ologist at the U.S. Army Electronic Prov-
ing Ground in Ft, Huachuca, Ariz., recent-
ly received special recognition fromn the
Department of Defense for his role in a
value engineering study on radiosondes.
The five-man group with which he worked
was credited with a potential annual sav-
ing to the government of four million
dollars. The project involved devising a
new parachute system for balloon-borne
radiosonde equipment used by meteor-
ology technicians to measure atmospheric
conditions. Carlson has been at Ft. Hua-
chuca since 1954. He and his wife have
three childrén: Gayle 16, Gregory 12, and
Kirk 9.

JOHN ELDRIDGE CUSHING JR., PhD,
professor of immunology at the University
of California at Santa Barbara, was mar-
ried on December 18 to Anne Hyde Greet.
She is assistant professor of French at the
university. '

1946
FRANK S. GATES, who is chief engineer
at the El Paso refinery of the Chevron Oil
Company, writes that he and his family
(five children) have recently moved into
a new home. Gates has been in El Paso
since 1964.

1949

DON E. HIBBARD, his wife, and four
children, recently returned to the U.S.
after eight years in South America. He
writes that “Caracas had the most enjoy-
able weather — like southern California
before smog — Maracaibo had the most oil,
and Bogota, the most beautiful green
countryside and mountains.” The Hib-
bards are now in Miami, Fla., where Don
works in a new Caribbean-Central Amer-
ican petroleum evaluation group of the
International Petroleum Co.

1951
JOHN R. FEE, a civil engineer with the
James Montgomery firm of consulting en-
gineers in Pasadena, is also Major John
Fee, executive officer of the 6159th R & D
chapter of the United States Army Re-
serves, This special research and develop-
ment unit, made up of top ranking men
in science and engineering from southern
California, studies and tests scientific in-
novations developed in the services and re-
ports on whether or not the developments

. would be applicable to military purposes.
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_ 1952 ,
JOHN C. THOMPSON, MS, has been ap-

pointed vice president of the Peerless -

Manufacturing Go. of Dallas.

DAVID L. HANNA, an associate with

Booz, Allen & Hamilton International, Inc.,
" in Lahore, West Pakistan, writes: “My
family was evacuated from Lahore to Bei-
rut during the India-Pakistan border war
which we could see and hear from our
house. Happily, the dependents were al-
lowed to return on Dec. 10, so we all
enjoyed a thankful Christmas together.”

1955

JOSEPH D. BENNETT, MS, a senior
structures engineer with General Dynam-
ics Corp. in Ft. Worth, recently joined
the flight flutter test section of the F-111
dynamics group and will be moving to
Edwards AFB in California to take part
in testing the new fighter plane.

1959
BERNARD C. REARDON, MS, PhD 64,
and his wife, Iliana, are living in Cork,
Ireland, where Bernard was borm and
spent his hoyhood. The Reardons were
married last December 27 in Pasadena.

GEORGE LOGEMANN is an assistant
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NORMAN ZABUSKY, PhD, ’59 su-

pervisor of the plasma physics re-
search group at the Bell Telephone
Laboratories, Inc., Whippany, N.J.,
is co-director of the International
School of Nonlinear Mathematics
and Physics to be held from June 27
to August 5, 1966, at the Max
Planck Institute of Physics and As-
trophysics in Muniqh, Germany.
The school, sponsored by the Ad-
vanced Study Institute Programme
of NATO, will present a broad look
at natural nonlinear phenomena and
attempt to abstract umnifying con-
cepts and methods. Courses will be
divided into two, separate, three-
week sessions, the first dealing with
physics and the second with mathe-
matics. Enrollment is open to indi-
viduals currently doing research in
nonlinear mathematics or physics,
who have completed the equivalent
of course requirements for a PhD.
Tuition is $225 for each session;
scholarships and assistantships will
be awarded to selected individuals
from academic institutions. Dead-
line for applications is March 1.
Write: Dr. N. J. Zabusky, Non-
linear School, Bell Telephone Lab-
oratories, Inc., Whippany, N.J.
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York University, where he is helping pre-
pare a computer sciences graduate pro-
gram. He also is developing computer sys-
tems for the university’s Institute for Com-
puter Research in the Humanities.

1961

CAPT. WARREN L. SIMMONS, USAF,
MS, who is an instructor in physics and
assistant varsity golf coach at the Air
Force Academy in Colorado Springs, won
first place in the Air Force World-Wide
Golf Tournament held at Maxwell AFB
in Alabama last August. As winner, he
went on to represent the Air Force against
the Army, Navy, and Marines at the In-
terservice Golf Tournament at Cherry
Point, N.C., in September, and captured
another first place title. Simmons won by
11 strokes — 6 under par for 72 holes.

1962
ROBERT E. CARTER, PhD, is lecturer
in organic chemistry at the University of
Goteborg in Sweden. He also acts as part-
time consultant for a drug company there.

KIP S. THORNE is a National Science
Foundation postdoctoral fellow at Prince-
ton University’s Palmer Physical Labora-
tory. His article, “Gravitational Collapse
and the Death of a Star,” appeared in
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