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What kind of a person
would read a book
like this ?

This book isn’t fancy. Its actual size isn't much
bigger than what you see here. But it tells a lot
about U.S. Steel. Its operations. Facilities.
Growth. Working benefits. It gives a rough idea
of the Corporation's many career opportunities.
(Imagine how many engineers are needed in a
company this size.) A reader won't find any
flowery phrases in this book about success.
That part is up to the individual. U.S. Steel
wants men with drive and initiative who aren’t
afraid of competition. A lot of people like that
have already read this book. They work for us
now. Are you that kind of person? Send the
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On Our Cover

is a composite photograph of the
moon, made up of several pictures
taken with the 100-inch telescope on
Mount Wilson showing the moon at
last quarter. In his article on page 7,
“A New Look at the Moon,” Albert R.
Hibbs,. chief of the Space Scientists Di-
vision at Caltech’s Jet Propulsion Lab-
oratory and an alumnus of Caltech,
discusses what we now know about
the moon from studies of some amaz-
ing pictures taken with the Mount
Wilson and Palomar telescopes.

Donald E. Hudson,

professor of mechanical engineering
at Caltech, is the author of “Hunting
Big Earthquakes in India” on page
16. In September 1958, he took a
leave of absence to spend six months
at the University of Roorkee to help
set up the Earthquake Engineering
School there. As part of a cooperative
research program between Caltech’s
Earthquake Engineering Research
Laboratory and Roorkee, he also
shared earthquake research informa-
tion with practicing engineers in India.

Since India is a land of big earth-
quakes, it was the ideal place to set
up some of thi unique strong-motion
earthquake recorders designed at Cal-
tech in coopération with the U.S.
Coast and Geodetic Survey. Records
of future Himalayan earthquakes
made with these small instruments
should interest structural engineers all
over the world.
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At The Ramo-Wooldridge Laboratories...
integrated programs of research & development
of electronic systems and components.

The new Ramo-Wooldridge Laboratories in Canoga Park provide
an environment for creative work in an academic setting. Here,
scientists and engineers seek solutions to the technological prob-
lems of today. The Ramo-Wooldridge research and development
philosophy places major emphasis on the imaginative contribu-
tions of the members of the technical staff. @ There are outstanding
opportunities for scientists and engineers. Write Dr. Richard C.
Potter, Head, Technical Staff Development, Department 27-F.

THE RAMO-WOOLDRIDGE LABORATORIES

A DIVISION OF THOMPSON RAMO WOOLDRIDGE INC.
8433 FALLBROOK AVENUE, CANOGA PARK,; CALIFORNIA

S G

An electron device permits scientists to study the béhavror of charged dust particles heid in suspension.
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Gilbert Lewis...on practical aims

“The scientist is a pracﬁcal man and his are practical
aims. He does not seek the ultimate but the proximate.
He does not speak of the last analysis but rather of the
next approximation. His are not those beautiful struc-
tures so delicately designed that a single flaw may cause
the collapse of the whole. The scientist builds slowly
and with a gross but solid kind of masonry. If dissatisfied
with any of his work, even if it be near the very founda-
tions, he can rep]ace that part without damage to the

remainder. On the whole, he is satisfied with his work,
for while science may never be wholly right it certainly
is never wholly wrong; and it seems to be improving from
decade to decade.

“The theory that there is an ultimate truth, although
very generally held by mankind, does not seem useful
to science except in the sense of a horizon toward which
we may proceed, rather than a point which may be

reached.”—The Anatomy of Science, 1926.

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A nonprofit organization engaged in a program of research in the physica[ sciences, economics, mathematics, and the social sciences.
RaND scientists and engineers are engaged in the imaginalive exploration of frontier areas of science and tec}mology; with the insights
gained from this research they seek to create new and improved air and space systems,
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A New Look at the Moon

Galileo did not invent the telescope.

This may come as no surprise to you, dear reader,
but it did to me. In gathering information for this
article, I was checking the date on which Galileo (I
thought) invented the telescope. I discovered he did
not invent it at all. Instead, someone in Beligum or
someone in Holland (the records are not very conclu-
sive) was the first to discover that, if you held one
lens in front of another and then looked through them
both, distant objects would appear closer.

This happened in the very early 1600’s. In the year
1609, Galileo, visiting Venice, heard of this discovery.
On his return home he tried it for himself.

Galileo then developed his Galilean telescope and
used it to observe the planets. He discovered that the
planet Venus, when viewed from the earth, changes
phase in a manner that could only be understood if
the sun were the center of the solar system.

Twenty years later, on the basis of the observations
he had made with the telescope, as well as arguments
similar to those first presented by Copernicus, Gali-
leo wrote his “Dialogues Concerning the Two Chief
World Systems.” The two systems discussed in this
dialogue were the Copernican and the Ptolemaic
systems, the first of which had the sun as the center
of the solar system and the second of which put the
earth in this special position.

For writing this dialogue, Galileo was sentenced
to prison for the rest of his life. His arguments ran
contrary to the metaphysical doctrines of the Church.

In the translation of this dialogue by Stillman
Drake, Galileo described his observations of the moon
as follows:

“The prominences there are mainly very similar

to our most rugged and steepest mountains, and

some of them are seen to be drawn out in long
tracts of hundreds of miles. Others are in more

1S E ZaYala)

by Albert R. Hibbs

compact groups, and there are also many de-
tached and solitary rocks, precipitous and craggy.
But what occur most frequently there are certain
ridges (I shall use this word because no more de-
scriptive one occurs to me), somewhat raised,
which surround and enclose plains of different
sizes and various shapes but for the most part
circular. In the middle of many of these there is
a mountain in sharp relief and some few are filled
with a rather dark substance similar to that of
the large spots that are seen with the naked eye;
these are the largest ones, and there are a very
great number of smaller ones, almost all of them
circular.”

A little more than 300 years later, the 14th edition
of the Encyclopaedia Britannica describes the surface
of the moon as follows:

“The most striking formations on the moon are
the craters, which are of all sizes up to a hundred
miles or more in diameter and are scattered over
the surface with a great profusion, frequently
overlapping. These craters in appearance closely
resemble the volcanic craters on earth, and it is
possible that they may have a similar origin.
They have, however, often so large a diameter
compared with height that the analogy may not
be so close as it first appears. A typical crater
has a surrounding ring rising to anything up to
20,000 feet above the general level. The floor of
the crater may be higher or lower than the out-
side level. Often, there may be a central peak or
peaks within the crater. The darker areas which
are not so much covered by craters have been
considered to be seas of lava which have spread
over the moon’s surface at a later date than that
of the formation of most of the craters.”

As you can see, there is very little difference in the
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two descriptions, which is not surprising, since neither
the moon nor our ohservational techniques have
changed much during the intervening 300 years. We
are still as far away from the moon as Galileo was.
The one outstanding difference in the two deseriptions
is that the Encylopaedia Britannica indulges in a little
speculation, whereas Galileo restricted himself to the
things he could see.

In between Galileo and the 14th edition of the
Encylopaedia Britannica, the geologist, G. K. Gilbert,
delivered an outstanding paper at an 1893 meecting
of the Philosophical Society of Washington, D.C. On
the basis of excellent arguments, Gilbert concluded
that the features of the surface of the moon have re-
sulted principally from collisions of objects with the
surface. Even the maria, he reasoned, are the result
of such collisions, and, in fact, Gilbert believed that
there were no volcanoes at all on the moon.

Gilbert based his conclusions not onlv on his ex-
tensive experience as a geologist but also on a lengthy
series of observations of the moon at the Naval Ob-
servatory in Washington which he undertook a year
before his paper was presented.

He was in Washington on a mission that is familiar
to many of us. Gilbert at this time was Chief Geolo-
gist of the National Survey. During 1892, Congress
was cutting back funds of the Swrvey, and Gilbert
was supposedly lobbying for more money. (In the
annals of the Survey, this time period is recorded as
“The Disaster,” when half of the personnel was laid
oft.}) Nevertheless, Gilbert found time to spend many
nights at the Observatory, looking at the moon.

Gilbert wrote to a friend on this occasion, “1 am

The full moon. The
craters (Tycho,
Copernicus and Kep-
ler) are surrounded
by rays, probably
resulting from
explosive impacts of
meteorites.

a little daft on the subject of the Moon, being troubled
by a new idea as to its craters, and I have haunted
the Observatory for three evenings in which 1 have
netted but one hour of observation. Clouds and con-
gressmen are about equally obstructive.”

The congressmen, on their part, were not silent.
During debate in the House of Representatives, one
of them said, “So useless has the Survey become that
one of its most distinguished members has no better
way to employ his time than to sit up all night gaping
at the moon.”

From Gilbert’s “gaping” came what remains to this
day one of the most impressive discussions of the
lunar surface features and their origins. Gilbert’s idea
that almost all of the craters are due to meteor im-
pacts is now generally accepted, although the mech-
anism he suggested for this process does not appear
to be equally valid. He suggested that the earth was
surrounded by a ring of moonlets, just as Saturn is
surrounded by a ring of rocks. These moonlets were
supposed to have crushed into the moon one by one
as variations in their orbits brought them near the
moon. This would have resulted in a preponderance
of craters near the lunar equator, which of course is
not the case.

Gilbert felt that the moonlet theory was necessary
to explain the fact that most craters appeared circular.
He reasoned that meteorites striking the moon from
random directions — not necessarily vertically — would
often leave oval-shaped craters. Thus, he suggested
moonlets in orbits around the earth, which would
approach the moon at relatively slow speeds and then
be drawn to the moon’s surface by the moon’s gravity,

Engineering and Science



striking it nearly vertically.

Nowadays we do not feel that Gilbert needed to
have gone to all of this trouble. A body impacting at
high speed does not scoop out a trench, but simply
explodes. The resulting depression will be a circular
crater centered at the point of impact, regardless
of the angle of flight of the impacting body.

After Gilbert’s paper appeared in print, it was re-
marked that the majority of astronomers explained
the craters of the moon by voleanic eruption — that is,
by an essentially geological process; whereas a con-
siderable number of geologists are inclined to explain
them as an impact of falling bodies upon the moon —
that is, by an essentially astronomical process.

The full moon (opposite page) displays some of the
signs which led Gilbert to conclude that the craters
were the results of impacts. Although the topography
is not apparent in the flat lighting of the full moon,
the rays around many of the craters stand out quite
sharply. For example, the long rays of Tycho (the
crater in the southern hemisphere which looks like
the navel on a navel orange) radiate out from it to a
great distance, apparently going all the way to the
invisible hemisphere. Perhaps when we get a good
picture of the back side of the moon we will see the
rays of Tycho stretching across it. Looking at the
crater Copernicus, north of the equator, toward the
west, you can almost hear the “splat” of the crashing
meteorite.

The craters are named after astronomers and philos-
ophers of the Renaissance and before — Tycho, Cop-
ernicus, Kepler, Eratosthenes, Aristotle, Ptolemy, and
so on. The large dark areas are called “seas” or
“oceans,” and some of them are called “bays.” Latin
names are used, such as Mare Serenitatis, Mare Tran-
quillitatis, Mare Imbrium.

The rumor that the watery nomenclature of the
moon’s surface was introduced by an ambitious ad-
miral anxious to establish a roles-and-mission position
for the U.S. Navy's space program is absolutely un-
true. These names were given hundreds of years ago,
when early astronomers thought that perhaps the
moon might actually have water on its surface.

Today, on the basis of careful observations (for ex-
ample, when the moon passes in front of a star, we
measure how rapidly the starlight is dimmed by any
lunar “atmosphere”) we have determined that not
only does the moon possess no water but that it has no
appreciable atmosphere. In fact, the atmosphere of
the moon is a better vacuum than any we can produce
in most of our laboratories.

The absence of a lunar atmosphere is important in
determining the objectives of lunar exploration. The
formation process of the solar system must have end-
ed billions of vears ago. The planets and all their
satellites, including the earth’s satellite, the moon,
were probably built up by the accumulation of smaller
hunks of rock. Today, very few of these original hunks
of rock are left. But still, a meteorite occasionally

June 1960

The southern portion of the moon during the last
quarter. The rugged appearance of the craters is ac-
centuated by the shadow detail near the sunset line —
or terminator. Many series of overlapping craters can
be picked out. The relative overlap is a measure of
relative age.

comes into the atmosphere — and on even rarer occa-
sions a meteorite comes in that is big enongh to reach
the surface of the earth and to be picked up. Very
infrequently — maybe once every hundred thousand
years — a meteorite hits the earth that is big enough
to make a crater almost a mile across, such as the one
near Winslow, Arizona. But most of the bombardment
was over billions of vears ago.

After the formative bombardment ceased, the
mountain-building processes on the earth, aided and
encouraged by the erosion due to the earth’s watery
atmosphere, has so continuously changed the ap-
pearance of the earth’s surface that no record of its
early formation persists. But on the moon the record
remains. It is very likely that the surface of the moon
will show us the history of the solar system’s forma-
tion.

In the photograph above we get a closer look at
the southern portion of the moon. Sunset is approach-
ing along the right-hand edge, and near the shadow
line (the “terminator”) the topography of the moon
stands out clearly. Numerous craters are visible in
the southern region. In fact, close inspection shows
that the surface is covered with them, one on top of
the other. This region is called the “highlands” to
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The crater Clavius, whose walls have apparently been
eroded from their original rugged shape and whose
central section is filled with the debris from this ero-
sion process. This central plain is marked with the
impacts of later meteorites.

differentiate it from the smoother, dark plains called
the “seas.”

A little more than halfway down the terminator
vou can see a series of four overlapping craters ex-
tending from the terminator off to the west. The
overlap indicates the relative ages of the various
craters. The newer crater cuts into the walls of the
older crater. At least, this seems a sensible way to dis-
tinguish relative ages of craters. Fortunately, nowhere
on the moon do we find a ring of craters with each
one overlapping the one in front of it, like a ring of
elephants each holding onto the other’s tail. Such a
situation would defeat the logic of the relative age
idea.

A close look at these craters reveals one interesting
detail. The older craters appear to have the least rug-
ged walls. Ruggedness seems to be a characteristic of
young craters. Other examples can be found in this
area and other areas of the moon, showing this same
relationship. Some craters can be found whose walls
are almost nonexistent, as if they had been worn away
to almost nothing. These worn-down craters are in
most cases lilled with some sort of smooth material
in their central section, whereas the newer rugged
craters are often found to have an extremely rugged
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central section with a central peak.

Certainly, there is a very strong suggestion that
some sort of erosion process has been operating on
the moon, gradually changing the appearance of the
surface markings. This process must be quite different
from the erosion we are familiar with on the earth.

Professor Thomas Gold, now at Cornell University,
has suggested one possibility for such an erosion pro-
cess. He points out that several processes are avail-
able for the creation of dust and the wearing away of
the rock’s surface, such as the impact of meteorites
and dust particles (micrometeorites), high-energy
solar radiation (which never reaches the surface of
the earth, since it is absorbed in the earth’s atmos-
phere), and violent temperature changes between the
lunar night and day. What is required is a process to
move the dust from the peaks and sides of the crater
rims to the flat areas at lower altitudes.

Professor Gold suggests that high-energy solar radi-
ation can electrostatically charge small areas of the
lunar surface. In particular, particles of dust will
acquire charge and be electrostatically repelled from
the surface. They will hop about with a greater tend-
ency to hop downhill than uphill. This process may
seem slow compared with the processes of wind or
water erosion on the earth. Surely, a hopping dust
particle would take a long time to travel 100 or 200
kilometers from a crater in the highlands to one of the
maria. However, these particles on the moon have had
five billion years to hop. So they could have travelled
quite a distance.

Professor Gold has reported that some preliminary
experiments carried out in a vacuum chamber with
dust particles illuminated by ultraviolet light have
shown that such a process actually does occur.

On the basis of these arguments, he suggests that
the maria, as well as the centers of many of the old
craters, are not filled with lava, but rather with dust.
He computes the thickness of the layer of dust which
must have formed in the maria by estimating the
total amount of rock which has been removed from
all of the old worn-down crater walls in the highlands.
On this basis, he reaches a number of one kilometer
for the maximum dust depth — that is, a little over
one-half mile.

It should be pointed out that, although this material
may have been dust at some time in its past history
as it was moving from a higher spot to a lower spot,
once it has settled in its final resting place it prob-
ably does not behave very much like the dust we are
familiar with on earth. After all, our intuitive experi-
ence with dust is gained in an environment where the
dust is mixed with air. “Dustiness” is more a property
of the air lubrication between particles than it is of
the particles themselves. In a vacuum, dust tends to
become hard packed. Thus, we can imagine that any
deep dust layer on the moon would have the physical
properties resembling pumice more than the pile of
dust we are familiar with on earth.

Engineering and Science



Unfortunately, it is not possible to resolve the con-
troversies on the nature of the lunar surface — the
controversies between voleanoes and impacts or be-
tween lava and dust — by looking through our largest
telescopes. The photograph on the opposite page was
taken with the 200-inch telescope at Palomar at high
magnification. The smallest detail that can be seen in
this picture (one of the small crater pits inside the
large crater Clavius) is almost a mile across. Details
smaller than that are simply unresolved.

The material filling the crater Clavius might be as
smooth as it appears, or it might be composed of rocks
100 or so feet in diameter. Looking out from under
our blanket of atmosphere here on the surface of
ecarth, we cannot tell the difference. The turbulence
of the atmosphere through which we look — the turbu-
lence that makes the stars twinkle so beautifully —
unfortunately makes the details of the moon twinkle
also. In this twinkling, the resolution is lost.

As a matter of fact, better pictures can often be
obtained with a telescope of much smaller diameter.
A telescope of 30- to 40-inches diameter is often con-
sidered better for lunar photography than one of 100
inches or more. The diameter of a telescope does not
affect its power to magnify, but rather its power to
gather light, its power to see farther out into the
universe to the far-distant, faint objects. On an as-
tronomical scale, the moon is neither far nor faint.

The photograph at the right shows the Mare Im-
brium — the right eye of the face of the Man in the
Moon — as the sun is beginning to set on its eastern
edge. This is one of the level plains which Gold sup-
poses is tilled up with dust. Standing out of the plain
near the shadow line is a peak that appears as jagged
as a hound’s tooth — Mt. Piton. This is one of the prom-
inences which Galileo described as “very similar to
our most rugged and steepest mountains.” Literally,
how rugged and how steep is Mt. Piton? It is possible
to measure heights on the moon with surprising ac-
curacy. Relative heights of 50 to 100 feet can be
determined with a technique known to the ancient
Egyptians — the measuring of shadow lengths. When
an object stands out against a flat surface, the length
of the shadow it casts is proportional to its height.
If we know the angle of the sun to the surface, we
can determine height.

For a peak such as Mt. Piton standing out of a
nearly level plain, this technique is well applicable.

Over the last few months, Professor Zdenek Kopal,
at Manchester, England, working in cooperation with
astronomers at Pic du Midi in France, has applied
this method systematically to many craters and moun-
tains on the moon’s surface. In particular, he made a
rough contour map which shows how Mt. Piton would
look to a moon explorer standing on the surface a
few miles from its base. It is a high but gentle hill
rising to about 7000 feet, and stretching out more than
70,000 feet (about 13 miles). The top is so nearly
level that it would be difficult to choose the highest

June 1960

The Mare Imbrium, with sunset on its eastern edge.
Near the sunset line, Mt. Piton stands out as a jagged
peak, casting a long shadow to the east.

point. Certainly, from this point of view it looks quite
different from the rugged mountain it appears to be in
the photograph above.

Although the moon appears to be bright when we
look at it in the dark, star-studded sky, it is actually
made of rather dark rock. Tt refleets less than one-
tenth of the light which it receives from the sun. The
earth, on the other hand, with its clouds and oceans,
reflects almost four-tenths of the light it receives.
Thus, a space traveler flving away from the earth-
moon system and looking back at them out of his
porthole would see the earth as a much more brilliant
object than the moon.

The dark color is almost the only thing we know
about the surface rock of the moon. We know the
average density of the moon, since we can measure
both its diameter and its mass (the mass measure-
ment comes from a measurement of the effect of the
moon’s gravity on the motion of the earth). The
average density of the moon is less than that of the
earth and is similar to the density of the crustal rock
of the earth. Thus, we might guess that the moon lacks
the comparatively large fraction of iron which we
believe makes up the core of the earth and accounts
for its greater density.

Unfortunately, we cannot make any unambiguous
deductions about the lunar material from the density
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The crater Copernicus and its smaller neighbor Aris-
tosthenes, taken with the 200-inch telescope. To the
right of Copernicus lies a group of small craters run-
ning almost in a straight line.

measurement alone. Not only are granite and basalt
on the earth’s crust similar in density to that of the
moon, but the stony meteorites also have this same
general density. One of the most important measure-
ments which we can make in the early stages of lunar
exploration will be a measurement to determine the
chemical nature of the crustal rock.

We know even less about the interior of the moon
than we do about the surface. Of course, this fact is
true of the earth also, so it comes as no surprise. How-
ever, there are some features of the surface which al-
low us to make a few deductions about the nature of
its interior. For example, there are no “strike-slip
faults” visible on the moon. These are the faults of
earthquakes where the slippage of the earth is hori-
zontal rather than vertical. The San Andreas fault —
responsible for the great San Francisco earthquake
and for numerous shocks since —is such a fault on
earth. Over many millions of years, the horizontal dis-
placement can build up to several miles, perhaps
hundreds of miles.

On the surface of the moon there are so many linear
and circular features that we should easily see evi-
dence of such a fault, and vet no such evidence exists
on any portion of the visible face of the moon.

Although horizontal motion has apparently not oc-
curred, some geologists feel that vertical faults are
present on the moon. Along the eastern edge of Mare
Tmbrium, for example, a chain of mountains cut by
several valleys radiates outwards generally from the
center of the Mare. These vallevs may be the result
of vertical sliding.

A closc-up (above) of the_crater Copernicus, taken
with the 200-inch telescope, shows another feature
commonly held up as evidence for faulting and per-
haps even volcanism sometime in the moon’s past. To
the right and above the crater there is a curved line
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of several small crater pits in a row. It is hard to
imagine that these craters could have been the re-
sults of random impacts of meteorites striking the
surface. Random impacts just would not line up so
neatly. Instead, it is suggested that a crack was open-
ed here on the moon’s surface (perhaps by the
impact which caused the crater Copernicus) and vol-
canic gases trapped beneath the surface bubbled out
through this crack. The crater pits remaining are the
result of these bubbling gas streams.

Another peculiar feature shows up in this photo-
graph. Just below the row of craters is a faint circular
mark —a “ghost” crater. Gold, in his study of lunar
surface erosion has pointed out several examples of
such ghost craters which he believes have been cov-
ered up to the brim with the dusty debris from higher
regions on the moon’s surface.

The question of faulting on the moon’s surface —
either vertical or horizontal — is closely related to the
question of the moon’s temperature history. If the
moon was at one time quite hot and has since cooled
then we would expect that the interior is shrinking
and the crustal surface must wrinkle to accommodate
the shrinking interior. This would result in the strike-
slip faults which are remarkable by their absence.
This appears to imply that the moon has not under-
gone anv significant cooling since the formation of
its surface.

If, on the other hand, the moon is steadily heating
up, then the interior is expanding and the surface is
stretching to accommodate it. This would result in
vertical faults as chunks of the surface fall into the
cracks left by the stretching skin. Perhaps this is what
has happened. But, if so, then we can argue towards
another conclusion. If large pools of lava were avail-
able below the surface at some time in the past—
available for release by the impact of large meteorites,
as is suggested by the lava school of thought — then
these pools of lava must be available today, because
the moon has not been cooling. Here, again, we are
led to an important measurement for the early lunar
exploration program — the temperature gradient of the
moon’s surface.

Coming up — a really new look

Today, our new look at the moon has little more
visual evidence than that which was available to
Galileo 350 years ago. Perhaps our increased knowl-
edege of geophysics has made some of this visual
evidence more understandable to us, but for many of
the controversies and uncertainties we must wait until
our instruments land on the surface for a really new
look at the moon.

Now we can hope that the wait will be a short one.
We can hope that in less than one percent of the time
between Galileo and now we will have solved many
of these ancient mysteries — and very likely will open
up twice as many new ones.
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Commencement

At Caltech’s 66th annual commencement on June
10, a totul of 352 students received degrees — 145
Bachelors of Science, 134 Masters of Science. 65
Doctors of Philosophy, and 8 Engineers. A total of
42 students graduated with honor.

The Frederic W. Hinrichs, Jr., Memorial Award
for the year’s most outstanding senior went to Leroy
. Hood.

The commencement address was delivered by Barn-
aby C. Keceney, president of Brown University in
Providence, Rhode Island. Dr. Keeney, a graduate
of the University of North Carolina, received his MS
in 1937 and his PhDD in 1939 from Harvard University.
He served as an instructor of history at Harvard until
he entered the Army in 1942. In 1946 he became
assistant professor of history at Brown. He was ap-
pointed Dean of the College in 1953, and president
in 1955.

Betirement

Retiring this month: R. R. Martel, Caltech profes-
sor of structural engineering; and Rudolph L. Min-
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at Caltech

kowski, staff member of the Mount Wilson and
Palomar Observatories.

Bomeo R. Martel has been a member of the Caltech
taculty for 42 years. A native of Iberville, Quebec,
Dr. Martel graduated from Brown University in 1912,
He taught civil engineering for a vear at Rhode Island
State College, then at Mechanics Institute in Roches-
ter, New York, for another vear. In 1918 he was work-
ing for the Atchison Topeka and Santa Fe Railroad
in Amarillo, Texas, when he was asked to teach at
Caltech.

In 1921 Dr. Martel served as a consultant on the
construction of Pasadena’s San Ratael bridge. He went
on to be consultant on bridges for the cities of Pasa-
dena and Glendale, the State of California, the South-
ern Fuel Company, and the Southern Counties Gas
Company.

He has been consultant for the design of flood con-
trol structures and reservoirs for the U.S. Army En-
gineers in Los Angeles, and for the cities of Glendale,
Burbank, and Riverside. He has served on the Ad-
visory Committee of Engineering Seismology since
1947, In 1952 the 13 original members of the com-
mittee set up the independent, non-profit Earthquake
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R. R. Martel, professor of structural engineering.

Rudolph L.
Minkowski, staff
member of the
Mount Wilson and
Palomar
Observatories.
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Engineering Research Institute which promotes re-
search with the specific objectives of developing safe
and economically feasible methods of earthquake con-
struction and design. Dr. Martel is also a life member
of the American Society of Civil Engineers.

Rudolph L. Minkowski has been a staff member ol
the Mount Wilson and Palomar Observatories for 25
vears. On the eve of his retirement Dr. Minkowski has
made one of the greatest discoveries of his career.
Using Palomar’s 200-inch Hale telescope, he has
photographed a celestial object that is about six bil-
lion light years away — the most distant object ever
identified,

The new find is exciting to astronomers because it
may have an important impact on current cosmolog-
ical theory. The object is a galaxy, or a pair of gal-
axies in collision, and it is receding from the earth at
nearly half the speed of light. The rate of recession
(90.000 miles a second) is the fastest ever measured.

The speed is determined by photographing a spec-
trum of the object —a significant scientific accom-
plishment in itself, since it is immensely difficult to
obtain spectra at such a distance because of the night
skyv’'s own spectrum which veils spectra of faint,
distant objects.

The discovery was made through Dr. Minkowski’s
skilled use of the telescope, and through radio sie-
nals pinpointed by astronomers at the Caltech Radio
Observatory in Owens Valley,
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Alumni News

How to Raise $1,000,000

At the annual meeting of the Caltech Alumni As-
sociation, held in Los Angeles on June 8, Frank
Bumb °51, retiring president of the Alumni Associa-
tion, and chairman of the Alumni Steering Committee
for the Caltech Development Program, announced
that the alumni phase of the Development Program
had just passed its goal of $1,000,000.

“Enthusiastic response was received to a last minute
letter,” he said, “indicating that less than $9,000 re-
mained to reach the $1,000,000 alumni goal. A shower
of good wishes, pledges, and additional contributions
— more than enough to reach and exceed the goal —
were received. More than $1,005,400 has now been
recorded from 3,575 alumni.

“For the past 28 months Caltech alumni everywhere
have looked forward to the day when just such an
announcement would be made. Those who had a part
in this remarkable achievement should be justly proud
of their combined accomplishment.”

The campaign gets underway

When their $1,000,000 goal was first established, at
the start of the Institute’s $16,000,000 Development
Campaign, the alumni set up a steering committee,
headed by Simon Ramo, PhD ’36, executive vice
president of Thompson Ramo Wooldridge, Inc. Of-
ficers of the Alumni Association served as Dr. Ramo’s
committee, and this group was responsible for the
overall planning of the alumni campaign.

A full-time staff was also necessary to carry out
the plans of the Steering Committee, and to help
stimulate and advise regional committeemen and pro-
spective donors.

A geographical breakdown of Caltech alumni re-
vealed that there were 33 groups of alumni through-
out the United States, each containing at least 30
men. These were called divisions. Chairmen were en-
listed for each division, and each chairman formed
his own steering committee, with one member of each
committee responsible for a particular phase of the
program.

The advance gift phase was one of the most im-
portant in the program, and division chairmen and
the committee responsible for the recruitment of
workers began calling on alumni to help solicit those
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alumni who might be able to make larger than aver-
age gifts.

By early October, 1958, the advance gift phase
had recorded $132,000 from 130 alumni — more than
$1,000 per contribution.

On October 7, the general solicitation was launched
with a conference telephone call to 400 alumni cam-
paign workers in the 33 division areas across the
country. In the month of October alone, the totals
increased by $84,000 and 310 donors. By the end of
1958 the grand totals were $475,000 received from
1,238 donors. With the program officially only three
months old, almost half the money had been pledged.

By commencement of 1959 the major part of the
personal solicitations were completed, and 2,792 alum-
ni had contributed $810,000.

In the months that followed these figures grew
more slowly, but then many alumni, whose original
gifts had been in the form of cash, began to give a
second or even a third time. So, by the end of 1959
only $40,000 was needed to reach the goal. By April”
1960 the gap was only $9,000, and it was decided to
send one final letter to all alumni, to let them know
where things stood. More than 125 men responded
with $14,000 in contributions.

An impressive performance

The Caltech alumni goal is impressive on a number
of counts. Almost 47 percent of the alumni contrib-
uted. As alumni participation goes, in fund-raising
campaigns, this is unusually high. A comparison with
Carnegie Tech, for example, shows that — at the end
of a 22-month period — Carnegie had an alumni par-
ticipation percentage of 30; at a comparable point in
the Caltech campaign the alumni participation was
45.7 percent.

The average gift from Caltech alumni is $280. This
does not include three large gifts of over $100,000.
Early in the campaign the Alumni Steering Commit-
tee agreed that gifts of $100,000 or moere would not
be counted toward the $1,000,000 goal until the end
of the drive.

Now, then, is the time to count these gifts. They
amount to $1,300,000. This means that Caltech alumni
throughout the world have contributed $2,305,400.
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Hunting Big Earthquakes

in India

For the past four years, the Earthquake Engineer-
ing Research Laboratory of Caltech’s Division of En-
gineering has been engaged in a cooperative research
program with the University of Roorkee, in Northern
India, on problems of earthquake-resistant design of
structures. Several staff members have visited back
and forth between the two schools, and plans are now
under way for an expansion of this joint venture.

Why do we have to go so far out of our way to
find earthquakes? Arent we satisfied with our own
California variety? Oddly enough, it turns out that our
California earthquakes are neither big enough nor
frequent enough to satisfy us. In this respect, the en-
gineer is in a rather different position from the seis-
mologist or the geophysicist. These scientists can col-
lect much basic data for their studies by measuring
small earthquakes at far distant points with sensitive
instruments. It is only in the near vicinity of large
earthquakes, however, that serious structural damage
can occur, and at present the means for studying these
large quakes from the standpoint of earthquake-resist-
ant structural design are very limited. The measure-
ments obtained by seismologists, even if their instru-
ments can be adjusted to record the relatively large
ground motions associated with damaging quakes, do
not give the complete data needed by the engineer.
We have records from only a few large earthquakes
that show how ground acceleration varies with time.
This information is essential for the structural engi-
neer, and, for the future development of this field
it is important to get many more such records.

The Himalayan regions of Northern India are sub-
ject to large earthquakes, and there are many similar-
ities between Indian earthquakes and our California
variety. So, by measuring and studying large Indian
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by Donald E. Hudson

earthquakes, we hope to get information that will
be of engineering significance for all of the other
seismic regions of the world. A network of strong-
motion earthquake recorders in Northern India simi-
lar to that operated in California by the United States
Coast and Geodetic Survey would multiply by several
times the rate at which the basic data for earthquake-
resistant design could be obtained.

Although India has a tradition of pioneer work in
seismology, Indian engineers have only recently be-
come interested in the structural damage aspect of
the problem. The development of the country will
require the construction of many engineering works
in Northern India. Many large multi-purpose irriga-
tion and power projects are being built now, and
these projects call for the location of large dams,
buildings, and oil refineries, in the highly seismic re-
gions of the Himalayas. There is considerable inter-
est in establishing studies in this field, and we have
received the utmost cooperation from the Government
of India in pursuing this work.

Earthquakes are associated with the same deforma-
tion processes in the earth’s crust that are responsible
for mountain building, and the largest and most fre-
quent earthquakes are associated with the largest and
youngest mountains. Data from past earthquakes have
shown that more large earthquakes have occurred in
the Himalayan regions than in the California-Pacific
Coast area. During the past 50 years there have been
some 18 earthquakes of Gutenberg-Richter magnitude
7 or over in the Himalayas, but only 8 such earth-
quakes in the California region. Data on smaller, but
still potentially destructive, earthquakes in India is in-
complete, because of the limited network of seismolo-

continued on page 18
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Hunting Big Earthquakes in India . . . continued

gical stations. There is every reason to believe that
a correspondingly large number of much smaller
earthquakes is also occurring.

The general picture of the distribution of Himalay-
an earthquakes is shown below. The line marked
“Great Boundary Fault” is the region of major geolo-
gical disturbance at the edge of the high Himalayas,
and a center of seismic activity. For the past 50 years
the eastern end of the arc in Assam has been the most
active, and this is reflected in the fact that the head-
quarters of the seismological department of the Gov-
ernment of India is located there. In 1950 one of the
greatest earthquakes in history occurred just on the
border of Assam and China. Whole mountains were
rearranged, and the resulting topographical changes
so disrupted the river systems that floods are still tak-
ing a heavy toll each year. Oil has been discovered in
the Assam region, and now an oil refinery is being
constructed there. The design of various refinery
structures which will resist earthquake forces has been
a major consideration in the planning of this installa-
tion.

The other end of the Himalayan arc in Kashmir has
also been visited by very large earthquakes. One of
the most notable quakes of all time occurred in 1905
very close to the site of Bhakra Dam, which, when it
is completed next year, will be the world’s highest
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gravity dam. Earthquake-resistant design techniques
developed by the United States Bureau of Reclama-
tion were used in the planning of this dam.

At present there are in this whole vast region only
three strong-motion seismographs of the type needed
for structural engineering data, whereas there should
be hundreds. This compares with some 70 such instru-
ments installed in California, and about 50 in Japan.

Roorkee — a strategic location

The University of Roorkee is located in a stra-
tegic position for studying earthquakes. Several other
factors make Roorkee a logical choice as head-
quarters for a graduate research school in earth-
quake engineering. This school, started 110 years ago,
is the oldest technical school in the Orient, and has a
well-established civil engineering department with a
strong group in structural engineering. A good-sized
group of competent graduate students who are inter-
ested in problems of structural dynamics is also avail-
able. The nearness of the school to Delhi, the capital
of the country, is also important, as it is necessary to
work closely with various government agencies in
order to embody the results of the studies in official
building codes.

The Roorkee area is an interesting part of India,
the campus being just 20 miles from the point at
which the Ganges River emerges from the mountains
onto the plains. At this point is located the town of
Hardwar, one of the most revered of the Hindu Holy
cities. The area is a headquarters for pilgrims who
throng to hermitages along the river.

The campus affords a magnificent view of the
whole chain of the high Himalayas, and a series of
25,000-foot peaks on the Tibetan border are visible,
extending over a vast arc of hundreds of miles.

Roorkee is a starting point for hunting parties.
Typical Northern India jungle country starts about
15 miles from the campus, and tigers, leopards and
elephants are still to be found in the region.

The University of Roorkee has grown out of a
technical school which was developed to train sur-
veyors and technical workers for the irrigation canal
systems. The British built up a most remarkable sys-
tem of canals in Northern India, and Roorkee was the
headquarters for the design and construction of the
main canal outlet of the Ganges River. This Northern
Indian irrigation system is still in some respects the
most extensive anywhere in the world, and students
now come to Roorkee from all over Asia for special
studies in water resources development.

Since becoming the first technical university in
India in 1949, the school has been engaged in an ex-
tensive expansion program, and many new buildings

continued on page 20
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Hunting Big Earthquakes in India . . . continued

have been completed or are in the course of con-
struction. This development has received the personal
attention of Prime Minister Nehru, who has been the
moving spirit behind many of the scientific and tech-
nical developments in India. The Prime Minister
visited the new Earthquake Engineering Laboratory
at the school and expressed the opinion that such
studies would be of great importance to many of the
new construction projects now being planned.

A network of earthquake recorders

Our work in helping with the establishment of the
Earthquake Engineering School at Roorkee involved
a number of different activities. For instance, an im-
portant part of the program is to install a network of
strong-motion recording instruments in the Himalayan
regions. India is very short of foreign exchange dol-
lars and cannot afford to import such instruments, so
it was necessary to set up shop facilities and to train
personnel in the design and production of suitable
devices. To begin this program, a recording instru-
ment of a simplified type, which had been designed
at Caltech, was taken to Roorkee, where it was rede-
signed in such a way that local materials and pro-
cesses could be used.

We were fortunate in having in Roorkee the ser-
vices of a skilled machinist, who was able to under-
stand just what was needed. Everything had to be
built quite differently than in Pasadena. For example,
no stock sizes of materials were available, so all parts
had to be machined from castings. No standard nuts
and bolts of any kind could be had, and everything of
this sort had to be individually made to order. One
interesting problem which arose was the procurement
of the small permanent magnets which were used to
damp the pendulum in the instrument. Such magnets
were not made in India, nor could they be imported
under the foreign exchange rules. It developed, how-
ever, that small radio loudspeakers were available,
and one type was found which had just the right-sized
magnets in it.

The instrument manufactured in Roorkee turned
out to be entirely satisfactory, and at present a num-
ber of them are being built. Although labor in India
seems inexpensive, a great deal of it is required; this,
plus the high materials cost, makes such instruments
relatively much more expensive in India than in the
United States. Soon it may be possible to develop and
build a more complicated type of time-recording
strong-motion accelerometer in Roorkee.

A second type of activity involved the establishment
of graduate courses in structural dynamics and in
earthquake engineering, to provide the trained men
necessary to carry the work forward. Here we were
fortunate in having both a fine group of competent
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and interested postgraduate students, and also several
very capable young staff members who could carry on
the courses once they were organized. A regular
postgraduate course in structural dynamics was work-
ed out and special mimeographed material was pre-
pared.

All lectures in the school are given in English, al-
though it is expected that a gradual changeover to
Hindi will take place over the next 10 years or so.
The older professors, who have practically all studied
in England or in the United States, are of course com-
pletely at home in English. The younger staff, the
graduate students, and then the undergraduates all
show a progressive decrease in proficiency in the
language. The Hindi language has not yet developed
a suitable technical vocabulary in many fields and
there is likely to be a period of some confusion before
the complete changeover can be made. The number
of people in the country who speak English is so
small, however, that the development of the Indian
languages seems inevitable.

Setting up laboratory facilities

A second type of teaching activity involved the
setting up of laboratory facilities for teaching and
research work in dynamic measurements and engi-
neering seismology. Funds of about $5000 were ob-
tained from the Technical Cooperation Mission of the
International Cooperation Administration, and about
$40,000 were obtained through the United States
Wheat Loan arrangement administered by the Gov-
ernment of India University Grants Commission. With
this money a good start was made in supplying the
basic instrumentation and laboratory equipment need-
ed, and the laboratories are now well equipped. The
Indian students seemed to be very interested in lab-
oratory work because it is relatively new in their
experience.

Another important part of our research activities
was to organize for field inspection of earthquake
structural damage. Upon our arrival at Roorkee, we
were told by everyone that, although there were
earthquakes elsewhere in India, they never had them
in Roorkee. Within a month or so, the ground started
shaking, and everyone was very frightened. Ever
after this, our Earthquake Engineering School was re-
garded with a certain amount of suspicion. Roorkee
is located in the midst of innumerable small villages,
in which the construction of the mud houses is of the
most elementary type. The usual construction does
not even employ sun-dried bricks, but consists simply
of heaping up mud to form a thick wall. Even with-
out earthquakes, such construction can hardly hold up.

Earthquake damage studies are often troublesome

continued on page 22
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Hunting Big Earthquakes in India . . . continued

to make in India because of the difficulties of travel
in the Himalayan areas. This particular earthquake
turned out to have an epicenter right in the region
which is being argued over by the Indians and the
Chinese, which introduced some additional uncertain-
ties into a proposed field trip to the region.

The members of the geology department of the
University of Roorkee were very interested in our
studies, and were most cooperative in arranging field
trips in the Himalayas to investigate earthquake phe-
nomena. One portion of the main boundary fault area
of the Himalayas was easily accessible from Roorkee,
and a number of interesting trips were made to that
region.

Another phase of the work at Roorkee involved the
communication of information on earthquake engi-
neering to the practicing engineers in the country. To
this end, a symposium on earthquake engineering
was organized, and an interesting three-day program
was held at Roorkee. About 50 engineers from all over
India attended. and many of them contributed tech-
nical papers. The proceedings of the symposium have
since been published by the University. Professor
George W. Housner, on his way from Caltech to the
symposium, arranged for the director of the Japanese

Earthquake Research Institute to attend the meeting,
so that the symposium had quite an international
flavor.

A useful result of the symposium was the appoint-
ment by the Government of India of a special com-
mittee to formulate an official building code to pro-
vide earthquake-resistant design regulations. The
chairman of this committee is Dr. Jai Krishna, head of
the Structural Engineering Division at Roorkee, who
spent some time at Caltech in 1957 and 1959 on
earthquake engineering studies.

Since our return from India we have had good news
concerning the further development of the program.
The Government of India, through the Council of
Scientific and Industrial Research, has provided finan-
cial support, and the foundations have been laid for
a new Earthquake Engineering Laboratory building.
We have just heard that one of the young staff mem-
bers from the structural engineering group will come
to Caltech next year for special studies in this field.

As a result of this cooperative research program,
there is every reason to hope that Indian engineers
will soon be making studies of future Himalayan
earthquakes which will be of interest to structural
engineers all over the world.
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over the past decade. To improve it further, Douglas has been selected to
develop specifications for a comprehensive Material Handling Support
System involving better communications, control, cargo handling and
loading, packaging and air terminal design. Douglas is well qualified for
this program by its more than 20 years in all phases of cargo transport. Air
logistics is only one area of extensive Douglas operations in aircraft, missile
and space fields in which outstanding openings exist for qualified scientists
and engineers. Write to C. C. LaVene, Box 600E, Douglas Aircraft Company,
Santa Monica, California.

Schuyler Kleinhans and Charles Glasgow, Chief Engineer and Deputy
Chief Engineer of the Santa Monica Division, go over air transport needs

relating to advanced cargo loading techniques with D 0 u G LAS
Donald W. Douglas, Jr., President of
MISSILE AND SPACE SYSTEMS B MILITARY AIRCRAFT B DC-8 JETLINERS B CARGO TRANSPORTS Bl AIRCOMB® B GROUND SUPPORT EQUIPMENT
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PIONEER V

IS VAULTING
TOWARD THE
ORBITAL
PATH OF

VENUS

Pioneer V is seeking

deeper into space than ever
before attempted, as it

nears the orbital path of Venus
—26 million miles from earth.

Pioneer V was designed,
constructed, launched under
the supervision of, and
tracked by Space Technology
Laboratories, Inc. for NASA, at
the direction of the Air Force
Ballistic Missile Division.

STL’s technical staff brings to
this space research the

same talents which have
provided systems engineering
and technieal direction of

the Atlas, Thor, Titan

and Minuteman programs
since 1954.

Scientists and engineers with
outstanding capabilities
relating to these activities are
invited to investigate
positions at STL. Resumes
are welcome.

/

SPACE TECHNOLOGY
LABORATORIES, INC.

P.O. Box 95004,
Los Angeles 45, California

Personals

1918
James P. Steele, president and general
manager of the J. P. Steele Coustruction
Company on the University of Wyoming
campus in Laramie, passed away on
Qctober 27, 1959,

1926

Theodore C. Coleman, president of
the Coleman Engineering Company, Inc.,
in Torrance, and his wife left on May
3 for a business trip to Australia, Singa-
pore, Bangkok and Tokyo. The Colemans
have a son, Sam, who is attending Colo-
rado College and a danghter, Judy Ann,
a graduate of Stephens College, who
was married recently.

1930
John W. Towler, director of mamufac-
turing at the Union Oil Company in
Los Angeles, has been elected a vice
president of the company.

1932

Franklin J. Cline, Jr. opened an office
in Fullerton in February as a certified
public accountant, He is aiso secretary
of a newly-organized Exchange Club
there. The Clines have two children;
Tom, 16, and Susan, 8.

William M. Bleagkney, PhD, is now
senior scientist in the advanced projects
laboratories at the Hughes Aircraft Com-
pany in Culver City. He designs new
systems for military and space projects.

James R. Bradburn is now vice presi-
dent of manufacturing and engineering
for Electro-Data and the Burroughs Cor-
poration in Detroit. He was president of
the ElectroData Corporation when it
merged with Burroughs in 1956, and has
been vice president and general manager
of the company’s ElectroData division
in Pasadena since then.

1934
Nick T. Ugrin, director of industrial
relations at the Union Oil Company in
Los Angeles, was recently elected a vice
president of the company,

1936

Frank W. Davis, vice president of the
Convair Division of the General Dy-
namics Corporation and manager of the
Fort Worth plant, received an honorary
PhD from West Virginia University on
May 30. The Davises have three child-
ren; Caroline, 18, Frank, Jr., 15, and
William, ©.

1937
Edward J. Horkey, MS 38, is now vice
president of engineering at Houston Fear-
less. He will continne as head of the
Horkey-Moore Associates unit.

1938

Charles F. Robinson, MS, PhD 49,
has been appointed director of a new
research division in Pasadera which has
resulted from the consolidation of Bell
& Howell Company in Chicago and its
subsidiary, the Consolidated Electrody-
namics Corporation. He was formerly
associate director of research at CEC
and has been with the company sincc
1947,

Howard S. Seifert, PhD, is now on
the technical staff of the United Tech-
nology Corporation in Sunnyvale, Cali-
fornia. He is also professor of aeronau-
tical engineering at Stanford VUniversity
and is serving as 1960 president of the
American Rocket Society. Howard was
formerly a lecturer in rocket design at
Caltech and most recently was a visiting
professor at the University of California,
and special assistant for professional de-
velopment at the Space Technology Lab-
oratories, Inc. in Los Augeles. The Seif-
erts and their three children are now
living in Palo Alto.

Donald D. Davidson has been elected
vice president of the Golden Bear Oil
Company in Los Angeles. He will be re-
sponsible for all manufacturing opera-
tions of the company. He has been with
Golden Bear since 1952,

1940

Don L. Walter, MS ’41, is now vice
president of the Marquardt Corporation
in charge of the Power Systems Group.
Don has four daughters; Terri, Susan,
Lisa, and Tina.

John C. Carey, engineering manager
of Microdot, Inc., in South Pasadena,
fell from the second floor of a building
under construction on May 3, while in-
specting the work. He died a week later
of a skull fracture. He leaves his wife
and three adopted children; Deena, 11,
John, 11, and Muriel, 7.

1946

Comdr. A. Dave Pollock, MS, was
killed in a Navy plane crash on Novem-
ber 1, 1952. After leaving Caltech in
1947 he worked toward the placing of
jet aircraft ahoard carriers. He not only
had one of the first jet carrier-based
squadrons but also did the early experi-
meuntal flying qualities tests for cata-
pulting and arresting jets, This infor-
mation about Dave, who has been listed
as one of Caltech’s “lost alwmni,” came
from Comdr. W. C. Wilburn, MS, AL "47.

Jose D. Cortes-Guzman, MS, writes
from Mexico City that “I have been
doing Federal work as a contractor since
1951 in different Mexican states. I own

continued on page 26
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e A missile’s main engine runs only for a few
seconds. To supply electric and hydraulic power for
control during the entire flight a second power plant
is necessary. The AiResearch APU (accessory power
unit) which answers this problem is a compact, non

air-breathing, high speed turbine engine. The unit
pictured above develops 50 horsepower and weighs
30 pounds. The acknowledged leader in the field,
AiResearch has designed, developed and delivered
more accessory power units than any other source.

EXCITING FIELDS OF INTEREST
FOR GRADUATE ENGINEERS

Diversity and strength in a company offer the
engineer a key opportunity, for with broad knowl-
edge and background your chances for. responsibil-
ity and advancement are greater.

The Garrett Corporation, with its AiResearch
Divisions, is rich in experience and reputation. Its
diversification, which you will experience through
an orientation program lasting over a period of
months, allows you the best chance of finding your
most profitable area of interest.

Other major fields of interest include:
e Aircraft Flight and Electronic Systems — pioneer and
major supplier of centralized flight data systems

and also other electronic controls and instruments.

e Gas Turbine Engines — world’s largest producer of
small gas turbine engines, with more than 8,500
delivered ranging from 30 to 850 horsepower.

e Environmental Control Systems — pioneer, leading
developer and supplier of aircraft and spacecraft air
conditioning and pressurization systems.

Should you be interested in a career with The
Garrett Corporation, see the magazine “The Garrett
Corporation and Career Opportunities’ at your
College placement office. For further information
write to Mr. Gerald D. Bradley...

TERIE § GAI‘RE'I"",' CORPOIRATICON

AIRCRAFT,

MISSILE,

AiResearch Manufacturing Divisions

Los Angeles 45, California » Phoenix, Arizona

NUCLEAR AND

INDUSTRIAL APPLICATIONS
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Donald W, Douglas, Jr., President of Douglas,
discusses valve and fuel flow requirements
for space vehicles with Dr. Henry Ponsford,
Chief, Structures Section. :

Spaceliners have
the biggest thirst
in the universe

Each 6,000,000 pound thrust rocket
ship now being planned for manned
interplanetary exploration will gulp
as much propeliant as the entire
capacity of a 170 passenger DC-8
Jetliner in less than 4 seconds! It
will consume 1,140 tons in the
rocket's approximately 2 minutes of
burning time. Required to carry this
vast quantity of propellant will be
tanks tall as 8 story buildings, strong
enough to withstand tremendous G
forces, yet of minimum weight.
Douglas is especially qualified to
build giant-sized space ships of this
type because of familiarity with every
structural and environmental prob-
[em involved. This has been gained
through 19 years of experience with
missile and space systems.
Douglas is now seeking qualified
engineers, physicists, chemists and
mathematicians for programs like
ZEUS, DELTA, ALBM, GENIE,
ANIP and others far into the future.
For full information write to Mr.
C. C. LaVene, Douglas Aircraft
Company, Inc., Santa Monica,
California, Section B. /

/

00U5.

MISSILE AND SPACE SYSTEMS B MILITARY AIRCRAFT
DC-8 JETLINERS & CARGO TRANSPORTS
AIRCOME® i@ GROUND SUPPORT EQUIPMENT

Personals . . . continued

all my equipment such as draglines,
tractors, scrapers and smaller machincs
and have my main office in Mexico City.
Even though the competition is hard
and there aren’t many opportunities for
work because of the many industrial,
social, and political problems of our
government, I'm still working for myself
and my wife and four children—one girl
and three boys, 7, 8, 9 and 10.”

1947

David L. Douglas, PhD ’51, is now
manager of fuel cell engineering at Gen-
eral Electric’s aircraft accessory turbine
department in Lynn, Mass., He was form-
erly a physical chemist at GE’s Schenec-
tady plant. The Douglases
Marblehead with -their two children.

Joseph Rosener, Jr. is now president
of the Plasmadyne Corporation in Santa
Ana, a subsidiary of the Giannini Scien-
tific Corporation. He was formerly vice
president and general manager of the
company.

L. Edward Klein, MS, is now director
of development at Monsant Chemical
Company’s organic chemicals division in
St. Louis. He was formerly assistant di-
rector of development.

1950

Robert Duff Clark, MS, has been ap-
pointed director of research and develop-
ment at the Axelson Manufacturing Com-
pany, a division of U.S. Industries, Inc.
Axelson is a 65-year old firm which
manufactures pumping equipment for
the petroleum industry in Los Angeles.
Bob was previously chief engineer at
Clary Dynamics in San Gabriel. The
Clarks and their two sons live in Fuller-
ton.

Wilbur A. Wikholm writes that “at
present I am working for RCA in Van
Nuys. I received my MS in engineering
from UCLA in 1959. My wife and T
now have three daughters — Gretchen,
9, Janine, 7, and Annette, 9 months.”

Jerome K. Delson, MS, PhD ’53, writes
that “after leaving Caltech in 1953 1
joined the General Electric Company
where I worked with power transformers
in Pittsfield, Mass. Then I went to
Schenectady, N.Y., and worked in GE’s
analytical engineering section and in
their general engineering laboratory.

“In 1958 I received a Fulbright grant
and went to the Weizmann Institute of
Science in Israel where I programmed
their digital computer, the WEIZAC,
for load-flow studies of electrical power
systems. After that, I accepted a one-
year position with the Palestine Electric
Corporation as a consultant to their
newly - formed technical development
group.

“My wife, the former Esther Harrisou
of Chicago, and I have enjoyed living

live in.

in Rehovot at the Institute, and now in
Haifa. In our travels throughout Israel,
we feel that we have an intimate contact
with its ancient history. In September
we start our return to America, possibly
visiting India and Japan on the way.”

1951

Clarence Allen, MS, PhD 54, associ-
ate professor of geology at Caltech, re-
cently returned from a three-month trip
to Chile, where he studied earthquake
faults (and, incidentally, came down
with hepatitis — from which he has now
recovered ). On his travels around Chile,
Clarence met a number of Caltech alum-
ni. In Santiago, Pierre St. Amand, MS,
PhD ’53, who is visiting professor - of
geology at the University of Chile and
Cinna Lomnitz, PhD °53, director of
the University’s Institute of Geophys-
ics; in Maria Elena, Henry B. Subhr,
’33, director of research for the Anglo-
Lautaro Nitrate Corporation.

1953

Lawrence Starr wriles that he is doing
development and sales work in food pro-
cessing equipment at the Koch Equip-
ment Company in Kansas City, Mo. The
Starrs now have two children; Laura,
24, and John, born on May 2.

Bruce Holloway, PhD, senior lecturer
at the University of Melbourne in Vic-
toria, Australia, writes that he recently
had a visit from Sherman Ripley, PhD
’53. “Sherman is a South African,” writes
Bruce, “and was an official delegate to
Sydney in March, 1960, After attending
the conference, Sherman came down to
Melbourne and stayed with' me for a
week. He is senior lecturer in physiology
in the Medical School of the University
of Natal in Durban.”

1957

Jacob Lubliner has received his PhD
in engineering mechanics from Columbia
University and is ncw working at the
Bell Telephone Laboratories. He writes
that this is only a temporary job, how-
ever, since he will be going to Paris in
the fall on a National Science Founda-
tion postdoctoral fellowship. He will be
doing research in mechanics at the Poly-
technic School. Jacob also writes that
Serge Lang, ’46, (listed as a “missing
alumnus” in the Alumni Directory) is as-
sociate professor of mathematics at Col-
umbia University.

Rube Moulton, Jr. writes that he has
just a little over one year left in the
Army. He hopes to take some leave, and
travel in Europe this summer,

1958
Richard K. Nelson, ME, is now ap-
plied science representative at IBM in

New Mexico. Dick was married last
summer.
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AN OUTSTANDING PUBLISHING ACHIEVEMENT

A quick,
of speciai efficient guide
inferest fo fo the world literafure
engineers since 1940

sdems | RETRIEVAL GUIDE TO
research | PHERMOPHYSICAL PROPERTIES

RESEARCH LITERATURE

Edited by Y. S. Touloukian

Thermophysical Properties Research Center

Purdue University

Ten thousand scientific and technical research papers have been coded as to prop-
erty, substance, subject, language, physical state, etc., and the information stored on
magnetic tapes of a computer at Purdue University. The thermophysical properties of
14,500 substances are reported. This work represents the print out of a special
computer program and will provide the engineer, scientist, or reference librarian
with quick access to the world literature on the following seven thermophysical
properties: thermal conductivity, thermal diffusivity, diffusion coefficient, specific
heat, viscosity, emissivity and Prandtl number.

The Thermophysical Properties Research Center of Purdue University has been

: in operation since January, 1957. lts activities include the search of the
ThermothSISQI world literature on thermophysical properties and the preparation of tables
Properiles of ‘‘most probable values” for these properties. The work of this highly
Research specialized Center has been made possible through the sponsorship of the
Center following twenty-eight major organizations.
AMERICAN IRON AND STEEL THE INTERNATIONAL
INSTITUTE NICKEL COMPANY, Inc.
AMERICAN MACHINE AND JOHN B. PIERCE FOUNDATION
FOUNDRY COMPANY LEEDS AND NORTHRUP COMPANY
APPLIED PHYSICS LABORATORY LOCKHEED AIRCRAFT
AVCO CORPORATION CORPORATION
28 BABCOCK AND WILCOX COMPANY THE MARTIN COMPANY
BELL TELEPHONE McDONNELL AIRCRAFT
Founder LABORATORIES, Inc. CORPORATION
Sponsors | CALIFORNIA RESEARCH NATIONAL BUREAU OF STANDARDS
) CORPORATION Cryogenic Engineering Laboratory
DOUGLAS AIRCRAFT COMPANY, Inc,  OFFICE OF NAVAL RESEARCH,
ESSO RESEARCH AND THE RAND CORPORATION
ENGINEERING COMPANY SPACE TECHNOLOGY
FAIRBANKS, MORSE LABORATORIES, Inc.
AND COMPANY STANDARD OIL COMPANY
GENERAL ELECTRIC COMPANY (Indiana)
GENERAL MOTORS CORPORATION, U. S. NAVAL ORDNANCE
Allison Division TEST STATION
GENERAL MOTORS CORPORATION, WESTINGHOUSE ELECTRIC
Harrison Division CORPORATION
MAIL THIS COUPON TODAY
VOIume .I [] Please enter my order and rush to me upon publication RETRIEVAL GUIDE TO

The Three Book Set
{10,000 bibliographic
references)
OFF PRESS:
August, 1960

List Price $120.00

THERMOPHYSICAL PROPERTIES RESEARCH LITERATURE.
[ Please send me further information.
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McGRAW-HILL BOOK COMPANY, INC.
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CALTECH ALUMNI ANNUAL PICNIC
Saturday, June 25, 1960
Tournament Park

This year the alumni picnic will be held in centrally located Tournament Park
between 9 a.m. and 6 p.m. Price of admission will be $2.00 for adults, $1.00 for
children 53-12 years inclusive, no charge for children under 5.

Price of admission includes:
1. Kiddyland rides—safe, sane, entertaining —the kids can ride all day.

2. Carnival booths — for young and old. Prizes for everyone.
3. Exclusive use of swimming pool. (Small additional charge for towels.)

Also available:
1. Catered hot lunch. ( Reservations must be made in advance. )
Lunch: Over 5 years old $1.25 — Under 5 years old free.

2. Sno cones, popcorn, cotton candy and soft drinks on sale.

REMEMBER, that’s June 25

ALUMNI ASSOCIATION OFFICERS

PRESIDENT SECRETARY
Frank C. Bumb, ‘51 Donald S. Clark, '29
VICE-PRESIDENT II?%ASUR%%
for bOOkS, gifts, cards, Ralph W. Jones, ‘38 George B. Holmes,
i i i Frank E. Ald B(S[)]ARD OF DIRECT?—IR?I B. Dick 36
i rank E. Alderman, ' . olley B. Dickinson, '
Statlonery’ engraving and prmtmg’ Robert ]. Barry, ‘38 Frederick W. Drury, Jr., ‘S0
. . . Franklin G. Crawford, ‘30 William W. Haelliger, ‘50
art supplies, prints and framing, Francis E. Odell, '44
office supplies and office furniture. ALUMNI CHAPTER OFFICERS
NEW YORK CHAPTER
President Harry ]J. Moore, ‘48
I.B.M. Corporation, 590 Madison Avenue
Vice-President James C. Townsend '54
404 East 65th St.
Treasurer H. Nelson Upthegrove ,54
56 Center Street, Bernardsville, New Jersey.
Secretary Frank B. Jewett, Jr., ‘38
Vitro Corporation of America, 261 Madison Avenue
WASHINGTON, D.C. CHAPTER
President Frank H. Shelton, 49
Armed Forces Special Weapons Project
Secretary-Treasurer Richard G. King, '49

A]i)plied Physics Laboratory, Johns Hopkins University
Silver Springs, Maryland

SAN FRANCISCO CHAPTER

President Norman Bulman, '52
Shell Oil Co., Martinez

Vice-President James A. Ibers, ‘51
Shell Development Co., Emeryville

Secretary-Treasurer Lee A. Henderson, '54

‘Weld Rite Company, Qakland
Meetings: Fraternity Club, 345 Bush St., San FPrancisco
Informal luncheons every Thursday

CHICAGO CHAPTER

President Laurence H. Nobles, 49
Department ot Geology, Northwestern Unwers1ty Evanston
Vice-President h111p E. Smith, ‘39
Easiman Kodak Company, 1712 Prairie Avenue
Secretary-Treasurer Thorne ] Butler, ‘51
Medical Center, Northwestern University

SACRAMENTO CHAPTER

President James W. Dunham, "2¢
Division of Small Craft Harbors, State of California,

Dept of Natural Resources

Vice-Pregident Eugene W. Bolster, '45
Aerojet-General Corporation
Secretary-Treasurer Donald Meixner, Jr., ‘46

State of Californic, Dept. of Natural Water Resources
Meetings: University Club, 1319 “'K'* Street

Luncheon first Pnday of each month

Visiting alumni cordially invited—no reservation

695 EAST COLORADD BOULEVARD = PASADENA e SY 3-1171 ¢ MU 1-6669 SAN DIEGO CHAPTER

Chairman Maurice B. Ross, ‘24
3040 Udal Street

Secretary Frank ]. Dore, ‘45
Convair

Program Chairman Herman S. Englander, ‘39

U.S. Navy Electronics Laboratory
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If your sights are set

on outer space—

—you'll find
Photography
at Work
with yOu.

From the time a scientist’s mind first
sparks an idea for exploring space,
photography gets to work with him. It
saves countless hours in the drafting
stage by reproducing engineers’ plans
and drawings. It probes the content
and structure of metals needed by
photomicrography, photospectrography
or x-ray diffraction. It checks the opera-
tion of swift-moving parts with high-
spéed movies—records the flight of the
device itself—and finally, pictures what
it is in space the scientist went after in
the first place.

There’s hardly a field on which you
can set your sights where photography
does not play a part’in producing a
better product or in simplifying work
and routine. It saves time and costs in
research, in production, in sales and
in office routine.

So in whatever you plan to do,
take full advantage of all of the ways
photography can help.

CAREERS WITH KODAK:

With photography and photographic proc-

esses becoming increasingly important in the
business and industry of tomorrow, there
are new and challenging opportunities at

Kodak in research, engineering, electronics,

design, sales, and production.

If you are looking for such an interesting
opportunity, write for information about

R : ‘ careers with Kodak. Address: Business and

U.S. Air Force I.C.B.M. “Titan” shown in the vertical test Technical Personnel Department, Eastman

laboratory at the Martin Company, Denver, Colorado. Kodak Company, Rochester 4, N. Y.

EASTMAN KODAK COMPANY
Rochester 4, N.Y.




Several surveys indicate that salary is
not the primary contributor to job
satisfaction. Nevertheless, salary con-
siderations will certainly play a big
part in your evaluation of career op-
portunities. Perhaps an insight into the
salary policies of a large employer of
engineers like General Electric will
help you focus your personal salary
objectives.

Salary—a most individual and per-
sonal aspect of your job—is difficult to
discuss in general terms. While recog-
nizing this, Mr. Case has tried answering
as directly as possible some of your
questions concerning salary:

Q Mr. Case, what starting salary does
your company pay graduate engineers?

A Well, you know as well as I that
graduates’ starting salaries are greatly
influenced by the current demand for
engineering talent. This demand es-
tablishes a range of “going rates” for
engineering graduates which is no doubt
widely known on your campus. Be-
cause General Electric seeks outstand-
ing men, G-E starting salaries for these
candidates lie in the upper part of the
range of “going rates.” And within
General Electric’s range of starting sal-
aries, each candidate’s ability and
potential are carefully evaluated to de-
termine his individual starting salary.

Q How do you go about evaluating
my ability and potential value to your
company?

A We evaluate each individual in the
light of information available to us:
type of degree; demonstrated scholar-
ship;extra-curricular contributions; work
experience; and personal qualities as
appraised by interviewers and faculty
members. These considerations deter-
mine where within G.E’s current sal-
ary range the engineer’s starting salary
will be established.

One of a series

Interview with

General Electric’s Byron A. Case
Manager — Employee Compensation Service

Your Salary

at General Electric

Q When could | expect my first salary
increase from General Electric and how
much would it be?

A Whether a man is recruited for a
specific job or for one of the principal
training programs for engineers—the
Engineering and Science Program, the
Manufacturing Training Program, or
the Technical Marketing Program—his
individual performance and salary are
reviewed at least once a year.

For engineers one year out of col-
lege, our recent experience indicates a
first-year salary increase between 6 and
15 percent. This percentage spread re-
flects the individual’s job performance
and his demonstrated capacity to do
more difficult work. So you see, salary
adjustments reflect individual perform-
ance even at the earliest stages of
professional development. And this
emphasis on performance increases
as experience and general competence
increase.

Q@ How much can [ expect to be making
after five years with General Electric?

A As I just mentioned, ability has a
sharply increasing influence on your
salary, so you have a great deal of per-
sonal control over the answer to your
question,

It may be helpful to look at the cur-
rent salaries of all General Electric
technical-college graduates who re-
ceived their bachelor’s degrees in 1954
(and now have five years’ experience).
Their current median salary, reflect-
ing both merit and economic changes,
is about 70 percent above the 1954
median starting rate. Current salaries
for outstanding engineers from this

class are more than double the 1954
median starting rates and, in some
cases, are three or four times as great.

Q What kinds of benefit programs
does your company offer, Mr. Case?

A Since I must be brief, I shall merely
outline the many General Electric em-
ployee benefit programs. These include
a liberal pension plan, insurance plans,
an emergency aid plan, employee dis-
counts, and educational assistance pro-
grams,

The General Electric Insurance Plan
has been widely hailed as a “pace
setter” in American industry. In addi-
tion to helping employees and their
families meet ordinary medical expen-
ses, the Plan also affords protection
against the expenses of “catastrophic”
accidents and illnesses which can wipe
out personal savings and put a family
deeply in debt. Additional coverages in-
clude life insurance, accidental death
insurance, and maternity benefits.

Our newest plan is the Savings and
Security Program which permits em-
ployees to invest up to six percent of
their earnings in U.S. Savings Bonds
or in combinations of Bonds and Gen-
eral Electric stock. These savings are
supplemented by a Company Propor-
tionate Payment equal to 50 percent
of the employee’s investment, subject
to a prescribed holding period.

If you would like a reprint of an
informative article entitled,*“How
to Evaluate Job Offers™ by Dr. L.
E. Saline, write to Section 959-14,
General Electric Co., Schenectady
5, New York.

Progress [s Ovr Most lmportant Prodvct

GENERAL @D ELECTRIC



