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Why. would a scientist pay $3200 for thislittle coil of wire from Westinghouse'$
,

You can be sure if it's Westinghouse

His business is quiet. He's a General Motors development engineer and his job is to
help see to it that every GM car operates as smoothly and quietly as advanced
technology and human skill can reasonably achieve. His work takes him into an
anechoic chamber at the Milford Proving Ground where walls made of glass-fiberwedges up to a yard deep absorb 99 percent of the sound made by a car in operation.
In this room GM cars are "road proved" on a chassis dynamometer under many
driving conditions and at varying speeds. Every significant noise, no matter how
slight, is studied, charted, evaluated. Object: quiet. This man and others like him
never stop striving to reach that goal.
Highly refined laboratory setups like the Milford anechoic rooms contribute vitally
to the constant improvement of General Motors cars. But they would be valueless
without the knowledge and experience of the men who use them. People, after all,
are the key to the continuing excellence of GM products. General Motors owes its
position in industry to the dedication and ability of a great many exceptional people.

HOWARD HUGHES DOCTORAL FELLOWSHIPS. I f you are
interested in studies leading to a doctoral degree in engineering or
physics, you are invited to apply for one of the several new awards
available for 1965 on the Howard Hughes Doctoral Fellowship Program.
This unique program offers the doctoral candidate the optimum
combination of high-level study at an outstanding university plus
practical industrial experience a t the Hughes Aircraft Company
during the preceding summer.
Each Doctoral Fellowship includes tuition, books and thesis reproduction expenses, plus a stipend ranging from $2,000 upwards,
depending upon the number of the candidate's dependents. In
addition, each Fellow earns a full salary during his summer work
a t a Hughes facility.
Howard Hughes Doctoral Fellowships are open to outstanding students. A master's degree, or equivalent graduate work, is essential
before beginning the Fellowship Program.
HUGHES MASTERS FELLOWSHIPS. T h e H u g h e s M a s t e r s
Fellowship Program offers unusual opportunities for education leadi n g to a master's degree and, in addition, provides each Fellow with
practical industrial experience at the Hughes Aircraft Company.
Up to 100 new awards will be made in 1965 to qualified applicants
possessing a baccalaureate degree i n engineering, physics o r
mathematics.
Most of the awards will be offered in the WORK-STUDY PROGRAM.
The awardees will attend a university sufficiently near a facility of
the Hughes Aircraft Company to permit them to work at Hughes at
least half time during the academic year. The practical industrial
experience thus gained is extremely valuable in assisting the Fellow
t o decide upon his field of specialization. Those Fellows associated
with a facility in the Los Angeles area usually attend the University
of Southern California or the University of California, Los Angeles.
An appropriate stipend will be awarded in addition to salary earned
and all customary academic expenses.

A small, highly selected group will be offered FULL-STUDY Fellowships. These Fellowships permit attendance at an outstanding university on a full-time basis during the regular academic year with a
substantial stipend in addition to the customary academic expenses.
After completion of the Masters Program, Fellows are eligible t o
apply for a Hughes Doctoral Fellowship.
For both programs, work assignments at Hughes are matched t o
the individual Fellow's interest as closely as possible. Typical fields
of work t o which Fellows may be assigned during their work periods
include: research and development in electronics, physics, chemistry and metallurgy - space technology including stability and trajectory analysis, thermal analysis, energy conversion, and structural
design and analysis computer and reliability technology, circuit
and information theory, plasma electronics, microminiaturization,
and human factor analysis - research, development and productdesign on such devices as parametric amplifiers, masers, lasers,
microwave tubes, antenna arrays, electron-tube and solid-state displays, and components
design analysis, integration and testing
of space and airborne missile and vehicle systems, infrared search
and track systems, radar systems, communication systems, undersea warfare systems, and computer, data processing and display
systems theoretical and experimental work in atomic, solid-state
and plasma physics.

-

-

-

The classified nature of work at Hughes makes American citizenship and eligibility for Secret security clearance a requirement.
Closing date for all applications: February 1, 1965. (Early application is advisable, and all supporting references and transcripts
should be postmarked not later than February 1, 1965.)
How to apply: To apply for either the Howard Hughes Doctoral
Fellowship or the Hughes Masters Fellowship, write t o Mr. D. A.
Bowdoin, Manager-Corporate Educational Relations, Hughes Aircraft Company, Culver City, California 90232.
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on page 7 is based on a talk given by
Dr. James Bonner, Caltech professor
of biology, at a joint meeting of biological societies, sponsored by the American Institute of Biological Sciences,
at the University of Colorado in Boulder last summer. Dr. Bonner has been a
member of the Caltech faculty since
he received his PhD here in 1934.
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You don't have to know anything about
computers to start work at EM. But you
ave to kno
sic technologies.
your basic ski
terns such
System/360.

You'll
learn how
at IBM

IEM's new Solid Logic Technology has
helped give the System/360 wide flexibility. This all-encompassing system can
be used by many different customers on
a variety of problems-business and scientific. It takes a lot of hard work and
ingenuity to arrive at developments like
microelectronic circuit modulesI and chip
transistors and diodes.
Your college placement officer can help
determine where your skills best fit in at
IBM. OrI if you preferIwrite for information
directly to Manager of College Relationsr
Dept. 91 5 1 1 B M o C o r p o r a t eHeadquartersI Armonkt New York 10504. IBM is an
Equal Opportunity Employer.
Applied Mathematics, Applied Mechanics,
Data-Communications, Digital Computers,
Guidance Systems, Human Factors,
Industrial Engineering, Information Retrieval,
Marketing, Manufacturing Research,
M~crowaves,Opt~cs,Prog~ramming,
Reliability Engineering,
Servomechan~sms, Solid State Devicesr
Systems Simulation and related areas.
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There's a thrilling new perspective of the World's Fair,
when viewed from the vantage point of this Sikorsky S-61N
These aerial tours demonstrate vividly the adaptability of
Sikorsky VTOL aircraft to wide-ranging transportation
needs.
But let9s take the larger view of Sikorsky in action-and
what it can mean to you in terms of a rewarding career.
Sikorsky Aircraft is the pioneer and leading producer of
VTOL aircraft. We believe that our exciting programsaimed far ahead into the future-ean provide an ideal environment for young engineers v;ha want to grow with a
dynamic industry.
The Sikorsky vehicle of today is an cdvanced VTOL system
merging the technologies of electronics and the airframe
to provide the world's most versatile means of transportation, And our continuing objective is the further advancement

. ..

6

of this sophisticated new technology.
And what about you? As a Sikorsky engineer, you would be
helping to move "tomorrow" closer by working in small
interdependent groups on demanding problems in such
areas as aerodynamics * human factors engineering
automatic controls * structures engineering weight
prediction
systems analysis a operations research
reliability/maintainability engineering a autonavigation systems 0 computer technology
among others.

. ..

Opportunities for individual stature and personal progress
are here , now.

..

And professional competence is further advanced b y our corporation-financed Graduate Education Program.

Please consult your College Placement Office for campus
interview dates-or-for
further information, write to
Mr. Leo J. Shalvoy, Engineering Personnel.
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the u ~ i n d o wo j m o d e r ~biology
,
by James Bonner
The time has come for direct attack upon the central problem of biology, the problem of how it is
that a single cell, the fertilized eggy gives rise to
an adult creature made of many different kinds of
cells. This process, which is known as development,
has been described and thought about by biologists
s
a seiei~ceof biology. Its
for as long as there l ~ dbeen
nature has remained a mystery because we have not
heretofore understood enough about the nature of
life itself. Today we do. We know in detail what
makes a cell be alive. We know that all cells contain
the directions for cell life written in the DNA of
their chromosomes and that these directions include
specification of how to make the many kinds of protein enzyme molecules by means of which the cell
converts available building blocks into substances
suitable for making more cells.
We know that to make enzyme molecules, the
DNA prints off RNA copies of itselfy messenger
RNA molecules, and that these messenger RNA
molecules are decoded by ribosomes, also made by
the DNAy and that the ribosome as it decodes a
messenger RNA molecule uses the information to
assemble a specific kind of enzyme molec~ile.
This picture of life is that given to us by molecular biology and it is general: it applies to all cells of
a11 creatures. It is a description of the manner in
which all cells are similar. All cells possess DNA and
this DNA makes messenger RNA, ribosomes, and
hence enzymes, But higher creatures such as people
or pea plants possess different kinds of cells. Some
cells make hemoglobiny others do not. Some cells
make pea seed globulin, others do not. The time
has come for us to find out what molecular biology
can tell us about why different cells in the same
body are different from one another and how such
differences arise.
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The first thing we can say about the cells of the
body of a higher organism is that they all have
exactly the same amount and kind of DNA, the
same genetic information. A single cellythe fertilized eggydivides into two cells and each of these
receives a complete set of the genetic DNA. The
daughter cells divide and divide, each cell continuing to receive a complete copy of the genetic
book. But pretty soon in the course of embryonic
development the cells of the embryo begin to become different from one another. Some produce
hemoglobin, some produce ~nuscleenzymes, some
liver enzymes, and so on. The genetic information
for making hemoglobiny for exampleyis in all cells
but it is used only in a few cellsythose which are
to be red blood cells. l n the other cells of the body
the genetic information for making hemoglobin is
turned off, repressed. To find out what causes development and differentiation, then, we must find
out what it is in the cell that determines that particular units of the genetic information, particular
genes, shall be active and make their characteristic
messevger RNA, and what it is that determines that
other genes shall be repressed, inactive in RNAmaking.
Development is the orderly production by a
single celly the fertilized egg, of the several kinds
of specialized cells which make up the adult creature. Specialized cells differ from one another in
the kinds of enzymes which they contain. We are
inexorably led by logic to the conclusion that the
cause of development is a properly programmed
expression and utilization of the genetic information. The genetic information is contained in the
genes and these in turn are fastened together into
the chromosomes which are housed in the cell nucleus. The new study of development must be oc-
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c1ipicx.1 ~ i t 1 1
the study of chron~oson~es
since it is
i11 the ~hro~nosonie
that t h master plan ior the
architecture of tlie body resides.
h1j c:olleaguey Dr. Ru-chill C. Huangy and inyself have started s ~ ~ ac study,
h
During the past four
years we have found out how to isolate chromos(1111esa11d how7to c a l w t1ie111 to 111ake their nlessenger RN A in the test tube. We have fotu~dout how
to couple this messenger RNA production to ribosomes so that enzynle molecules are made in the
test. tube, W e have found that chron~osornesfrorn
(iiffere111 Lijidb of ~peci:~lizv(3ct:llh 111aLedifferer~t
RNA's mil 1m1cediilerent kinJs
ki~ichoi jr~t>sst;ngej
of enzymes, kinds characteristic of the cell from
wl~ichthe chromosome was isolatecJ. 1x1 this way
we ha\ e s11ow11 that the control of genetic activity
characteristic of the chromosome in life is preserved
in our isolattd cliromosomes in the test ti~he.
We have studied the control and programming
of genetic activity on t h e e levelsy namely:
1. The hardware of genetic control - the nature
of the material which represses gene activity.
2, The nati~reof the genetic switching unit the nati~reof the act by which gemtic activity is
t i ~ m e don and off, and
3, The nature of the switching network by means
of which the individual genetic switching units are
linked and integrated into a developmental system.
We have studied the hardware of genetic control
by focusing our attention on a partic~largene of
the pea plant. ( W e say, "If pea plants were good
enough for Mendel to invent genetics with, they

Dr. lames Bonner,
professor of biology, cuts
buds froin pea plunts to
obtain genetic material.
The buds contain many
small (:elkand are rich
i n chromosomes.

are good enougl~for I~s.'') This gene is that which
co~~trols
the n1a1111factiireof pea seed globulin, the
reserve protein of t11e seed. 1t is made in growing
pea seeds and is not 111ade in any other part of the
pea plant at any time during developn~ent.Its behavior is typical of development. Chromosomes
isolated from growing pea seeds make messenger
RKA in the test t u l ) ~and
~ this messenger RNA supports the synthesis of protein. This protein contains
pea seed glob~iljn,just as in life. Chromosomes
from pea buds also make messenger RNA and this
also supports protein s~ntl~esis.The protein incll~deb110 pt;it seeci g1019111in.This also is as in life.
But we know that the gene for pea seed glol~ulin~ r ~ a k i nisgin the pea t?ud chromosomes. I t is merely
repressed. IIow a 1 1 fie de-repress it? Simply. All
that is required is to remove from the chromosome
a characteristic chromosomal component, a particular kind of protein which is always associated
with chromosomes, a class of protein called histone.
A portion of the DNA in chromosomes is wrapped
in histone. DNA that is thus wrapped cannot make
messenger RNA, I t is repressed. When we remove
I ~ S budsythe
the histone from the ~ I I I - O I I I ~ S ~ofI I pea
gene for globulin-making is de-repressed, as are
indeed all of the previously repressed genes of the
pea bud chromosome.
We knowythenya little about the material nature
of the repression of gene activity. The repressers
include histones, although we do not know whether
histones are the sole kind of repressers. The logic
by which represser histones discover the proper

1-eji - Pea buds are ground in a blender,
t ~ h i c hr u p t f m s h e cell5 and releases the
chromosomes. This and all subsequent
operations are carried on it^ the cold
room to minimize chemical change5 u h i c h
tuould otherwise occur after disruption
o f the ct~lls.

Below - Filtered extract is dispensed into
centrifuge tubes. Tlhese u;ill be centrifuged
~
- (1 jz~ld which
at 4000 t i r r ~ egrat,it
sediments the large and l t e ~ m d~romosomes
j
h t does not sedirmnt other cell
const itue?lfs.

genes to repress also remains to be found out. At
least7however, the matter is now accessil~leto experimental study.
When we de-repress genes in the laboratory by
removal of histone we do so by disassociating DNA
from histone by the use of high concentrations of
salt. I t works nicely but not selectively; it de-represses all repressed genes. In the living cell de-repression is selective; one or a few genes may be
turned on or off without influencing others. We are,
however, heginning to know sometlling about the
nature of this genetic switching unit. Just as in bacteria, so also in high organisms it has been found
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that particular kinds of small molecules are able
to turn off or on the activity of particular genes. In
the bacteria these are small molecules and genes
concerned with making everyday metabolites and
the control serves the end of seeing to it that the
bacterium does not make some particular kind of
substance if that substance is available in the nutrient medium. In higher creatures this kind of regulation by small molecules serves the process of
differentiation7 and one important class of such
molecules consists of the hormones,
A hormone on arrival at its target organ turns on
individual or whole sets of genes, causing the pro-
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duction of characteristic enzyme nlolecules and
setting a cell or cells on a new pathway of development. This is dramatically exemplified by the case
of arousal from dormancy which has been studied
by our colleague, Dorothy Tuan. The buds of freshly harvested potatoes do not grow. They are said
to be dormant. The chromosomes of the cells of the
dormant bud are almost completely repressed and
cannot, therefore, make any messenger RNA. Dormancy can be ended at any time by supplying the
bud with a particular hormone, gibberellic acid, or
a synthetic substitute, ethylene ahlorohydrin. Treatment with a minute amount of one of these materials causes the buds to grow - the chemical causing
a substantial proportion of the genetic con~plement
to be de-repressed and become active in RNA-making. Many hormones work in this way. Cortisone,
when it arrives at the liver, causes the genes for
making particular liver enzymes to be de-repressed.
The flowering hormone, when it arrives at the bud,
turns on tlie previously repressed genes for making
flowers and fruit - turns on the flowering patliway.
There is much to find out about the unit genetic
switch. We do not, for example, know in detail how
a small molecule can bind to a larger represser mole-

cule dud change it so that it no lungei repressfc-3.
But again the matter is accessible to experimentation.
This leads us to the final aspect of the new biology of difierentiation, the aspect which concerns
how the individual genetic switches are linked together to bring about a sequential and orderly d e v elopment. That the logic of de\ elol~mentis based
on such a dev elopniental switching network there
can lie no doubt. The fact, tor example, that the
iie\ era1 bunnones, weh itself acting on unit switch
or switches, interact in their effects to luiiig about
sequences, of dm elopniental processes show ;) at
once that much intei-~etingwitching of genetic
acth it> takes place in life.
How can a genetic switching network be mapped
out in molecular detail? The task will certainly b e
a vast one. For the present, howeker, we can at
least think about it. Let us think of the vegetative
bud of a plant at the moment of arrival of the flowering hormone. The hormone turns on some previously repressed genes. The control settings responsible
for direction along the vegetative, leaf-producing
pathway are reset to bring the developmental pathway on to a fresh course. Once set upon this course
the bud inexorably develops step by step into a
flower. Certainly, during the course of flower d e velopment further switching must take place; fresh
genes must be turned on at appropriate places and
times, and others appropriately turned off. But this
whole latter sequence of genetic switching is called
into play only as a result of the initial induction
caused by the flowering hormone. Once induction
has occurred, the further programming of flower development flows on automatically. I t is as though induction by the flowering hormones calls into action
a pre-programmed subroutine which contains all
of the further directions about how to make a flower.
Let us then trl for fit and attractiveness the concept of the life cycle of development as consisting
of a master program constituted in turn of a set of
subprograms or subroutines. What might be required by way of genetic subroutines to program a
creature through its life cycle? A plant, for example,
would certainly need a subroutine on cell life, directions for making the subcellular organelles and
enzymes needed for cell growth, multiplication, and
maintenance. It would also need a subroutine on
embryonic development, together with one - a
short one, perhaps - about a life as a seed. Then, too,
our plant would require subroutines containing information about the making of each of the kinds of
plant organs, stems, leaves, roots, and flowers,
Thus we might view the information needed for
development as subdivided into categories, each
Engineering and Science

categorj appropriate to a particular sub-task. How
might these various subroutines be related to one
another? How are they wired together so as to constitute the whole program?
Let us consider the problem by considering a simpler example which poses, however, the same questions. The individual subroutines provide the required example. Let us consider the subroutine for
bud development. We cannot, of course, specify in
detail all of the items which are contained in that
part of the genetic book which tells how to make
buds. We can, however, specify at least some of the
kinds of things which must from the nature of bud
de\elopment be contained in it.
The bud in some cases arises from a single apical
cell which by continual division gives rise to the bud
and thence the leaves and stem, always surmounted
by the apical cell. Our apical cell must then have
instructions about how t o d i v i d e in appropriate
planes and each daughter cell must have instructions about how to find out if it is now the apical one.
Clearly, information must be provided about when
and where to stop cell division. Such information
might in some cases consist merely of a directive to
divide so many times and then stop. This cannot be
the case with the bud, however, since little pieces
cut from the bud continue cell division until a complete bud is again produced.
The same is true of the development of embryos
from isolated cells of the early animal embryo. We
need a new principle and to this principle we assign
the designation of test. I n the case of the bud we
imagine that the dividing and growing embryonic
tissue continuously tests itself for size or for number
of cells, each time comparing the value found to a
value stated in the program as the desired one.
When the correct value is ultimately reached, the
cells of the bud can proceed to the next developmental step.
The concept of the test carries us, I believe, to the
control core of the logic of differentiation. The
growing bud tests itself against the required ultimate size. The same bud tests itself for the presence
or absence of flowering hormone. A cell tests its
neighbors for strangeness or similarity. In these and
a myriad of further ways must we imagine that each
cell i n the developing organism k e e p s itself informed of where it is in the developmental path
and what therefore is the appropriate next step. The
test as one unit in the logic of differentiation is of
course already known as an experimental fact, as
in the case of the presence or absence of a hormone
in its target organ. All that we do here is to extend
the concept of the test to include other kinds of
tests which, a1though not yet experimentally known,
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would seem to be essential to the machinery of devel opmen t .
One of the clearest examples of the developmental test at work is provided by the example of the
plant embryo. This normally develops as do all embryos from a single cell, the fertilized egg, and carries on its development inside an ovary full of the
chemicals needed in embryonic growth. And these
two conditions are all that are required to cause a
cell to develop into an embryo: the cell must be
single and be surrounded by the ovarian nutrients.
F. C. Steward at Cornell University has shown
that fully differentiated cells of many different types
start life anew and develop into embryos if these
two conditions are fulfilled. We may imagine that
the plant cell is continuously testing itself for the
presence of neighbors. If it finds it has none, it then
tests for the presence of the embryo nutrients. If
the outcome of this test is positive, the cell must say
to itself, "Well, it's strange, but I am all alone and
here are the embryo nutrients, so I must be a fertilized egg and I will therefore develop into an
embryo."
The developmental test as it is here conceived
consists in the sensing by a particular gene of the
concentration of a particular chemical substance.
The concentration of this substance in the region
of that gene determines whether the gene shall be
active or repressed. In this way, through the use of
a multitude of different sensor substances the cell
keeps track of where it is in the developmental
pathway.
We have found that, by using the concept of the
developmental test, it is possible to write downmodel programs which, if carried out by a cell, would
cause it to develop into an organ or organism. In
such a model program, a successful outcome of one
test leads to a directive to carry out a further and
different test and so on. In format the developmental programs resemble those for computation
by an electronic computer. For this reason our most
lifelike program, one which causes a single apical
cell to develop into a plant stem, is called "digital
organ generator, model A," or, for short, DOGMA.
such modeling of the developmental switching
network is not done just for fun. Its usefulness lies
in the fact that it not only helps to give us insight
into the principles which underlie development but
in that it also suggests which specific key control
points in the developmental process will be most
fruitful to investigate.
These are stirring times for the study of growth.
The tools are at hand, the way is clear, and progress
is being made at all levels in the deep probing of
the processes of development and differentiation.
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A n eiijlil- ni (I 12 t e m o f geophysicists, seism ulogists,

wnd geologists frmn Coltech undertakes a n in tensive
two-ynii r i 1 2 oest igat ion of the geological structu,re that is
potm tially the most. dangerous o n this con,tinent
The San Andreas fault, a gigantic fracture zone
some three to six miles wide which extends threequarters the length of California, is the most potentially dangerous geological structure in North
America. Caltech has now started an exhaustive
study of this notorious fault by an eight-man team
of geophysicists, seismologists, and geologists.
The ultimate objective of this study is to understand better the nature, mechanics, past history,
and present condition of this fault, in order to evaluate its role in the geological evolution of the Pacific Borderland, to predict its future behavior, and
to gain an insight into processes deep within the
earth.
The San Andreas fault extends more than 650
miles southwest from California's Mendocino coast
through the Coast Ranges and along the north edge
of southern California's San Gabriel Mountains,
eventually breaking into several 1x-ancl~esthat
extend into the Gulf of California.
The land mass west of the San Andreas is continuously moving northward at a rate of two inches
a year - more than 16 feet in a century - in relation
to the mass east of it. This lateral movement may
have totaled 350 miles over many millions of years.
With two land masses moving in opposite directions, something has to give where they join. It
does so along the San Andreas - not continuously,
but infrequently, in sudden jerks. The distortion
or strain builds up along the fault to a point where
it exceeds the strength of the rocks and they break.
The rocks suddenly slip many feet horizontally to
relieve the strain and an earthquake results, releasing enormous amounts of energy.
"The San Andreas," says Robert P. Sharp, chair-

man of the Division of Geological Sciences, "can be
thought of as a window through the earth's crust by
means of which we can see far into the interior.
True, it is a narrow, cracked, dirty, cobwebby window, but with skill, patience, and modern techniques and instruments we will be able to see more
deeply and clearly into the earth than ever before."
Researchers comprising the team that is making
this study are Clarence Allen, professor of geology
and geophysics; Don L. Anderson, associate professor of geophysics; Barclay Kamb, professor of
geology and geophysics; Leon Knopoff, research associate in geophysics at Caltech, and professor of
geophysics at UCLA; Robert L. Kovach, assistant
professor of planetary science; Frank Press, director
of the Caltech Seismological Laboratory, and professor of geophysics; Stewart W. Smith, associate
professor of geophysics; and Gerald J. Wasserburg,
professor of geology and geophysics.
Drs. Kamb and Smith plan to measure the actual
distortion of the rocks in and adjacent to the fault,
with strain seismometers employing interferometry
and capable of recording movements of one-millionth of an inch. Each of Dr. Smith's measuring
stations will record strain over comparatively small
areas, while each of Dr. Kamb's will cover more
than half a mile.
Dr. Smith proposes the installation of an array
of a dozen stations extending two to four miles
across the fracture zone, possibly in the Lake
Hughes area, some 45 miles north of Los Angeles.
He has developed an automatic strain-measuring
instrument. It consists essentially of three 10-foot
quartz rods placed in a tripod shape below ground,
the lower ends anchored to rock and their upper
Engineering and Science

Barclay Kamb, professor of geology and geophi~^idi;Stc~uc~ri
W. Sinith and Don LA. Anderson. associate professors
of geophysics; and Frank Press, professor of geophysics, and director of the Caltech Seismological Laboratory.

ends linked to an interferometer whose interference
patterns are recorded by a camera. He plans to install the first station by the first of the year and expects that in a few months a strain pattern will
appear.
Dr. Kamb will attempt to measure ground distortion with a triangle of mirrors anchored to rock and
located some half a mile apart, the mirrors reflecting
light into an interferometer. Any movement of one
mirror in relation to the others will be recorded. If
these measurements are possible, then detailed records can be made of progressive distortion. Several
such installations could map the strain pattern for
ten miles each side of the fault. Possible sites for
the stations include Table Mountain near Wrightwood, Hollister, Anza, Carrizo Plain west of Taft,
and Hughes Lake.
"We also hope to measure the strain at depth,"
says Dr. Kamb, "and to compare this with strains
computed from the surface measurements. We
want to know if the strain build-up is continuous or
jerky and how far it extends each side of the fault."
While it has generally been believed that the
fault extends at least through the earth's crust to the
mantle, some 20 to 30 miles deep, certain calculations suggest that it may extend down only as far
November 1964

as five miles. The rocks below that depth may be
sufficiently plastic to flow.
The depth of the fracture will be measured by
placing seismometers at strategic locations to record the passage of waves - generated by earthquakes arising from other faults (not necessarily the
San Andreas), and by explosions - through and below the fault. Records of such waves passing
through the fracture zone will be used by Drs. Press
and Knopoff and others to "x-ray" the composition
of the fault zone. Does it consist of ground-up rock
or rock whose temperature was raised to or near the
melting point during large fault movements in the
past?
With an array of eight portable, sensitive seismological stations built into trailers, Dr. Press will
gather information relating to these questions and
also will attempt to determine whether very small
earthquakes-too small to be detected with standard instruments-occur along the fault. If such
temblors occur, they could relieve at least part of
the accumulating strain. The site for the initial seismic recordings will be in the vicinity of Lake
Hughes.
Drs. Wasserburg, Kovach, and Knopoff will make
heat studies designed to show if the energy released
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Clarence Allen (right),
professor of geology and
geophysics, and an
authority on the San
Andreas fault, and Gerald
J. Wasserbwg, professor of
geology and geophysics,
who will take heat
measurements in the
fault zotte.

by the fault adds significantly to the heat flow from
the earth's interior. Several holes will be bored in
profiles across the San Andreas zone to depths of
perhaps 1,500 feet.
Heat measurements will be made at various
depths to learn if the fault zone is hotter than areas
on each side. Fault ruptures may heat the underground rocks to higher temperatures than are characteristically found.
Dr. Anderson will measure changes in the elastic
properties of rocks caused by strain increases. This
information could be very useful in anticipating
earthquakes. I t seems likely that the compressing
and stretching of rock formations adjacent to a fault
would be accelerated before an earthquake is triggered.
Dr. Anderson will deploy six to nine seismometers
in a grid perhaps a mile square on some active area
of the San Andreas. Explosions touched off periodically at a fixed location on one side of the fault
will generate waves that will radiate through the
fracture region. The waves travel faster through
compressed rock and slower through the same kind

of rock when it is stretched. By periodically determining the velocities of the waves through these
rocks it may be possible to measure changes in their
elastic properties.
Other kinds of instruments will be used in the
extensive study, including gravimeters to show the
densities of subsurface areas in and near the fault.
If rock is crushed its density may be changed.
Dr. Allen, an authority on the fault, is working
with the other investigators as a consultant on geological problems related to selecting locations for
instruments. He will do detailed geological mapping of the selected sites. Dr. Allen will also continue his studies of the relation of earthquakes to
fault systems.
The over-all program calls for two years of investigation, with grants totaling more than $400,000
from the National Science Foundation.
"We do not expect that at the end of two years
we will be able to predict earthquakes," says Dr.
Allen, "but we do hope that the results of our work
will point toward promising fields of research that
eventually will lead to this end,"
Engineering and Science

Earnest Watson, professor of
physics emeritus, and former

dean of the faculty, opens the
Institute's new Caltech
Lecture Series in Beckman
Auditorium on October 12
with his famous lecture on
"Liquid Air," which was the
most popular of the Friday
Evening Demonstration
Lecture Series he launched in
the 1920's.

Torn Apostd, professor of mathematics

Rocftus V o g assistant p i o p w r of p l q s i a ,

Foster Strong, Dean of Freshmen

jtirg Waser, professor of chemistry

Ray Owen, chairman. Division of Biology

1 Kent d a r k . professor of English

ades
At a special meeting of the
freshman class on November 4,
faculty representatives officially
announced the decision to
eliminate all freshman grades at
Caltech for a trial period of
two years. The move, which
has been under consideration
for some time, substitutes a
pass-or-fail system for the usual
letter grades. The faculty hopes
that, under the new system,
students will learn earlier to
substitute more mature and
substantial motives for work
than the threat of a low GPA
or the status of a high one.

Charles H . Townes (right, with
JPL Director W . H . Pickering),
at JPL for a NASA meeting
un manned space flight,
the day he got the news
of his Nobel award.

Charles 13. Townes, provost of the Massachusetts
Institute of Technology, who received his PhD from
Caltech in 1939, is co-winner of the 1964 Nobel
Prize in Physics. He will receive half of the $53,123
award, which he shares with two Russian scientists,
Nikolai Basov and Aleksandr Prochorov, for development of the maser-laser principle of high intensity radio and light rays.
Dr. Townes and his colleagues developed the
first maser (an acronym for microwave amplification by stimulated emission of radiation) in 1954,
when he was professor of physics at Columbia University in New York. In the maser, radio microwaves
are used to induce molecules and atoms to release
stored energy, resulting in an amplified electronic
wave - a concentrated radio beam with such power that it has become of major use to communications, astronomy, military science, and medicine.
Townes used his first maser to control an atomic
clock of such extraordinary accuracy that it would
vary no more than one second in 300 years.
In 1958 Townes proposed the laser (light amplification by stimulated emission of radiation ) , a
single color light beam whose intensity is so great
and whose spread is so slight that it has been used
to illuminate a small patch of the moon. Its wavelength is so uniform and coherent that it can be
frequency- or phase-modulated. The laser is already
being used in a variety of ways, in surgery, biological research, distance measurements, and signalling research. Future maser-laser techniques are
expected to revolutionize communications by enabling transmission of as many as 10 million simultaneous television programs with a single beam.
Drs. Prochorov and Basov, who are both on the

staff of the Lebedev Physics Institute in Moscow,
conceived the idea of masers shortly after Dr.
Townes began his work. Both are radio physicists.
Townes and the two Russians are acquainted, having met at international conferences.
When Townes was at Caltech, he studied under
Dr. William Smythe, professor of physics emeritus,
and he is the fifth of Dr. Smythe's students to win
the Nobel Prize in Physics. The others were Carl
Anderson in 1936, Edwin McMillan in 1951, William Shockley in 1956, and Donald Glaser in 1960.
Townes received his BS in physics, summa cum
laude, at Furman University in Greenville, S. C., at
the same time as he received a BA in modem languages. He still retains a strong interest in languages,
and has a working competence in French, German,
Spanish, Greek, Russian, and Latin.
He got his MS from Duke University in 1937. After receiving his PhD from Caltech in 1939, Townes
worked on the staff of the Bell Telephone Laboratories, where he developed wartime radar bombing
systems and navigation devices. He joined the faculty of Columbia University in 1947, and was chairman of the physics department from 1952 to 1955.
He was a Guggenheim Fellow in 1955-56and a Fulbright lecturer, first at the University of Paris and
then at the University of Tokyo. From 1958 to 1961
he served on the Air Force Scientific Advisory
Board, and in 1959was named a consultant to President Eisenhower's Scientific Advisory Committee.
Prior to his appointment at MIT, he was on leave of
absence from Columbia, serving as director of research for the Institute for Defense Analyses in
Washington, D.C. He has been provost and professor of physics at MIT since 1961.
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He found it at Western Electric
T. R. Thomsen, B.S.M.E., University of Nebraska, '58,
came to Western Electric for several reasons. Important to him was the fact that our young engineers play
vital roles right from the start, working on exciting
engineering projects in communications including:
electronic switching, thin film circuitry, microwave
systems and optical masers.
The wide variety of Western Electric's challenging
assignments appealed to Tom, as did the idea of advanced study through full-time graduate engineering
training, numerous management courses and a company-paid Tuition Refund Plan.
Tom knows, too, that we'll need several thousand
experienced engineers for supervisory positions within
the next few years. And he's getting the solid experi-

w~sfefit
Hecfpjc

ence needed to qualify. Right now, Tom is developing
new and improved inspection and process control
techniques to reduce manufacturing costs of telephone switching equipment. Tom is sure that Western
Electric is the right place for him. What about you?
If you set the highest standards for yourself, enjoy
a challenge, and have the qualifications we're looking
for-we want to talk to you! Opportunities for fastmoving careers exist now for electrical, mechanical
and industrial engineers, and also for physical science,
liberal arts and business majors. For more detailed
information, get your copy of the Western Electric
Career Opportunities booklet from your Placement
Officer. And be sure to arrange for an interview when
the Bell System recruiting team visits your campus.

M A N U F A C T U R I N G A N D SUPPLY " N I r o F r H E B E L L

sysrEm

AN EQUAL OPPORTUNITY EMPLOYER

Principal manufacturing locations in 13 cities
Engineering Research Center, Princeton, N. J.
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Operating centers in many of these same cities pius 36 others throughout the u.S.
Teletype Corp., Skokie, Ill., Little Rock, Ark. 0 General Headquarters, New York City
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Being a technically trained m a n . . . we assume you
are looking ahead t o a career of exciting growth and
accomplishment and that you are looking for a cornpany possessing these same qualities.
I f our assumption is correct, we would like you t o take
a close look at us. For this Company, while solving t h e
problems of the day, thrives on a sort of creative restlessness which anticipates the challenges of tomorrow.
And more important l o you, it recognizes its engineers
and scientists as the master key to its present success
and future progress.
From a solid foundation of basic and applied research,
our Company has gained a firm foothold in the land,
sea, air, and space programs that are helping to shape
our nation's future. Our engineers and scientists are
exploring ever-broadening avenues of energy conversion
for every environment. Should you join them, you'll b e
assigned early responsibility. . . to apply your engineering talents t o such areas as advanced gas turbines..
rocket engines. . fuel cells and nuclear power.

.

.

Such trail-blazing projects command the best of varied
talent. That's why you'll find at Pratt & Whitney Aircraft men with college training as diverse as their
responsibilities. You will also find that opportunities
for professional growth are further enhanced by our
corporation-financed Graduate Education Program.
Your degree? It can b e a B.S., M.S. o r Ph.D. in:

-

MECHANICAL * AERONAUTICAL * ELECTRICAL CHEMICAL
and NUCLEAR ENGINEERING
PHYSICS
CHEMISTRY
* METALLURGY CERAMICS MATHEMATICS * ENGINEERING SCIENCE or APPLIED MECHANICS.

-

For further information concerning a career with Pratt &
Whitney Aircraft, consult your college placement officer-or-write
t o Mr. William L. Stoner, Engineering
Department, Pratt & Whitney Aircraft, East Hartford 8,
Connecticut,

technical
talent

Pratt & Whitney
-.

SPECIALISTS 1N POWER.. POWER FOR PROPULSON-POWER
FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS INCLUDE
AIRCRAFT, MISSILES, SPACE VEHICLES, MARINE AND INDUSTRIAL APPLICATIONS.

1rcrafi
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT
FLORIDA OPERATIONS WEST PALM BEACH. FLORIDA
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P
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An Equal Opportunity Employer

Andromeda Galaxy as seen from
Palomar Observato~g- and as
it would look if it could
be seen from above.

The nearest big neighbor of our Milky Way Galaxy is the Andromeda Galaxy of 100 billion stars,
thought to be very similar in shape and size to the
Milky Way. The over-all appearance of the galaxy
has been difficult to perceive and study, however,
because it is seen from the earth almost edge-on.
Now, using a unique combination of mathematical
calculations and photography, Caltech astronomers
have produced a picture of Andromeda from such
an angle that we seem to be looking down on it. This
new look has shown that the vast galaxy of stars,
gas, and dust is much less similar to our galaxy than
astronomers had supposed.
The work was done by Halton C. Arp, staff member of the Mount Wilson and Palomar Observatories; and William C. Miller, Observatory photographer. Dr. Arp made a lattice tracing of Andromeda's
stars and mathematically lifted the lattice upright.
Mr. Miller then photographed a picture of Andromeda at an angle, making it appear that he was looking down at the galaxy. The photograph and the
mathematical lattice checked.
Studies of the photograph reveal that the galaxy's
two major spiral arms are symmetrically coiled and
spaced some 13,000 light years apart. In our Milky
Way Galaxy, the arms are much closer together and
probably are either multiple or branched, which
suggests that the Milky Way has a higher percent-

age of gas than Andromeda, and therefore a higher
percentage of young stars.
Attempts have been made in the past to project
Andromeda upright so that its structure could be
studied more satisfactorily. The late Dr. Walter
Baade, of the Mount Wilson and Palomar Observatories, measured the positions of 688 emission nebulosities in the galaxy's arms; these are clouds of gas
made fluorescent by hot, bright stars in their immediate neighborhood. Dr. Baade found that the
emission clouds outlined segments of the spiral arm
structure like "beads on a string."
Dr. Arp, a student of Dr. Baade's, found that the
over-all spiral arm pattern of these fluorescent hydrogen clouds is difficult to interpret without also
studying the effect of a small satellite galaxy of Andromeda's, known as M-32. It is a rich sphere of
stars about 1,600 light years in diameter (Andromeda is 100,000 light years in diameter). M-32 is near
one edge of the big galaxy and recent observations
made with radio telescopes by the Department of
Terrestrial Magnetism of the Carnegie Institution
of Washington have disclosed that M-32 has pulled
the gas and stars, normally congregated together in
the arms, away from each other on that side.
This observation opens the intriguing question of
whether the effect is gravitational, magnetic, or
both.
Engineering and Science

CLEARPRINT IS THEIR COMMON DENOMINATOR
The reason for that is quality. To do the best work
You have t o start with the best f~~aterials.
For over 30
years Clearprint Technical Papers have served students, educators, and professionals with distinction.
Clearprint's unchanging character includes 100%
rag uniformity, permanent transparency, outstanding
erasing and handling qualities. You get all this in
addition t o Clearprint's ideal ink and pencil surface.
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Â Everyone who uses technical papers should try this
comparative test: Draw, erase, and hold the sheet to
the
Not a chance of a ghost!
Repeat and re.
peat this test. The results
amaze
you will

-

Clearprint is America's finest technical paagree
per. Introduce your students to it today. w Write now
for Clearprint samples, sizes, and prices.
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bg John R. Weir
Of the 4,615 alumni who completed the survey
questionnaire, 52 are retired and 294 are still students, representing 7 percent of the total. All the
rest are employed-61 percent of them in industry,
16 percent in education, 12 percent in government,
and 6 percent in the military.

Median annual
Function
Administration
Marketing
Production
Operations
Consulting
Development
Research
Design

earned income

$20.000
16,000
15,000
15,000
15,000
15,000
14,000
13,000

Industry

Education

Almost half (46 percent ) of the alumni employed
by industry are doing research, design, or development work. One-third are in administration, and
the remainder (15 percent) are mostly in operations, production, and marketing.
Electrical engineering was the most frequently
mentioned field of specialization among those employed in industry. It accounted for 20 percent of
the total. Business was next with 16 percent, followed by mechanical engineering ( 13 percent),
aeronautics ( 10 percent), physics (7 percent ) ,
chemical engineering ( 5 percent), and civil engineering ( 5 percent ) . Each of the remaining 37 fields
mentioned accounted for less than 5 percent.
Engineer was the most frequently reported position title ( 17 percent), followed by manager ( 15
percent ) , scientist ( 6 percent ) , and staff member
( 6 percent). The titles of president, vice president,
and group supervisor each accounted for 5 percent.
Director, project leader, and section head each had
4 percent, and chief, group leader, owner, and project supervisor each had 3 percent. There was less
than 3 percent in each of the remaining 18 position
titles used in the questionnaire.
The table of median income by job function for
industry suggests high rewards for getting the product out the door and into the hands of the consumer. Alumni in research and design are at the
bottom of the list.

Caltech alumni employed in the educational sector of the economy are almost evenly distributed
between teaching (45 percent) and research (47
percent). Many alumni indicated they are engaged
in both, but for purposes of tabulation only their
chief function was counted. An additional 7 percent are in administration.
"Education" was also listed as a field of specialization, along with the science, engineering, and
other fields. This has led to a certain amount of redundancy, since 27 percent of those alumni employed in education and functioning as teachers
checked their field of specialization as education
as well. Others who are teaching in educational institutions listed their fields as physics (16 percent),
mathematics ( 11percent ) , chemistry (7 percent),
and electrical engineering ( 6 percent). All other
fields, such as aeronautics, astronomy, biology,
chemical engineering, and mechanical engineering
were less than 5 percent.
Twenty-four percent hold the title of professor,
18 percent assistant professor, 15 percent associate
professor, 8 percent scientist, and 5 percent instructor.
The median annual income for those in administration is $18,000. It is $11,000 for those in research
and $10,500 for those in teaching.
The median annual income is $20,000 for chairmen. For professors it is $18,000, for associate pro-
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fessors $13,000, for assistant professors $1 0,000, and
for instructors $9,500.
Among those in education who list their primary
function as research, 25 percent are in physics, 15
percent in chemistry, and 7 percent each are in biochemistry, electrical engineering, and mathematics.
Six percent are in geology.

Government
About half (45 percent ) of the 12 percent of Caltecli ulnmni who are employed by government ale
in research. Another quarter are in administration,
with 10 percent each in design and d w e l o p ~ e n t ,
and 5 percent each in operations and consulting.
The fields of specialization within government
employment that contain significant numbers are:
Field
Civil engineering
Electrical engineering
Pliysic-,
Aeronautics
Mechanical engineering
Geology
Meteorology
Chemistry
Mdtlirrnatics

% of tliose in gou't
cinpltii/nii'flt

18
15
14
8

7
7

5
4
3

Somewhat over a third (36 percent) have the
title of engineer or scientist, while 37 percent
have
a management title such as head, supervisor, director, manager, or chief.
Incomes do not have as wide a range as they do
in education and industry-nor do they go as high.

-

Function
Administration
Consulting
Research
Development
Design
Operations

Median annual
earned income
$15,000
14,000
13,500
12,850
12,000
11,500

Military
The six percent of alumni in the military are in
development (24 percent), research (20 percent),
administration (20 percent ) , design ( 14 percent ) ,
and operations ( 14 percent ) .
Almost half (42 percent) are in meteorology, 18
percent in electrical engineering, 13percent in aeronautics, 10 percent in mechanical engineering, and
5 percent each in petroleum and civil engineering.
Those in development report the highest median
annual incomes-which is contrary to the situation
in industry, education, and the government.
Function
Development
Design
Administration
Research
Operations
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Median annual
earned income
$14,000
12,750
12,500
12,000
11,000

Leadership
Until fairly recently it was customary to think
of scientists and engineers as working in relative
isolation, and therefore needing no special managerial, administrative, or human relations skills.
But complex research and development projects
now involve large numbers of technically trained
people, and managerial, supervisory, and leaders l ~ i pskills have great importance in determining
job success. Our sun ey data indicate that this is
particiilarly true for Caltceh alumni.
Of the 4,269 working alumni, 881 have positions
that indicate they possess, outstanding management
skills. These are the alumni who list their job titles
as "owner," "partner," "president," "vice president,..
or "manager." They represent 20 percent of the
total.
A second group of 415 have positions that would
seem to require almost equal management abilities.
They have such titles as "director," "chief," "superintendent," "chairman," "dean," or "head."
An additional 679 have job titles of "section
head," "group supervisor," "group leader," "project
supervisor," or "project leader." While working at
a somewhat lower level of responsibility than the
two preceding groups, alumni with these positions
must certainly need managerial as well as technical
skills.
These three groups, made up of the alumni with
positions of top management responsibility, total
1,975. They represent 46 percent of all working
alumni-which means that almost half of the alumni
are now in positions that require skill in management, leadership, and human relations.
But even these figures do not provide the complete picture. Among those remaining there were
530 who reported that ten or more people were
directly or indirectly responsible to them. Supervision of this number of subordinates certainly requires more than average leadership ability.
The same can probably be said for an additional
303 alumni who check administration as their job
function. Administration almost always involves
coordinating, or at least influencing, the efforts of
others, often without recourse to any authority.
We have now included everyone we can identify
directly as having important management positions
or responsibility. They total 2,808 alumni and represent 66 percent of all those holding jobs. It is
somewhat surprising to discover that two-thirds
of our alumni, all highly trained in engineering,
science, or mathematics, are actually devoting a
large portion of their working hours to problems of
human and organizational relationships.

G O I N G O U R WAY?
telemetry and tracking reconnaissance systems
amplifier and computer design
electromagnetic
interference control
technical administration
Here at LTV, young, alert engineers are "going places" among others.
in the fields of aircraft, missiles, space, mobile surface In addition to a rewarding professional environment,
vehicles, weapons systems, ground and airborne corn- LTV offers engineers the opportunity t o earn advanced
munications, electronics, and range services. Support- degrees through company-financed graduate education
ing these activities is an excellent engineering climate programs.
providing the opportunity to contribute and profes- Before selecting your industrial home, investigate the
sional advancement which is a direct function of the career avenues available with Ling-Temco-Vought. Get
contribution. Assignments are diversified and stimu- complete details from your Placement Office or write
lating in such areas as: aerodynamics avionics and College Relations Office, Ling-Temco-Vought, P. 0. Box
instrumentation 0 dynamics 0 systems design propul- 5907, Dallas, Texas 75222. LTV is an equal opporsion stress analysis communications design 0 tunity employer.

If you're mapping out your career destination, LingTemco-Vought offers a wide choice of exciting and
challenging routes to your personalized goal.

L7'U'

...

.

DIVISIONS AND SUBSIDIARIES: L N ALTEC
L N ASTRONAUTICS
L N CONTINENTAL ELECTRONICS
L N LING ELECTRONICS L N MICHIGAN
L N MILITARY
ELECTRONICS * LTV RANGE SYSTEMS
L N RESEARCH CENTER
LTV TEMCO AEROSYSTEMS
LTV UNIVERSITY
LTV VOUGHT AERONAUTICS
KENTRON HAWAII, LTD
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You hear
a lot of talk about growth
these days.. .
SO did Archimedes. Undoubtedly. Even today, his ancient
spiral formulations survive in the form of devices which do
much of the world's work.. .and as mathematical and symbolic reflections of nature's laws of growth.

uate study plans conducted on an unusually generous scale.

At Sylvania Electronic Systems, your professional growth
may not be preordained by the acceleration formula of an
Archimedes spiral, but you will find a set of definite policies
here which have been designed to encourage progress and
development at your own best rate.

You will enjoy a choice of advanced work from a long and
diversified program list, including space/earth communications . . .electronic reconnaissance, detection, countermeasures.. .radar.. .data processing.. .arms disarmament and
control.. .command and control systems.. .and world-wide
engineering support services.

Sylvania helps you keep on top of the state-of-the-art.. .
through the small group form of organization, providing
cross-communications within each R&D laboratory and between all 19 labs and 4 manufacturing plants. . .through
Division-wide conferences, in-plant seminars and post-grad-

And three distinct routes for advancement are offered, all
with equal rewards - technical specialist, administrative
manager, program/project manager.

Sylvania Electronic Systems is a major division of Sylvania
Electric Products Inc., supported by the technical and financial resources of the parent corporation, General Telephone
& Electronics.

Government Systems Management

For further information see your college placement officer
or write to Mr. Robert T. Morton
40 Sylvan Road -Waltham, Massachusetts 02154
An Equal Opportunity Employer
R&D Laboratories are located suburban to Boston, San Francisco and Buffalo. Manufacturing facilities are located at Buffalo, New
York, Needham, Massachusetts, Muncy, Pennsylvania, Santa Cruz, California.
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Caltech's 1963 Alumni Survey

. . . continu&

Even among the 1.461 alumni remaining, mail)
are in positions that require leadership and human
relations shills. For example, there is a total of 276
"full," "associate," and "assistant' professors and instructors. There are 24 "advisors" and 22 "representatives." There are 169 who checked other" rather
- two-thirds of whom
than one of the titles
can IJC assumed to be in positions of management,
a i ice this was tin- proportion v e found for the rest
of tlie alumni. And tlit-'re are also 187 'eiigineers"
and 106 scientists" v>, 1 1 0 indicated the\ have hetmeen two & nine 19txo1)1eresl)olll)i\)leto them.
If w e add these a11.inini to those whose occupitions are more o!)vio11s1j inaiiagerial or adn~inistra~ c l of 3.535.
five in nature, we have a g ~ - a ~total
This number represents 83 percent of all alumni.
The pattern of modern research and development is
becoming increasingly a matter of group activity dependent upon the collaborative efforts of many people. Caltech alumni are deeply involved in directing and coordinating these efforts.

Income
Alumni were asked to report their incomes from
"occupation," "consulting," and "other" sources. Almost everyone supplied such data, permitting us to
make several detailed comparisons:
Source
of income
Occupation
Consulting
Other
Total

Lower
Median or Upper Number
quarter reporting
quarter
midpoint
$19,700 4,321
$11,000 $13,500
6,000
542
1,200
2,600
5,200
2,063
1,200
2,600
4,454
16,000
23,300
11,700

At one extreme, 6 percent have total annual incomes under $5,000. They are mostly students. At
the other extreme, 3 percent have total incomes over
$50,000. (Ten report annual incomes over $100,000,
three over $200,000.)
Only about 12 percent have income from consulting activities, and the highest proportion of these are
among the PhD's in teaching positions.
It is interesting to make a direct comparison of
the distribution of occupational incomes today, with
those in the Caltech survey of 11 years ago. Inflation, the space age, and higher gross national
product have combined to make some dramatic
changes in these figures:
Income
from occupation
Less than $1,000
$1,000-$5,000
$5,000-$7,000
$7,000-$9,000
$9,000-$19,000
$19,000 and over
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% i n1952
4
14
28
25
26
3

% in 1963

1
6
2
5
59
27

Occupation
Earned income \ aries with field of specialization.
The table below goups fields that have similar rnedian incon~es.The figures in the parentheses are the
number of alumni checking tliat specialty as their
mail1 actit it!.
Median ar1nt1(1l
Oci uputions in this
earned income
mi mi(>nit( i t al
$lO.OOO
>I( 1 x 1 ~ . I)( cupation'i ( 12 )
8) 1 1 000
K<hi<i t i u ~ i ( 1 $7 ) , iitink I 11 )
$12,000
'Vii.hit<t t u i e ( 1 j ) ~\tionoiii>( 30 1 ,
bioi. lieniistry 1, S O ) , biolog; ( 45 ;,
gt-olog' ( .175), malli~iiidtii. &
iiiftuiiidtion processing ( 124 ) ,
ii~ttf~oroloa
( 3 6 ) , military ( 133),
iituiitari. engineering ( 17 )
Chemistry ( 208)
Cn il engineering (282 ), industrial
design ( 14), physics (385)
Chemical engineering ( 159), food
( 12 ) elei trical engineering ( 698 ) ,
econoinit-s ( 16), insurance ( 19),
mechanical engineering (427 ) ,
metallurgy ( 36), transportation ( 12 )
Merchandising, sales, advertising ( 4 4 )
Auroilautics (378), films ( 19 ),
petroleum ( 91 )
Farming ( 10 ), medicine or
dentistry ( 4 4 )
None
Business and manufacture ( 445 ),
finance (36), law ( 4 1 )
Â¥

The occupations in this list fall into three distinct
groups on the basis of median incomes. I n the first
group ( $10,000 to $13,000 ) are education, military,
and science and mathematics. The second group has
the engineering occupations, and the medians are
$14,000 and $15,000. The third has business and the
professions, with medians of $16,000 to $20,000.
Similar results appear when we compare earned
incomes for alumni whose undergraduate major
was in science ($13,000) with those who majored
in engineering ( $15,000). This differential, which is
greatest in the decade immediately after the BS is
earned, disappears in later years.

Years after BS

41 to 45
All ages combined

Median annual
earned income
Science
Engineering
majors
majors

12,000
13,000

I 5,000
15,000

The median earned income of business and the
professions ($20,000) is a high one. Only 2 3 percent of alumni have earnings equal to or greater
than this. Another 23 percent earn less than $11,000
annually.
continued on page 32
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Is it possible that a builder of
space simulation equipment
as a hand in Beckv Hul
ballet lesson?
You'd expect that the leading maker of arc carbons that produce the brilliant light for projecting motion pictures would be
called upon to duplicate the sun's rays in space simulation
chambers. These chambers are used to test space devices,
such as the communications satellites and space vehicles.. .
and even the astronauts themselves.
And it probably wouldn't surprise you to learn that a company that produces half a dozen different types of plastics
would also create an anti-static agent as part of the vinyl
plastic it developed for phonograph records. This keeps dust
from sticking to record surfaces. The sound is improved. The
record lasts longer.
- And Beckv Hull's ballet lessons are performed to music that's more faithfully reproduced.
But would space simulation equipment and better
materials for phonograph records come from one
company? Indeed they would, in the unusual case

of the company known as Union Carbide.
All kinds of seemingly unlikely side-by-side activities turn up
at Union Carbide every day. As a leader in metals and alloys,
it developed a new, stronger stainless steel, and among the
results are better subway cars for New York City. In cryogenics, it manufactures the equipment for a technique in brain
surgery based on the use of supercold liquid nitrogen. Its
consumer products include "Eveready" brand batteries and
'Prestone" brand anti-freeze. And it i s one of the world's most
diversified private enterprises in the field of atomic energy.
In fact, few other corporations are so deeply involved in
so many different skills and activities that will affect the
technical and production capabilities of our next
century.
And we have a feeling that Becky Hull's future is
just as bright as ours.

N.Y. 10017. IN CANADA: UNION CARBIDE CANADA LIMITED, TORONTO
Divisions Carbon Products, Chemicals; Consumer Products, Food Products, International. Linde, Metals, Nuclear, Olefins, Ore, Plastics, Silicones and Stellite.

UNION CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK,
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Change is a t the heart of our Research and Development program.
The optical font characters in the
illustration above are part of a language that both people and electronic computer systems can understand.. just one of an ever-growing
list of scientific achievements by
NCR people that have brought about
many changes in such areas as
electronics, photochromics, semiconductor materials, and paper

.

technology.AIl of these advances are
of vital interestto business, industry,
government and military agencies.
For example, because of NCR
research, it is now possible to reduce a full page the size of a newspaper to a tiny rectangle of space.
The reduction i s made possible
through NCR'S photochromic microimage process. A minute area can
hold thousandsof micro-capsules.. .
cell-likestructurescontaininguseful

materials produced by means of
NCR'S amazing chemical process of
micro-encapsulation.
Perhaps your own changing interests and professional employment
objectives coincide with those o f
NCR. If so, and you would like to be
considered for positions that are
now opening, write in complete confidencetoT. F. Wade,Technical Placement, The National Cash Register
Co., Dayton 9, Ohio.
AN EQUAL OPPORTUNITY EMPLOYER

BE SURE TO VISIT THE NCR PAVILION AT THE NEW YORK WORLD'S FAIR

THE NATIONAL CASH REGISTER COMPANY

@

Engineering and Science

A t Douglas you can make it reach
t o the moon and beyond in outer
space programs. Or make it a bulwark against aggressors in some of
the most vital defense projects of
our time. Or let it fall on magnificent
jet aircraft programs that are shrinki n g the world. You'll be doing
i m p o r t a n t work, r e q u i r i n g b o t h
energy and creativity. But the rewards in rapid professional growth
are great. Many young graduates
have becomesupervisorsat Douglas
in only a few years. So if you'd like
to make your mark on tomorrow,
get in touch with us. We're an equal
opportunity employer.

Send your resume to S. A. Amestoy
Box 692-C, Corporate Offices
Douglas Aircraft Co., Inc.
Santa Monica, California
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Graduate T)egr~cf>
The median earned income for all alumni with
the BS as the highest degree is $14,500. I t is $13,000
for those with the MS, and $15,000 for those with
the PhD.
The relatively low MS and PhD medians are due
to tlie fact that many BS's are in industry, where the
pay is high, while many MS's and PhD's are in edncation and go\ emmeut, w,hew tlie pay is low.
Ihpio~fedin
Industry
Education
Government
Employed in
Industry
Covcniiiitint
Edm-ation
Military
Other

7 BS

70
8
9

!6 PhO

?; M S
60
15

40
38
12

11

Median earned income
BS
MS
$15.000
$15,000
13,200
12,500
8,000
10,000
12,000
12.400
8,400
9,000

Ph D
$18,000
15,000
12,000
13.000
16,900

Grades
As
Bs
cs

Our data also support the statement that outstanding achievement in extracnrricular activities
in college is predictive of later success. I n tact, the
income differential between no and irirtny activities
is the same as it is between A grades and C grades$1,000.
Extracurricular
tiwties
None
J to 3 kinds
4 or m o ~ iHilda

nt

Bs

Median earned income
A1 S

PhD

Median total income
$1 5,000
15,OUO

16,000

If high grades and participation in extraciirriciilar activities are each accompanied by higher incomes, then the combination of both should increase the differences. This is true of Calteeh alumni
when we cross-compare the extremes:

The differential tends to remain the same for all
years out of college.
Year* after BS

Median total income
$15,000
15,500
14,000

Grades
A't
C's

Median total income
Ettrai uiricular activities
None
4 or more kinds
$15,000
$17,000
13,000
13,200

College

The difference of $4,000 between the total income
medians for C students with no extracurricular activities is four times the size of the difference for
either grades or activities taken singly. We found
similar differences in our 1952 survey, although at
that time grades were not as influential as they are
in this study.

Study at Caltech pays off in dollars and cents for
those earning advanced degrees.

Civic Activities

Median annual
earned income Degree combination
$13,500
BS CIT, MS other
$14,000
BS other, MS CIT
$14,500
BS CIT, MS CIT

$13,800
$15,000
$16,000

BS CIT, PhD other
BS other, PhD CIT
BS CIT, PhD CIT

Median estim.
undergrad GPA

3.0
3.6
3.2

The advanced degree holder earns least if he took
his graduate work elsewhere, most if he did all of
his work-both undergraduate and graduate-at
Caltech. The pattern of median undergraduate
GPA's for the different degree con~binationssuggests that those with BS's from other institutions
are in the middle of the income ranges as a result
of more stringent standards of admission to graduate study than is required of Caltech BS's.
It is usually taken for granted that students with
high grades will be more successful than their classmates who get lower grades. Our data confirm this
opinion, at least as far as earnings are concerned,
although the difference is not great.
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When we made a comparison of the total incomes
of alumni who were very active in civic affairs with
those who were inactive, we found very large differences. A further division into those with BS's in
science and BS's in engineering revealed similar differences for both groups.
Number of
civic activities
None or 1
2 to 6
7 or more

Median total income
BS in
BS in
Science
Engineering
$ 9,000
$12,000
14,200
16,000
17,000
19,000

These higher incomes should not be ascribed
wholly to participation in civic affairs. An alumnus
must be well established-and therefore often in a
high income bracket-to have the time and opportunity to be active in civic affairs. There is undoubtedly a large proportion of young alumni in the
low civic activities group. However, these figures,
considered along with the higher earnings for alumni who were active in extracurricular activities, do
Engineering and Science

If

you're our kind of engineer,
you have some very definite ideas
about your career.
For example:
You've worked h a r d t o get a
good education. Now you want to
p u t i t t o work in t h e best way
possible.
You will never be satisfied with
run-of-the-mill assignments. You
demand exciting,
challenging projects.
You not only accept
individual responsibility - you insist upon it.
Does that sound like
you? Then AiResearch
is your cup of tea,
Our business is
mainlyinsophisticatedaerospace
systems and subsystems.
Here, research, design, and development lead to production of

November 1964

actual hardware.
That means you
have the opportunity to start with
a customer's problem
and see it through to a
system that will get the job done.
The product lines a t AiResearch.
s
are environ;
Los ~ n g e l e Division,
mental systems, flight information
and controls systems, heat transfer
systems, secondary
power generator
systems for missiles
and space, electrical systems, and
specialized industrial systems.
IneachcategoryAiResearch
employs three kinds of engineers.
Preliminary design engineers do
t h e analytical a n d theoretical
work, then write proposals.
Design engineers do the layouts; 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, a t AiResearch, you'll
get all the plus benefits a top company 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 t o expand. And
while he's doing i t he's working
with, and learning from, some of
the real pros in the field.
If the AiResearch story sounds
like opportunity speaking to youdon't fail to contact AiResearch,
Los Angeles, or see our representative when he comes to your
campus.
We'll be happy to talk to you about you and your future.
And put this in the back of your
mind :
In a field where meeting challenges pays off in rewards.

..

AiResearch
is challenge
An equal opportunity
employer
AiResearch Manufacturing Division
Los Angeles
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. . . continued

indicate that interest in community affairs has
monetary as well as personal rewards.

Occupational Success
Earned income is an important indicator of occnpational success, and by this standard Caltech
alumni are certainly successful. But income is not
an entirely satisfactory basis for judging the success
of a group with members who often hold academic
1 due3 higher than monetary I twards. In an attempt
to overcome this difficult), we ashid alumni to report their fellowships, academic honors, publications, organizational offices, and directory listings.
A total of 350 liave held important post-doctoral
fellowships such as Fulbright, Guggenheiin, NSF,
and Sloan; 364 have received honorary degrees or
other academic or professional honors; half ( 2,201 1
have published articles or papers, and 639 haxe
each published ten or more; 561 have published a
book or monograph, and 164 have published two or
more; 649 are officers, directors, or trustees in a firm,
institution, or organization that is not necessarily
that of their occupation, while 247 hold two or more
such offices; and 1,121 are listed in special directories such as Who's W h o and American Men of

Science.
These figures represent significant achievement
for any alumni group.
There is some evidence that many of our alumni
have a feeling of such accomplishment. In response
to the question, "In your present job, do you consider yourself more, as, or less successful than the
average?" over half ( 55 percent ) thought they were
"more successful." Only 4 percent thought they
were "less successful."
We selected a group of alumni who had outstanding records in these activities for further study. They
consisted of those who met any three of the following six requirements: 1) received a fellowship, 2 )
held an honor or award, 3 ) published two papers,
4 ) published a book, 5) was an officer or director
in a firm or institution, and 6 ) was listed in a special
directory.
There were 619 alumni, representing 14 percent
of the total, who met this criterion. Forty percent
were in industry, 40 percent in education, 13 percent in government, 2 percent in the military, and
5 percent in '"other."
The kinds of accomplishment we used to select
this group are more likely to be achieved by alumni
with advanced degrees, particularly the doctorate.
Sixteen percent of those who got a BS from another

institution and a PhD from Caltech qualified for this
achievement group. But 3 3 percent of those who received a BS from Caltech and a PhD from another
institution, and 34 percent of those who received
both their BS and PhD from Caltech are in this high
achievement category. The relatively high propurtion of PhD's with BS's from Caltech suggests either
a highly selective undergraduate admissions program, or a very effective educational program
Success, whether measured in terms of income or
leadership pos~tious,notable non-rnonetaq achievement or self-evaluation, is implicit in the earning
of a degree from Caltech. The relative extent uf the
success varies somewhat with the kind of degree,
whether obtained entirely at Caltech or hy some
combination of Caltech and another institution, and
the undergraduate major in which a degree was ohtained. Yet, the over-all success of Caltech alumni
when compared with other U.S. college a h i is
undeniable.
This was also the conclusion arrived at froin the
1952 alumni survey. At that time the median total
income of Caltech alumni was $7,900-considerably
higher than the $6,140 median income of all U.S.
college graduates.
Dollar incomes have increased enormously in the
United States in the 11years between surveys. The
U.S. Department of Commerce Current Population
Report of September 29, 1964, gives the median
U.S. family income in 1952 as $3,890, and in 1963
as $6,249-a 61 percent increase. The median family
income for all white U.S. college graduates in 1963
was $9,900-again a 61 percent increase over $6,140
in 1952.
The median earnings of Caltech alumni, however, have increased 93 percent-from $7,000 in
1952 to $13,500 in 1963. And the median total income of Caltech graduates has increased 103 percent-from $7,900 to $16,000!
The median total income of Caltech alumni in
1963 was at the 88th percentile of the income for
all U.S. college graduates. Current undergraduates
and graduate students, dwell on this thought when
you are dismayed, discouraged, and disenchanted
with your labors. They are worth the time, effort,
and money you are putting into them.

Fourth in a series of articles on the survey conducted last year by Dr. Weir, associate professor
of psychology. In our next issue, Dr. Weir will discuss alumni opinions of life at Cultech and their
suggestions for change or improvement.
Engineering and Science

The Institute has no record of the present addresses of
tliese alt1111tii.If got4 know the current address of ung of
these, nien, please contact the Alumni Office, Caltecfi.
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Neil W. H.iney
Skinner, Richmond H.

C x r , John
Henderson, William G
Trdci, WilUrd H.
Yomig D a n d R.
I 925
Waller Conrad J.
Winckel, Edmond E.
1926
Chang, Hung-Yuan
Yang, Kai Jin
1927
Evleu Haakon M.
Marsland, John E.
Moore, Bernard N.
Peterson, Frank F.
Riggs, Eugene H.
1928
Chou, P'ei-Yuan
Martin, Francis C.
Morgan Stanley C.
Wingfieid, Baker
Allison Donald K.
Chao, khung-yao
Fomey Morgan T.
Kelley, William
Moyers, Frank N.
Shields, John (;.
White, Dudley
Hall, Marvin W.
Ho, Tseng-Loh
West, William T.
Yoshioka, Carl K.
1932
Patterson J. W.
Schroede;, L. D.
1933
Appleg'ite, Lnidbay M.
Downic, Arthur J.
Koch A. Arthur
Lars& William A.
Michal Edwin B.
~ u r d o c k Keith A.
R.
Rice.
Shappell, Maple D.
Smith, Warren H.
19.34
Core Edwin J.
Harshberger, John D.
Liu. Yun Pu
Moore, Morton E.

ton

Bertram, Edward A.
Huang Fun-Chang
MCCO;, Howard M.
McNeal, Don
Ricketts, Donald H.
1936
Chu, Djen-Yuen

36

J 937
Biiini~ht T b o ~ n ~ i13s
Cheng, Ju-Yung
.L t ~ t o n 4.1~.thoi-p
F i n H ~ uTG
Join", P uil F .
L(>t/kIl, H i r n
MaginnL, Jack
Mimi*r, Lic k
Nolima, h o b k
O d ~ l l H a ~ n o u c iH.
~ e n n , ' ~ i l h aLee,
m Jr.
Servet, Abdurihun
Shaw, rhoincis N.
193b
Goudlnda, H \ m a n I).
Gross, Arthur G.
Gutierrez, Arnulfe G.
Kanemitsu, Sunao
Lowe. Frank Clare
Rhctt, Willittm
Ryie,irson, Garn A.
Tsao Chi-Cheng
Wan&, Tiun-Kuei
\\ atson, James \\
1939
Amit, Â£.dgii A.
Goinbotz. Joseph J.
Hsueli, (..hao- Wang
K'tzan, Bern-inim
Liting, C'irr Chia-C11.mg
Weinstein, Joseph
Wilson, Hitrry D.
1940
Abraham, Lewis
Batu, Buht,ir
Compton Arthur M.
Gentner, ' ~ i l l i a mE.
Gibson, Arville C.
Green, William J.
Hsu Chang-Pen
~ . ~ r U b ~R1~holLi11
im,
Y.
Kmg, James L.
Lovoff, Adolph
Menis, Luigi
Paul, Ralph G.
Tao, Shih Chen
Torrey, Preston C.
Wang, Tsung-hu
1941
d a r k , Morris R.
E a s k i , Samuel J.
Geitz, Robert C.
Gould, Martin
Green, Jerome M.
Hardenbt'rgh, George A.
Harvey, Donald L.
Helmick, Benjamin W "
Hubbard, Jack M.
Nicholson, George H.
Noland, Robert L
Robinion, Frederick G.
Standridge, Clyde T.
Taylor, D. Francis
Vaughan, Richard
Wolfe, Samuel
Yui, En-Ying

.

1942
Bebe. Mehmet F.
Devault, Robert T.
Drake John A.
~ r n r e , 'Orhan M.
Go, Chong-Hu
Johnston, William C.
Levin, Daniel
MacKenzie, Robert E.
Martinez, Victor H.
1943
Angel Edgar P.
~ r o - , Glenn H., Jr.
Brown, James M.
B r y a t Eschol A.
~ u r l i n i t o n William
,
J.
Carlson, Arthur V.
Colvin, James H.

h iton, iU i m n V., Ji.
C tffnn , Tlii~~ii
i-i A
Could, j i h E.
Hamilton, William M.
Hilly ird Hoy I.
Hilnnrod, Aithui
Jolut.f.a, Ldwm tx.
King, E.dn ird L.
KO<h , Rob<rt 13
Kixig, Robui W.
1~Forgc,Gt iii R.
Let Edwin S., Jr.
Let (1 Vt in h d o w i r k
Ling Shjh-Siing
Lundigui~t,Roland J?.
M.iinpel1, k l %us
McNe11, R 13inond F
Mixsell, Joseph W
Mowery, Irl H., Jr.
Ne^le-v, Win Leuis
Nt mt,h \ inder. Leo Z.
O'Bricn, Rob1rt E.
Pearson, John E.
Rivers, Nairn E.
Roljerf, Fred B.
Rupirt, James W Jr.
Schol^. D iu 11
Shannon, LÃ§sli A.
Srn~th+rin~in,
Thomas B.
Tindlt , Albt rt W.,Jr.
Vicente, Erncsto
Willdrop, Nathan S.
V, alsh Joseph R.
V, ashbum. Courtland L.
Weis, William Thomas
M heeler, Rodney S.
Vt ood, Stanlt's C;.
Â¥

.

1944
Alpan, Rasit H.
Baranowski, Francisco D.
Bell, William E.
Benjamin, Donald G.
Berkant, Mehmet N.
Birlik Ertugrul
B W C ~Joseph E.
Burke William G.
Clendknen, Frank B.
Cehet I, Al~riied
Cooke, Charles M.
D e Medeiros, Carlos A.
Fu, Ch'eng Yi
Harrison, Charles P.
H u Ning
~ o h k s o n "William M.
~ a b a n a u s k a sPaul J.
Leenerts, Lester 0.
Mapel Robert W.
~ a t t d s o n .Carl 0.
O n ~ t d d .Mt-rrill E.
PI, Te-Hsien
Pischel, Eugene F.
Ridlehuber Jim M.
Shults, Mayo G.
Stanford, Harry W .
Stein, Roberto L.
Sullivan. Richard B.

Ari. Victor A.
~ r y k e r ,Dean L.
Budney, George S.
Bunze Harry F .
clementson, Gerhardt C.
Fanz, Martin C.
Fox Harrison W.
~ i h i o n ,Charles E.
Grossling, Bernard0 F.
Jenkins, Robert P.
Knapp, Norman E.
Kuo Yung-Huai
L ~ v } , Charles N.
Rice, Jonathan F.
TSPU,Payson S .
Turkbas, Necat
Yank, Frank A.

tlh-iin ( 11i l l V. , Jr
B irhi i Ji>hn H
Beliroon, Khosrow
Buutii, Mark E.
Brinui it15 H i n i v H.
Burg-r Cil?~iiu\A
Chen, kt -1 u in
1)- thu r, Bi maid
Dougherty, Chas. B.
Dyion, Jerome P.
Esner, David R.
Fostex, R Bruce
Gould, Eduin h
H,tliorson, Georgt G.
Huffman, ( harles C
Hut \ti>, G u ild S
Ingram, Wilbur A.
Jacobsen, John R.
Ke Yuan,. Chen
Lowery, Robert H,
Lev.^, Frederick J.
Maxwell. Frederk k W.
McConnaughhay, James W.
Miller, Jack N.
OIsrn, I edit B.
P<tiker, Iamt s F.
Prasad, K V. Krishna
Hue, Jerry H.
Salbach, Carl k.
Shepard Elmer R
Sledge, Edward C.
Smith, H a n e y F.
Stephensou, Robert E.
Tuna, Yu-Sin
Webb, Milton G
1947
Asher, Holland S.
Atencio Adolfo J.
~ t k i n s o i Paul
,
G., Jr.
Brown, Raymond A.
Clarke, Frcdric B.
Clements, Robert E.
Clock Raymond M.
~ o l l i n s ,Hugh H.
Dagnall, Brian D.
D.irling, Denald A
Darling, Rodney 0.
Hammerle, Win G.
Heppe, Ralph R.
Hsu, Chi-Nan
Lane, James F.
Leo, Fiorello R.
Lim Vicente H Jr.
~ai~lister,
S.
Manoukian John
McClellan,'~homas R.
Molloy Michael K.
~ o o r e h e a d Basil
,
E. A.
Olson, Ravmond L.
Orr John L.
~ a y Kamalesh
,
Rust, C:la> ton A.
Sanders, Lewis B.
Sappington, Merrill H.
Schroeder Henry W .
Thompson Russell A., Jr.
~ o r g e r s o n ,Warren S.
W a n Pao Kang
wellman. Alonzo H., Jr.
Wiinberly, Clifford M.
Winters, Edward B., Jr.
Ying, Lai-Chao
1948
Agnew Haddon W.
~ u n c e , ' ~ a m eA.
s
Clark, Albert R.
Collins Burgess F.
cotton, Mitchell L.
Crawford, W m D.
Herold Henry L.
Holm ~ o h nD.
~ s i a dChien
Hsieh Chia Lin
~ a m b e r t Peter
,
C.
Latson, Harvey H., Jr.
Ldwton G .
~ h y n a r d Wayne
,
E.
Steiq, Paul G.
Swam, John S.
Voelker, William H.

^hi iina^il<, Marvin
Bill-htr, Echua F , Jr.
Baunii~in,John I Jr.
Botienberg \\ illiain R
Biewii, John R.
Brvan. Wharton W.
C k ng, <.hr-Min
C l a i ~ y 41btrt
,
H , Jr.
Clendt mng, H r r b i ~ fC.
Cooper. Harold D.
Dieter, Dam-ll W
Dodge, John 4
Foster, Francis C.
Gakt in, Robert H.
Gillition, Filluiore B
H ird) , Doii.ild J.
Heiman Jarvin R.
Kraiiu, red E ,
Krm:ss Max
Leroux. Pierre J.
Loxrev, Ritb ird 0
h4acKnino11, Ntil A.
M i E l h g ~ t iBitli-ird H.
M<rrfll, Rirhard L.
Parkt'r. Dan M.
Petty C;harles C.
~ i n e h ' i r t ,Marion C.
Ringues, A! illiam M.
Sa.iri Albert E.
Sinker, flobcrt A.
St.ipplei, Robert F.
V ens Mitchell
\ ~ i n n l t o r d ,Robt r t S.
Wilkening, John W.
Yu, Sicn-Chiw

Bryan, William C.
Edelsteih, Leonard
Gimpel Donald J.
Li ~ h k Hsie-n
g
Mayiier, Gerald S.
McDaniel. Edward F.
M c ~ i l l a n ;Robert
Mesara, R. Reha
Montemezzi, Marco A.
Pao, Wen Kwe
Paulson, Robert W.
Petzold, Robert F.
Scherer Lee R Jr.
~ c h m i d i ,~ o w a r dR.
Soldate, Albert M.
1951
Arosemena, Ricardo M.
Chong, Kwok-Ying
Davison, Walter F.
Goodell, Howard C.
Hawk, Riddell L.
Lafdjian, Jacob Parseh
Li, Cheng-Wu
Merkel George
~ a d g e dJoseph
,
E., Jr.
Palmer John M. Jr.
~ j o d i n~, a y m o n dA.
Summers, Allan J.
1952
Abbott John R.
~ r c o u d s ,Elias G.
Bucy, Smith V.
Harrison, Marvin E.
Helmer, John C.
Helmuth, James G.
Lunday, Adrian C.
Meyer, Robert F .
Primbs, Charles L.
Robieux Jean
~ o b i s o n zWm C.
Schaufele, Roger D.
Shelly, Thomas L.
Sutton, Donald E.
Wiberg Edgar
~ i l s o n , 'Howard E.
Woods, Joseph F.
Zacha, Richard B.

1955
Barman Merv\n L
C unpti?-ll, nougldi 13
Engels, Eugene
Hubrr, Will1 mi I:
Liin, .Mitirobio
Moore, Wilhain '1.
Roman, Basil P.

.

Edw u-d, Robert V,
Frignac, Je in-P.1111
Garn.tult, Audn F
Kelly, Jdiiies L.
Kontaratos, Antonios N.
McAllister. Don F .

Brust David
~ o e h e l ,Charles V.
Howie, Archibald
Lawrence Alfred F. Jr.
~chwartz,'Lowell M.
Stuteville, Joseph E .
Wong, Chi-hsiang
Ackley David A.
c h a n g , Berken
Dundzila Antanas V.
Jones, ~ a u r e n c eG.
Khamis, Mitri G .
Knight, Harold G .
Saffouri, Mohammad H.
Wille, Milton G.
1959
Baekelandt, Victor
Bailey, John S.
Byun, Chai B.
Cheng Hung
~ u i l l e m e t ,Michel P.
Gustafson, Herold
Havey, James H., Jr.
Idriss, Izzat M.
Monroe, Louis L.
Muraoka, Kenneth A
Weber, Walter V.
1960
Bieniewski, Thomas M.
Farha, Norman S.
Lindquist, David M.
Mauger, Richard L.
Pumell, Lannes S.
1961
Dombey, Norman
Hecht Robert J.
~ i c h t e r ,Bolt
Steinberg, Charles M.
1962
Dorlhac, Jean-Pierre
Dobois, Jean Claude

Engineering and Science

Another of your future's many facets at Monsanto
As a billion-dollar manufacturer of hundreds of products-in 40 U. S. plants, 15
overseas-Monsanto considers the manufacturing engineer of prime importance.
His talents are needed to find new ways (and improve old ways) of increasing yields,
improving control, lowering costs-bringing plants up to optimum performance.
You will have the satisfaction of applying your engineering skills and knowledge,
from inception to final operation
and have the full
and seeing the results.
responsibility for your decisions. There are production challenges now awaiting
good men
plus substantial rewards for meeting them.

..

...

. ..

.. .

Let us show you what they can mean to you
professionally, personally, financially.
Write today-we'll send you our brochure, "Your Future and Monsanto." Address:
Manager, Professional Recruiting, Dept. CM 64, Monsanto, St. Louis,
Missouri 63166.
An Equal Opportunity Employer
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drilling all over the world
In 1961, the AIME gave him the
John Fi anklin Cdril Award for distinguished contributions to petroleum eiig~neeiiiig The attttioii, which winmanzes his contributions to the en-
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Hallan N. Marsh, BS '22, a prommeiit petioleurn engineer, iii'.tbntor, antlior and ,i dnec to1 of the ('dltrt 11
Alumni Associcttion during the years
J 951 to 1953, died siddenly in Whitof
lieai t attack on
tiei, C ttl~foi~~id.
Jul!, 24, 1964
Born .-ipnl 21 1899, in Ne~llsville.
~
1 ..thfonu 111
Wisi O~ISIII,
lie b > .tmit
t ' i l ~ J i I ~ t in
~ 1 Oil ~ 1 O d i i f i ~
O~~f'rdtlOiih
J~
in 1914. His. hithei Spencer M Marsh,
and his inspir 'iti onal teaching 'tud iie'tii i lii\i > ei .uid titsite x-udto~
in M 15elopiiieut of juriior e i i g i i ~ - ~ ~ i ~a-ea-l I
coiisin \4 110 came t i ?st to bt'coiiie IJis< o~npli*ih(:~d
tlii ough a dedicated ,idtiic-t Attorney and later Judge of the
heieiice to the simple, biiGc concepts
Superior Court in Sail Diego (bounty.
of science. economics, and piofessional
H'tl Mtiish sened 111 the A n q m
mtegiity ' He wai>artixe in the Amei1918 and r~ceived11i.s BS i i i niechanican Petioleurn Institute, served a5 the
ifal engineering from C'iltecli in 1922.
cl~airn-i~~i
of the Central Committee on
He was elected to Tau Beta Pi and
Drilling and Production Practice, and
Sigma Xi. He worked as an engineci
\ u s it leader for more tliari 30 yeais
for the San Diego and Arizona Railin the institute's program of standardiwa), spent a year in gi>idu.ite work at
zation.
Giltecli, and then entered the eiigmeerHdlldii M.irsh \+'is elected to the
ing depttitineiit of the Gt'neiiil PetrolExecutive Council of Tau Beta Pi in
eum C ~ r p o r ~ ~ t111
i oLos
n Angeles.
1961. He seived as secretaiy of the
Aftei 37 e,u s v, it11 Oenerdi Petrolcouncil from December 1962, until his
eum (now Mohil Oil Co. ), he letired
death. He was very active in Tan
in 1960 as rn~uiageiof its Pioductio~i Beta Pi activities and was most conEngineering and Equipment Section.
cerned with financial matters of the asHe was a national authority on how to
sociation.
measure and control the underground
He was .t person of extraordinary inconditions encountered in oil and gas
tegiity . He recognized n o degi ees of
production. His papers have enriched
integiity-saying that honest)., like
the techmcal literature. He held eleven
pregnancy, is either present or absent.
patents on (hilling 01 pi oduciug irisiti uOnce asked if he was d cynic, he quoted
ments and equipment, and it w'2s he
a Chinese proverb saying that if a man
who long ago developed the "Marsh
has both ideals and intelligence, he is
funnel."' \\hi(-h is now iist~l111 ~ o t a i ~ bound to become a cynic when he discovers how far short mankind fails of
its ideals, and then his happiness will
depend on mixing his cynicism with
kindness.
Hal Marsh's greatest success was in
the selection and development of junior
engineers. Before World War 11, h e
was instrumental in setting up a training program for newly hired engineering graduates. From 1937 until Marsh's
retirement, 71 graduates had entered
the program and 54 of them were still
with the company. Of these, one was
then a division vice president, one an
operations superintendent, one a joint
inteiest manager, one a division controller, and five were district superintendents. About half of the 54 were
supervisors or managers of field operations and half were staff engineers,
some with great responsibility. Two
were in foreign operations of Socony
Engineering and Science

Originally, this crosshead for a lift truck was
not a forging. Now it is forged in steel. Here's
why. .
The lift truck builder wanted to increase the
safety factor to meet greater bending and shear
stresses. He also wanted to increase the fatigue
strength of the part. And all without any increase in weight or cost. He also wanted to
reduce tool breakage caused by irregularities,
voids, and inclusions.

.

He changed over to FORGED crossheads.
Now the crosshead has the required strength
and stress-resistance, costs 20% less when
machined and ready to assemble, increases
production rates 14% by reducing tool breakage and increasing machining speeds.
Forgings are better for these reasons; they:
1. Are solid, free from voids and inclusions
2. Have high fatigue resistance
3. Are strongest under impact and shock loads
4. Have a higher modulus of elasticity
5. Have a unique stress-oriented fiber
structure
6. Are low in mechanical hysteresis

Memo to future engineers:
' M a k e it l i g h t e r a n d make i t stronger"is the
demand today. No other metalworking process
meets these two requirements so well as the forging process. Be sure you know all about forgings,
their design and production. Write for Case History
No. 105, w i t h engineering data on the lift truck
crosshead forging shown above.

DROP FORGING ASSOCIATION
55 Public Square

Cleveland 13, Ohio

When it's a vital part, design it to be

Alumni News . . . continued

mines what combinations of materials,
forces, and human factors will produce
the result, 01- something close to it, at
an acceptable cost."
Mr. Marsh is survived by his wife
and companion for 40 yea1 s, Kareen, of
16342 East Prudencia Drive, Whittier,
California; their son, Dr. john S. Marsh,
Whittier neurosurgeon; their two
daughters, Mrs. Neila Gregory and
Mrs. Janet Davis; and 6 grandchildren.
-Donald S . d a r k

Mobil. A Mobil executive commented
that "Hal Marsh has multiplied his contribution to the company by inultiplying the skills of his juniors, setting in
motion a chain reaction that can continue for decades."
Hal Marsh was an ardent mountain
climber and life member of the Sierra
Club, a licensed pilot of private airplanes, a bmoating enthusiast, and a superb color photographer.
Hal Marsh had a clear concept of the
distinction between the scientist and
the engineer
as follows: "A scientist is
concerned with what happens from a
given combination of materials and
forces. An engineer starts with the particular result desired, and then deter-

Ernest Maag Retires
Ernest Maag, principal structural engineer for the school section of the
Office of Architecture and Construction
of the State of California, is retiring
on December 1. For the past ten years

lie has been in charge of the southern
California office of the school section.
which supervises approximately two
million dollars worth of public school
construction per year.
After graduating from Caltech, Mr.
Maag got his first training at the Pasadena Building Department. From 1933
to 1945, he worked in the L.A. County
Building Department as a research
engineer, in charge of building code
work. He joined the State of California
in 1946.
He has been active in many engineering organizations, and served as
president of the Structural Engineers
Association of both California and
southern California. He was president
of the Caltech Alumni Association in
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PLACEMENT ASSISTANCE
TO CALTECH ALUMNI
There are two ways in which the Placement
Service may b e of assistance to you:

(1) T o help you seek new employment or a
diange of employment.

( 2 ) To inform you when outstanding opportunities arise.
This service is provided to Alumni by the Institute. A tee or charge is not involved.
It' you wish to avail yourself of this service, fill
I
and mail the following form:
To: Caltech Alumni Placement Service
California Institute of Technology
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Q A form to report my field and operation so
that I may b e notified of any outstanding
opportunities.
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Enginefcring and

Sophisticated engineers can rise rapidly here
Ed, Bob, and Hipparchus (their true identities hidden here
against pitiless kidding by all-too-real colleagues) are three
Kodak mechanical engineers on their way to a management
meeting for the up-and-coming. Let us consider differences
rather than similarities.
Ed works on those inexpensive, sure-fire cameras t h a t
Americans as well as citizens of the rest of the civilized world
think of when "Kodak" is mentioned. T h e big boss who
chose Ed for his department says: "Along with Ph.D.s in
solid-state physics, I look for B.S. and M.S. mechanical
engineers from whom I can expect the unexpected. The spots
for sophisticated engineering don't always have a sign over
t h e door t h a t says 'SOPHISTICATED.' Who would ever
have dreamed ten years ago that low-price zoom lenses and
automatic exposure-setters and through-the-lens finders
could deliver the performance they do today? The doozers
we have ready to unveil next year and the year after that
are well in hand, fortunately. Then what?" Then what is
Ed's responsibility. He will need help from fellows now in
college. Maybe you.
Bob works on data-recording and information-retrieval
photographic systems. His work has to impress cost-minded
brother engineers in other companies as well as banks and

other hard-nosed commercial customers. He meets the
requirements of a boss who says: "The type I need was
called an 'inventor' a generation ago. The difference is that
in 1965 he will need a lot more mathematics, engineering
physics, chemistry, hydraulics, electronics, and other booklearning than an inventor needed in 1925. When i t comes
time to relax, though, you'll find him building something
with his hands, and it's probably something pretty clever
and unusual t h a t works real well." As i t happens, Bob's
main hobby is neither bridge nor folk singing.
Old Hip calls square dances and doesn't care who knows.
Policy proscribes discussion of t h e nature but not of the
philosophy of his engineering. His boss puts it: "In consumer and commercial products, where regular service can
easily be part of the engineering plan, perfection would
carry a price tag t h a t made no sense. With us, a perfect
score is the only acceptable goal. Nothing less makes economic sense. Before our guys can think of what is sensible,
they have to think of what is possible. I t can be very enjoyable for the right type of smart apple."
Drop us a line if you can see yourself as any of these three
right types, whether in mechanical engineering, chemical
engineering, electronic engineering, chemistry, or physics.

EASTMAN KODAK COMPANY,
Business and Technical Personnel Department, Rochester, N. Y. 14650
An equal-opportunity employer offering a choice of three communities:
Rochester, N. Y., Kingsport, Tenn., and Longview, Tex.

vancement in a Big Company:
How It Works

An Interview with General Electric's C.K. Rieger, Vice President and Group Executive, Electric Utility Group
pendent companies. Since each department is responsible for its own
success, each man's share of authority and responsibility is pinpointed.
Believe me, outstanding performance
is recognized, and rewarded.

Q. Can you tell me what the "promotional ladder" is at General Electric?

C.

K. Rieger

Charles K. Rieger joined General Electric's Technical Marketing Program after
earning a BSEE at the University of Missouri in 1936. Following sales engineering
assignments in motor, defense and home
laundry operations, he became manager of
the Heating Device and Fan Division in
1947. Other Consumer-industrymanagement
positions followed. In 1953 he was elected
a vice president, one of the youngest men
ever named a Company officer. Mr. Rieger
became Vice President, Marketing Services
in 1959 and was appointed to his present
position in 1961. He is responsible for all
the operations of some six divisions composed of 23 product operations oriented
primarily toward the Electric Utility market.

Q. How can I be sure of getting the
recognition Ifeel I'm capable of earning in a big company like G.E.?

A. We learned long ago we couldn't
afford to let capable people get lost.
That was one of the reasons why G.E.
was decentralized into more than a
hundred autonomous operating departments. These operations develop,
engineer, manufacture and market
products much as i f they were inde-

A. We regard each man individually.
Whether you join us on a training
program or are placed in a specific
position opening, you'll first have to
prove your ability to handle a job.
Once you've done that, you'll be given
more responsibility, more difficult
projects-work
that's important to
the success of your organization and
your personal development. Your ability will create a "promotional ladder"
of your own.

Q. Will my development be confined
to whatever department I start in?

A. Not at all! Here's where "big company" scope works to broaden your
career outlook. Industry, and General
Electric particularly, is constantly
changing adapting to market the
fruits of research, reorganizing to
maintain proper alignment with our
customers, creating new operations
to handle large projects. All this represents opportunity beyond the limits
of any single department.

-

Q. Yes, but just how often do these
opportunities arise?
A. To give you some idea, 25 percent

of G-E's gross sales last year came
from products that were unknown
only five or ten years ago. These new
products range from electric tooth
brushes and silicone rubber compounds to atomic reactors and interplanetary space probes. This changing Company needs men with ambition and energy and talent who aren't
afraid of a big job-who welcome the
challenge of helping to start new
businesses like these. Demonstrate
your ability-whether to handle complex technical problems or to manage
people, and you won't have long t o
wait for opportunities to f i t your
needs.

Q. How does General Electric help
me prepare myself for advancement
opportunity?
A. Programs in Engineering, Manufacturing or Technical Marketing give
you valuable on-the-job training. We
have Company-conducted courses t o
improve your professional ability no
matter where you begin. Under Tuition Refund or Advanced Degree Programs you can continue your formal
education. Throughout your career
with General Electric you'll receive
frequent appraisals to help your selfdevelopment. Youf advancement will
be largely up to you.

FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write
Personalized Career Planning, General Electric, Section 699-11, Schenectady, N. V. 12305

An Equal Opportunity Employer

