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The year 1983-1984 was a rewarding one for Caltech, in research and
educational achievements and in financial support from our friends. By
the end of 1983-84, the Institute had received a record $27.7 million in
gifts of cash and equipment-compared with $21.7 million in 1982-83.
A $5 million gift from the Arnold and Mabel Beckman Foundation
was a highlight in the achievement of that record. Another example of
Dr. and Mrs. Beckman's generosity to the Institute, this gift will enable
Caltech to create a laboratory devoted to research in chemical synthesis. It will be called the Arnold and Mabel Beckman Laboratory of
Chemical Synthesis.
Cal tech is fortunate to have some of the finest synthetic chemists on
its faculty at a time when a renaissance in this field is under way. The
Beckman's gift will enable our synthetic chemists to apply themselves
even more productively to furthering this renaissance. We expect the
new laboratory to be completed in the spring of 1985.
Another exciting gift was announced early in January 1985. The
W. M. Keck Foundation of Los Angeles announced a proposed grant
to the Institute of$70 million to construct the world's largest optical
telescope. The grant would be the largest private gift ever made for a
scientific project. The W. M. Keck Observatory will house a 10-meter
instrument that will be four times more powerful than the 5-meter telescope on Palomar Mountain in California. It will be located on Mauna
Kea, an extinct volcano on the island of Hawaii. Construction of the
observatory will begin in 1986.
A substantial number of gifts to the Institute in 1983-84 came in the
form of critically needed laboratory equipment. Caltech shares in a
major problem confronting colleges and universities across the
country- aging and increasingly obsolescent laboratory equipment.
To help address this problem, the Institute established a discretionary
equipment fund, initiated by a $1 million grant from theW. M. Keck
Foundation in 1983. Called the Renewal Fund for Scientific Equipment, it will be used to fund a broad range of equipment and instrumentation for research and education.
We are pleased with progress we made in implementing a
multimillion-dollar educational computing program begun during the
previous year. By the end of 1984, more than 400 computing work2

stations were available on campus for educational computing. Within
the next few years, the number of microcomputers available to students
will increase to about 800.
In 1983-84 we confronted and resolved some important issues concerning the future of the Institute. One such issue and its resolution, involving Caltech's Palomar Observatory, took place in San Diego. After
concerted efforts by Caltech and its friends, the San Diego City Council voted to convert the city's street lighting system to low-pressure sodium lights. These emit light in only one line of the spectrum, which
can be filtered out of astronomical observations. San Diego County
authorities took similar action in terms of street lighting and also
adopted an ordinance controlling selected private outdoor lighting
uses. These actions ensure that Palomar Observatory will not be
blinded by light from neighboring communities.
A second important issue, the establishment of an Army analysis
center under JPL cognizance, became the subject of extensive discussion among faculty members and the administration. Substal)tial
faculty concern centered around the fact that the Arroyo Center would
undertake policy studies involving discipline areas in which neither
JPL nor the campus has extensive expertise. Faculty members noted that
this would make it necessary to hire personnel in areas not connected
with the lab's mainstream activities, and would create difficulties in
supervision and review. A faculty vote recommended that the Arroyo
Center not become a permanent part of the Institute. After its initial
start-up phase at JPL, the analysis center activity was transferred to the
Rand Corporation late in 1984.
Important new construction is under way at JPL. Ground was broken
during 1984 for a frequency standards laboratory, and work is scheduled to begin during spring 1985 on an earth and space sciences laboratory and a central engineering building.
A major change during the year was the retirement ofR. Stanton
Avery after 10 years as chairman of the Institute's Board of Trustees.
Under his guidance, Caltech flourished, both as an educational institution and as a center for scientific research. We will continue to have his
service as chairman emeritus and life trustee. The entire Caltech
community is grateful for his outstanding leadership.
We are fortunate to have Ruben F. Mettler as our new chairman.
Mettler, a Caltech graduate who is chairman of the board of TRW Inc.,
assumed the position of chairman on January 1, 1985. We look forward to working with him.
We also welcomed two new members to the board-John F. Akers,
who is president of IBM, and Roger B. Smith, who is chairman of the
board of General Motors Corporation. Thomas J. Watson, Jr., and John
G Braun retired from active service on the board and were elected life
trustees. Frederick G. Larkin, Jr., a member of the Board of Trustees
since 1969, died in December 1984. He was the retired chairman of the
executive committee of Security Pacific National Bank. Larkin brought
a special interest and expertise to the board, and we will miss him.
Caltech continues to be a strong and vital institution, highly
respected throughout the world. When we look back on 1983-1984, we
are pleased with our accomplishments. And as we enter 1985, we are
enthusiastic about what lies ahead.

President
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The Year in Review

In th e yea r 1983 -84, th e Institute co ntinued its traditio n al
high level of achieve ment in
educati o n and research, and
recognition of this fa ct was
refl ected in both honors for its
fa culty a nd students and support fo r its programs.

Education

:.!ild una her and small class si~e
make 11 f)()s.,ible for Professor of
Hi., ton Eleunor Searle w condllct u
se.,sion of her course madoors .
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In 1983-84 the Institute
received applications from
1,267 high sch ool students,
which was 9 percent fewer
than last yea r. From this
gro up, 171 men and 23 women
m ade up a freshman class
numbering 194, an increase of
5 percent over last year. Total
undergraduate enrollment
dropped from 829 in the fall of
1983 to 817 for the first term of
1984. Graduate enrollment,
however, reach ed an all-time
high of 999 , 156 of whom
fo und ho using in the newly
completed graduate
apa rtments.

C altech's Fina ncial Aid Office
co ntinued to b e faced with a
sho rtfall betwee n available
fund s a nd number of eligible
students, amounting to some
$300 ,000 fo r 1983-84 a nd a n
estim ated $500,000 in 1984-85.
Projected changes in federa l
fin a ncial aid programs h ave
been postponed tem pora ril y,
but substantial cuts are possible in 1986-8 7.
A s an apparent co nseq ue nce
of the tightening in fin a ncial
aid fund s, there was a d ecl ine
in the number of students
coming to Ca ltech fro m lowand middle-income California
fam ilies. This indicates valid
co ncerns on the part of stu de nts a nd their famili es since
the aid package today co ntains
a larger percentage of loa n a nd
part-time job income, a nd a
smaller percentage of direct
aid, tha n in the past. Abo ut 85
percent of the Cal tech student
body hold part-time jo bs, a nd
while many students carr y
heavy loa ns, the default rate,
which h as always bee n one of
the n at ion's lowest, decl ined in
th e las t fisca l yea r from 3.96
percent to 2.83 percent.

A s always, Caltech stude nts
graduating in June 1984 did
well in terms of both job offers
a nd salaries. The ave rage a nnual salary offer fo r BS degree
recipi ents was $28 ,700, which
was 7 percent high er than
the national average. For MS
d egrees, the average offer was
$3 1,800. By August, 39 perce nt
of the 213 BS recipie nts h ad
accepted full -time positio ns,
4 7 percent planned to enter
gradu ate school, a nd th e rest
had other plan s. Of the 147
MS recipients, 27 percent took
jobs, and 60 percent plan ned
to co ntinue in gradu ate school.
Of the 123 PhDs, 61 percent
accepted academic positions,
and 34 percent went into
indu str y.
One reason fo r this excellent
record is, no doubt, Caltec h's
commitment to students' early
a nd regular participation in
ac tu al research. The SURF
(Summer Undergraduate Research Fellowships) program,
fo r exa mple, h as provided
fund s fo r selected undergradu ates to rem ain o n campus during the summer a nd pursue
s tud e nt~des ig ned researc h
projects under the gu ida nce
of a fac ult y spo nso r. A record
number -107 -were able to
participate during the summer
of 1984 .
Cu rre nt students are also
reaping the benefits of a n
edu catio n al computing effort
begun over the last yea r. The
Caltech approach con sti t utes a
sh arply different path, in both
scope a nd aims, th a n at many
other uni ve rsities using com puters to help educate th eir
students.

Students will use several different brands of computers and
equall y varied programming
languages. The aim of this approach is to enable students to
make fully informed decisions
about the best hardware and
software for any given task.
Also students wi ll be able to
learn the basics of computer
programm ing in courses at
several different levels of
soph istication, or perhaps in
informal tutorials. Four sections of an introductory computational physics course, for
example, offer four different
computer languages. The
emphasis in this course is not
on learning the basics of the
language but on immedi ate
programming applications.
While the pioneers in educational computing at Caltech
are the faculty in computer
science, it is expected that
courses in which computer
programming is "flavored" with
a given discipline will spread
far beyond the traditional
computerized disciplines.
Cal tech's telecourse in
physics, "The Mechanical
Universe;' will be extended
from its original 26 programs
to 60 by a $2.9 million increase
in funding for the Annenberg/
CPB Project.
Management education has
long been avai lable at Caltech
through its Industrial Relations Center, which this year
established a new program to
help high-technology entrepreneurs learn how to operate in
the competitive world of business. Modeled after a six-yearold program developed by
alumni of the Massachusetts
Institute of Technology, the
Caltech/ MIT Enterprise
Forum is held monthly during
the academic year.

At each meeting the chief executive of a growth-oriented
firm presents critical aspects of
their corporate business plan
and demonstrates the company's primary products. A
panel of business leaders then
ana lyzes the strength s and
weaknesses of the plan. The
audience, which numbers
about 200 for each meeting,
is also offered an opportunity
to question and comment on
the company's plan.

Appointments
A number of administrative
posts were filled during
1983-84. The new vice provost
is Charles Babcock, professor
of aerona utics and applied
mechanics. Arden Albee,
professor of geology, was
appointed dean of graduate
studies; and Gary Lorden,
professor of mathematics, became dean of students. Fred
Anson, professor of chemistry,
took over chairma nship of the
Division of Chemistry and
Chemical Engineering; and
Paul Jennings, professor of civil
engineering and applied mechanics, is the new chairman
of the Division of Engineering
and Applied Science.
Endowed professorships are
an important source of funds
for the Institute and of recognition for distinguished members of the faculty. During
the last year, several eminent
professors were named as the
first occupants of chairs.
Samuel Epstein became the
first William E. Leonhard
Professor of Geology, Robert
Leighton was named William
L. Valentine Professor of
Physics, William Goddard
became the Charles and Mary
Ferkel Professor of Chemistry
and Applied Physics, and
Gerry Neugebauer now holds
the Howard Hughes Professorship, recently established by
the Hughes Aircraft Company.

In addition, three already
established chairs received
new occupants: The Carl F
Braun Professorship of
Engineering was awarded to
William Bridges, Gerald
Whitham was named Charles
Lee Powell Professor of
Applied Mathematics, and
Barry Simon became IBM
Professor of Mathematics and
Theoretical Physics.

Honors
Honors come to Cal tech
faculty in numbers that make
it impractical to list all of them
here. The year 1983-84 was no
exception to this pattern, but
one highlight was the election
of five faculty members to the
National Academy of Sciences.
These five bring Caltech's total
current membership to 56, an
all-time high. This year's new
members include two professors of biology, Giuseppe
Attardi and Howard Berg;
Marshall Cohen, professor of
radio astronomy; William
Goddard, the Charles and
Mary Ferkel Professor of
Chemistry and Applied
Physics; and Edward Stone,
professor of physics.
The National Academy of
Engineering also elected two
Caltech faculty members,
Donald Coles, professor of
aeronautics, and Carver
Mead, the Gordon and Betty
Moore Professor of Computer
Science. This brings faculty
membership in NAE to 28,
another high point.
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On a t·isit to the campus, George

Ke\tcorth 1/ !left), science adt·isor to
President Reagan and director of the
Office of Science cmd Technolog''
Polin, met ttl'O lnstitllte recipients of
Presidential Young Investigator
AHmds, Dat•id Rutledge (center) and
Gregorv Stephanopoulos.
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Eight Caltech faculty were
among 200 scientists and engineers named by the U. S. Office of Science and Technology
Policy as recipients of the first
Presidential Young Investigator
Awards. They are geologists
Robert Clayton and Joseph
Kirschvink; physicists Robert
McKeown, John Preskill, and
Thomas Prince; chemical
engineers Manfred Morari and
Gregory Stephanopou los; and
electrical engineer David
Rutledge.
Caltech, which does not
award hon·o rary degrees,
nevertheless tries to recognize
its distinguished graduates.
The Institute's highest honor is
the Distinguished Alumnus
Award, and in May it was
bestowed on four graduates at
Alumni Seminar DayArnold Beckman (PhD '28),
founder and cha irm an of
Beckman Instruments and
chairman emeritus of the
Cal tech Board of Trustees;
Carel Otte (MS 'SO, PhD '54),
president of the geothermal
division ofUNOCAL Corporation; Eberhardt Rechtin
(BS '46, PhD '50), president
and chief executive officer of
Aerospace Corporation; and
George Zweig (PhD '64), a
physicist at the Los Alamos
National Laboratory.

A three-member student team
did its share for the honorgathering tradition by winning
the 44th annual Putnam
Mathematics Competition.
They vied with 1,900 other
talented students from all over
the United States and Canada,
and senior Alan Murray was
one of the top ten individual
scorers. Since the first Putnam
competition in 1938, Caltech
teams have taken first place
nine times.
The students awarded
honors as well as winning
them. ASClT (Associated Students of the California Institute of Technology) bestowed
Teaching Excellence Awards
on James Knowles, professor of
applied mechanics; Eric Herbolzheimer, assistant professor
of chemical engineering;
Robert McEliece, professor of
electrical engineering; Richard
Wilson, professor of mathematics; and P. P. Vaidyanathan,
assistant professor of electrical
engineering.

Gifts
Fiscal 1983-84 was a banner
year for gifts to Caltech, which
received a total of$27.71 million in cash and equipment
from foundations, corporations, and individuals. The
total was an all-time record
and a 28 percent increase over
last year.
Among the notable new
gifts from foundations was a
$ 1 million grant from the
W. M. Keck Foundation in
December 1983 to establish
the Institute's Renewal Fund
for Sc ientific Equipment. In
addition, a pledge of $1 million
for the equipment renewal
fund was made by The James
Irvine Foundation. The
William and Flora Hewlett
Foundation made a grant of
$210,000 for the Environmental Quality Laboratory. As
mentioned in the President's
Message, the Beckman Foundation gift of $5 million has
made possible the Arnold and
Mabel Beckman Laboratory of
Chemical Synthesis.

Corporate gifts of equipment
represent a particularly valuable acquisition, much of it
donated by Data General, Digital Equipment Corporation,
Evans & Sutherland, HewlettPackard, IBM, Lotus, Microsoft, and Tektronix in the form
of computers and software for
the educational computing
program. The Atlantic Richfield Foundation provided a
gift of $500,000 to meet crucial
equipment needs in geological
and planetary sciences.
Pledges of $ 1 million each by
Aerojet General, GTE,
General Motors Corporation,
and TRW make possible the
implementation of a new fiveyear Program in Advanced
Technologies, the purpose of
which is to enhance research
at Caltech in the areas of solidstate materials, fluid dynamics,
and electronics, and to facilitate the rapid industrial development of the research results.
The sponsor ing companies will
participate in discussions
leading to the selection of
research projects and may send
representatives to take part in
the work. One more corporation will eventually be
included in the program.
Many individuals have also
been extremely generous, and
a group-the Torchbearershas been organ ized to recognize them for either their
direct personal gifts or-gifts
made by will.
More than a thousand
volunteers under the national
chairmanship of Lee Carleton
(BS '33) made sure that the
Alumni Fund continued to do
well, with 50 percent of the
alumni (7,249) contributing
more than $1.65 million. One
reason for the Alumni Fund's
success has been the challenge
grant provided by the Irvine
Foundation. The grant, which
is tied to new and increased
support from alumni, now
totals $239,0ll .

Research Highlights
Biology

Support Groups
The Caltech Alumni A ssociation serves the Institute and
its 15,000 graduates. Carole
L. Hamilton (PhD '63) was
elected president of the associatio n in June, succeeding Arne
Kalm (BS '56, MS '57). The
association currentl y numbers
6,672 members.
Programs were many and
va ried both off and o n
campus. In San Fra ncisco,
Seminar D ay in the fall of 1983
launched the ch apter's program for the yea r. In May
1984, Seminar D ay o n the
campus attracted 1,200 alumni
and fri ends. Three admissions
receptions for high school students and their parents we re
held-in Washington, D. C.,
San Francisco, and Los
Angeles. A n ew alumni chapter took form in Phoenix.
Forty members of the cl ass of
1934 gathered in June to commemorate their 50th reunion,
a nd 11 more classes h eld
reunions as well. The popular
travel program continued with
trips to Hawaii, Mount St.
H elen s, a nd Yellowstone
Nat io nal Park.
The A ssociates, under the
direction of President Berneice
Anglea, contributed crucial
unrestricted funds to the Institute. These Cal tech supporters, who numbered 100 at
their inceptio n in 1926, now
count 1,057 members a nd
h ave ac ti ve gro ups in San
Francisco, Santa Barbara,
Newport Beach, and San
Diego. Rich ard L. H ay man is
the 1985 president.

The body's immune system
defends itself agai nst infection
by generating spec ialized proteins, called a ntibodies, wh ich
recognize and attack molecules
present o n fo reign cells a nd
substances. Antibodies have
lo ng been valuable too ls of
biologists a nd medical
researchers because they provide a means of localizing a nd
ch aracterizing many different
molecules of interest. Th e
effective ness of this approac h
h as dram atically increased in
recent yea rs because of th e
development of a technique
for m ak ing "mo noclo n al" antibodies, whi ch are more h omogeneous and are produced in
much greater q u antities than
with stand a rd techniques fo r
ge nerating a ntibodies.
Caltech h as recently established a m o noclo nal antibody
facility th at will serve as a
major comm unal resource for
a number of investigators on
campus wh o use these molecular probes in their researc h .
This facility will b e of particular im porta nce fo r a gro up of
neuroscientists in the Division of Biology who stud y the
development a nd specificity of
function of the brain. Eac h
of the te ns of billions of nerve
cells within the brain is unique
in terms of its size, sh ape, location, and pattern of co nnections with oth er ner ve cells.
This exq ui site specificity is
esse nti al for proper brain
fun ction.
Three decades ago Roger
Sperry, a Caltec h Nobel laureate, hypot hesized that the precision of neural connections
resulted from highly specific
chemical signatures th at are
assoc iated wit h each cell in the
brain and that allow cells to
recognize th eir ap propriate
targets during development.

B ecause these chemical tags
are thought to be present on ly
in extremely small amo unts,
it h as proved very difficult to
determine the actual molecular
basis of Sperry's "chemospec ificity" theory. By taking adva nt age of the m onoclonal
antibody facility, Caltech
scientists a nticipate th at they
will be ab le to identify a nd
characterize many brainspecific molecules in regions as
diverse as the eye of the fl y, the
cells of the autonomic (visceral)
nervous system, th e learning
ce nters of the rat, and the
visual cortex of the mo nkey.

Chemistry and Chemical
Engineering
Lase r ch emistry is both a tool
and a goa l with two basic
problems: how to crack
molecules selecti vely by laser
energy and what h appens
when mo lecules are subjected
to heavy doses of laser radiatio n . Th e solution of these
problems requ ires the work of
both experimentalists a nd
theoreticians , each tr ying to
determine the d yn am ics of the
vibrat iona l e nergy of a
mo lecule.
M olecu les are m·ade of ato ms
held together by ch emical
bonds. When these mo lecules
take on e nergy, by hea ting fo r
example, the bonds vibrate
according to well-known rules
of physical chemistry. When
the bonds break, chem ica l
reaction may proceed .

The adva ntage of the laser is
th at it can , in principle, h eat
certain bonds in the molecule
and leave all others cold,
enabling ch emists to direct
a chemical react io n by causing
certain bonds to break. To
find out how to go about such
selective h eating, the chemists
must understa nd how the
bonds "communicate" with
each other and h ow fast the
h eat (or energy) spreads among
the bonds-and why certain
frequencies do the job while
oth ers ca nnot.
Some yea rs ago, theoretician s described the reacti vity
of a unifo rml y heated large
molecule in which equi librium
was reach ed among all vibrations in acco rda nce wit h the
laws of statistical thermodynamics. Now laser chemists
hope to deviate from the limits
of this theory-or determine
its acc uracy-and ac hieve a
highl y non-statistical bond
crack ing. One way to do this
wo uld be to slow down the
comm unicatio n amo ng certain
vibratio ns; another would be
to break the bo nd so fast th at
there would be no time for
communication amo ng the
diffe re nt vibration bonds of
the molecule.
Expe rimentalists at Cal tech
are wo rking to apply the lase r
techniq ue to the stud y of the
b eh avio r of these energetic
molecules, trying to accomplish experime nts o n much
faster time scales- in the
picoseco nds (1 0"12) range if
possible. They want to understand the distribution of the
selectively deposited energy
and wh eth er the observed
spect rum in the high -energy
region reflects the locality
of energy in bonds.
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These are challenging problems for both theoreticians
and experimentalists, and
Caltech scientists have worked
jointly to understand the
nature of the energy communication between bonds. While
solving the problems would
give them great intellectual
sat isfaction, such collaborative
effort might eventuall y also
be useful in various areas of
applied chemistry.

Engineering and Applied
Science
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Computer graphics is much
more than just making pretty
pictures . Activity in the field
b ega n at Ca ltech only a few
yea rs ago, but already the computer graph ics group is establishing a reputation for
mathematical sophisticationcreating a unified mathematical formalism for represe nting the shape and the behavior
of objects, connecting computer graphics principles to the
basic equations of electromagnetism that govern the
behavior of light, and doing
work in surface modeling and
texture mapping.
To show that his mathematics for representing shapes
and behavior worked, for example, one of the researchers
made computer graphics
movies of hypothetical sperm
cells swimming and then verified that the represe ntation
matched real sperm swimming
under a microscope. This work
led to a general interest in
shapes, and it is now possible
to generate a whole family of
round, square, and solid
shapes called superquadr ics
with "just a few sines, cosines,
and exponents;' and put a hole
through the middle by adding
a constant to one of the cosine
terms.

Fractals are mathematical
shapes generated out of a process of constrained randomness,
and they are used at Caltech
for modeling a wide variety of
natural phenomena, such as
trees, mountains, and clouds.
Work is also being done on
developing mathematical
methods for the simul ation of
hair, fire, fabric, and splashing
water, as well as the shapes
and appearance of plants and
animals. An unsolved problem
is how to present anisotropic
reflection, that is, reflection
from surfaces such as cloth,
hair, or fur.

R ea lism, which is one of the
major goals of th e Cal tech
group, has evolved in stages
over the history of co mputer
graphics , beginning with defining and making pictures of
surfaces in the first place. New
methods had to be invented to
simulate specu lar reflection.
Using highlights and shading
has made it possible to picture
realistic-looking objects like
gob lets and teapots, although
at first they all looked as if
they were made of plast ic.
A new model, incorporating
Fresnel's laws of reflection from
conductors, renders different
su rface properties- different
kinds of metals and so on.
Eventually, a sophisticated,
time-consuming set of algorithms called ray tracing incorporated refraction, multiple
reflections, and shadows. Ray
tracing basically follows the
path of each photon as it
bounces off surfaces, andrecently startling advances have
been made by applying Monte
Carlo techniques to graphics.
"ln fact;' said a graduate student, "computer graphics is
just app lied electric ity and
magnetism:'

Geological and Planetary
Sciences

It's mo re th a n t h at, too. C o mputer grap hics also offers a new
medium to arti sts a nd indust ry. M embers of th e Cal tec h
gro up h ave wo rked with stu de nts fro m Pasad ena's Art
Ce nter C o llege of D esign,
ge nerall y writ ing the soft wa re
to im pleme nt th e stude nts' arti sti c objecti ves. So me of thi s
wo rk has led to computerge nerated film s a nd to awa rds
fo r computer a nim atio n. And
a number of industri a l firms
h ave sh ow n a stro ng interest in
th eir work o n spec ialized h ardwa re to perfo rm large-scale
com putatio n in grap hics ,
whi ch m ay be pa rt icularl y
suited fo r VLS I (Very Large
Scale Integrati o n) tec hno logy.

Because glac iers play a la rge
ro le in alterin g the earth a nd
modifying its climate, geologists find th em a n impo rta nt
subject fo r resea rch. At Caltech,
current glacier studies a re
focused o n th e tectonic aspects
of glacial fl ow, a nd fo r th e las t
12 yea rs thi s h as led Insti t ute
geologists to th e Alaska coast
north of junea u to moni to r
the movements of the surget ype Va ri egated G lacier.
During most o f its life, this
kind of glacier flows alo ng at
about th e sa me majesti c pace
as other glaciers - a few inches
a day. But at regu lar inte rva ls
it grinds fo rwa rd as much as
100 times fas ter than no rm a l,
a phe no me no n first observed
at Variegated G lacier in 1906 .
This glacier's surge rec urren ce
interva l is abo ut 20 yea rs,
a nd a surge was expected
about 1984.
It actu all y began in 1982 ,
when the u pper half of th e
glacier reac hed a speed of 30
feet a d ay. In 1983 , the surge
motio n propaga ted d ow n th e
lower hal f, reac hing fl ow
speed s of as much as 200 feet
a d ay. By drilling bo reh o les to
the bed of this glacier, t he
sc ientists fo und th at mo re
th a n 95 perce nt of the mo tio n
during surge ca me from th e
glacier sliding over its bed .
Th e key to the rapid slidi ng,
th ey think, is the b eh avior of
water at the glacier bed. The ·
water (fro m surface melting)
norm a lly fl ows a long th e bed
in one o r two large ice tunnels.
But during surge th e tunnels
appear to be destroyed , so th e
water h as to find its way alo ng
th e bed thro ugh a netwo rk of
m a ny sm all cavities and n arrow passageways. This m akes
wa ter press ure rise sufficientl y
to lift th e ice off its bed, reducing fri cti o n al drag a nd causing
basal sliding to increase
greatl y.

E very five o r six d ays th e
1982-83 surging mo tio n of
Va ri egated Glacier abru ptl y
slowed d ow n, a nd a fl ood of
wa ter issued fro m th e glac ier's
sno ut. Th e researchers reaso ned th at in these eve nts the
caviti es cl ose, re leasing th eir
water to ge nerate a fl ood a nd
allowing th e ice to reco ntac t
its bed , whi ch causes th e sliding to slow dow n. Th e ab ru pt
termin ati o n of the surge o n
Ju ly 4-5, 1983 , was acco m pani ed by a spectacul ar fl ood.
On the basis of th eir obse rva tio ns, the resea rch team
thinks th at th ey now understand in a general way how a
surge wo rks, but h ow a nd why
th e necessa ry co nditio n develops rem ains elusive. It needs
to be understood, however, fo r
prac ti cal as well as scie ntific
reaso ns. Of the hundred-odd
surge-t ype glaciers in Al as ka
a nd the Yuko n, th ree a re
po ised alo ng the Al aska n o il
pipeline. Understa nding th e
surge mec h a nism may ulti m ately make it possibl e to predict wh en surges will occur
a nd how fa r th ey wi ll go.

The Humanities and Social
Sciences
A ppli ca ti o n of th e meth ods of
econo mi cs, stati stics , a nd da ta
processing to the stud y of
h istory is bringing a new
dimensio n to sc ho lars'
underst a nding of m a nkind's
pas t. In Caltech's Di visio n of
th e Hum a niti es a nd Socia l
Scie nces a numbe r of fac ult y
members are fo cusing o n
studies of th e stati sti ca l ch aracteristics of popu latio ns aro und
th e wo rld a nd ove r lo ng
peri ods of time. Th ei r hope is
th at m at hem atica l a na lysis of
th ese d ata will lead to better
insights into the causes a nd
effects of socia l movements.

A recently completed project,
fo r exa mple, involved lookin g
at a sma ll regio n in Fra nce
from 1500 to 1789 . It was a
t ime of religio us reform a nd
turmoil. The research problem
was to find o ut wh o su pported
o r opposed th e va ri o us refo rm
moveme nts, a nd how th e reli gio us fe rment affected soc iety.
Stud y o f crimin al court
records and o f ind ividual s'
will s yielded interesting data.
Stat isti cal techni q ues adopted
fro m eco no metrics m ad e it
possible to unravel th e sepa rate
effects of wealth, reli gio us
fervo r, a nd oth er facto rs
t h at weighed u po n me n and
wo me n wh en they drew up
th eir wi lls. T h e stati sti cal a n alysis of will s a nd o f crimin al
court records revea led, for exam ple, that refo rm s within the
church drew st ro n g a nd somewh at unexpected su pport fro m
rura l wo men a nd fro m literate
urba n men, but th ey provoked
resista nce from illiterate rural
m ales. These results a re importa nt fo r social hi stori a ns, and
th ey h elp explai n later political
a nd reli gio us di visio ns durin g
th e Fre nch Revo luti o n.
Research in the demographic
beh avio r of di ve rse hi storica l
popu latio n s is also being undertake n. Records fro m a set of
vil lages in no rtheast C hina
th at de tail birth s, d eath s, m arri ages , a nd migrati o ns of every
indi vidual and th at we re upd ated every three yea rs bet wee n 1750 and 1910a re th e
basis of o ne of the first demograp hi c studi es o f a hi storica l C hinese populati o n.
Resea rch ers will exa mine birth
rates , fo r exam ple, in relati o n
to famil y pla nning o r mo rt ality. Fluctuations in th e pri ce of
fi ve kinds of grain a nd info rm ati o n o n the amo unt o f rain fall ever y ten d ays , mo reover,
prov ide a n opportun ity to
reco nstru ct demograp hi c beh av io r in rel ati o n to eco no mi c
ch a nge over th e 160-year
pe ri od. Th e effects of wea ther,
h a rves ts, a nd gra in pri ces o n
famil y pla nning, h o use ho ld
stru cture, a nd ma rri age rates
are o f pa rti cul a r interest fo r
future a n alysis.
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Phys ics, Ma thematics and
A stronomy
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A simil ar study of an Am eri ca n popu latio n in th e late 19th
ce ntur y is a lso under way.
Resea rchers, using church
records and th e U.S manu sc ript ce n sus, are reco nstru cting th e fe rtility behavior of a
rural Wi sco nsin populatio n as
it underwe nt a process of fertility decl ine. Out-migrat io n,
marri age behavior, a nd mo r-

The so-ca lled dense regions of
the Milk y Way a nd co mpa ni on
ga laxies have been ident ified
by astronomers as espec ia ll y
ferti le sites for observing th e
life cycle of the stars. Th ese
regio ns a re popu lated by aging
o r massive stars returning a
large proportion o f t heir mass
to th e inte rstellar medi um in
the fo rm of da rk mo lecul a r
clouds a nd immense sp irals of
matter du st, which th en se rve
as the raw material fo r creating
new stars. An innovati ve way
to explo re thi s act ivity is to
ana lyze th e clo uds' mo lecular
co mposition by ide ntifying
the di st inctive emissio n frequencies associated with
mo lecul ar ro tati ons.
To stud y these ph eno me na,
which ca nno t be acc urately
detected by optical o r co nventio na l radio telescopes , a group
of Cal tec h as tronomers a nd
physicists rece ntl y com pleted
design a nd co n stru cti o n of th e

talit y as the regio n deve loped
wi ll also b e examined.
These a re o nl y a few exa mples of research projects with in
the di vision in which th e mat h em at ica l methods of soc ial
sc ience a re applied to su bjects
of histo ri ca l interest. Th ey re present a ve ry different app roac h
to th e stud y of th e past but ma y
also offer a n in creased depth of
understanding of th e d ynamics
o f hum an inst itutions.

millimeter-wave interfero meter
now in use at the Institute's
Owens Valley Radio Obse rvato ry. Operating at wave lengths
longe r t h a n visible a nd in frared light a nd shorter th a n
rad io waves, th e interfero meter
can pe netrate to th e hea rt of
de nse ga lact ic and ext raga lactic cl ou ds to obtain hi gh a ngular resolution images of the
m ajo r sta r formation processes
tak ing place there.

C o nsidered th e fin est in strume nt ation of its kind, the
Owens Valley interferometer
co nsists of three electro ni call y
joined 10.4-meter radi o telescope a ntenn as whose co nfigurati o n is rea ligned several times
over a pre-design ated peri od
until a n ape rture rese mbling
a single, ve r y large telescope's
mirro r h as bee n sy nthesized,
and a specific area of sk y
mapped in its entiret y.
Interfero metri c studi es of
emi ssio n lines em a n ating from
th e Orion nebul a a nd other
intragalactic neighbo rs a few
th o usa nd light-yea rs away are
providi ng un precedented info rm ati o n about th e density,
ve loc ity, and temperature of
de nse-region materi al, as well
as new insights into stellar evoluti o n a nd morpho logy and
th e physics of m ass- loss in
agin g sta rs. Th e exc iting data
from a comprehensive study
of a single cosmi c regio n h as
sh own over 500 emi ss io n lines
rep rese nting 28 different
molecules. O ve r the next yea r,
the interfero metr y gro up a lso
pl a ns to begin a major stud y of
the ce nter of th e Milk y Way,
where violent a nd enigmati c
cosmic ac ti vity may signify
th e prese nce of a black ho le o r
some equa ll y singul ar
phe no menon.
A rece nt, maj o r ac hi eveme nt o f the interfero merr y
group h as bee n th e discovery
th at certain extraga lacti c
nuclei t h at look li ke fuzzy o rbs
in opti cal telescopes h ave instead a totall y diffe re nt co nfi gurati o n . Carbon mo noxi d e
m appi ng of the nea rby ga laxy
IC 342 h as disclosed an intrigu ing a nd unexpected bar of gas
running through its ce nter,
suggesti ng both t he presence
of a n as ye t undetermined a nd
novel gravitatio n a l pote nti al,
a nd th e existence of similar
bars in ot her appare ntl y spherica l extragalactic regio ns.

Environmental Quality
Laboratory
Ozo ne is one of the wellknow n components of smog
that m ay act as a resp iratory
irritant. Now sc ientists at
the Environmental Quality
Labo ratory are fi nding th at
ozone is probably a lso a threat
to the preservation of works of
art . Earl y tests o f wa terco lo r
pigme nts and wood block
prints by exposu re to ozo ne
indi cate th at many of th e o rga ni c pigments used by artists
arc susceptible to fading in th e
prese nce of ozo ne at the co ncen tratio ns fou nd in th e Los
Angeles atmosp here. M o reover, while muse ums a nd
ga lleries-and a rtists-are
ve ry se nsitive to whet h er
co lo rs in pai ntin gs are "li ghtfas t;' few are awa re of this lac k
of ozo ne-fastness, a nd so relatively few steps h ave been
taken to protect artwork
through co ntro l of indoor
ozo ne levels.
On the basis of th eir earl y
findings, EQL researchers h ave
sta rted a three-year stud y of
th e chemistry of th e fading of
a rti sts' pigments. Thi s understa nding of th e basic chemistry
of the situ atio n wi ll be used
to guide the formulation and
se lection of a ir-pollutantresista nt pigments. They wi ll
also measure th e ozo ne concentrati o n in e nvironme nts in
whi ch art is ex hibited, a nd will
try to d etermine what steps
ca n be taken to pro tect existin g wo rks of art from ozone
damage.
With more aware ness of the
prob lem a nd with scientifi ca ll y
based know ledge of wh at to
d o abo ut it, it may be possible
for ex isting artwo rk s to continue to show their true colors
- a nd to morrow's masterpieces
may never be in danger.

Th e Gali leo orb iter and probe
we re subjected to critical system tests in preparatio n for a
M ay 1986 launch to Ju piter,
with a rri va l at the giant pla net
occurring in 1988. They will
ex tend the stud y of the Jovia n
system begun by the ea rli er
Voyager I and 2 spacecraft.
Voyager 2 co ntinued o n its
jo urney toward Uranus while
preparations were under way
for the first-ever fl yby of that
planet to occur in Ja nu a ry of
1986. Other missions in var io us stages of p la nning and
development will explo re the
Sun, Venu s, Mars, cornets,
a nd asteroids.

O ne highlight in space scie nce
d ur ing the past year was the
fli gh t of the second Shuttle
Im aging Radar (SIR-B). SIR-B,
o ne of seve ral JPL experimen ts
d esigned for NASA's space
shuttles, returned detailed
rad ar im ages of selected
regions of the Earth's surface,
continuing to demo nstrate the
eno rmous potenti al of this
type of remote sen sing. JPL research scientist Tay lo r Wang
co ntinu ed training and preparati o ns to fl y on a 1985 shuttle
fli ght with hi s drop d yn amics
basic research experiment.
D ata processing continued
in the wake of 1983's successful
Infra red Astronomical Satellite
(IRAS), as the science team
completed its basic cata log of
th e night sk y. IRAS star
studies led two astronomers to
thei r finding of th e first visual
evidence of a possib le solar
system aro und another star,
Beta Pi cto ris.
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]et Propulsion Laboratory
As NASA's lead ce nter fo r explorat ion of the so lar system,
JPL co ntinu ed preparati o ns for
a number of major launches
a nd e ncounters sc heduled
over the next few yea rs.
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The Keck Observatory
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Progress in sc ience h as often
come as a res ult of development of new instrumentation.
Th e proposed grant of $70
milli o n to Ca ltech from the
W. M. Keck Fo und ati on of Los
Ange les for constru ction of
th e wo rld's largest opti cal telescope offers a gia nt step forward in astro nomy. lt will be
located atop the extinct
Maun a Kea volca no in H awaii.
The Keck 10-meter telescope
wi ll complement the work
of current telescopes -optical,
radio, and space-bornechiefl y because of its exceptional light-gatherin g power.
lt wi ll be ab le to "see" a volum e
of astronom ical space both farther out into the uni verse a nd
furth er back into time th an
has previously been possib le.

Such a remark able new scientific instrument req uires
equall y remarkable new techno logy for its implementation.
A segmented-mirro r design
developed at the University of
California's Lawre nce Berkeley
Labo rato ry will be used. The
design features a prim ary mirro r that is a mosaic of 36 hexagona l mirrors, each 1.8 meters
wide a nd 7.5 centimeters
thi ck. These mirro rs wi ll be
effectively combined into a
si ngle mirror by a computercontrolled aiming system capable of making adjustments on
the o rder of one-thousandth
the diameter of a hum a n hair
abou t 300 times eac h second.

T he segmented design of
the mirrors will a llow a much
lighter support structure than
was possib le for previous large
telescopes. Thu s the 158 tons
of the Keck Telescope wi ll be
about one-t hird of the weight
of the 5-meter H ale Telescope
at Palomar Observatory. Also,
th e new design redu ces the
focal lengt h o f the instrument
to about 57 feet, making it
possible to reduce the size of
the required dome to the
dimensions of the one hou sing
the H a le Telescope-abou t
13 7 feet.
In addi tio n to t he telescope,
the Keck Observatory will
include space for computer
rooms , electroni c and mechanical shops, mec h anical eq ui pment, mirror alumi ni zing
facilities, a control roo m, storage, staff faciliti es, and a visito rs' ga llery. To ta l cost of the
observa tor y will b.e abou t $85
milli o n . Caltech a nd the
University of Ca lifo rni a plan
to direct the constructio n and
to operate th e obse rvatory
jo intl y. Routine observations
a re expected to begin in 1992 .

Financial Report

This finan cial repo rt of the
Ca lifornia In stitute of Tech no logy h as been prepared from
the Institute's acco unting
records and refl ects the Insti tute's fin ancial position as of
September 30, 1984, and th e
results of its operations for t he
yea r then ended. These statements have bee n reviewed by
the Board o f Trustees Audit
Committee, whose members
are designated by an asterisk in
the list of boa rd members o n
the inside back cove r of this
annu al re port.
The Balance Sheet portrays
the assets, li abilities, and fund
ba lances for each major fund
gro up as we ll as th e total fo r
the Institute. Tota l net assets
increased fro m $460.6 milli o n
to $493.3 millio n, consi sting
primarily of an increase of
$2 1.6 millio n in campus equipment, buildings, and land and
an increase in investments of
$8.3 millio n.

The Statement of Changes in
Fund Balances reflects th e
impact of revenue, expenditures, and transfers in th e fund
balances, thus portraying the
sources and uses of fund s by
major category. Significa nt
increases in revenue were
realized in gifts and grants
from private sources o f $4.9
million and in investment
income of $2.9 millio n .

The Statement of Operating
Expenditures provides the d etail
of current fund expe nditures
for edu cational and related
purposes. Total expenditures
fo r fi scal yea r 1984 fo r th e
ca mpu s increased $9.3 million
or 8.6 pe rcent over fi scal year
1983. Expenditures for direct
costs of sponsored research at
the Jet Propulsion Labo rator y
increased $80.0 milli o n or 18.8
percent.
Current Funds are those
fund s ava il ab le for ope rating
purposes. Th ey are cl assified as
unrest ri cted- avai lable for any
purpose; or restri cted - to be
used o nl y fo r purposes specified by the sponsor o r donor.
They include tuiti o n and fees ,
invest ment inco me, gifts, and
grants o r contracts from federal and pri vate spo nsors.

Five Years in Review
Current fund s expenditures (in thousands)
Instruction and research (including libraries)
Scholarships and fellowships
Institutional and student support
Plant operation, maintenance, and utilities
Total operating expenses
Auxiliary enterprises
Total
Capital expenditures, campus (in thousands)
Jet Propulsio n Laboratory, direct expend itures (in millions)
Total gifts a nd nongovernment grants (in thousands)
Endowment and similar fund s at market value (in millions)
Investment income (in millio ns)
Student enrol!ment (first term)- Undergraduate
Student enrol!ment (first term) - Graduate

1980

198 1

1982

1983

1984

$56,920
3,232
9,608
6,571

$62,259
3,540
11,399
6,587

$64,938
4,494
12,836
8,116

$74,535
5,095
14,314
9,586

$80,516
6,198
15,692
10,013

76,331

83,785

90,384

103,530

112,419

3,417

3,870

4,219

4,435

4,796

79,748

87,655

94,603

107,965

11 7,2 15

14,078
375.4
16,958
197.4
16.3
817
892

19,967
396.6
22,27 1
184.3
19.8
844
865

10,526
384.8
25,652
208.3
20.4
866
888

12,459
425.2
24,747
248.3
19. 6
874
936

21,679
505.2
29,697
247.0
22.5
829
936
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Summary of Changes in Fund Balances
Yea r Ended September 30, 1984

Additions
(Excl ud ing Reimbursement of Direct Costs at the j et Propulsion Laborato ry)
(in thousands)

United States Government Grants and Contracts. Reimbursement from variou s government age ncies fo r direct costs of research, instruction, and student sup port.

$36 ,11 7

Gifts and Nongovernment Grants. Includes gifts and grants fro m pri vate sources for education and research.

Indirect Costs and Management Allowance. Recove ry of indirect costs and management allowa nce under federall y spo n sored programs at the campus and the Jet Propulsion Labo rator y.
Investment Income. Endowment income and investment income of other funds, including
earnings fro m sh ort term investments.
Plant Acquisitions. Additions to campus plant for land, buildings, and equipment.

$29,69 7

-

$26 ,486

$22 ,533

$20 ,96 1

Tuition and Fees. Includes tuiti o n and fees assessed students.

$ 14 ,999

Realized Gains. Net realized gains o n investments sold.

•

$7 ,226

Auxiliary Enterprises. Reve nues fro m sales by food services, student h ousing, and bookstore.

•

$4,952

Other. Income from sales and services, and other miscellan eous revenue.

I
$2 ,263

Total Additions
(Excluding Reimbursement of Direct Costs at the Jet Propulsion Laborato ry)
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$ 165 ,23 4

Deductions
(Excluding Jet Propulsio n Lab o rato ry Direct Costs)
(in thousands)

Instruction. Expe nditures fo r acti viti es th at are part of the instructio n al program, including
depa rtmental research .

$4 1,350

Research. Acti vities specifically o rga ni zed to produce research o utcomes su pported by federal
a nd pri vate spo n sors.

$39, 166

Institutional and Student Support. Includes Business a nd Fina ncial Affairs, Stude nt
Services , Institute Relatio ns, a nd ge neral administratio n .

Plant Fund. Includes pl ant fund expenditures fo r buildings, equipment, ren ewals, pay me nts
o n interfund ad va nces fo r pla nt purposes, as well as retireme nt of pla nt assets.
Plant Operations. Represents utilities and other expenditures fo r the operatio n and m ainten a nce of the ca mpus grounds and facilities.
Scholarships and Fellowships. Awa rds m ade to students enrolled in form al course wo rk with

-

--

$ 15,692

$ 13,30 1

$ 10,013

•

no requirement th at they perfo rm services or repay the awards.

$6,198

Auxiliary Enterprises. Expe nditures, including mainte n an ce, of auxili ary enterprises.

•

$4,796

Other. Includes pay ments to life ben efi ciaries with life income and annuit y agreem ents and

I

miscella neous other charges.

$2 ,041

Total Deductions
(Excluding Direct Costs at the Jet Propulsion Lab o ratory)

$132,557

Increase in Fund Balances

$ 32 ,677

Total

$165,234
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Loan Funds are provided by
gifts and participation in the
government's National Direct
Student Loan Program, and
are subject to repayment with
interest after graduation. A s
repayments are made, the
principal and accumulated
interest are le nt again to new
borrowers.
Endowment and Similar Funds
include both the principal of
funds set aside as endowment
in accordance with the donors'
wishes, which are invested to
produce income and capital
appreciation, and also the
principal of discretionary and
expe ndable funds, which are
designated by the Board of
Trustees to function as
endowment.
Investment objectives for
Caltech's endowment funds
focu s on three principles:
1. preservation of capital,
2. ability to meet current
it'lcome targets, and
3. appreciation of cap ital to
fost er future income growth.
In thi s way, the Institute
endeavors to provide a stream
of investment return, after
co n sidering inflation, that
will strike a fair balance
betwee n cu rrent and future
support of its instruction and
research programs.

Irrespective of cyclical fluctuations inherent in security markets, the Institute's investment
objectives have been successfully attained, as may be
judged from the 5- and 10-year
data shown below (top table).
Measured in annual percentages, the gain in the earning
power of the endowment during the same 5- and 10-year
periods is also shown below
(lower table). This table shows
th e annual average rate of
growth of principal and income. It should be noted that
income earned in excess of a
percentage approved annually by the Board of Trustees
is retained to help achieve
Caltech's investment
objectives.

Life Income and Annuity Funds
consist of gifts received subject
to living trusts for which the
Institute is trustee, or annuity
agreements. Payments are
made to beneficiaries and annuitants during their lifetimes
in accordance with the terms
of these agreements.
Life income and annuity
agreements are a source of
meaningful additions to the
Institute's endowment and
other funds. This form of deferred giving has proved attractive to many donors who wish
to support the activities of th e
Institute and receive income
on their gift during their lifetime while obtaining a charitable income tax deduction for
their gift. Upon termination
of beneficiary agreements, the
principal is transferred to th e
endowment or other fund
groups as designated by the
donor.

($ millions)
Endowment Market Value
Endowment Income (earned)

FY 1984
$247.0
17.4

FY 1979
$173.9
10.6

Principal
Compounded Annual Percentage Increases:
Las t 5 yea rs
Last 10 yea rs
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7.3%
6.6

FY 1974
$130.9
7.6

Income

10.4%
8.6

The Institute's life income and
a nnuit y agreements co nsist of
pooled income funds, a nnui ties , and tax ab le and nontaxable unitru sts. Investment
asse ts include cas h equivale nts, equities an d fixed income securiti es (including
tax-exempt muni c ipal bonds
where appropriate), rea l estate,
a nd various roya lty interests.
The Institute fun ct ions as trustee with the majority of the
marketable secu rities man aged
by a major institutional investme nt advisory firm. The Insti tute does not ch a rge a tru stee
fcc at present.
At September 30, 1984, th e
market va lu e of the life income
a nd annuity fund s was $27 .8
million. Principa l transferred
to endowment fro m matured
agreements during the yea r
tota led $1.1 milli o n.

Plant Funds co nsist of fund s
that have been received fo r, o r
design ated by the tru stees fo r,
fac ilities. The gro up is di vided
into two categories: unexpended pla nt funds and inves tment in plant . Unexpended
plant fund s a re ava ilabl e for
ex penditure fo r land, buildings, and eq uipment. A s these
fund s arc used, they are transferred to fund s invested in
plant. Thi s tra nsfer reco rds the
o rigin a l cost of the Institute's
physica l faci lities.

Th e Notes to Fin ancial Statements arc an integra l pa rt of
the fin ancial statements and
provide significant informati o n on acco unting policies,
invcstmc nts, funds held in
trust, retirement and deferred
compe nsatio n plans, a nd
pledges.
Ca li fornia Institute of Technology maintains its acco unts
in accorda nce with the guidelines suggested by the America n Institute of Certified
Publi c Accountants a nd the
Nati o n al A ssociati o n of
College and University
Bu si ness Officers.
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California Institute of Technology

September 30, 1983
Total
All Funds

Assets
Cash (demand deposits)
Accounts receivable:
United States government (note B)
Other
Student accounts and notes receivable
Investments (notes A and C)
Interfund advances
Prepaid expenses and other assets
Campus properties (note A):
Equipment
Buildings
Land

$

1,182
51,934
2,055
7,379
274,132
2,671
86,062
95,188
10,708

$531,311

Liabilities and Fund Balances
Accounts payable and accrued expenses (note B)
Deferred student revenue
Funds held in custody for others
Annuities payable (note A)
Fu'nd balances

$ 57,994
4,000
7,104
1,589
460,624
$531,311

Fund balances comprise (Exhibit 2):
United States government grants refundable
Institute fundsUnrestricted
Discretionary endowment:
Unrestricted
Restricted
Endowment principal
Other restricted funds
Invested in plant

$

3,103
3,999
4 7,317
29,510
141,738
49,077
185,880

$460,624
See accompanying notes to financial statements
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Balance Sheet
(in thou sa nd s)

Exhibit 1
September 30, 1984
Total
All Funds
$

94 1

Current
Funds
$

65,34 1
3,603
8,746
282,407

553
65,341
3,603
3,779
22,142
2,995
3,078

3,078

Loan
Funds
$

23

Endowment
and Simi lar
Funds
$

4,967
883

5

Life Income
and Annuity
Funds
$

360

25,954

226,801
3,236

Plant
Funds

$

6,627
(6,231)

98,282
102,990
12,365

98,282
102,990
12,365
$5,873

$230 ,042

$26,314

$214,033

$577 ,753

$101 ,491

$ 72,850
4,884
5,748
970
493,30 1

$ 70,005
4,884
4,509
22,093

$5,873

228,803

970
24,999

211,533

$577,753

$ 101,491

$5,873

$230,042

$26,314

$2 14,033

$

3,238
4,053
48,4 70
27,242
153,091
52,301
204,906

$493,301

$
$

345

$

2,500

1,239

$3 ,2 38
$

701

$

3,352

$ 48,470
27,242
153,091
21,392

2,635

$ 22,093

$5,873

$228,803

$24,999

3,275
204,906

$24,999

$211,533
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California Institute of Technology

Year Ended September 30, 1983
Total
All Funds
Fund balance at beginning of year (Exhibit 1)
Revenues and other additions (notes A, 0 and G):
Student tuition and fees
Investment income
Net gain on disposal of investmentsUnrestricted
Restricted
Gifts a nd nongovernment gra nts
United States government grants and contractsReimbursement of direct costs
Recovery of indirect costs a nd m anage ment allowance
Auxiliary enterprises reve nues
United States government ad va nces
Plant acq uisitions, etc. (including $9,307 included in campus operating
expenditures a nd $11,654 included in plant acqu isitions, payments o n interfund adva nces a nd renewals)
Adjustment of actuarial liab ility for annuities payable (note A)
Other
Total revenues a nd other additions
Expenditures and other dedu ctions:
Campus operating expenditures (Exhibit 3)
Plant acq uisitio ns, payments on interfund adva nces and renewals
Retirement and disposal of campus properties
Interest o n adva nces for plant purposes
Payme nt to life beneficiaries
Other
Total expenditures and other deductio ns

$ 411,261
13,189
19,63 4
19,856
14 '971
24,747
35,200
23,293
4,589
168

14,438
(178)
1'120
171,027
(1 07,965)
(9,696)
(2,055)
(173)
(1,634)
(141)
(121,664)

Transfers among funds:
Gifts allocated
Discretio nary endowment transfer s to (from) current funds
Allocations for plant purposes
Terminated tru st and annuity agreeme nts
Other
To tal transfers
Increase (decrease) for the year
Fund b alance at end of year (Exhibit 1)

See accompanying notes to financial st atements
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49,363
$ 460,624

Statement of Changes in Fund Balances
(in thousands)

Exhibit 2
Year Ended September 30, 1984
- - · -

- - -

Total
All Funds
:;; 460,624

Current Funds
Restricted
Unrestricted
881

$
--

14,999
22,533

$20, 175

$218,565
-

13,180

16,812

4,231

36, 117
26,486
4,952
184

$5,519

- -

14,999
6,899

2,437
4,789
29,697

Loan
Funds

Endowment
and Similar
Funds

126

74

2,437
4,087
5,207

Life Income
and Annuity
Funds

Plant
Funds

$23,791

$191,693

- - -

1,844

484

702
831

2,542
523
2,730

35,594
23,756
4,952
184

20,961

20,961
640
1,439

23

447

79

640
109

781

4,126

28,021

- - - -

165,234

65,609

55,284

463

11,731

- - - - - -

(117,215)
(10,918)
(2, 150)
(233)
(1 ,844)
(197)

(55,495)

(132,557)

(61,720)
(10,918)
(2, 150)
(233)
(1,844)
(82)

(115)

(55,495)

(61,802)

(115)

(463)
1,252
(491)

(1 ,062)
(769)
(832)

- - -

(267)
--

32,677
$ 493,301

$

-

73
- -

(1 ,844)

6

1,525
(483)
(3,797)
1,074
188

(1 3,301)

5,120
(1,074)

- -

31

(2,590)

6

(1 ,493)

(1,074)

5,120

(180)

1,217

354

10,238

1,208

19,840

$ 21,392

$5,873

$228,803

$24,999

$211,533

701
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California Institute of Technology
Statement of Operating Expenditures
(in thousands)

Exhibit 3
Year Ended September 30,

Educational and general:
Instruction, including departmental research
Organized research
Scho larsh ips an'd fellowshi ps
Institutional and student support
Plant operation, maintena nce, and utilities
Total educational and general
Auxiliary enterprises
Total campus expenditures
Direct costs of sponsored research at Jet Propulsion Laboratory (fully reimbursed by the
United States government)
See accompanying notes to fin ancial statements
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1983

1984

$ 37 ,751
36 ,784
5,095
14,3 14
9,586

$ 41,350
39 ,166
6, 198
15,692
10 ,013

103,530
4,435

112,41 9
4,796

$107,965

$ 11 7,215

$425 ,222

$505 ,245

California Institute of Technology
Notes to Financial Statements

Tax-exempt status- The Institute is a tax-exempt educational
organization under federal and state income, gift, estate, and
inheritance tax laws.

September 30, 1984
Note B- United States Government Contracts

Note A- Summary of Significant Accounting Policies

Basis of accounting and reporting- The financial statements of
the Institute, a not-for-profit educational organization, have
been prepared in accordance with the principles of accrual
basis fund accounting for colleges and universities. Under
these principles Institute resources are accounted for by the
use of separate funds so that visibility and control are maintained for the benefit of the Institute and its sponsors. Funds
that have similar objectives and characteristics have been
combined into fund groups. Within each fund group, fund
balances restricted by outside sponsors for specific purposes
are so indicated and are distinguished from unrestricted funds
that are available for use in achieving any Institute objectives.
The financial statements of the Institute reflect the volume
of activity at the Jet Propulsion Laboratory, which is managed
by the Institute, but owned and supported by the United
States government through the National Aeronautics and
Space Administration.
Investments-Institute investments are stated at their approximate market value at date of gift, or at cost if purchased by the
Institute, less applicable amortization and depreciation of real
estate, unless there has been an impairment of value not
considered temporary.
All investments of endowment and similar funds are carried
in an investment pool unless special considerations or donor
stipulations require that they be held separately. Pool share
values are computed periodically based upon the total market
value of the investment pool and the total number of pool
shares invested.
Income on investments of endowment and similar funds is
recorded as current fund revenues for the purposes specified
by the donor. Such income is supplemented, where necessary,
by transfers of additional amounts so as to result in a total
return from the investment pool equivalent to 5% of the average market of the pool over a three-year period. This total
return concept is authorized by the California Uniform
Management oflnstii:utional Funds Act, which allows the
prudent use of realized appreciation on investments, thus
permitting greater flexibility in investment strategy.
Campus properties and plant funds-Campus properties are
recorded at cost of construction or acquisition, or at appraisal
value at date of gift, and no depreciation or amortization is
recorded. The Institute provides for the renewal and replacement of its campus properties from funds designated for this
purpose. Expenditures for maintenance and repairs are generally charged to current funds as plant operation and maintenance expenditures.
Annuities- Annuities payable to certain donors of the Institute are recorded at the present value of the liability calculated
under an actuarial method which takes into account the life
expectancies of the recipients.

The Institute has many contracts with the United States
government that provide for reimbursement of costs incurred
for sponsored research at the Jet Propulsion Laboratory and at
the campus. These contracts gave rise to a substantial portion
of the accounts payable and accrued expenses in the current
funds at September 30, 1984 and 1983, and in turn to accounts receivable from the United States government.
Note C- Investments
Institute investments, at carrying values (see Note A), comprise the following:
September 30,
1983

1984

Marketable securitiesDebt securities (approximate
market value of
$82,483,000 in 1983 and
$78,114,000 in 1984)
$ 84,799,000 $ 81,665,000
Equity securities (approximate
market value of
$154,820,000 in 1983 and
$152,418,000 in 1984)
124,274,000 132,906,000

Short-term commercial
obligations
Settlements in processReceivables for securities sold
Payables for securities
purchased
Real estate, less amortization
and accumulated
depreciation of$2,753,000 in
1983 and $2,786,000 in 1984
Mortgages, notes and other
securities

209,073,000

214,571,000

35,812,000

36,488,000

10,000

2,529,000

(2,306,000)

(2,251 ,000)

22,030,000

21,312,000

9,513,000

9,758,000

$274,132,000 $282,407,000
Investments shown above include the investment pool as
follows:
September 30,
1983
Investment pool assets at year
endAt carrying value

1984

$185,942,000 $198,108,000

At approximate market value

$208,822,000 $209,070,000

Pool share value at market

$

13.04 $

12.42

Annualized income earned
per pool share

$

.73 $

.86
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NoteD-Funds Held in Trust

Note F- Deferred Compensation Plan

The Institute is the income beneficiary of certain funds,
recorded at a nominal value, which are held in trust by others
and which had current market values, estimated by the Institute, of approximately $11,000,000 and $12,000,000 at September 30, 1984 and 1983, respectively. The income derived from
these funds amounted to $711,000 and $692,000 for the years
ended September 30, 1984 and 1983, respectively. This income has been included as investment income in the Statement of Changes in Fund Balances.
In addition, the Institute is the trustee for several revocable
trusts in which it has a remainder interest and for which it
makes income payments for life to the grantors of the trusts.
These trusts totaling $3,3 40,000 and $3,770,000 at September
30, 1984 and 1983, respectively, have been excluded from the
financial statements due to their revocable nature.

The Institute has established a deferred compensation plan
whereunder eligible employees may elect to defer a portion of
their normal salary, generally until retirement. The Institute's
liability for future benefits payable to active employees under
this plan, which approximated $6,276,000 and $3,363,000 at
September 30, 1984 and 1983, respectively, is matched by
Institute investments in an annuity contract with a major
insurance company. It is expected that any payments by the
Institute to employees would be matched by payments from
the insurance company to the Institute. The amounts
representing future benefits payable and the matching investments are not reflected in the financial statements.

Note E-Retirement Plans
The Institute has three retirement plans, covering substantially all its employees, that are funded by periodic transfers to
the respective insurance companies. The provisions for these
pension costs for the years ended September 30, 1984 and
1983, totaled $3,388,000 and $3,4 79,000, respectively for the
campus; $11,228,000 and $11,876,000, respectively, for the Jet
Propulsion Laboratory (included in direct costs of sponsored
research). The Institute's policy is to fund pension costs accrued. At the most recent annual valuation the funded
amount and balance sheet accruals for retirement plans were
sufficient to cover the actuarially computed value of vested
benefits. A comparison of accumulated plan benefits and plan
assets for the defined benefit plans at the most recent annual
valuation date (September 30, 1983) is presented below (in
thousands of dollars).
September 30, 1983
Campus

JPL

Actuarial present value of accumulated
plan benefits:
Vested
Non-Vested
Plan assets

$18,310
1,574

$82,220
6,611

$19,884

$88,831

$20 ,943

$97,475

In determining the actuarial present value of accumulated
plan benefits as of September 30, 1983, the rates of return
used were 7.25% for fixed dollar annuities and 3. 75% for
variable annuities. This represents a weighted rate of 5.31 %.

Note G- Pledges
The Institute does not record pledges in its financial statements. At September 30, 1984, the Institute had pledges on
hand (principally for restricted purposes) totaling approximately $26,900,000, of which $10,300,000 is expected to be
collected in 1985. It is not practicable to estimate the net
realizable value of such pledges.

aterliouse
West Los Angeles, California
December 21, 1984
To the Board ofT rustees of
California Institute ofTechnology
In our opinion, the accompanying balance sheet and the
related statements of changes in fund balances and of
operating expenditures (Exhibits 1 through 3) present fairly
the financial position of California Institute of Technology at
September 30, 1984, and the changes in fund balances and
the operating expenditures for the year then ended, in
conformity with generally accepted accounting principles
applied on a basis consistent with that of the preceding year.
Our examination of these statements was made in accordance
with generally accepted auditing standards and accordingly
included such tests of the accounting records and such other
auditing procedures as we considered necessary in the
circumstances.
We have previously examined and reported upon the
September 30, 1983, financial statements which are included
in summary form for comparative purposes.
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