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BRIEF HISTORY 

Chemical Engineering at the California In­
stitute of Technology began with the appointment 
of William N. Lacey as Instructor of Chemistry 
in 1916. He had been a student of Professor Gil­
bert N. Lewis at the University of California at 
Berkeley, obtaining his Ph.D. there is 1915. Dr. 
Arthur Amos Noyes, previously acting President 
of M.I. T ., and then Professor of Chemistry at the 
California Institute of Technology, proselyted 
Will Lacey and initiated a long and fruitful as­
sociation. The general style in Chemical Engi­
neering at Caltech is based upon thinking that 
stems from the attitudes of G. N. Lewis, Arthur 
Amos Noyes, and W. N. Lacey. 

In 1927, API Project 37 was initiated for 
study of volumetric and phase behavior of hydro­
carbons and is just terminating after 41 years of 
a very active and contributory life. Will Lacey 
was the founder of this effort and was joined by 
Bruce H. Sage in 1929. The collaboration between 
the two has had a major effect upon the produc­
tion and processing of petroleum and hydrocarbon 
compounds throughout the world. 

As World War II approached, the California 
Institute of Technology became deeply involved 
in work on naval ordnance and subsequently on 
army ordnance. Professors Sage and Lacey led 
the Chemical Engineering group in work on in­
terior ballistics of naval rockets and on processing 
of double-base propellant for the manufacture of 
solid-propellant grains for those rockets. In ad­
dition to research and development efforts in this 
area, a significant semi-works plant for the pro­
duction of naval rockets was operated by the 
Chemical Engineering group in the San Gabriel 
mountains. These efforts were part of the pro­
gram at Caltech in an integrated effort on the 
total development and supply of naval rocket ord­
nance. Toward the end of World War II a sig­
nificant amount of the group's effort was directed 
toward ordnance work associated with the Man-
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hattan Project. In the main, however, the contri­
bution in naval rocketry was the principal en­
deavor. 

After World War II, Chemical Engineering 
began development of a PhD program and a 
broadening of its research interests. That pro­
gram has continued on successfully. Because the 
California Institute of Technology is a small 
school, opportunities for close association among 
the students and the faculty members in both the 
classroom and laboratory are great and are fully 
utilized. 

AIMS AND GOALS 

From 1916 onward, the aim of Chemical En­
gineering at Caltech in its educational program 
has been to focus upon fundamentals of physics, 
chemistry, and mathematics with overlying con­
cepts of chemical-engineering design as a founda­
tion for the development of professional skills. 
That attitude still prevails today, and all the 
planning is made with that thought in mind. 

Because of the stress on fundamentals, chemi­
cal engineering at Caltech has never gone heavily 
into the development of a unit-operations labora­
tory. Laboratory work in chemical engineering, 
both for BS and MS programs, has been mainly 
directed toward the study of fundamental phe­
nomena with emphasis on the integration of point­
by-point information on temperature, pressure, 
and composition to understand the total perform-
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Our goal is not to produce specialists ... who would gravitate to 
a given area of activity in the scientific and engineering world. 
Our graduates are occupied in activities ranging from invest­
ment banking to medicine ... 

ance of a piece of equipment. At the time of 
graduation from Caltech, the BS or MS student in 
chemical engineering has not had the sophisti­
cation that some other students may have had 
relative to operation of process equipment. Be­
cause of the finite time available for education, it 
is believed that the limited time in laboratory 
work is better directed to the study of basic prin­
ciples and that application of these principles to 
real problems is best treated in the classroom by 
way of case studies of varying degrees of length 
and difficulty. 

Inasmuch as the school is small, there has been 
unlimited opportunity to try various techniques 
in the teaching of chemical engineering at the 
undergraduate level as well as at the graduate 
level. Of major concern at the moment is how to 
maintain association with principle and still pro­
vide some degree of sophistication for the stu­
dent relative to the explosion of technological in­
formation. The approach has been to remove 
courses and to add new, upgraded courses still 
based on fundamentals but providing new case 
studies with origins in the newest technologies. 
The incoming freshman student improves from 
year to year so that the procedure of removing 
courses and bringing in new courses with contin­
ual upgrading has not been too difficult to follow. 

The elimination of courses is one of the great 
challenges to all curricula. One of the pitfalls in 
the planning of educational programs is the ten­
dency to add new courses without removing old 
ones. That has not been one of the problems at 
Caltech. An examination of today's undergradu­
ate curriculum shows that it is different from the 
curriculum of three years ago, quite different 
from that of six years ago, and so forth. 

With the goal of providing an education as 
well as a degree of competency in dealing with 
chemical-engineering principles, it has been 
necessary to focus more and more upon a course 
in the senior year of the undergraduate program 
which would integrate the thinking of the student 
relative to various courses he has had as an under­
graduate. That integration currently is done in 
the framework of a course entitled "Optimal De­
sign of Chemical Systems." In this course there 
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is application of studies in applied mechanics, 
strength of materials, properties of materials, 
unit operations, and optimization to the design 
of real chemical processes, both of the type en­
countered in the chemical-process industry and of 
the type that might be encountered in less tra­
ditional areas such as in biological, medical, and 
aerospace fields. The approach has resulted in a 
decrease in the traditional number of hours de­
voted to applied mechanics and electrical engi­
neering, but perhaps an increase in sensitivity to 
the concepts of engineering if one might define 
engineering as the application of fundamental 
principles of science to economic and social needs. 
Throughout all our teaching, we emphasize that 
the knowledge which is being discussed is even­
tually to be applied to provide a profit in an indus­
try or to provide some assistance to the Federal 
Government and its manifold problems or to help 
society in its problems of economics and progress. 

Our goal is not to produce specialists at the 
BS level or MS level or even the PhD level who 
would all gravitate to a given area of activity in 
the scientific and engineering world. We would 
be unhappy, indeed, if all our graduates went into 
the aerospace industry alone or into the petroleum 
industries alone. Our graduates are occupied in 
activities ranging from investment banking to 
medicine with certainly great emphasis in be­
tween on the chemical-process industry which 
represents a major part of our country's strength. 

Size of student body is important to us but 
not in terms of providing us with larger and 
larger numbers of students. We seek a number of 
students we believe is an equitable proportion of 
the total enrollment. Caltech's total undergradu­
ate student body currently numbers about 700 
and the graduate student body about 800. Our 
goal is to achieve 15 undergraduate chemical en­
gineers per class for the current level of the total 
enrollment of undergraduates. In the past decade 
the undergraduate program at Caltech has been 
most attractive to physicists and mathematicians. 
A change is occurring, and in the 1968-69 year 
for the first time there will be an elective course 
in the freshman year that will allow the student 
to associate with some part of engineering. There-
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fore he will have an early opportunity to learn 
something about engineering which has not been 
readily possible in the past. That change in cur­
riculum along with the belief that there is a ren­
aissance among technical students to consider 
the economic and social needs of society suggests 
that the goal set by us for our undergraduate en­
rollment in chemical engineering could be realized 
in a relatively short time. 

We currently have 42 students working for 
the PhD degree. Of those students, 36 are majors 
in chemical engineering, and 6 have majors in 
other options. Over the next 5 to 6 years we seek 
to increase that enrollment to about 55 graduate 
students. Currently we have 9 faculty members, 
and that level will change to about 11 members 
over the next five years. So, as a rule of thumb, 
we hope to maintain about five graduate students 
per academic staff member. Our goals are clear, 
and we believe we understand how to meet them, 
but with all projects this day, the unique and fine 
combination of men, money, and time is not a 
simple task. We intend to maintain our opera­
tion on the relatively modest basis described and 
believe that it is very compatible with Caltech's 
goals. 

OUR STAFF 

The interests of the 9 members of the Chemi­
cal Engineering staff at the California Institute 
of Technology are varied. A broad attack of 
various problems in the areas of chemical engi­
neering and applied chemistry exists. 

Professor Bruce H. Sage has been involved 
in the research activities since 1929. His labora­
tory for studies of both equilibrium and non­
equilibrium behavior in hydrocarbon systems con­
tinues to make major contributions to knowledge 
in those areas. Out of that laboratory has come 
some 300 scientific papers, and 8 books co­
authored by Professor Sage. The petroleum in­
dustry has been significantly aided by the efforts 
of Sage, Lacey, and co-workers over the past four 
decades. 

One of the world's outstanding laboratories 
for study of liquid-state physics and chemistry has 
been established by Professor Cornelius J. Pings. 
Both experimental and theoretical studies are em­
ployed in the development of a more unified means 
of predicting physical properties of liquid sys­
tems. Professor Pings' presentation at the meet­
ing of the Faraday Society in April of 1967 on 
the determination and analysis of radial-distri-
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Pings Friedlander 

bution functions in liquid argon using X-ray 
diffraction is of special note and was excellently 
received by liquid-state experts. In addition to the 
real progress being made by Professor Pings in 
the attack of the liquid state, he has continued 
to make interesting and significant contributions 
to optimization studies as they relate to situations 
near chemical equilibrium. 

Professor S. K. Friedlander is on joint ap­
pointment between Environmental Health Engi­
neering and Chemical Engineering. His current 
major areas of research are air pollution and bio­
medical engineering. Studies of aerosols in the 
atmosphere are of special interest in his efforts. 
Significant work is being done in the biomedical 
field. He and one of his students just completed 
a fundamental study of gas-exchange with flowing 
blood, and the information will have application 
in the design of extra-corporeal systems for medi­
cal use, especially in heart-lung equipment. In 
further work associated with the lungs, Professor 
Friedlander and colleagues have proposed a new 
and more accurate method for the calculation of 
particle transfer rates by diffusion at bifurcations 
in the upper respiratory tract. 

Tschoegl Gavalas 

In 1967 Professor N. W. Tschoegl joined the 
staff of the Chemical Engineering Laboratory. 
The major activities in his group are directed 
toward the study of the molecular basis of the 
mechanical behavior and fracture of filled and 
unfilled elastomers. Problems of deformation, 
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yield, and fracture are continually found in gen­
eral engineering applications of polymers as 
well as in the very important area of solid pro­
pellants for rocket motors. Cooperative studies of 
crack propagation in filled, viscoelastic materials 
are being conducted with Professor W. G. Knauss 
of the Aeronautics Laboratory. 

Professor G. R. Gavalas, who studied at the 
University of Minnesota with Rutherford Aris, 
is involved in the application of modern mathe­
matical techniques to a variety of chemical engi­
neering systems. His primary interest is in sys­
tems in which there are chemical reactions in the 
presence of heat and mass transport. His signifi­
cant contributions in this area have culminated in 
the preparation of a monograph which is to be 
published soon. It is entitled "Non-linear Differen­
tial Equations of Chemically Reacting Systems." 

Plasma chemistry and physics are of major 
import in many laboratories today, and Professor 
Frederick H. Shair is deeply involved in studies 
of transport and chemical change associated with 
plasmas. Recently he developed a theory of cata­
phoretic transport in binary mixtures subjected 
to DC glow discharges, and it is in agreement 
with essentially all available data. Currently he is 
investigating cataphoretic separation in flow sys­
tems with emphasis upon the development of an 
economically attractive method for purifying hel­
ium to better than 1 ppm. In his kinetics studies, 
he is presently conducting experiments aimed at 
relating electron densities, collision frequencies, 
and energy distributions to the overall yields and 
reaction rates associated with reacting gases in 
glow discharges and in coronas. In all of his stud­
ies, he is concerned with energy balances and 
scale-up. He and Professor Gavalas are col­
laborating in the study of certain aspects of plas­
ma kinetics. 

Additional activity in the area of biomedical 
studies exists in the laboratory of Professor Giles 
R. Cokelet. He began the study of the rheology of 
suspensions in his work at M.I.T. with Professor 
E. W. Merrill and has continued his activity at 
Caltech. Of particular interest to him is the 
rheology of blood and the nature of blood flow in 
small-bore tubes. Professor Cokelet will be leaving 
Caltech in January of 1969 for appointment as 
Associate Professor at Montana State University, 
but it is hoped that his general area of interest 
will receive continuing consideration at Caltech. 
That emphasis is natural in its complementary 
and supplementary relationships with the work of 
Professor Friedlander within the department. 
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A recent addition to the Chemical Engineering 
staff is Professor John H. Seinfeld who did his 
PhD studies with Leon Lapidus at Princeton. 
Without any loss of momentum, he has continued 
his interests at Caltech in the areas of optimiza­
tion and adaptive control of chemical systems. 
Currently he is studying the problems of optimal 
control of stochastic systems and the control of 
systems with time delay. 

Vaughan Seinfeld 

In the first half of 1969, Chemical Engineering 
will be happy to receive as one of its new col­
leagues Dr. Robert W. Vaughan, who currently 
is a lieutenant in the Army on duty at the Jet 
Propulsion Laboratory of the California Institute 
of Technology. Dr. Vaughan completed his work 
at the University of Illinois under Professor 
Drickamer and has been specifically interested in 
the study of the electronic structure of metals, 
particularly iron, at pressures up to 3 million 
pounds per square inch. Mossbauer spectroscopy 
has been his main attack to the problem, and he 
plans to continue his work in Mossbauer spectro­
scopy as part of his program at the California In­
stitute of Technology. 

My interests continue in the area of applied 
chemical kinetics with emphasis on reactions of 
nitric oxide. In addition to work at room tem­
perature, work is proceeding on studies of re­
actions of nitric oxide at temperatures between 
3000 and 6000 °K in an argon plasma. Separate 
from the studies on homogeneous reactions, work 
is under way with Professor Thad Vreeland, Jr., 
of Materials Science on a continuation of previous 
interests in the role of dislocations as they affect 
surface reactions catalyzed by single crystals of 
silver. 

THE FUTURE 

Hopefully without chauvinistic overtones, my 
belief is that chemical engineering is the most 
viable engineering discipline in the world today. 
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That viability stems from the consideration that 
chemical engineering must combine chemical and 
physical phenomena in the application of knowl­
edge to real problems of society. As has been re­
peated probably too many times already, we can­
not alone concern ourselves with physical change 
but must be deeply concerned and involved in 

Prof. Shair (right) and student. 

knowledge and application of chemical change. 
This involvement and concern is the operating 
base for the future of chemical engineering at 
Caltech. Each of the research areas described 
above has as its ultimate focus the opportunity 
to improve our ability to cope with problems in­
volving chemical change. This concept is what we 
try to communicate to our students. For that 
reason we will continue to have ever-increasing 
and strong reliance upon physical chemistry as 
the basis of our efforts. We do that not without 
diminishing our preoccupation with problems of 
economics and engineering analysis. The eco­
nomics and engineering analysis should still be 
directed, nevertheless, toward the control of 
chemical reactions. 

How are we best to achieve that goal at Cal­
tech? That question is answered by considering 
the great opportunity for any chemical engi­
neering department, and especially our depart­
ment at Caltech, to involve itself in interdisci­
plinary efforts. No other engineering discipline 
is better situated to have the opportunity to move 
in various directions in association with depart­
ments on a given university campus. We at Cal­
tech are extremely fortunate in this opportunity 
inasmuch as any real or imagined blocks to com­
munication are essentially zero. We have no prob­
lems whatsoever in reaching out and working in 
cooperation with Electrical Engineering, Mater­
ials Science, Biology, Chemistry, Physics, Geology, 
and other groups on campus. If we do not take 
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the fullest opportunity to work with these groups 
and to enhance our education and research as well 
as theirs, we are failing in our goal. We are al­
ready developing stronger ties in the area of re­
search and have embarked upon improved inter­
disciplinary efforts in the teaching of our labora­
tory work in chemical engineering. In the past 
year, in fact, there has been extraordinarily 
good success and cooperation between Professor 
Shair and Professors E. E. Zukoski and R. H. 
Sabersky of Mechanical Engineering in the teach­
ing of a senior and first-year graduate course in 
engineering laboratory. Professor Shair has led 
the way in the development of experiments in­
volving chemical change, and Professors Zukoski 
and Sabersky have brought in improved ideas re­
ative to dealing with problems in energy and 
momentum transfer. That type of thinking must 
continue in various other avenues and in the 
coming year will be expanded in the already men­
tioned cooperation between Electrical Engineer­
ing and Professors Seinfeld and Gavalas in the 
teaching of a course in control. Again, the prin­
ciples that are being taught and studied will not 
change significantly, but the technological back­
ground for the students will be improved greatly 
by bringing in new ideas on how to cope with 
older principles. An electrical-engineering stu­
dent can gain by having the opportunity to hear 
from chemical-engineering professors regarding 
the jargon and problems associated with the con­
trol of various chemical processes. In turn, the 
chemical-engineering students will gain signifi­
cantly by having the opportunity to have electri­
cal-engineering professors communicate their 
points of view on control. 

Our next major goal in the effort to improve 
our total attack here at Caltech in chemical-engi­
neering education is to examine how we deal with 
applied physical chemistry throughout the cam­
pus. My hope is that Chemical Engineering will 
be a part of making significant change and' 
progress in the improved teaching of applied 
physical chemistry by the various disciplines that 
incorporate this field of study in their curricula. 

The future is exciting here at Caltech, and the 
responsibility for us as chemical engineers is 
great. We must be especially alert because we 
have special problems in being sure that we 
understand the full meaning of dealing with both 
chemical and physical change in the face of the 
opportunity for significant interdisciplinary 
contributions. 
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