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The California Institute of Technology (Cal-
tech) is a small private school with a total en-
rollment of about 1500 students, about half of
whom are graduates. The faculty consists of
about 250 professors of all ranks, about 130
visiting professors and associates, and some 240
research (postdoctoral) fellows. With this un-
usual student-faculty ratio classes at Caltech
are generally small, interpersonal relations are
fostered, and course programs and research ac-
tivities tend to be closely interwoven.

These typical Caltech tendencies are reflect-
ed in the Polymer Program in Chemical Engi-
neering. Two lecture courses and a laboratory
course are offered as part of the ChE program.
The research group in the Polymer Laboratory
currently comprises six graduate students, a
visiting scientist, and three research fellows,
representing five different countries. The poly-
mer activities of the Polymer Research Section
of Caltech’s Jet Propulsion Laboratory are
brought to the campus by its head, Dr. R. F.
Landel, and Member of the Technical Staff, Dr.
A. Rembaum. Both serve as part-time Lecturers
in Chemical Engineering. A series of weekly
seminars keeps the group in touch with advances
being made in the study of polymers outside of
the Caltech community.

COURSES

A Dbasic course, Polymer Science, is offered
for graduate students and for those undergrad-
uates who have had a sufficient background in
physical and organic chemistry. The first term’s
lectures, presented by A. Rembaum, cover poly-
mer chemistry. Topics discussed include: the
nature and classification of polymers, methods of
synthesis, polymerization kinetics and molecular
weight distribution, copolymerization and cross-
linking. The second and third terms’ lectures
are given by N. W. Tschoegl. During the second
term, attention is focused on the physical char-
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acterization of polymers by solution methods
and physical methods in bulk. A detailed treat-
ment of polymer properties is the subject of
the third term which includes a discussion of
the principles of polymer technology. Through-
out the course the emphasis is on an under-
standing of polymer properties in terms of poly-
mer structure.

During the third term, students can elect to
take the Polymer Science Laboratory course. This
course has been developed by R. E. Cohen on a
trial basis over the past two years and was offer-
ed for credit for the first time in 1971-72. The
laboratory course acquaints students with a
selection of techniques employed in the synthesis
and characterization of polymeric materials. The
techniques have been chosen for their practical
importance and instructional value. The student
first synthesizes a polymer, following the kinetics
of the free radical polymerization reaction. He
then characterizes his reaction product by de-
termining number average and viscosity average
molecular weights and the glass transition tem-
perature. Finally, he studies the mechanical
properties of his polymer by carrying out stress
relaxation measurements. A laboratory manual
with a discussion of the procedures and back-
ground material has been prepared for the course.

Polymer Science is essentially an introduc-
tory course, although the presentation is fairly
advanced, being on the level of P. J. Flory’s
Principles of Polymer Chemistry. The course
alternates every second year with a more special-
ized course on the Mechanical Behavior and Ulti-
mate Properties of Polymers, open to graduate
students. Students enrolling in the latter course
are expected to have completed studies equiva-
lent to the Polymer Science course. The course
begins with an introduction to the theory of vis-
coelastic behavior. The discussion centers on
material functions and their interconversion,
model representation, time-temperature equiva-
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lence, and the molecular theories of polymer be-
havior. During the second term consideration is
given to the mechanical behavior of various
polymer systems including amorphous, crystal-
line, and cross-linked polymers, copolymers, elas-
tomers, filled and plasticized systems, blends and
melts, and to the elements of large deformation
theory. The first two terms’ lectures are given
by N. W. Tschoegl. The third term, presented
by R. F. Landel, is devoted to a discussion of the
phenomenology and the molecular and statistical
theories of rupture in polymeric materials.
Throughout the course special attention is given
to controlling molecular parameters.

In accordance with Caltech’s small enroll-
ment, a typical class in the polymer courses con-
sists of about ten students. Thus an informal
atmosphere and close interpersonal contacts are
insured. Each student prepares an individual
term paper on a topic related to the course once
during this academic year. These papers are
presented in form of a lecture to the class and
the research group in a common seminar. Grad-
uate teaching assistants (drawn from the re-
search group) are given opportunities for pre-
paring and presenting lectures within the frame-
work of each course.

WINTER 1973

RESEARCH

Research activities in the Polymer Labora-
tory are directed toward obtaining an under-
standing of the molecular basis of the engineer-
ing properties of rubbery materials (elastomers).
The majority of the research projects is of an
experimental nature, dealing with the study of
elastomeric materials through the measurement
of various mechanical properties. Theory is de-
veloped as needed as an integral part of the re-
search activity.

Mechanical tests with both transient and dy-
namic loading patterns are used to evaluate the
properties of a variety of elastomers at atmos-
pheric pressure, in isothermal and isochronal
modes of testing. A new rheometer with a wide
modulus, frequency, and temperature range has
been developed. Two Instron testers are avail-
able for large deformation studies.

The Polymer Laboratory is uniquely equipped
for the study of pressure effects on polymer
properties. Pressurized testing equipment is be-
ing used to study the pressure dependence of
mechanical properties, failure criteria for filled
and unfilled elastomers in uniaxial and biaxial
deformation under superposed hydrostatic pres-
sure, and the internal energy contribution to
rubber elasticity.

With the help of A. Rembaum, some synthe-
sis is carried out in conjunction with the research
effort. The capability of synthesizing particular
polymers as part of the mechanical properties
research distinguishes the Caltech program from
most polymer programs in other ChE Depart-
ments. The laboratory has a high-vacuum ap-
paratus which is used for the anionic polymeri-
zations of block copolymers. The synthesis of
special elastomers containing a known amount
of chains tagged at both ends by a heavy atom
is expected to lead to X-ray scattering studies
of the end-to-end separation of chains as a func-
tion of temperature and strain. Ample character-
ization equipment is avaliable so that the molecu-
lar structure of newly synthesized materials
can be determined.

A good deal of the effort is concerned with
the properties of novel elastomers. Thus, triblock
copolymer elastomers (thermoplastic rubbers)
are used as model substances for the elucidation
of properties which are difficult to study in con-
ventional elastomers. These studies have led to
the development of a theory for the superposition
of time and temperature effects in thermorheo-
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With this unusual student-faculty ratio, classes at Caltech are generally small, interpersonal relations are fos-
tered, and course programs and research activities tend to be closely interwoven.

logically complex two-phase polymer systems.
A study was also made of terminal chains and
their entanglements in triblock-diblock blends
in which the proportion, length, and distribution
of the terminal chains could be controlled. A
study of rubbers consisting of two interpenetrat-
ing networks is expected to begin in the Fall of
1972.

Research activities are not restricted to the
Polymer Laboratory. Thus, within Chemical Engi-
neering, Professors W. H. Corcoran and N. W.
Tschoegl collaborate in an effort to assess the
effect of mechanical deformations on diffusion
through membranes. A joint effort on segmental
motion by NMR techniques is being planned
with Professor R. W. Vaughan. Outside of Chem-
ical Engineering, the Polymer Laboratory has
maintained close contact with Professor W. G.
Knauss’s group in Aeronautics whose interests
lies in the field of crack propagation and frac-
ture in elastomers. Close liaison is also main-
tained with the Materials Science group at the
Institute. Because of its small size, such inter-
departmental contacts are easy to maintain at
Caltech.

In the past, both Materials and Chemistry
students have received Ph.D. or M.S. degrees
for thesis work done in the Polymer Laboratory.
Chemistry and Chemical Engineering form a
single division at Caltech, and the polymer
courses attract an increasing number of chemistry
students. Chemistry undergraduates receive cred-
it for undergraduate research performed in the
Laboratory.

SEMINARS

During the academic year, the polymer group
meets weekly for an informal luncheon seminar
held in Professor N. W. Tschoegl’s office. These
seminars have the character of a special topics
course for which, however, no credit is given.
Approximately half of the seminar speakers
come from outside Caltech. An effort is made
to invite speakers who do research which is dif-
ferent from that of the group or who can sup-
plement the expertise of the lecturers presenting
the regular courses. Since it is recognized that
many of the group’s graduates will go into
industry, a special effort is made to invite speak-
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ers from industrial R&D laboratories to acquaint
group members with the directions and values
of high-level industrial research and develop-
ment work. Through the seminars the members
of the group meet the many well-known polymer
scientists who regularly pass through Caltech.
The seminars contribute to the broadening of
the group’s concept of polymer research beyond
the study of mechanical properties and rubbers.

The seminars also serve as a forum for
periodic reporting by members of the group on
the progress of their research. A graduate stu-
dent is expected to present an average of three
to four talks per year and in this manner gains
valuable experience in the art of oral expression
and communication. Every group member is ex-
pected to be sufficiently familiar with everybody
else’s research to be able to interact and such
interaction is encouraged. This had led to in-
tensive mutual reinforcement of interest and to
cohesion within the group, and has sensitized
group members to the demands and advantages
of the team work so often essential to successful
work in industry.

The seminar program has been very success-
ful and has attracted interest from other groups
at Caltech and also from outside the Campus. A
major advantage of the seminars is, however,
that they are normally restricted to a small
group of about 15 people to encourage free-
wheeling and uninhibited discussion. 0O

BOOK REVIEW: (Continued from page 29)

lation: the extension to design; the relationship
of process simulation to the stochastic simula-
tion of the systems engineer; and the strong de-
pendence of simulation systems on new hardware
developments.

In summary, this book is recommended as a
basic source reference on simulation systems.
The reader should find it valuable either as an
undergraduate text or for self-study. With its use
he should be able to understand the fundamental
elements of a simulation, and have less confusion
as to the application of simulation systems to
large complex processes.
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