To complete this analogy, just as no two
trees in a forest are identical, so are no two stu-
dent programs the same. It is the intention of the
Department to provide each of its students with
a program tailor-made to his interests and career
objectives, involving just enough rigidity to give
depth and meaning to his study, and yet allowing
adequate flexibility to permit him to make the
most of his talents.

Students come to the Chemical Engineering
Department from many social and economic back-
grounds. Some students have definite ideas con-
cerning their future careers; others are quite
vague about what they wish to do; and nearly all
change their focus during the four years. It is,
therefore, important to keep as many doors open
as possible, since past experience has indicated
that Princeton’s chemical engineering graduates
continue in chemical engineering study to the
MS or PhD degree, go on to graduate school but
in some other field such as chemistry, business
administration, law, or medicine, or enter indus-
try directly upon graduation. Traditionally our
students have come to us directly from public or
private secondary schools, but in recent years we
have had considerable success with students trans-
ferring from junior colleges or other universities
at either the sophomore or junior level. We en-
courage this trend, for some of our best and most
dedicated students in the recent past have been
transfer students.

Although students and their programs differ
widely, there are certain features of the curricu-
lum worthy of special note. A significant portion
of the senior year is devoted to independent work
leading to a thesis. Each student is allowed to
choose a topic which interests him and on which
he works independently under the guidance of a
faculty advisor who will have at most only three
such students. This independent work has not in-
frequently led to a publication, but in any case
it provides the student with the chance to bring
together loose ends and to apply his theoretical
background under his own initiative to a solution
of a problem. If he is one of those students en-
gaged in a topical program in addition to his
chemical engineering studies, the independent
work often bridges the two fields.

Since the University is best qualified to teach
principles, it relies upon industry to give the
student some experience with the world of appli-
cation and practice. Students are required to have
at least one summer of industrial employment,
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normally between the junior and senior years.
Coming after a student has had most of his back-
ground courses but before he has made his final
career decisions, this industrial experience is not
only helpful as an adjunct to the classroom, but
has proved of real value in orienting the student
toward a successful career not previously con-
sidered.

Perhaps one of the most important educational
benefits received by the chemical engineering stu-
dent at Princeton is the opportunity to room with,
eat with, study with, and relax with those whose
major interests are other than his—in economics,
literature, music, philosophy, art, politics, or any
of the other fields of study available at Princeton.
To be a member of a relatively small department
in a modestly sized School of Engineering and
Applied Science which itself is part of a large
liberal arts university provides the student with
a variety of experiences almost unattainable under
other conditions. Our students have proved that
they have the imagination and motivation to make
the most of their opportunities. O

book reviews

Introduction to Thermodynamics: Classical and
Statistical, R. E. Sonntag and G. J. Van Wylen,
John Wiley and Sons, Inc., 813 pages, (1971).

The relation of thermodynamics to textbook
authors is similar to that of sex to movie pro-
ducers: the same material can be presented again
and again; there is no end to its fascination. Our
libraries are packed with thermo texts and the
flow of new ones continues unabated.

Professors Sonntag and Van Wylen from the
University of Michigan have written a large book
intended for engineering undergraduates who are
being exposed to thermodynamics for the first
time. Having previously written the successful
texts Fundamentals of Classical Thermodynamics
and Fundamentals of Statistical Thermodynam-
ics, the authors have now combined the essentials
of both of these earlier works into a new text
suitable for students at the junior level.

As in their earlier books, the authors have
written their text with remarkable clarity and
simplicity; their style is lucid, straightforward
and free of scholarly jargon and pomposity. The
text speaks directly to the beginning student in
language he can understand and read with ease.
The sentences are short, to the point and free of

(Continued on page 73)
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The main feature of this program is that it provides a common first two
years which would be oriented in terms of basic science toward process engineering.
The subject matter . . . for the final years would be identical for the two programs.

the reduction in hours will make the engineering
and technology curricula more realistic when com-
pared to other university programs.

GRADUATE PROGRAMS

We do not address the graduate program here
but we feel that graduates from either program
would be fully qualified (given adequate perform-
ance) to proceed to graduate school in engineer-
ing. We would expect the ME degree holder to
proceed to the PhD directly. The BS degree holder
might first wish to work toward the ME or the
MS degree. This however, would depend on the
graduate program organization at his university
of matriculation.

SUMMARY

In summary, we feel that as chemical engi-
neering educators we have a responsibility to
design and implement university-level bachelor
degree programs in technology to meet the need
for this function and for the student desiring to
pursue such a career. Further, we have the respon-
sibility to expand our professional program to a

more flexible five-year program and to recognize
this program as of a higher level and therefore
award the Master of Engineering degree as evi-
dence of successful completion. Finally, we feel
that these two programs complement each other
and provide for interaction of people interested
in the different functions at both the student level
and the faculty level.

With regard to technician programs, we feel
there is a definite need, but that the programs are
not compatible with engineering programs and
should be offered elsewhere. We do feel, however,
that chemical engineers have a responsibility in
the design of technician program curricula and
implementation, and that some chemical engineers
should look to this as a necessary and satisfying
endeavor and a fruitful career objective. O
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BOOK REVIEW (Cont'd from p. 60)

those qualifying clauses that are so dear to
writers of articles in learned journals. The draw-
ings are pristinely schematic; they beautifully
represent situations reduced to their bare essen-
tials, free of frills and complications. There are
many worked-out problems that are discussed
sympathetically but without condenscension. At
the ends of the chapters there are an unusually
large number of problems with answers to some of
them given in the appendix. It is evident from
the care and attention to details with which this
book was written that Professors Sonntag and
Van Wylen must be experienced and highly suc-
cessful teachers.

The book moves very slowly: the second law
does not appear until page 179; entropy enters
on page 207 and the Maxwell Relations do not
show up until page 386! Since the authors are
mechanical engineers, there is a wealth of dis-
cussion of power cycles, refrigerators and simi-
lar mechanical applications. There is a chapter

SPRING 1972

on chemical reactions which summarizes material
(e.g., flame temperatures) that chemical engi-
neers learn in stoichiometry courses. In the chap-
ter on chemical equilibria, it is a pleasant change
to read about equilibria in high-temperature com-
bustion and argon plasmas instead of the usual
synthesis of ammonia. However, discussion of real
gases, mixtures and phase equilibria is extremely
short and limited to highly idealized cases like
Raoult’s law. Fugacity is mentioned briefly but
activity and activity coefficient are not mentioned
at all.

Should statistical thermodynamics be taught
to undergraduate engineering students? This
question has been debated by educators for many
years and it is clear that Professors Sonntag and
Van Wylen answer affirmatively. The last quarter
of their book is devoted to an introduction of how
statistical considerations (molecular distribu-
tions and models) can lead to a formulation of
thermodynamics which is related to molecular
properties. The authors discuss the principles of

(Continued on page 98)
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APPENDIX B

CRITERIA FOR LOWER DIVISION PROGRAMS
IN ENGINEERING AT THE UNIVERSITY OM MIN-
NESOTA

A student will be certified to have completed the Lower
Division if he receives the recommendation of the LDC
Department Representative of the department in which
he wishes to pursue Upper Division work and the con-
currence of the Lower Division Committee. The student
has the right to appeal the decision of the Department
Representative to the full committee by request to its
Chairman.

A Lower Division Program submitted by a student is
to receive the Department Representative’s recommenda-
tion for approval if in his judgment it shows evidence
that the student has acquired the knowledge normally
possessed by students who have completed programs
which are included within the framework outlined below.
It is up to the discretion of the Department Representa-
tive, subject to appeal to the full committee, to deter-
mine the type of evidence upon which the recommendation
is to be based.

1. Liberal Education. The student is to have com-
pleted approximately half of Liberal Education require-
ment established by the Institute of Technology in
accordance with the all-University policy on liberal edu-
cation. Only in unusual cases would the program have
deviated by more than one course from the half-way
point, i.e., from 78 credits.*

2. Mathematics. Normally the student would have
been expected to have completed 23 credits of calculus-
level mathematics up to and including an introduction to
differential equations. With reasonable cause, and with
the concurrence of the department the student wishes
to enter, the fifth math course may be replaced by a

* Quarter credits. One quarter credit is expected to re-
quire a total of three hours per week.

discipline-oriented math course, e. g., statistics. This
option is not available to the undecided student.

3. Natural Science. The student is to have completed
12 credits in calculus-level physics; 4 credits in chem-
istry; and 4 additional credits in either physics, chemis-
try, biology, geology, ecology, or some other natural
sciences. The first 16 of these credits are exclusive of
laboratory.

4. Engineering Science. Each engineering department
program is to include at least two engineering science
courses or 8 credits from the five options: mechanics,
electric circuits, fluid mechanics, thermodynamics, and
materia’s. In order to minimize the problem of transfers
between departments, it is suggested that the department
programs recommend a third course in either engineer-
ing science or natural science. The undecided student
is to have completed at least three 4-credit courses or 12
credits from at least three of the above five options.

5. Laboratory. A minimum of 4 credits in observa-
tional and manipulatory laboratory work must be com-
pleted in the Lower Division.

6. Introduction to Engineering. Normally this will in-
clude 6 credits of work in engineering orientation, moti-
vation, elementary problem solving, and conceptual de-
sign; evironmental awareness; computer programming;
and engineering graphics, split approximately equally
among these four subject areas.

At least 90 equivalent credits are required to com-
plete the Lower Division.

If a student’s program deviates by more than two
courses from the program recommended by his pros-
pective major, he would be expected to make up this
difference as part of his Lower Division Program. The
first two make-up courses would be taken as a part of the
student’s Upper Division program. A department pro-
gram will be within the spirit of these criteria if it
will permit a student to transfer to another department
with only two make-up courses.

BOOK REVIEW (Cont'd from p. 73)

probability, statistical mechanics and quantum
mechanics and then give a few common illustra-
tions: molecular velocity distribution in a gas,
specific heat of a Debye solid, electron gas in a
metal.

As in the earlier parts of their book, the au-
thors write clearly and succinctly but their con-
viction and authority are now mnotably lower.
Whereas the utility and power of classical thermo-
dynamics were evident throughout, it is not at all
apparent to the reader where all this statistical
material is going to lead in the sense of engi-
neering application. The intellectual beauty of
statistical thermodynamics is nicely conveyed but
the engineering student who wants to see practi-
cal results will be disappointed. The chapter on
quantum mechanics is probably too difficult for
undergraduates who have not had a strong course
in physical chemistry or atomic physics.
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This text is admirably suited for a one-year
thermodynamics course for general engineering
students in their third (or possibly even their
second) college year. It is likely that students will
react warmly to this text because, unlike so many
other books, it was written to meet student needs
rather than to show off the authors’ erudition, to
practice pedagogy rather than to portray the au-
thors’ particular research accomplishments. Pro-
fessors Sonntag and Van Wylen are to be con-
gratulated for having produced a major contribu-
tion to undergraduate engineering education;
their book deserves, and no doubt will achieve,
wide adoption. However, for chemical engineering
students it will be necessary to supplement this
book with another one, suitable for undergradu-
ates dealing with the equilibrium properties of
mixtures. That book, unfortunately, remains to be

written. J. M. Prausnitz
University of California, Berkeley
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