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CHEMICAL ENGINEERING PERSPECTIVES

Cornell's Fourth Decade of

Chemical Engineering Education

By Charles C. Winding

"Chemical engineers must be com-
petent chemists and also competent
engineers, besides having specialized
training in the practical application of
both kinds of knowledge to the design
and construction of chemical manufac-
turing plants." Such was the belief of
the father of chemical engineering at
Cornell, Professor Fred H. Rhodes
(Ph.D., 1914), when the first chemical
engineering students were graduated
from Cornell in 1933.

Although many chemists were en-
gaged in what today would be known as
chemical engineering, they were almost
exclusively confined to the chemical
industry—in plant operations and de-
sign—and considered themselves indus-
trial chemists. It was they who taught
the industrial or applied chemistry
courses offered in many of this coun-
try's early chemistry departments.
Chemical engineering education at Cor-
nell, then, as elsewhere in the United
States, had its origins in chemistry
rather than in engineering.

Actually, the concept of "industrial
chemistry" first arose at Cornell in
1870 when Chester Wing was ap-

pointed "professor of chemistry applied
to manufactures." The "course in chem-
istry" ("curriculum" in today's termi-
nology) offered by the University in that
era was "designed to prepare not only
teachers and analytical chemists but
also technical chemists in manufactories
and mines."

It wasn't until World War I, how-
ever, when United States chemical im-
ports from Germany were cut off, that
universities began to feel the impetus
for strengthening their programs in
industrial chemistry. Before this time,
the manufacture of chemicals in the
United States was regarded as an art
based on the chemist's laboratory prep-
aration methods.

In 1910, Cornell's College of Arts
and Sciences introduced a four-year
program in chemistry leading to the
professional Bachelor of Chemistry de-
gree. Professor Rhodes gave courses in
industrial chemistry within the Univer-
sity's Department of Chemistry from
1920 to 1932; he also developed a basic
unit operations laboratory in the base-
ment of the Baker Laboratory of Chem-
istry.



THE FIVE-YEAR PLAN
The growth of the United States

chemical industry in the 1920s enhanced
the value of education in applied chemis-
try. In response, Cornell in 1931 ap-
proved a plan whereby graduates with
its Bachelor of Chemistry degree could
undertake a fifth year of study in engi-
neering, receiving the degree of Chemi-
cal Engineer. This initial pattern, de-
vised by Professor Rhodes, was dictated
partly by the exigencies of the times.
Little money was available to establish
an independent faculty group in chemi-
cal engineering or to house a new school
within the College of Engineering.

Three students received their degrees
in this four-plus-one chemical engineer-
ing program in 1933, and this curricular
pattern was continued until 1938 when
the School of Chemical Engineering
was established within the College of
Engineering. Freshmen were then ad-
mitted directly to the School, whose
five-year program led to a Bachelor of
Chemical Engineering degree. Since the
principle of a five-year program was
well established by this time, there was
little difficulty in selling the merits of
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Figure 1. Evolution of Chemical Engineering
Curricula at Cornell over a
Twenty-Two Year Period*
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Opposite page: A chemical engineering
senior collects distillate from one of the
plates on the distillation column in the
unit operations laboratory.

the new program. Applications came in
at a high rate, and large freshman
classes were admitted to the newly
established School from 1939 to 1941.

Up until the 1960s the School of
Chemical Engineering's freshman en-
rollment varied between 100 and 160
students, with the number of graduates
ranging between 25 and 55 each year.
Then there was a development affecting
all engineering programs at Cornell: all
entering engineering freshmen were ad-
mitted to a Division of Basic Engineer-
ing Studies. They could not elect an
engineering field as a specialty until the
beginning of their sophomore year.
(Before this, a candidate was admitted
to one of the four established engineer-
ing schools—Chemical, Civil, Electri-
cal, or Mechanical—or the Department
of Engineering Physics.) It is difficult
to determine how chemical engineering
enrollments were affected by this shift;
too many other factors were operative
to isolate the effect of any one. The
number of students entering their junior
year in the chemical engineering pro-
gram nevertheless reached a peak of
sixty-two in 1961 and thereafter fell

slowly to stabilize between forty and
fifty a year, where it has remained for
the past several years.

IMPACT OF GRADUATE
EDUCATION

During the late 1950s and early
1960s the increased interest of under-
graduates in graduate study affected the
traditionally practice-oriented five-year
Bachelor's degree program. While many
graduate-level courses in chemical
engineering were included in the fifth
year, Cornell graduates who sought
advanced degrees at other universities
rarely received any graduate credit for
them. To alleviate this situation and to
enable some of the best undergraduates
to obtain their doctorates in a shorter
period of time, the School of Chemical
Engineering introduced a predoctoral
honors program in 1961. Through it,
promising fourth-year students were
permitted to enroll in Cornell's Gradu-
ate School during their fifth year. Such
candidates received the usual B.Ch.E.
degree at the end of their fifth year, but
at the same time they were credited with
a year of graduate residence. The num-



"Major contributions by chemical
engineers will likely be in catalysis,
reaction kinetics, separation processes,
and applied chemistry/'

ber admitted to this program each year
ranged from four to ten.

THE NEW STRUCTURE:
B.S. AND M.ENG.

Then, in 1964, the College of Engi-
neering introduced a new professional
engineering degree structure: a four-
year undergraduate program led to an
undesignated Bachelor of Science de-
gree, which could be followed by a fifth
year of graduate study leading to a
Master of Engineering degree, desig-
nated by field. Since its inception, the
Master of Engineering program in
chemical engineering has been directed
exclusively to those students who are
interested in the practice of their pro-
fession. Study during the junior, senior,
and fifth years is integrated as a unit.
Thus, students interested in research
and teaching can begin work toward the
Ph.D. at the end of their fourth year
while those interested in practice can
continue in the Master of Engineering
program. Students interested in busi-
ness, law, medicine, or other profes-
sional fields can leave chemical engi-
neering at this point.





Since 1932, all three degree patterns
in chemical engineering have required
five years for a professional chemical
engineering degree. The aim of the fac-
ulty, beginning with Professor Rhodes,
has been to provide students with an
education that will enable them to
handle complex problems in develop-
ment, design, production, and manage-
ment in the process industries. Because
of this strong practice-oriented tradi-
tion, many Cornell graduates have
played important roles in the develop-
ment and growth of the chemically
based process industries.

As the operations of these industries
have become progressively more com-
plex, a greater emphasis has been
placed on basic fundamentals in chemi-
cal engineering curricula. Through a
revision of basic courses, the moderni-
zation of laboratories and experimental
projects, and a thorough exposure of
students to design, economics, and
optimization, we are making a major
effort to enrich our programs.

AREAS OF CONCENTRATION

We expect that advances in selected
aspects of applied physics (e.g., trans-
port phenomena) will be of continuing
interest to all engineers and are there-
fore continuing to concentrate on flow
stability and mass transfer studies.
Major contributions by chemical engi-
neers will likely be in catalysis, reaction
kinetics, separation processes, and
applied chemistry. Each of these areas
is being continually strengthened
through the School's research programs,
instructional courses, and projects.

It is our belief that advances in
catalysis and improved reaction sys-
tems will have a greater effect on the

future of the chemical process industries
than will any other technical develop-
ments. Plans are underway to increase
our research efforts in these fields.

In the School, interest in separation
processes centers around desalination,
crystallization, and the little-known
separation techniques applicable to
biochemicals, all fields with promising
futures. And work at Cornell in applied
chemistry continues to develop around
relatively long-standing interests in
biochemical engineering and polymeric
materials.

GENERAL EDUCATIONAL
OBJECTIVES

To prepare students for careers in
chemical engineering, whether in
research or in practice, the faculty of
the School of Chemical Engineering has
affirmed two major objectives:

The preparation of highly talented
students for leadership in the practice
of the chemical engineering profes-
sion through a design-oriented pro-
fessional program
The expansion of coherent, vital
research efforts for the continuing
enrichment of the chemical engineer-
ing program

The first of these objectives is, of
course, the concern of the Master of
Engineering degree program. If pro-
fessional degree programs are to be an
important element in chemical engi-
neering education in the future, con-
sideration should be given to their
upgrading to meet the demands of
advanced industrial design. Generally,
Ph.D. programs do not adequately meet
these, nor should they. In short, to
provide parallel research- and design-

"...the School of
Chemical Engineering
[emphasizes] professional
engineering in its
broadest sense."



Table 1. Cornell Chemical

Subject

Design

Materials

Equilibria and Staged Operations

Thermodynamics

Chemical Processes

Mass and Energy Balances

Microscopy

Process Control

Project

Rate Processes

Reaction Kinetics

Unit Operations

Chemical Engineering Economics

Library Use

Plant Inspection Trip

Total

Engineering Courses

1946

8

6

—

—

4

2

3

—

6

—

—

16

—

1

1

47

* Basis for comparisons: five-year professional degree programs.

Credit Hours*
1956

8

6

—

6

4

4

3

3

4

—

—

16

3

1

1

59

1968

12

7

6

3

4

3

3

3

3

3

3

3

—

_

—

53

oriented programs in chemical engineer-
ing seems the most desirable and feasi-
ble of future objectives of the School of
Chemical Engineering at Cornell.

Research in chemical engineering
need not oppose the objectives of the
professional program. The predoctoral
honors program offers an attractive
opportunity for Cornell students who
wish to prepare for teaching and
research.

CHANGING CURRICULA

Table I and Figure I, presenting
chemical engineering curricula in 1946,
1956, and 1968 (all five-year pro-
grams), show the changes and trends in
the School's curriculum content. The
most obvious trend has been the signifi-
cant reduction over this twenty-two
year period in the time devoted to
chemistry; most of this reduction has
come in laboratory work rather than in
course content. Drawing and mechani-
cal engineering courses, as such, have
disappeared from the curriculum. A sig-
nificant increase in the number of elec-
tive hours is evident, as is a modest in-
crease in chemical engineering courses.



Overall, the number of credit hours
required for graduation has dropped
from 190 to 174.

As for the chemical engineering
courses themselves, work in unit opera-
tions has given way to work in equili-
bria, staged operations, rate processes,
and thermodynamics. New require-
ments have been added in reaction
kinetics and in process control, and the
time devoted to design has been sub-
stantially increased.

ALUMNI EDUCATION AND
EMPLOYMENT

About 37 percent of those who were
graduated from the Cornell chemical
engineering program during the 1950s
and early 1960s continued their educa-
tion in graduate schools. A survey just
completed, covering the period 1942 to
1965, revealed that 38 percent of all
graduates of five-year programs ob-
tained an advanced degree; the distribu-
tion is as follows:

Degree Field Percent

Master's Chemical Engineering 20
Master's Science 6
Master's Business 27
Master's Other 4
Ph.D. Chemical Engineering 24
Ph.D. Chemistry 5
Ph.D. Other Science 2

Law 8
Medicine 3

A review of the four-year Bachelor
of Science degree program for 1965 to
1967 showed that 85 percent of the
graduates continued in advanced degree
programs; over one-half entered the
Master of Engineering program, and
approximately one-fourth entered M.S.
or Ph.D. programs.

1931

1938

CORNELL CHEMICAL ENGINEERING HIGHLIGHTS

A four-year professional degree program in chemistry
(Bachelor of Chemistry) is offered by the Department of
Chemistry in the College of Arts and Sciences.

Professor F. H. Rhodes begins his long association with
chemical engineering education at Cornell by teaching in-
dustrial chemistry courses in the Department of Chemistry.

Illlll. 1—1111111 llllillllllllWIWIIIillilWllillililllHHM IHI I I'liiM—L.
A fifth year of study, leading to the degree, Chemical Engi-
neer, is offered to graduates of the Bachelor of Chemistry
program.

The School of Chemical Engineering is established within
the College of Engineering with Professor F. H. Rhodes as
its director. A five-year degree program, under the jurisdic-
tion of the School, now leads to the degree, Bachelor of
Chemical Engineering. Freshmen are admitted directly to
the School of Chemical Engineering.

Director F. H. Rhodes retires; Professor C. C. Winding is
named director of the School.

All Cornell engineering freshmen are admitted to a common
underclass division, Basic Engineering Studies.

The School of Chemical Engineering introduces a pre-doc-
toral honors program wherein top fourth year students are
enrolled in the University Graduate School during their
fifth year.

The College of Engineering introduces a new undergradu-
ate-graduate degree structure. All candidates receive a
Bachelor of Science degree at the end of four years, then
may apply for either a one-year professional degree pro-
gram, the Master of Engineering (Chemical), or a M.S. or
Ph.D. degree through a research-oriented program.

1957

1961

"



Olin Hall of Chemical Engineering

As might be expected, the new Selec-
tive Service System regulations regard-
ing graduate students caused a decrease
in the percentage of graduates with the
B.S. entering the Master of Engineering
program in the fall of 1968. The figure
was reduced from 85 percent going on
to further education to 65 percent, with
half of these entering the Master of
Engineering program. Estimates for
1969 indicate that similar figures will
obtain unless changes in the Selective
Service regulations occur before the
June commencement.

A comparison of figures for prac-
ticing Cornell chemical engineering
alumni with figures for professional
chemical engineers throughout the na-
tion shows a much higher percentage of
Cornell graduates serving in administra-
tive and staff, sales and sales service,
and plant operations positions than the
national average (see Table 2) . All of
the Cornell data are based on the kind
of work performed rather than on the
department in which one works; that is,
engineers concerned with economic
analysis in a research department, for
example, are classified as staff and not 10



Table 2. Comparison of
Chemical

Engineering Function

Cornell and National Figures for
Engineering Employment Patterns*

Cornell Chemical Engineers

1951

Research and Development 42.2
Plant Operations
Sales and Sales Service
Design and Construction
Administrative and Staff
Teaching
Consulting
Other

13.7
10.0
9.5

11.7
2.9
1.2
8.8

1961

34.8
18.8
10.8
10.3
14.0
4.0
0.8
6.5

1964

21.4
24.4
13.8
9.4

24.5
3.6
0.9
2.9

* Graduates in military service and those in residence
were not included in these

•• Estimated.

figures.

1967

20.3
18.8
11.0
8.1

29.4
4.1
0.6
7.7

•tudying

National
Chemical Engineers

1966**

36.5
17.5
10.5
6.0

13.1
3.9
3.7
8.8

for advanced degrees

11

as research engineers.
Over the years Cornell has educated

more than 1,200 chemical engineers.
While the five-year professional pro-
gram grew out of a unique situation in
the early 1930s, Cornell alumni as a
group have experienced remarkable
success in both industry and education,
their average salary being well above
the national average (approximately the
upper decile of published salaries for
chemical engineers in the chemical and
petroleum industries).

The new pattern of an undesignated
Bachelor's degree followed by two dis-
tinct graduate paths—one professional
and the other research-oriented—pro-
vides broad opportunities for the School
of Chemical Engineering to emphasize
professional engineering in its broadest
sense.

Charles C. Winding, Herbert Fisk John'
son Professor of Industrial Chemistry and
director of the School of Chemical Engi-
neering since 1957, joined the Cornell
faculty in 1935. He has played a major
role in the education of all but a handful
of the 1,200 Cornell chemical engineering

graduates and in the development of the
School.

Professor Winding's special interest has
been in polymers, an area in which he has
coauthored two texts, Plastics: Theory
and Practice with R. Leonard Hasche in
1947 and Polymeric Materials with Gor-
don D. Hiatt in 1961. Both were pub-
lished by McGraw-Hill Book Company.
He has been a member of the education
committee of the Society of Plastics Engi-
neers since 1951, serving as its chairman
from 1960 to 1963.

A native of Minnesota, Professor
Winding earned the Bachelor of Chemical
Engineering and the Ph.D. degrees in
1931 and 1935, respectively, from the
University of Minnesota. He has been a
consultant to the Tide Water Associated
Oil Company, the Rubber Reserve Com-
pany, Rome Cable Corporation, B. F.
Goodrich Company, and the Cowles
Chemical Company, where he was a
member of the board of directors for nine
years.

His memberships include Tau Beta Pi,
Sigma Xi, Phi Lambda Upsilon, the
American Chemical Society, the Ameri-
can Institute of Chemical Engineers, and
the American Society for Engineering
Education. He is also a fellow of the
American Institute of Chemists.



CHEMICAL ENGINEERING PERSPECTIVES
Research Directions in Chemical Engineering

By Ferdinand Rodriguez

Opportunities for innovative research
are often best seen at the interfaces of a
given field where new tools, new atti-
tudes, and new problems are most
evident. Chemical engineering research
today has three important interfaces:
engineering, chemistry, and biology.

It should not be inferred from the use
of the word interface that the work of
the chemical engineer is immiscible with
that of practitioners of other disciplines,
for chemical engineers have always
worked in the adjacent areas of chemis-
try and engineering. Over the past
half-dozen years, the number of chem-
ists who have been added to chemical
engineering faculties bears witness to a
counter-movement too. Perhaps Pro-
fessor Giulio Natta of Milan best stated
the special training and attitude of the
chemical engineer when, upon receiv-
ing the Nobel Prize in Chemistry in
1963, he said, "I had the good fortune
to become a chemical engineer. In this
way I combined the dedication of a
pure chemist with the practical logic of
an engineer."

All of the physics-oriented branches
of the engineering profession (e.g.,

mechanical, civil, and electrical) may
be included in the engineering interface.
During the 1950s, chemical engineering
departments increased their emphasis
on the physical-mathematical aspects
of transport phenomena, an emphasis
which encouraged the merging of chem-
ical engineering research with the
broader area of general engineering
studies. More recently, research efforts
have accelerated in the more chemistry-
oriented areas. However, this devel-
opment complements, rather than
displaces, the engineering aspects of

chemical engineering.
Looking to the future, it seems likely

that government sponsorship and stu-
dent concern for social relevance will
encourage increased activity in the
chemical engineering-biology interface
as well.

THE CHEMISTRY INTERFACE

To create a desired product from
available reactants, rapidly and in pure
form, has been the dream of chemical
engineers. Because of this, the kinetics
of chemical reactions has provided one 12



major area for chemical engineering
research for many years. Only within
the past decade have significant ad-
vances been made in the study of
catalysis. It seems now, however, that
prospects are good for an era of catalyst
design.

Although inorganic chemists have
learned much about the structure and
reactions of metals and oxides, today
the simple reactions of oxidation,
hydrogenation, and isomerization on
the noble metals have been correlated
only in generalized form. But as the
chemistry of the inorganic species is
unraveled, more effort will be spent by
chemical engineers on industrial cata-
lyst design; for even when reaction
thermodynamics would normally yield
undesirable products, an "engineered"
catalyst could establish equilibrium for
desired products much more rapidly
than for undesired ones. For example,
there is currently no efficient catalyst
that will induce a rapid production of
ammonia at room temperature. If one
could be designed it might be as valu-
able as the philosopher's stone.

13 Polymer chemistry is one area in

which chemists have acquired a sub-
stantial amount of basic knowledge.
Because a major fraction of the chemi-
cal industry is concerned with polymers
(plastics, fibers, castings, rubber, and
adhesives), it has become natural for
chemical engineers to undertake re-
search in both the synthesis and appli-
cation of these materials.

The general study of polymers spills
into the adjacent areas of kinetics,
biology, and fluid mechanics. Polymeri-
zation, the formation of polymers from
small molecules, was revolutionized by
the discoveries of Ziegler and Natta in
the 1950s. For the first time, ordered,
stereospecific structures were made, not
by recourse to enzymes or optically
active catalysts, but through the use of
complex precipitates of aluminum
alkyls and transition metal halides. One
dramatic consequence of this work was
the production of stereoregular polyiso-
prenes identical to the naturally occur-
ring materials, rubber and gutta percha.
While the goal of tailor-made materials
is still some distance from being
attained, the prospects for success grow
stronger daily.

The study of fundamental polymer
properties that affect fabrication proc-
esses and product performance has
largely fallen within the province of the
chemical engineer. Although a descrip-
tion of the flow and deformation of
polymers becomes part of that branch
of mechanics termed rheology, the
underlying chemical-structural rela-
tionship of properties of molecular
architecture demands a sound back-
ground in physical-organic chemistry
which is not normally a part of the
educational background of researchers
in theoretical and applied mechanics.

Some aspects of polymer engineering
are truly in their infancy. Despite the
fact that most polymers are studied as
pure entities, almost all polymers are
used as parts of systems with complex
interactions. An example is the ordinary
automobile tire in which a partly bound,
dispersed phase, carbon black, is essen-
tial to the performance of the cross-
linked, plasticized polymer, which, in
turn, must be bound to the fabric of the
tire cord as well as to the metal beading.
The ability to predict the glass transition
temperature of the pure polymer, in
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itself a proud accomplishment of poly-
mer science, is woefully inadequate for
the prediction of the usefulness of the
finished "mixed" product.

Other polymer systems which are
not completely understood, but of great
importance, are those where a water-
soluble polymer forms a complex with
another molecular species. As a simple
case one can take the complex of iodine
with poly (vinyl pyrrolidone), wherein
the antiseptic behavior of the iodine is
preserved but the oral toxicity is
markedly reduced. The physiological
applications of such complexes to the
problems of drug-release, detoxifica-
tion, and chemical therapy in general
are obvious.

CORNELL POLYMER RESEARCH

At Cornell, we have worked on a
particular problem of a chemical-physi-
cal-biological nature which illustrates
the usefulness of the chemical engineer-
ing approach. This is the problem of
growing crystals (usually inorganic) in
a gelatinous, aqueous matrix. The
growth of inorganic crystals in aqueous

gels is analogous to the chemical-bio-
logical mechanism for the formation of
bones, teeth, and animal and plant
shells and also for the precipitation of
minerals in some rocks. Often, a com-
posite structure with unusually high
strength-to-weight ratios results. It is
conceivable that a thorough under-
standing of the crystal growth process
under these circumstances could lead to
the development of materials for
prosthetic applications, such as com-
patible bone replacements and tooth
fillings.

Teeth and bones grow by crystalliza-
tion in gels resembling the gelatin
desserts that are familiar to us. What
gives structure and form to these gels
are strands of the protein collagen and
similar polymers. A gel's rigidity is
known to be a complex function of pH,
temperature, salt or sugar concentra-
tion, and time. A covalently cross-
linked, non-ionic polymer network is
much less likely to be influenced by
these variables. Since these factors
should be studied separately for their
effect on crystal growth, this class of
polymer allows us to determine how 14
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polymer chain

each variable affects (a) crystal growth
and (b) gel structure.

In recent work, partially supported
by the National Science Foundation,
Professor Cocks and I, together with a
group of graduate students, have been
studying gels based on poly(ethylene
oxide). This polymer, with the repeat-
ing unit (—CH2CH2O—) is commer-
cially available in high molecular weight
form. Early in our work, we found that
when a dilute aqueous solution of this
polymer is exposed to gamma radia-
tion, a strong gel is formed which is
quite rugged. For example, it can be
frozen and thawed or dried out and
reconstituted with little change in the
appearance of the gel.

Through an experimental procedure
(see Figure 1) we have been able to
analyze the effect of this gamma radia-
tion on the gelling process. We have
found that crosslinks are produced in
the polymer (— CH2CH2O—) in direct
proportion to radiation dosage up to a
certain plateau which is a function of
concentration and molecular weight.
From studies by other workers we

15 know that each crosslink is formed by a

polymer radical

\ C H
. CH,CH

"O

\

crosslink

free-radical attack on the main polymer
chain, with the loss of hydrogen.

By using electron microscopy tech-
niques, we were able to study the gel
structure as a function of gamma radia-
tion. The first crosslinks of the polymer
in the gel serve to localize the Brownian
segmental motion of the polymer
chains. Each successive crosslink in-
creases the probability that the next
crosslink will occur between polymer
chains in a smaller volume. At the pla-
teau modulus, further crosslinking takes
place within the walls. Pictures taken of
gels made with doses much lower than
the plateau dose do not show a well-
defined cellular structure.

The implications of this gel structure
for crystal growth center on the rather
open, apparently connected cells which
allow for much freer diffusion and
nucleation than is imaginable in the
more evenly dispersed picture. Using
time-lapse photography, actual micro-
photographic studies of crystals growing
in these gels reveal large-scale move-
ments of the small crystals. While we
cannot correlate or predict such move-
ments, we can begin to develop some

Figure 1: Pictured here is the torsion
pendulum used to judge the effectiveness
of radiation in producing crosslinks. An
oscillating arm is held in proper align-
ment by an air-lubricated bearing. In a
cone-plate geometry the gel acts alter-
nately to store energy and to convert it to
kinetic energy. The amplitude of succes-
sive oscillations is transformed to an elec-
trical signal and recorded on an oscillo-
graph by a Proximeter, which does not
come in contact with the moving part of
the apparatus. From the geometry of the
sample, the moment of inertia of the mov-
ing system, and the frequency of oscilla-
tions, it is possible to calculate a dynamic
modulus, G', which is equal to the num-
ber of network chains per unit volume,
N, times the factor RT, where R is the gas
constant and T the absolute temperature.
(Diagram courtesy of Journal of Applied
Polymer Science, 12: 2417, 1968.)

1. When water contains about 20 percent
sucrose, no large crystals are formed.
Here a polymer gel in sucrose solution has
been freeze-etched. The polymer is segre-
gated into membrane-like structures which
form the walls of cells.

2. Using the technique of freeze-etching,
followed by replication and shadowing, we
can see the microstructure of a brittle
poly (ethylene oxide) gel (left). Ice crys-
tals with no polymer are visible since
impurities segregate at the crystal bounda-
ries (right). The gel was made from a
solution containing 1 percent of a poly-
mer of 2.5 x 10s molecular weight.



Figure 2

underlying reasons for the phenomenon
and in turn derive a better understand-
ing of the crystallization process in gels.

THE ENGINEERING INTERFACE

The development of computer tech-
niques and applied mathematics and
their application to chemical engineer-
ing systems have profoundly affected
the directions of chemical engineering
research. Process control and optimiza-
tion represent two of the areas of gen-
eral interest. In fact, a comparison of
theses listed in Chemical Engineering
Progress in 1957 and 1967 shows that
none were written in the control and
optimization fields in 1957 while in
1967 there were thirty-eight (over 10
percent of the total chemical engineer-
ing theses listed).

It seems that the ultimate goal of
research in control and optimization
for the chemical engineer is not merely
fully automated plants but also the
automated design of plants. And closed-
loop computer control of a production
facility, although not yet implemented
on a large scale, seems certain to
become so in the future as labor and
production costs and the availability
and reliability of computers increase.

Indeed, the application of mathe-
matical methods of optimization to the
design of production facilities, as dis-
tinguished from the mere selection or
testing of available modules, would
represent a giant step beyond present
production control. But neither the
computers nor the mathematical tools
of the 1960s have proved robust
enough to tackle the design of an
integrated process on more than a
superficial basis.

Another area which has been
advanced by the application of mathe-
matical methods is stability analysis.
We can take as an example the predic-
tion of drop sizes made by injecting one
fluid into a second. Essentially, the
problem is one of predicting the stabil-
ity of a jet in viscous flow (see Figure
2) . Under the direction of Professor
G. F. Scheele, a general solution to this
problem has been obtained which
covers many variations in fluid vis-
cosity. It has been found, in fact, that
many previous analyses were but special
cases of the general relationship estab-
lished. Industrial processes where jet
stability is important include spray
drying, aeration, and all mass transfer
operations where perforated plates are
used. Other kinds of stability, such as
laminar-turbulent transitions in pipe
flow in situations with heat transfer,
chemical reaction, or viscoelastic fluids,
present further opportunities for study.

Membrane diffusion processes pro-
vide a fourth area of interest to chemi-
cal engineers for two reasons: they
apply to desalination and to biomedical
problems. In the first place, desalina-
tion (especially of brackish waters in
which salt content is lower than in sea
water) can be carried out by selective
flow of water through a membrane
under pressure with concurrent salt
rejection. This process is called reverse
osmosis since the pressure which causes
flow from the salt solution side to the
pure water side of the membrane must
exceed the osmotic pressure before any
flow can occur. When brackish water is
subjected to pressures of about 300 psi,
water can be forced through a cellulose
acetate membrane at rates up to 40
gal per ft--day, with removal of 95 16



Figure 2: This high-speed movie sequence
shows breakup of a liquid heptane jet into
drops when injected into water through
a Vs-inch diameter nozzle. The injection
velocity is 25 centimeters per second. The
time interval between photographs is
.0029 second.

Lower right: The simulation of a hydrauli-
cally propelled moving bed used for wash-
ing ice crystals is conducted during this
student's research in the general area of
desalination.

17

percent of the ionic impurities.
It is of interest that cellulose acetate

remains unique among membrane
materials in its combination of water
flow and salt rejection. Although newer
methods of fabrication have made
stronger, more reliable membranes, the
entire picture could be drastically
changed by a new material with two or
three times the flow rate of cellulose
acetate and the same salt rejection
capability.

Whether or not this or any other
desalination process can ever operate
economically enough to permit irriga-
tion of arid regions remains doubtful.
Reverse osmosis is by no means the
only important method of desalination.
In fact, the direct-contact freezing pro-
cess pioneered by Cornell's Professor
H. F. Wiegandt is a much more attrac-
tive process for the desalination of sea
water.

The further development of mem-
branes and membrane processes, how-
ever, scarcely seems to have reached
the limits even of today's technology.

In the second place, biomedical
engineering has a direct stake in the

development of membranes for the arti-
ficial kidney. Beyond this work lies the
possibility of complementing or replac-
ing other body processes, such as blood
oxygenation.

Although the desalination and bio-
medical areas are not the only ones of
interest to chemical engineers, they are
the popular areas for university research
efforts because government money is
directly available for the work. More-
over, there is a strong moral motivation
for research on projects which have
such direct human benefit.

THE BIOLOGY INTERFACE

The availability of government spon-
sorship and the criterion of humane
objectives are channeling increasing
amounts of chemical engineering re-
search efforts into the general area of
the life sciences. In the biomedical field,
research in membranes for artificial
organs has already been noted at the
engineering interface. In addition to the
artificial organ work, a host of synthetic
problems involving implants, trans-
plants, and prosthesis provide oppor-
tunities for research by the chemical



engineer. With his background in chem-
istry he is better suited than other
engineers to work on these and related
projects. One can see that if such
research areas continue to grow, biol-
ogy might well be introduced into the
undergraduate chemical engineering
curriculum.

The area of biochemical engineering
embraces the study of those chemical
processes carried out by living organ-
isms. Continuous fermentation is an
example. It has been demonstrated for
some products in the food and pharma-
ceutical industries. At present, most
large-scale production of antibiotics,
yeasts, beer, and wine is still carried out
in batchwise fashion.

Research into continuous operations
has always been a favorite subject for
chemical engineers. Dealing with living
systems presents many complications
not encountered in simpler organic
reactions. Instead of catalyst poisoning,
with consequent decrease in produc-
tivity, a living system may show genetic
mutations in long, continuous operation
which have a more subtle effect on
product quality. 18



"The development of computer techniques
and applied mathematics and their application
to chemical engineering systems have profoundly
affected the directions of chemical engineering research.
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Among the many possibilities for
contributions by chemical engineers,
protein production from low-grade
hydrocarbon sources offers a balanced
humanitarian and technological objec-
tive. One can scarcely imagine a more
urgent worldwide need than that for
food. In addition to the millions who
subsist today on inadequate diets there
are those millions yet unborn who will
double the world's population in less
than half a century. Although many of
the problems of food distribution are
social and political, the scientific and
economic production of food by indus-
trial fermentation is amenable to study
by chemical engineers.

The production of microbial protein
from waste chemicals such as acids and
alcohols, for instance, might alleviate
two pressing socioeconomic problems,
food production and waste disposal.
Studies on particular waste chemicals
and basic work on some of the engi-
neering problems are under way.

In illustration, a recurrent bottleneck
in industrial biosynthesis is the harvest-
ing of solid products from large quanti-
ties of liquid. Flocculation is one way

A t Cornell, work in biochemical engineer-
ing centers on growth kinetics and product
formation, process design optimization,
the shearing effects of agitation, oxygen
transfer, and microbial oxidations. Several
projects involve the production of proteins
from chemical waste streams.



Figure 3

Flocculant dosage, milligrams/liter

Figure 3: Each of these recorder tracings
was made four minutes after a polyamine
flocculant was added to a suspension of
Pseudomonas fluorescens. Each ampli-
tude-time diagram covers a period of three
seconds. Initially, each resembled the
zero-dose diagram. The signal from the
photocell is in the microamp range.

1 and 2: The equipment of the micro-
scopy laboratory includes a variety of
light microscopes, metallographs, a re-
search model (JCM-7A) electron micro-
scope ( / ) , regular and ultra-microtomes,
equipment for time-lapse cinemicrog-
raphy, grinding and polishing equipment
for metals, ceramics, or polymeric mate-
rials, and a vacuum evaporator (2).

3. A pulsed argon ion laser and related
equipment for experimental work on
microscopical or macroscopical holo-
graphic imaging and interferometry are
also in use in the microscopy laboratory.

of concentrating the desirable part of
the system. At Cornell, flocculation of
microorganisms is being studied by
means of an optical system under the
direction of Professor R. K. Finn. It has
been found that the average amplitude
of the light signal transmitted through a
suspension of microorganisms is a direct
measure of flocculation. Amplitude-
time records give insight into the effi-
ciency and the mechanism of flocculant
action (see Figure 3).

RESEARCH DETERMINANTS

The social groups which affect the
direction of chemical engineering re-
search in universities today are industry,
government, and university administra-
tions. The criteria applied to research
are money, prestige, and morality. Hav-
ing thus grossly oversimplified the
"system" in typical engineering fashion,
we must admit some realistic limita-
tions. After all, the professor himself
must be contended with. In the tradition
of academic freedom, the professor who
has attained tenure often has some
option, even if that option only means
refusing to do research that he deems

without merit. As a linear approxima-
tion, we might postulate that the rate at
which research is done on any given
subject, dR/d9, will be a function of the
rate at which money is supplied, 3L/30,
the prestige afforded the researcher, P,
and the humanitarian value of the work,
H. Then,

i = 1, Industry
i = 2, Government
i = 3, University

Inputs are supplied in varying amounts
by industry, government, and univer-
sities. The coefficients a, b, and c are
weighting factors determined by the
individual professor. On many projects
involving defense or welfare, (3L/39)i
for i = 2 is very large. A dominant
factor in some cases is P8.

The introduction of the last term, Hi,
has been recognized only recently. It
seems to have been overlooked by the
chemical industry. Two incidents will
illustrate this situation: Not long ago,
there was a significant overreaction by
the chemical industry to the muckrak-
ing of Rachel Carson in Silent Spring, 20
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and recently a trade journal issued a
caveat against "enticing" students into
chemical engineering via humanitarian
motivation. Both of these instances
demonstrate the insensitivity of some
sectors of industry to the environ-
mental-social responsibilities they must
assume.

Although one can argue that campus
activists are often misguided and anar-
chistic and that few engineers are com-
fortable in their company, one must
admit they do serve to make all of us
reexamine our motives. In short, then,
in his research more than in his teach-
ing, the professor has direct, personal
control of a significant activity. It is left
to him to determine the motive for his
research.

THE TRADITION

Traditionally, the chemical engineer
has been associated with the chemical
process industries. In fact, the profes-
sion evolved from the fusion of the
industrial chemist with the mechanical
engineer in response to the needs of the
chemical and oil industries. Hybrids are
not always successful, and fanciful



Work at Cornell in process dynamics and
control has been concentrated in the study
of exothermic chemical reactions and dis-
tillation of materials to high purity. The
objectives have been to develop more ac-
curate theories or models, to verify these
by experiment, and to present simplified
transfer functions suitable for control sys-
tem design. 22



1956-1959

1960-1963

1964-1967

TABLE 1

Chemical Engineering Education
(ASEE Reports)

B.S. degrees granted Ph.D. degrees granted
(three-year total) (three-year total)

12,703 618

12,191 919

12,900 1,449

Professorial-Rank
Faculty (average)

697

890

1,200
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stories of unsuccessful hybrids abound.
There was a man who wanted to pro-
duce a novel game fish, the "abadile,"
by crossing an abalone with a crocodile.
Instead of producing an abadile, he
produced a "crocobalone."

The chemist-engineer has been a
successful hybrid because the chemical
process industries needed precisely his
combination of talents. Few chemical
engineers stray from these industries.
Other hybrids, the biochemist-lawyer,
the chemist-economist, the physician-
engineer, the psychologist-engineer, and
the physicist-engineer, all have useful
roles to perform, but none of these has
proved essential to a large commercial
enterprise which, in turn, provides op-
portunities for as many chemical engi-
neers as elect to enter it.

THE TEACHING-RESEARCH
INTERFACE

Chemical engineering research is a
reliable index of the trends which will
occur in undergraduate chemical engi-
neering education over the next two
decades. Curricula, after all, are devised

by faculties, and chemical engineering
professors are increasingly involved in
research. (See Table 1 for trend.)

Not only are new faculty in chemical
engineering hired with the assumption
that they will conduct research, but the
research they undertake is often an
extension of their own recent graduate
interests. Relatively few new professors
today fit the older picture of the engi-
neering educator who was an experi-
enced practitioner of industrial design
and administration. The merits of this
development are open to question, but
its reality is not. It is to be expected that
the curricula favored by these new men
will be biased to produce raw material
for their research interests. As an ex-
treme case one can imagine a faculty in
which many professors involved in
biological problems get together and
decide that the traditional undergradu-
ate course in engineering thermody-
namics should be replaced by a course
in biology.

Current research is a mirror, then, in
which we can see, however dimly, the
future of the profession. It is a future
filled with new opportunities for the



better-educated, more broadly trained,
research-oriented chemical engineer.

Ferdinand Rodriguez is an associate pro-
fessor of chemical engineering at Cor-
nell. He joined the faculty in 1958 after
receiving his Doctor of Philosophy degree
from the University; he earned the Bache-
lor of Science and Master of Science
degrees in 1950 and 1954, respectively,
from the Case Institute of Technology.

In 1966, the Cornell Society of Engi-
neers awarded Professor Rodriguez its
annual $1,000 Excellence in Teaching
award. In addition to his undergraduate
and graduate teaching and research re-
sponsibilities, Professor Rodriguez has
taught courses in polymeric materials in
the College of Engineering's continuing
education program for practicing engi-
neers.

During the past five years, Professor
Rodriguez has published over twenty tech-
nical papers based on his research activi-
ties and has completed the manuscript of
a textbook, Principles of Polymer Sys-
tems, which will be published by McGraw-
Hill Book Company.

His industrial experience includes four
years as a development engineer and di-

rector of new product development for
the Ferro Chemical Corporation in Bed-
ford, Ohio, from 1950 to 1954. During
the academic year 1964—65 he was a
research engineer with the Silicone Divi-
sion of Union Carbide Corporation, for
which he is currently a consultant.

Professor Rodriguez is a member of
Sigma Xi, Tau Beta Pi, Alpha Chi Sigma,
Phi Kappa Phi, the American Chemical
Society, the American Institute of Chemi-
cal Engineers, the Society of Plastics Engi-
neers, and the Society of Rheology.

Above and opposite: The study of surface
effects in vapor phase oxidation of butane
is one of the subjects for kinetics research
at Cornell. The yield of desired product
and the rates of consecutive or parallel
reactions have been major concerns in
recent studies of partial oxidation and
alkylation in the liquid phase. A labora-
tory for instruction in kinetics has been
established through a grant from the
National Science Foundation. 24



VANTAGE

UNIVERSITY AND INDUSTRY
INTERACT

For many years the College of Engi-
neering at Cornell University has
sought closer relations with industry to
insure that its educational and research
activities have some relevance to cur-
rent and foreseeable industrial needs.
Several programs have been specially
developed to foster such relations.

In 1965 Congress passed the State
Technical Services Act, enabling small
business, commerce, and industry to
benefit directly from recent advances
in science and technology that have
been made through federally sponsored
programs. The Act grew out of a partic-
ular concern for small businesses, which
frequently cannot support any signifi-
cant amount of research and/or devel-
opment activity.

The New York State Department of
Commerce, administrator of the pro-
gram, divided New York into seven
areas, each assigned to a major institu-
tion for technical education. The Cor-
nell College of Engineering began its
participation in the program in 1966

25 when it became responsible for aiding

Donald B. Gordon, director of industrial
liaison and coordinator of the State Tech-
nical Services Program, Southern Tier.

small business in the Southern Tier re-
gion, including Allegany, Broome,
Chemung, Chenango, Delaware, Ot-
sego, Schuyler, Seneca, Steuben, Sulli-
van, Tioga, and Tompkins counties.
For the small businesses in this region
the Cornell State Technical Services
Program (STSP) Office provides tech-
nical information, special instructional

programs, and technical referral serv-
ices.

To disseminate news of technologi-
cal innovation, the College publishes
the Southern Tier Technical Informa-
tion Newsletter. A constant survey of
the businesses in the Southern Tier re-
gion to discover their particular needs
for technical information keeps the se-
lected abstracts published in the News-
letter timely and pertinent. Further, in
response to direct requests for specific
information, the STSP Office conducts
literature searches, prepares reading
lists, and provides references to perti-
nent articles, publications, and technical
films.

Special programs including short
courses, workshops, and seminars are
offered on the Cornell campus or at re-
gional industrial centers. These pro-
grams may be on topics of general inter-
est or may be prepared to meet the needs
of a specific group of industries.

When presented with a specific indus-
trial problem, the STSP referral service
either provides direct assistance in solv-
ing the problem or, if the problem is of
sufficient complexity, refers the com-



pany to competent consultants. The Col-
lege of Engineering itself does not pro-
vide consultant services.

CLOSER TIES
The State Technical Services Pro-

gram, then, is one means by which the
College of Engineering establishes and
maintains contact with local industries.
Another group of industries plays a
key role in the educational develop-
ment of about 120 upperclass engi-
neering students by participating in the
Engineering Cooperative Program. This
program enables student participants to
spend alternate terms in school and in
industry where they get a clearer insight
into professional practices and see engi-
neering "as it really is." (For more on
this program, see Engineering: Cornell
Quarterly, Vol. 2, No. 3, 1967.) These
cooperative arrangements are moni-
tored by the College of Engineering to
insure significant participation by the
student in appropriate kinds and levels
of engineering tasks.

More and more companies are now
participating even more directly in Col-
lege activities through the Design Proj-

ects Program. In this Program, interdis-
ciplinary groups of seniors and graduate
engineering students are given the
opportunity to learn from industry
about some representative technical
problems and to try their skills in shap-
ing solutions. The companies provide
real technical problems and, often,
funds and equipment. The students
devise solutions and, sometimes, the
required hardware. At the end of the
term, they present their project results
(for which they receive academic credit)
to both faculty members and company
representatives for critical appraisal.
(See Engineering: Cornell Quarterly,
Vol. 2, No. 2, 1967.)

Many engineering faculty members
begin their university teaching careers
with little or no industrial experience.
It is imperative, therefore, that early in
their careers they be given opportu-
nities for direct contact with industry.
This may be done through sabbatical
leaves spent working in industry or
through consulting work. This enrich-
ment enables them to better prepare
students for roles in the engineering
profession, and should assist them in 26



directing their own research to make it
more relevant to the needs of industry
and society as a whole.

THE CORNELL INDUSTRIAL
ASSOCIATES

Both industry and the university
have a vested interest in the develop-
ment of well-trained engineering grad-
uates with sufficient motivation, depth
of knowledge, and flexibility to keep
abreast of their rapidly changing pro-
fession. The College of Engineering can
better educate such students when it
joins forces with industry to keep up
with technological advances and the
changing demands being made on the
profession by industry and society.

To broaden the base of rapport with
industry, the College of Engineering re-
cently established the Office of Indus-
trial Liaison. Through an associates
program currently being organized by
this Office, the College of Engineering
seeks greater contact with certain in-
dustries with whom an association
might be mutually profitable. These in-
dustries can provide their experienced

27 talent and funds (whether undesignated

or designated) for engineering educa-
tion and research; the College in return
can offer industry early access to Col-
lege research findings, assistance in re-
cruiting, and participation in seminars
on campus or at individual companies.
In addition, a limited number of inter-
ested company personnel may partici-
pate, tuition-free, in the College's sched-
uled Continuing Education courses.
Company personnel may also arrange
for consultation with faculty members
whose expertise can benefit their com-
panies or arrange to use College facili-
ties, when available, for meetings, con-
ferences, or other company functions.

Industrial support might take the form
of equipping a laboratory in the specific
area of an industry's strength or interest,
establishing a permanent scholarship,
providing fellowship funds, or lending
a top engineer, on a short-term basis, to
the College as a visiting professor.

Because no faculty can be expert in
all technological fields, membership in
the Cornell Industrial Associates will
be restricted to those companies for
whom current faculty proficiency can
provide significant benefit.

/. A number of Master of Engineering
degree candidates participate in design
projects that are furnished and appraised
by industry. Two students of mechanical
engineering are shown here preparing the
report they will present before their indus-
trial sponsor.

2. In civil engineering, Master of Engi-
neering candidates worked in teams of
four to locate and design a fourth jet port
for the metropolitan New York City area.
Airline, local government, and transporta-
tion agency officials came to review the
preliminary report. Critics and students
are examining the proposed site on a map
of the metropolitan area spread out on the
floor of the Hollister Hall Lounge.

3. Reviewers from the Continental Can
Company, Incorporated, discuss a me-
chanical engineering design project con-
cerned with a "value analysis of a leak
testing apparatus."



Henry P. Goode, professor of industrial
engineering and operations research, lec-
tures to a group of IBM executives on
the applications of probability, part of the
Modern Engineering Concepts for Tech-
nical Managers program offered by the
College of Engineering's Office of Con-
tinuing Education.

PROGRAM LEADERSHIP
Both the State Technical Services

Program and the Office of Industrial
Liaison are directed by Donald B.
Gordon, a 1938 Cornell graduate in
administrative engineering (civil), who
also received an advanced degree in
personnel and business administration
from George Washington University.
Mr. Gordon's experience in industry
ranges from an early assignment in
building dams, powerhouses, and
power distribution lines for the Alumi-
num Company of America as an assist-
ant project engineer on the Nantahala
Dam and Power Project, to subsequent
work for the National Steel Company
in Detroit where he assisted in the de-
sign and production of 175,000 Quon-
set Huts for the Department of the
Navy.

After reporting for duty as a second
lieutenant in the Field Artillery early
in 1942, he took part in four campaigns
in Europe, was integrated into the Reg-
ular Army, and later participated in
the occupation of Japan, the Korean
War, and the war in Vietnam. He was
also posted as an intelligence officer to
observe the French-Indochina War. His
last military assignment was as Chief of
the Special Warfare and Civil Affairs
Division of the Continental Army Com-
mand, Fort Monroe, Virginia. He was
retired in 1967 as a result of injuries
suffered in a parachute accident while
training Special Forces personnel.

During Mr. Gordon's twenty-eight
years in the Army, he rose to the rank
of colonel, commanded tactical artil-
lery units, worked in rocket and missile
research and development, was the
Army's representative to various de-
fense contract corporations, and partic-
ipated in planning the reorganization
of the Army to incorporate the tactical
mobility inherent in the helicopter. Mr.
Gordon also served as military attache
to the United States Embassy in Vien-
tiane, Laos. 28



REGISTER

• Bruno A. Boley has been named to
the Joseph P. Ripley Professorship in
Engineering. His biography and a brief
summary of Mr. Ripley's career follow
as well as brief biographies of new and
visiting faculty.

Among the twenty faculty members
appointed to the College of Engineer-
ing in the fall, 1968-69, was Bruno A.
Boley, former professor of civil engi-
neering at Columbia University. Named
to the Joseph P. Ripley Professorship in
Engineering, Professor Boley also as-
sumed the chairmanship of the Col-
lege's Department of Theoretical and
Applied Mechanics.

Professor Boley was born in Italy
and educated in the United States,
where he earned a Bachelor's degree in
civil engineering from the City College
of New York in 1943. His Master's and
Doctor of Science degrees were both
awarded by the Polytechnic Institute of
Brooklyn, in 1945 and 1946, respec-
tively, in the field of aeronautical engi-
neering.

After receiving his doctorate, Profes-
sor Boley served for two years as assist-

ant professor of aeronautical engineer-
ing and as assistant director of
structural research at the Polytechnic
Institute of Brooklyn. He then joined
the Goodyear Aircraft Corporation and
subsequently became associate profes-
sor of aeronautical engineering at the
Ohio State University in 1950. In 1952,
he was named professor of civil engi-

neering at Columbia University, where
he remained until joining the faculty at
Cornell.

Professor Boley has been a consult-
ant for the United States Steel Cor-
poration; Sylvania Electric Products,
Incorporated; McDonnell Douglas Cor-
poration; the Princeton Astronomical
Observatory; and the Atomic Power
Development Associates. His research
and teaching have spanned several dis-
ciplines. He is an authority on mechan-
ics, about which he has edited one book
and coauthored two others. One of
these, Theory of Thermal Stresses, is
considered authoritative in the field.
Professor Boley is also a member of the
editorial boards of the Journal of Solids
and Structures and the Journal of Me-
chanical Engineering Education.

In addition to those avocations, Pro-
fessor Boley is a fellow of the American
Institute of Aeronautics and Astronaut-
ics, a director of the Society of Engi-
neering Science, and a member of the
American Society of Mechanical Engi-
neers, the New York Academy of Sci-
ences, and Sigma Xi. During the 1965-
66 academic year, he held a National



Science Foundation Senior Postdoctoral
Fellowship for teaching and research at
the Instituto di Scienza delle Costru-
zioni of Milan, Italy.

The Joseph P. Ripley Professorship
in Engineering, to which Professor
Boley has been named, was endowed
jointly by Mr. Ripley, chairman of the
board of directors of Harriman Ripley
and Company, investment bankers, and
by the Ford Foundation. Mr. Ripley
earned the degree of Mechanical Engi-
neer from Cornell University in 1912.
He was employed by the engineering
firm, J. G. White and Company, in New
York City following his graduation. In
1922, he joined the investment bankers,
W. A. Harriman and Company, Incor-
porated, in New York City. He became
president of Brown Harriman and
Company, Incorporated, in 1934 and
in 1958 was named chairman of its
board of directors. The firm's name was
changed to Harriman Ripley and Com-
pany, Incorporated, in 1939. Mr.
Ripley served Cornell University as a
trustee from 1944 until 1959, when he
was named trustee emeritus.

• Toby Berger, assistant professor of
electrical engineering, was awarded the
B.E. degree summa cum laude from
Yale University in 1962 and the M.S.
and Ph.D. degrees from Harvard Uni-
versity in 1964 and 1966, respectively.
He has served most recently as senior
scientist at Raytheon Company in the
field of analytic techniques, and his spe-
cializations include information theory
and decision and estimation theory.

• Louis J. Billera, assistant professor
of operations research and member of
the Center for Applied Mathematics at
Cornell, will rejoin the faculty after
spending the spring and summer of
1969 at The Hebrew University of Jeru-
salem under the auspices of a National
Science Foundation postdoctoral fel-
lowship. Mr. Billera earned the B.S.
degree from Rensselaer Polytechnic In-
stitute in 1964 and the M.A. and Ph.D.
degrees from City University of New
York in 1967 and 1968, respectively.
His interests are in the areas of game
theory, combinatorial mathematics, and
graph theory.

• Mark Brown, assistant professor of
operations research, received the B.S.
degree in 1964 from City College of
New York and the M.S. and Ph.D. de-
grees in 1965 and 1968, respectively,
from Stanford University. His particular
interests are applied probability, sto-
chastic processes, and time series
analysis.

• Robert Lee Constable, assistant pro-
fessor of computer science, received the
B.A. degree from Princeton University
in 1964. In 1965 and 1968 he was
awarded the M.A. and Ph.D. degrees,
respectively, from the University of
Wisconsin. His thesis was titled. "Ex-
tending and Refining Hierarchies of
Computable Functions."

• Renwick E. Curry received his A.B.
degree from Middlebury College in
1959 and his B.S. and M.S. degrees
from the Massachusetts Institute of
Technology simultaneously in 1962
through the honors course program
there. He joins Cornell's faculty as
assistant professor of electrical engi-
neering. He was awarded the Engineer 30



of Aeronautics and Astronautics degree
from M.I.T. in 1963 and the Ph.D. de-
gree in 1968. His fields of study are
modern control theory and estimation
theory with aerospace applications.
From 1963 to 1965, Mr. Curry worked
for the Jet Propulsion Laboratory in
Pasadena, California.

• Constantine M. Dajermos comes to
Cornell from Athens, Greece. He re-
ceived the Diploma of Civil Engineer-
ing from the National Technical Uni-
versity in Athens in 1964 and the Ph.D.
degree in 1967 from Johns Hopkins
University, where he studied in the field
of mechanics. During the academic year
1967-68 he was associated with Johns
Hopkins as a postdoctoral fellow. He
joins the faculty at Cornell as assistant
professor of theoretical and applied
mechanics and is a member of the Cen-
ter for Applied Mathematics.

• Paul S. Ho, assistant professor of
materials science and engineering, re-
ceived the B.S. degree in 1957 at the
Chengkung University, in China, and
the M.S. degree in 1959 at the National
Tsinghus University there. He was
awarded the Ph.D. degree from Rens-
selaer Polytechnic Institute in 1964.
Mr. Ho has worked for Sprague Elec-
tric Company. His specialty is the
elastic properties of crystals.

• Allan I. Krauter, assistant professor
of mechanical engineering (Department
of Machine Design and Materials Proc-
essing), received the M.E. degree from
Stevens Institute of Technology in
1963. He earned the M.S. and Ph.D.
degrees at Stanford University in 1964
and 1968, respectively. Mr. Krauter's

31 summer work experience has included

Enjay Laboratories in Linden, New
Jersey; Esso Research and Engineering
Company in Florham Park, New Jer-
sey; and Bell Telephone Laboratories
in Murray Hill, New Jersey.

• Arthur F. Kuckes, professor of ap-
plied physics and member of the Lab-
oratory of Plasma Studies, received his
B.S. degree in 1953 from the Massa-
chusetts Institute of Technology; in
1959 he was awarded the Ph.D. degree
from Harvard University. His previous
work has been in the area of plasma
physics at Princeton University from
1959 to 1966 and most recently at Cul-
ham Laboratory, England, from 1966
to 1968. A member of the American
Physical Society, Professor Kuckes had
held a Fulbright scholarship at the
Georg August Universitat at Gottingen,
Germany, and subsequently a National
Science Foundation fellowship at Ecole
Normale Superieure in Paris.

• Howard L. Morgan, assistant profes-
sor of operations research and com-
puter science, was awarded the B.S.
degree in 1965 from City College of
New York and the Ph.D. degree in
1968 from Cornell. His specialties are
management information systems and
information processing. He is vice pres-
ident and director of Compuvisor, In-
corporated, an Ithaca-based consulting
firm.

• Sidney Oldberg, professor of me-
chanical systems and design, received
the M.E. degree from Cornell in 1929.
Since that time he has obtained thirty-
three patents on his technical develop-
ments and held significant positions in
industry: from 1935 to 1945 he was
supervisor of the Aircraft Powerplant

Laboratories for Chrysler Engineering
Laboratories; from 1952 to 1965, di-
rector of the research center of Eaton
Yale and Towne, Incorporated; and
from 1965 to 1968, director of research
and development for that firm. Profes-
sor Oldberg is a member of the Society
of Automotive Engineers.

• Edward Ott, assistant professor of
electrical engineering, comes to Cornell
from Cambridge University in England
where he has been a National Science
Foundation postdoctoral fellow in the
Department of Applied Mathematics
and Theoretical Physics. He received
his B.E.E. degree in 1963 from Cooper
Union and his M.S. and Ph.D. degrees
in 1965 and 1967 from the Polytechnic
Institute of Brooklyn. His specialty is
electromagnetic theory.

• Michael Rubinovitch, assistant pro-
fessor of operations research, was born
in Israel, where he received the B.Sc.
degree from Technion—Israel Institute
of Technology in 1964. He was
awarded the Ph.D. degree from Cornell
University in 1968. His areas of special
study are applied probability and sto-
chastic processes.

• Alan C. Shaw, assistant professor of
computer science, is a Canadian who
joins the faculty of Cornell after earning
the B.A.Sc. degree from the University
of Toronto in 1959 and the M.S. and
Ph.D. degrees in 1962 and 1968 from
Stanford University. His specializations
are programming languages and com-
puter graphics. Mr. Shaw has worked as
a systems engineer for International
Business Machines Corporation and as
a research associate at the Stanford
Linear Accelerator Center.



• Shaler Stidham, Jr., assistant profes-
sor of operations research and environ-
mental systems engineering, comes to
Cornell from Stanford University. He
received his B.A. in 1963 from Harvard
University, his M.S. in 1964 from Case
Institute of Technology, and his Ph.D.
in 1968 from Stanford University. His
special interests are queuing theory,
logistics, and transportation systems.

• George Szentirmai, associate profes-
sor of electrical engineering, earned the
Diploma in Electrical Engineering in
1951 and the Candidate of the Tech-
nical Sciences in 1955, both from Tech-
nical University of Budapest. He was
awarded the Ph.D. degree from the
Polytechnic Institute of Brooklyn in
1963 and has worked for Bell Tele-
phone Laboratories, Incorporated, at
Murray Hill and Holmdel, New Jersey,
since 1959. Professor Szentirmai has
taught at the Polytechnic Institute of
Brooklyn and the Technical University
of Budapest. His professional interests
are network theory and electromagnetic
theory and the application of com-
puters.

• Kenneth E. Torrance, assistant pro-
fessor of thermal engineering, received
the B.S. degree in 1961, the M.S. de-
gree in 1964, and the Ph.D. degree in
1966, all from the University of Minne-
sota. He was employed as a research
associate at the National Bureau of
Standards, Washington, D.C., from
1966 to 1968.

• Robert A. Wagner, assistant profes-
sor of computer science, received the
B.S. degree from the Massachusetts In-
stitute of Technology in 1962 and the
Ph.D. degree from Carnegie-Mellon

University in 1968. He worked as a
systems programmer for the Rand Cor-
poration in Santa Monica, California,
from 1962 to 1965.

• David M. Watt, Jr., assistant profes-
sor of chemical engineering, was
awarded the B.S.E. degree magna cum
laude from Princeton University in
1964 and the Ph.D. degree from the
University of California at Berkeley in
1968. His summer work experience has
been with Procter and Gamble Com-
pany, Monsanto Company, and Dow
Corning Company. His professional in-
terests include combustion and catal-
ysis.

The following are visiting faculty at
Cornell for the academic year 1968—69.

• Philip G. Ashmore, visiting professor
of chemical engineering (first term),
came to Cornell from England, where
he is professor of physical chemistry at
the University of Manchester and the
University of Manchester Institute of
Science and Technology.

• Paul Baron, visiting associate profes-
sor of environmental systems engineer-
ing, received the Diploma of Engineer-
ing and the Ph.D. degree from the
Karlsruhe Technical University in his
native Germany.

• Philip H. Calderbank, Mary Shep-
herd B. Upson Visiting Professor (sec-
ond term), is professor in chemical
engineering at the University of Edin-
burgh, Scotland,

• Hilliard B. Huntington, visiting pro-
fessor of materials science and engi-
neering, is chairman of the Department
of Physics at Rensselaer Polytechnic
Institute.

• Ivan Kuscer, visiting professor of
applied physics (first term) and of
aerospace engineering (second term), is
professor of physics at the University of
Ljubljana in Yugoslavia.

• Brian Le Lievre, visiting assistant
professor of geotechnical engineering,
comes to Cornell from Ontario, Can-
ada, where he is assistant professor of
civil engineering at the University of
Waterloo.

• Benjamin J. Leon, visiting professor
of electrical engineering, is professor of
electrical engineering at Purdue Uni-
versity.

• Marcel F. Neuts, visiting professor of
operations research, is professor of op-
erations research at Purdue University.

• Paul E. Schleusener, visiting profes-
sor of agricultural engineering, is em-
ployed as a research management spe-
cialist in agricultural engineering for the
United States Department of Agricul-
ture.

• George Terzidis, visiting assistant
professor in water resources engineer-
ing, has taught at the University of
California at Davis.

• Steven A. Thau, visiting associate
professor of theoretical and applied
mechanics, has been an assistant pro-
fessor in that field at the Illinois Insti-
tute of Technology. 32



FACULTY

PUBLICATIONS

The following publications and conference
papers by faculty members and graduate
students of the Cornell College of Engi-
neering were published or presented dur-
ing February, March, and April 1968. The
names of Cornell personnel are in italics.

• AEROSPACE ENGINEERING

de Boer, P. C. T., and Johnson, R. A.,
"Theory of Flat-Plate Ion Density
Probe," The Physics of Fluids, 11:4
(Apr. 1968), 909-911.

Lesser,.M. B., and Seebass, A. R., "The
Structure of a Weak Shock Wave Un-
dergoing Reflexion From a Wall,"
Journal of Fluid Mechanics, Vol. 31,
Part 3 (Feb. 1968), pp. 501-528.

Tang, J. Y. T., and Seebass, A. R.,
"Finite-Magnetic-Reynolds-Number Ef-
fects in Magnetogasdynamic Flows,"
Quarterly of Applied Mathematics,
26:1 (1968), 131-146.

• AGRICULTURAL
ENGINEERING

Jordan, K. A., and Scott, N. R., "Anj-
mal Calorimetry—An Instrumentation
Challenge," Leed and Northrup Tech-
nical Journal, No. 3 (Spring 1968),

33 pp. 10-15.

Kuo-Hsiung, Y., Graf, W. H., and
Levine, G., "The Effect of Ice on the
Roughness Coefficient of the St. Clair
River," presented at the 11th Confer-
ence on Great Lakes Research, Mil-
waukee (Apr. 1968), 18 pp.

Levine, G., and Seginer, I., "Irrigation
System Design Improvement," New
York's Food and Life Sciences, 1:2
(Apr.-June 1968), 11-13.

Rehkugler, G. E., Millier, W. F., and
Ryan, K. E., "Vibrating Tines for
Apple Harvesting," presented at the
New England Apple Harvesting and
Storage Symposium, University of
Massachusetts, Amherst (Mar. 1968),
10 pp.

• CHEMICAL ENGINEERING

Cocks, G. G., "Chemical Microscopy,"
Analytical Chemistry Annual Reviews,
40 (Apr. 1968), 158Rff.

Edwards, V. H., "Mathematical Rep-
resentation of Batch Culture Data,"
Biotechnology and Bioengineerinq, 10
(1968), 205-232.

• CIVIL ENGINEERING

Behn, V. C, and Monadjemi, P.,
"Developments in Biological Filtra-
tion," in E. F. Gloyna and W. W. Eck-

enfelder, Jr., eds., Advances in Water
Quality Management (Austin: Univer-
sity of Texas Press, 1968), pp. 204-
214.

Corum, J. M., White, R. N., and Smith,
J. E., "Mortar Models of Prestressed
Concrete Reacter Vessels," Meeting
Reprint No. 633, presented at the
ASCE National Meeting on Transpor-
tation Engineering, San Diego, Feb.
1968.

Esrig, M. I., and Henkel, D. J., "Some
Aspects of Soil Mechanics in Relation
to Vehicle Mobility," report to Cornell
Aeronautical Laboratory, Inc., Buffalo,
Feb. 1968.

Fisher, G. P., "Education in Transpor-
tation Engineering," panel on Engineer-
ing Education for Future Transporta-
tion Systems, ASCE National Meeting
on Transportation Engineering, San
Diego, Feb. 1968.

Fisher, G. P., "Managing Man's En-
vironment," panel on Science and Tech-
nology, Cornell Alumni Convocation,
New York City, Mar. 1968.

Gates, C. D., and McDermott, R. F.,
"Characterization and Conditioning of
Water Treatment Plant Wastes," Jour-
nal of the American Water Works
Association, 60 (Mar. 1968), 331 —
344.



Loehr, R. C, "Anaerobic Treatment of
Waste," Development in Industrial
Microbiology, 9 (1968), 160-174.

Loucks, D. P., "A Comment on Op-
timization Methods for Branching Mul-
tistage Water Resource Systems,"
Water Resources Research, 4 (Apr.
1968),447 ff.

Lynn, W. R., "Systems Analysis for the
Civil Sector," WORC Newsletter
(Washington Operations Research
Council), Feb. 1968.

Lyon, G. B., "Control Surveys and the
Calculated Risk," presented at the an-
nual meeting of the ACSM, Washing-
ton, D.C., Mar. 1968.

McGuire, W., Steel Structures (New
York City: Prentice Hall, 1968), 1100
pp.

Nilson, A. H., "Design of Partially Pre-
stressed Concrete Beams," discussion of
paper by P. W. Abeles, Journal of ACI,
65:4 (Apr. 1968), 345-346.

Remson, I., Fungaroli, A. A., and Law-
rence, A. W., "Water Movement in an
Unsaturated Sanitary Landfill," Pro-
ceedings of the ASCE, Journal of the
Sanitary Engineering Division, Vol. 94,
No. SA2 (Apr. 1968), pp. 307-317.

ReVelle, C. S., Loucks, D. P., and
Lynn, W. R., "Linear Programming
Applied to Water Quality Manage-
ment," Water Resources Research, 4
(Feb. 1968), 1-9.

White, R.N., "The Use of Tubular Sec-
tions in Highway Structures," Meeting
Reprint No. 597, presented at the
ASCE National Meeting on Transporta-
tion Engineering, San Diego, Feb. 1968.

White, R. N., and Sabnis, G. M., "Size
Effects in Gypsum Mortars," Journal of
Materials, 3:1 (Mar. 1968), 163-177.

Yu, S. L., and Brutsaert, W. H., "Es-
timation of the Surface Water Tem-
perature of Lake Ontario," Proceedings
of the 1 lth Conference on Great Lakes
Research, Milwaukee, Apr. 1968.

• COMPUTER SCIENCE

Hopcroft, J. E., and Ullman, J. D.,
"Decidable and Undecidable Questions
About Automata," Journal of the
ACM, 15:2 (Apr. 1968), 317-324.

Salton, G., "Progress in Automatic In-
formation Retrieval," Ch. 10, in W.
Orr, ed., Conversational Computers
(New York: John Wiley and Sons,
Inc.), 1968.

• ELECTRICAL ENGINEERING

Brice, N. M., "Fact and Fantasy About
Jupiter's Magnetosphere," presented at
the 1968 URSI Spring Meeting, Chi-
cago, Apr. 1968.

Chen, W. T., and Dalman, G. C, "Elec-
tronic Admittance Measurements of a
Quenched Mode Gunn Oscillator," Pro-
ceedings of the IEEE, 56 (Apr. 1968),
769-771.

Djeu, N., Kan, T., Miller, C. R., and
Wolga, G. J., "Sequential Q-Switching
of Vibration-Rotation Transitions in the
CO> Gas Laser," Journal of Applied
Physics, 39 A (Mar. 1968), 2157 ff.

Eastman, L. F., "Generation of High
Average Power With Microwave Semi-
conductor Devices," presented at the
International Solid State Circuits Con-
ference, Philadelphia, Feb. 1968 (spon-
sored by the IEEE).

Fine, T. L., "A Non-Statistical Ap-
proach to Estimation From Repeated
Observations," Proceedings of the Sec-
ond Annual Princeton Conference on
Information Sciences and Systems
(Mar. 1968), pp. 314-319.

Fine, T. L., "The Response of a Partic-
ular Nonlinear System With Feedback
to Each of Two Random Processes,"
IEEE Transactions on Information
Theory, Vol. IT-14, No. 2 (Mar.
1968), pp. 255-264.

Giallorenzi, T. G., and Tang, C. L.,
"Quantum Theory of Spontaneous
Parametric Scattering of Intense Light,"
Physical Review, 166 (Feb. 1968),
225-233.

Hofflinger, B., "Negative Widerstaende
und Mikrowellenerzeugung mit Siliz-
iumdioden bei hohen Lawinenstrom-
dichten," Archiv der Elektrischen
Vebertragung, 22 (Feb. 1968), 87-
101.

Liboff, R. L., and Lie, T. J., "Plasma
Virial and Equations of State for a
Plasma," presented at the spring meet-
ing of the American Physical Society,
Washington, D.C., Apr. 1968. Bulletin
of the APS, 13 (1968), 600 ff.

Pottle, C, and Norin, R., "On the
Determination of Network Zeros by
Digital Computer Using the State-Space
Approach," Proceedings of the Second
Annual Princeton Conference on In-
formation Sciences and Systems (Mar.
1968), p. 407.

Sudan, R. N., "Nonlinear Theory of
Waves in Plasmas," presented at the
American Physical Society Meeting,
Boston, Feb. 1968. 34



Sudan, R. N., Bayless, J., and Hooke,
W., "Electron Beam Interaction With
the Vacuum Fields of a Helicon Wave
in InSb," presented at the spring meet-
ing of the American Physical Society,
Washington, D.C., Apr. 1968.

Sudan, R. N., Berk, H. L., Horton, C.
W., Rosenbluth, M. N., and Baldwin,
D. E., "Nonlocal Reflection in Inhomo-
geneous Molds," The Physics of Fluids,
11:2 (Feb.1968), 365-372.

Sun, C, and Dalman, G. C, "Large
Signal Behavior of Distributed Kly-
strons," IEEE Transactions on Electron
Devices, Vol. ED-15, No. 2 (Feb.
1968),pp. 60-69.

Tang, C. L., "Determination of Hyper-
sonic Attenuation Constants by the
Stimulated Brillouin Process," pre-
sented at the Ultrasonics Symposium
of the American Physical Society,
Washington, D.C., Apr. 1968.

• ENGINEERING PHYSICS
Auyang, R. P., and Sack, H. S.,
"Accoustic Attenuation in KCl and
KCl :Li+ in the Kilomegacycle Range,"
Bulletin of the APS, 13 (1968), 660
ff.

Byer, N. E., and Sack, H. S., "Ultra-
35 sonic Velocity and Attenuation in KCl

and KBr Containing Li+," Journal of
the Physical Chemistry of Solids, 29
(1968), 677-687.

Clark, D. D., and Elzion, M., "Decay
of 31-msec Gd155m," presented at the
spring meeting of the American Phys-
ical Society, Washington, D.C., Apr.
1968. Bulletin of the APS, 13 (1968),
671 ff.

Fleischmann, H. H., and Kribel, R.,
"Ionization of Fast Neutral Atoms by
Passage Through a Hot-Cathode Dis-
charge," Review of Scientific Instru-
ments, 39 (Feb. 1968), 233-238.

Fleischmann, H. H., and Tuckfield, R.
G., Jr., "Sensitivity of a Stripping Ana-
lyser for Neutral Hydrogen Atoms in
the Energy Range From 50 to 300 eV,"
Nuclear Fusion, 8 (Apr. 1968), 81 ff.

Geiss, R. H., and Silcox, J., "Effect of
Dislocation Distribution on the Coer-
civity of Nickel Single Crystals," Jour-
nal of Applied Physics, 39:2 (Feb.
1968),982-983.

Salpeter, M. M., and Zilveismit, D. B.,
"The Surface Coat of Chylomicong:
Electron Microscopy," Journal of Lipid
Research, 9 (1968), 187-192.

Schwoer, F. C, and Silcox, J., "The
Electrical Resistivity of Nickel at Low

Temperatures," Physics Review Let-
ters, 20 (1968), 101 ff.

Schwoer, F. C, and Silcox, J., "Resid-
ual Resistivity and Kohler's Rule,"
Journal of Applied Physics, 39:4 (Mar.
1968), 2047-52.

Zolotar, B. A., "Monte Carlo Analysis
of Nuclear Reactor Fluctuation Mod-
els," Nuclear Science and Engineering,
31 (Feb. 1968), 282 ff.

• INDUSTRIAL ENGINEERING
AND OPERATIONS RESEARCH

Bernhard, R. H., "Some Problems in
Applying Mathematical Programming
to Opportunity Costing," Journal of
Accounting Research (University of
Chicago), 6:1 (Spring 1968), 143-
148.

Charnes, A., Clower, R. W., and Kor-
tanek, K. O., "Effective Control
Through Coherent Decentralization
With Preemptive Goals," Economet-
rica, 35:2 (Apr. 1967), 294-320.

Weiss, L., and Wolfowitz, J., "Maxi-
mum Probability Estimators With a
General Loss Function," presented at
the Conference on Probability and In-
formation Theory, McMaster Univer-
sity, Hamilton, Ontario, Apr. 1968.



• MATERIALS SCIENCE AND
ENGINEERING

Balluffi, R. W., and Seidman, D. N,,
"Annealing Kinetics of Vacancies to
Dislocations," Philosophical Magazine,
17 (1968), 843 ff.

Batterman, B. W., and Hildebrandt, G.,
"X-ray Pendellosung Fringes in Dar-
win Reflection," Ada Crystallograph-
ica, Vol. A24 (1968), pp. 150-157.

Batterman, B. W., and Patel, J. R.,
"Pendellosung Measurements of the
Atomic Scattering Factor of German-
ium," Journal of Applied Physics, 39:3
(Feb. 1968), 1882-87.

Batterman, B. W., and Wanagel, J.,
"Mechanism of the Low-Temperature
Phase Transformation in V:iSi and
Nb.iSn," presented at the American
Physical Society Meeting, Berkeley,
Mar. 1968. Bulletin of the APS, 13
(1968), 445 ff.

Christ, B. W., and Smith, G. V., "Evi-
dence of Impurity Softening in Iron-
Nitrogen Alloys and Its Interpretation,"
presented at the annual meeting of the
AIME, New York City, Feb. 1968.

Collela, R., and Batterman, B. W.,
"X-ray Study of Phonons in Vana-
dium," presented at the spring meeting

of the American Physical Society,
Washington, D.C., Apr. 1968. Bulletin
of the APS, 13 (1968), 593 ff.

Perel, J., Batterman, B. W., and Blount,
E. L., "Search for Sublattice Distortion
in V-iSi," Physical Review, 166 (Feb.
1968), 616-621.

Reitsma, K. J., and Owen, W. S., "Dy-
namic Strain-Aging of Tantalum-Oxy-
gen," presented at the annual meeting
of the AIME, New York City, Feb.
1968.

Sass, S. L., and Cohen, J. B., "Precipi-
tation in a Ni-Ti Alloy," presented at
the annual meeting of the AIME, New
York City, Feb. 1968.

Seidman, D. N., and Balluffi, R. W,,
"Dislocations as Sources and Sinks for
Point Defects in Metals," in R. R. Hasi-
guti, ed., Lattice Defects and Their In-
teractions (New York City: Gordon
and Breach, Inc., 1968), pp. 913-960.

Smith, G. V., and Behun, M. S., "An
Experiment on Combined Quench and
Strain Aging in 1020 Steel," Journal of
Materials, 3:1 (Mar. 1968), 28-31.

Srinivasan, G. R., and Owen, W. S.,
"The Crystallography of Massive-Mar-
tensite in Iron-Nickel Alloys," pre-
sented at the annual meeting of the
AIME, New York City, Feb. 1968.

• MECHANICAL ENGINEERING

Hieber, N. A., and Gebhart, B., "Low
Reynolds Number Heat Transfer From
a Circular Cylinder," Journal of Fluid
Mechanics, Vol. 32, Part 1 (Apr.
1968), pp. 21-29.

Traugott, S. C, "On Grey Absorption
Coefficients in Radiative Transfer,"
Journal of Quantitative Spectroscopy
and Radiative Transfer, 8 (Mar. 1968),
971 ff.

• THEORETICAL AND
APPLIED MECHANICS

Block, H. D., and Ginsburg, H., "The
Psychology of Robots," Psychology
Today, 1:11 (Apr. 1968), 50-55.

Chang, C. S., and Conway, H. D.,
"Bend Stresses in Fiber Reinforced
Composites," Journal of Composite
Materials, 2:2 (Apr. 1968), 168-185.

Chang, C. S., Pimbley, W. T., and Con-
way, H. D., "An Analysis of Metal Fa-
tigue Based on Hysteresis Energy," Ex-
perimental Mechanics (Mar. 1968),
pp.133-137.

Moon, F. C, and Pao, Y. H., "Magne-
toelastic Buckling of a Thin Plate,"
Journal of Applied Mechanics, 35
(Mar. 1968), 53 ff. 36



The following publications and confer-
ence papers by faculty members and
graduate students of the Cornell College
of Engineering were published or pre-
sented during May, June, and July
1968. The names of Cornell personnel
are in italics.

• AEROSPACE ENGINEERING
Oxburgh, E. R., and Turcotte, D. L.,
"Problem of High Heat Flow and Vol-
canism Associated With Zones of De-
scending Mantle Convective Flow,"
Nature, 218:5146 (June 1968), 1041
-43.
Seebass, A. R., and McLean, F. E.,
"Far-Field Sonic Boom Waveforms,"
AIAA Journal, 6 (June 1968), 1153-
55.

• AGRICULTURAL
ENGINEERING

Dunne, T., and Black, R. D., "Runoff
Production on Steep Permeable Hill-
slopes," Paper No. 68-215C, presented
at the 1968 Annual Meeting of the
ASAE, Utah State University, Logan
(June 1968), 18 pp.
Ludington, D. C, "Biological and Phys-
ical Properties of Poultry Manure,"
presented at the Annual Northeast Re-
gion Anti-Pollution Conference, Uni-
versity of Rhode Island, Kingston, July
1968.
Rehkugler, G. E., Shepardson, E. S.,
and Pollock, J. G., "Research and De-
velopment of a Cabbage Harvester,"
presented at the 1968 Annual Meeting
of the ASAE, Utah State University,

37 Logan (June 1968), 30 pp.

Spencer, J. W., and Ditmars, C. D.,
"Simple Tests Can Improve Soil-Ag-
gregate Compaction," Public Works
(June 1968), pp. 116ff.

• CHEMICAL ENGINEERING
Finn, R. K., "Biphasic Fermentation,"
presented at the 68th Annual Meeting
of the American Society for Micro-
biology, Detroit, May 1968.
Finn, R. K., "The Outlook for Single-
Cell Protein in Human Feeding," pre-
sented at the Conference on Frontiers
in Food Research, Geneva, N.Y., June
1968.
Smith, J. C, Solution to Problems—
Second Edition of Unit Operations of
Chemical Engineering by McCabe and
Smith (New York: McGraw-Hill Book
Co., 1968), 194 pp.

• CIVIL ENGINEERING
Esrig, M. I., "Pore Pressures, Consoli-
dation, and Electrokinetics," Journal of
the Soil Mechanics and Foundations
Division, ASCE, Vol. 94, No. SM4
(July 1968), pp. 899-921.
Liggett, J. A., "The Method of Char-
acteristics and the Shallow Water
Equations," presented at the ASCE
Environmental Engineering Conference,
Chattanooga, May 1968.

Loehr, R. C, "Animal Wastes—A
National Problem," presented at the
ASCE Environmental Engineering
Conference, Chattanooga, May 1968.

Loehr, R. C, "Technical and Legal
Controls for the Disposal of Animal
Wastes," presented at the 23rd Purdue
Industrial Waste Conference, Purdue
University, Lafayette, May 1968.

Loehr, R. C, "Variation in Wastewater
Quality Parameters," Public Works
(May 1968), pp. 81-83.

Loucks, D. P., "A Review of the Lit-
erature of 1967 on Waste Water and
Water Pollution Control: Systems
Analysis," Journal of the Water Pollu-
tion Control Federation, 40:6 (June
1968), 1098-102.

• COMPUTER SCIENCE

Brown, K. M., and Dennis, J. E., Jr.,
"Local and Kantorovich-Type Con-
vergence Theorems for the Method of
Nonlinear Successive Displacements,"
presented at the SIAM National Meet-
ing, Toronto, June 1968.

Hartmanis, J., and Shank, H,, "On the
Recognition of Primes by Automata,"
JournaloftheACM, 15:3 (July 1968),
382-389.



Hopcroft, J. £.,.and Steiglitz, K., "A
Class of Finite Memory Interpolation
Filters," IEEE Transactions on Circuit
Theory, Vol. CT-15, No. 2 (June
1968),pp. 105-111.

Hopcroft, J. E., and Ullman, J. D.,
"Deterministic Stack Automata and the
Quotient Operator," Journal of Com-
puter Sciences and Systems, 2:1 (June
1968),1-12.

Hopcroft, J. E., and Ullman, J. D.,
"Relations Between Time and Tape
Complexities," Journal of the ACM,
15:3 (July 1968), 414-427.

Hopcroft, J. E., and Weiner, P.,
"Bounded Fan-in, Bounded Fan-out
Uniform Decompositions of Synchron-
ous Sequential Machines," Proceedings
of the IEEE, 56:7 (July 1968), 1219-
20.

Salton, C, Automatic Information Or-
ganization and Retrieval (New York:
McGraw-Hill Book Co., 1968), 512
pp.

• ELECTRICAL ENGINEERING

Bolgiano, R., Jr., "Refractive Index
Structure of the Troposphere," "Re-
flexion and Refraction on Line of Sight
Path," "Radio Ducting in the Tropo-
sphere," and "Scatter Phenomena in

Tropospheric Propagation," presented
at a Lecture Series on Radio Wave
Propagation, Leicester University, Lei-
cester, England, July 1968 (sponsored
by the Electromagnetic Wave Propaga-
tion Committee and the Consultant and
Exchange Programme of the Advisory
Group for Aerospace Research and De-
velopment ).

Brice, N. M., "Magnetospheric and
High Latitude Ionospheric Disturbance
Phenomena," in R. Carovillano, ed.,
Physics of the Magnetosphere (Dor-
drecht, Holland: D. Reidel Publishing
Co.), 1968.

Brice, N. M., "Magnetospheric and
Polar Substorms," in Space Research
VIII (Amsterdam: North Holland Pub-
lishing Co.), 1968.

Camp, W. O., and Kennedy, W. K., Jr.,
"Pulse Millimeter Power Using LSA
Mode," Proceedings of the IEEE, 56:6
(June 1968), 1105 ff.

Chilton, R. H., and Kennedy, W. K.,
Jr., "Multiple Frequency Operation As-
sociated With LSA Mode," Proceed-
ings of the IEEE, 56:6 (June 1968),
1124 ff.

Eastman, L. F., "Semiconductors for
the 70's," presented at the IEEE Micro-
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Editor's Note: This issue is the first of
Volume 4. The last issue, published in
January 1969, was the only one in Vol-
ume 3. Over the three-year period of pub-
lication, we have fallen behind two issues;
this is primarily the result of the turn-
over in our small staff. The editorial asso-
ciates of Engineering: Cornell Quarterly
are usually wives of graduate students
whose period of service is limited by their
stay in Ithaca.

This issue and the next one will carry
six-month records of faculty publications
to bring that section up to date.

At this point, the editor wishes to ex-
press his continuing appreciation to the
editorial associates who have served the
publication with distinction, the Office of
University Publications for its handling of
the production of the magazine, and
Connecticut Printers, Incorporated, for the
excellence of their printing craftsmanship.
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