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Graduate Study
in Engineering
and
Applied Science

At Cornell, graduate study in engineering and applied
science is conducted within the context of a large and
diverse university with international reputation. The
faculty and facilities of the College of Engineering
provide a foundation for graduate education in these
areas, but the resources of the entire University are
available to each graduate student in accordance
with his or her particular needs and interests.
About 730 students are now working toward advanced
degrees in the various fields of engineering and
applied science at Cornell. Some of these students are
enrolled in professional Master of Engineering degree
programs, and some are working in the researchoriented Master of Science and Doctor of Philosophy
degree programs.
The professional degree programs are generally super
vised by the faculty of specific schools or departments
of the College of Engineering. In the M.S. and Ph.D.
degree programs, instruction is offered by University
faculty members organized into graduate fields of
instruction. All graduate programs at Cornell are
administered by the University’s Graduate School.
Detailed information on Graduate School procedures,
requirements, costs, financial aid, and so on, is given in
the Announcement ot the Graduate School. Course
descriptions are given in Cornell University: Description
of Courses.

The Master of Engineering
Degree Program
Master of Engineering degrees are awarded in eleven
fields, designated in the degree title. The curricula,
described in more detail in the following pages, are
intended primarily for students who wish to prepare
for professional careers in engineering or applied
science. They are often pursued by Cornell students
who begin an integrated three-year curriculum in the
junior year of undergraduate study, but they are open
to graduates of other four-year engineering schools.
The M.Eng. program is also suitable as a foundation
for doctoral study in engineering or an applied science.
An alternative route to the Ph.D. degree is the M.S.
program, which differs from the M.Eng. in that it
places a major emphasis on basic research. The choice
of which master’s degree program to follow depends
largely on the inclination and ultimate career goal of
the individual.

A ll a ca d e m ic co u rse s o f the U n iversity are open
to students o f a ll races, religions, ethnic origins,
ages, sexes, an d p o litic a l persuasions. N o re q u ire 
ment, prerequisite, device, rule, or other m eans
shall be use d by a n y em p lo yee o f the U n iversity
to encourage, establish, or m aintain segregation
on the basis o f race, religion, eth nic origin, age,
sex, o r p o litic a l p e rsu a sio n in any a ca d e m ic
course o f the University.
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The M.S. and Ph.D.
Degree Program
The prospective student who wishes to specialize in an
engineering or related subject at the Master of Science
or Doctor of Philosophy level must first decide which
graduate field offers the course work and research
opportunities best suited to his or her plans and inter
ests, for admission to the programs is determined by the
faculty of the individual fields. It may be noted that
the separation of graduate programs into fields is
necessarily somewhat arbitrary: some areas of re
search are interdisciplinary in nature, and some of the
fields draw on faculty members in related departments
or areas. The descriptions, in this booklet, of various
graduate fields and their areas of activity may help
the student choose a field.
The M.S. or Ph.D. candidate also selects a Special
Committee, headed by the professor who will supervise
the student’s work and including two additional faculty
members. The information in this publication may be
helpful in this selection. The Special Committee has an
unusually important position in graduate education at
Cornell, for it is wholly responsible for overseeing the
student’s course of study and progress and for deciding
when the student is ready to receive his or her degree.
This committee is usually chosen toward the beginning
of the student’s residency. Those whose interests change
while they progress in their studies, however, may
modify their committees at some later time.
Although the Graduate School sets no course, credithour, or grade requirements, leaving these matters to
the discretion of each Special Committee, the graduate
faculty has established general requirements, including
a minimum term of residence, an oral examination,
and submission of a thesis based on supervised re
search.

3

Professional
Engineering
Degrees

An important branch of graduate education in engineer
ing and applied science at Cornell is the one-year
program leading to the Master of Engineering degree
with field designation.
The eleven field-designated Master of Engineering
degrees awarded by Cornell are:
M.Eng. (Aerospace)
M.Eng. (Agricultural)
M.Eng. (Chemical)
M.Eng. (Civil)
M.Eng. (Electrical)
M.Eng. (Engineering Mechanics)
M.Eng. (Engineering Physics)
M.Eng. (Materials)
M.Eng. (Mechanical)
M.Eng. (Nuclear)
M.Eng. (OR & IE)
The program prepares students for practice not only
in the well-established engineering fields but also in
new areas of technology and applied science that must
be developed to serve the needs and to help solve the
problems associated with a complex technology. De
velopment of technical competence to move into such
areas as water resources, energy conversion, informa
tion processing, or urban planning, for example, requires
training beyond that of a four-year program. Graduate
education is also needed as preparation for work in
engineering areas that require significant economic,
political, environmental, or social competence. The
curricula stress advanced work in a particular area of
application but also have broad flexibility to accommo
date new combinations of course work. Every program
emphasizes participation in a specific design project
directed toward the development of competence and
experience in the solution of a realistic or practical
problem in engineering or applied science.
Many Master of Engineering degree holders enter small
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businesses or professional practice in industrial, govern
ment, or nonprofit organizations. An increasing number,
however, are using the M.Eng. curriculum as part of a
dual graduate degree program leading to both the
M.Eng. and the Ph.D. degrees. Such a program can be
designed to encompass two different areas of study or
to allow for doctoral work in depth in a more specialized
aspect of the M.Eng. discipline.
Historically, the M.Eng. program developed from a
five-year undergraduate curriculum in engineering that
was established at Cornell in the recognition that five
years is the minimum time needed to prepare students
for professional work. Now the B.S. degree is awarded
after four years of study, and an integrated fifth-year
curriculum leads to the master's degree. The M.Eng.
program attracts a large number of graduates of the
baccalaureate engineering program of Cornell;
about a third of the seniors each year elect to con
tinue their studies in this fifth-year program. It is
also suitable for graduates of engineering or applied
science programs of other institutions; these stu
dents constitute about one-third of the Cornell
M.Eng. candidates.
Requirements for the degree include thirty credit hours
of advanced technical work, normally completed in two
semesters. Of these, a minimum of three credit hours
must be earned by working on the design project. Finan
cial aid is available, in the form of scholarships and
loans awarded on the basis of both academic merit and
economic need. A limited number of teaching assistantships and fellowships are also open to M.Eng. degree
candidates.
The programs of the eleven different professional
engineering fields differ considerably in detail, depend
ing on the scope and nature of each subject area. The
following sections briefly describe the objectives and
character of each curriculum, indicate the academic
personnel associated with the program, and list repre
sentative project topics.

M.Eng. (Aerospace)
The Master of Engineering (Aerospace) program is
designed to increase the student’s facility in the applica
tion of the basic sciences to engineering problems of
importance in this field. Because aerospace engineering
is continually engaged in new areas, an essential guide
line for the program is to reach beyond present-day
practices and techniques; this is achieved by supplying
the student with the fundamental background and the
analytical techniques that will remain useful in all
modern engineering developments.
The program is intended primarily for baccalaureate
degree holders who are interested in extending their
education in the aerospace field. Candidates for the
Ph.D. program in this area who do not already hold a
master’s degree are also encouraged to matriculate as
candidates for the M.Eng. (Aerospace) degree. A candi
date normally has a background equivalent to an
accredited four-year bachelor’s degree program in
aerospace or mechanical engineering or in engineering
physics; a student with a different background may be
required to take supplemental courses.
Requirements for the degree include the completion of
four three-hour core courses in fluid mechanics,
theoretical aerodynamics, or high-temperature gasdynamics, all areas in which active research is being
carried out.
Available core courses are Physics of Fluids I, Combus
tion Processes, Dynamics of Flight Vehicles, Fluid
Mechanics I and II, Theoretical Aerodynamics I and II,
and Energy and Fluid Systems Laboratory. The faculty
may modify the core course requirement to suit in
dividual needs, interests, and background. For example,
course sequences leading to specialization in energy
conversion, aerophysics, or chemical kinetics can be
arranged.

Also required are six hours of elective subjects such as
Theory of Viscous Flows, Special Topics in Aerospace
Engineering, Numerical Methods in Fluid Flow and
Heat Transfer, Physics of Fluids II, and Plasmadynamics. Many other electives are available in aerospace
engineering and related fields. Also required are six
hours of mathematics, attendance at the weekly
colloquium and an advanced seminar, and a project.
Subject areas available for M.Eng. (Aerospace) projects
(and the professors who are working in these areas)
include pollution control in automobile engines de
signed so as not to compromise efficiency or perfor
mance (E. L. Resler, Jr.); hydrogen and methanol in
ternal combustion engines, solar energy collectors,
and electric probes as combustion analyzers (P. C. T.
de Boer); combustion studies (W. J. McLean); wind tun
nel experimentation, atmospheric flow, and vehicle
aerodynamics (A. R. George); unsteady flow experimen
tation (S.-F, Shen); and controlled fusion (P. L. Auer).
These professors and their research interests are listed
in this booklet under Aerospace Engineering.
The titles of some recent M.Eng. (Aerospace) projects
and the faculty advisers are:
Automotive Efficiency Improvement System (W. J.
McLean)
Design of a Two-State Burner for Combustion Studies
(W. J. McLean)
Evaporation Time of Water Droplets from a Hot Plate
(P. C. T. de Boer)
Visualization of Velocity Profiles in Unsteady Boundary
Layers (S.-F. Shen)
Wind Tunnel Design and Calibration (A. R. George)

A low-turbulence wind tunnel, designed and built
as an M.Eng. (Aerospace) project, is now used for
experimental study of air and land vehicle aerody
namics. Professor A. R. George (left) works with
M.Eng. students.
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M.Eng. (A gricultu ral)
The program for the professional degree of Master of
Engineering (Agricultural) is intended primarily for
those students who plan to enter engineering practice
rather than for those who expect to study for the doc
torate. Admission is open to persons who hold a
bachelor's degree in an accredited engineering cur
riculum or the equivalent and who have sufficient train
ing to indicate that they can profitably study the ad
vanced courses offered in the program.
The curriculum consists of courses intended to strength
en the students' fundamental knowledge of engineering
and develop their skill in engineering design. Six
hours of the required thirty must be earned by working
on a design project involving individual effort and a
formal report.
A student may choose to concentrate in one of the subareas of agricultural engineering or take a broad
program. The subareas are power and machinery, soils
and water engineering, agricultural structures and
associated systems, electric power and processing, and
agricultural waste management. Electives are chosen
from among relevant subject areas, such as thermal
engineering, mechanical design and analysis, theoretical
and applied mechanics, structural engineering, hydrau-

Left above: M.Eng. (Agricultural) students recently
did project work on studies of hurricane damage
to rural roads and agricultural installations in
New York State.
Left: Methane gas is tested as a fuel for small farm
engines. The methane could be generated from
agricultural waste.
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lies, sanitary engineering, soil engineering, and waste
management.
Agricultural engineering faculty members who super
vise M.Eng. (Agricultural) degree projects are L. D. Al
bright, R. D. Black, J. R. Cooke, R. B. Furry, W. W.
Gunkel, D. A. Haith, L. H. Irwin, L. G. James, W. J. Jewell,
G. Levine, R. C. Loehr, R. T. Lorenzen, D. C. Ludington,
W. F. Millier, D. R. Price, G. E. Rehkugler, N. R. Scott, E.
S. Shepardson, and M. F. Walter. Their areas of interest
are given in the section in this booklet on agricultural
engineering.
Most of the design projects are executed by individual
students. An idea of the kind of work being done is given
by the following examples of recent and current projects
and supervising professors:
Design of a Cranberry Flarvester (W. W. Gunkel)
Greenhouse Design for Fleat Loss Reduction and Solar
Energy Utilization (N. R. Scott)
A Model for Crop Diversification in the Kemubu Irriga
tion Scheme of Malaysia (G. Levine)
Nitrate Balance in the Soil (R. C. Loehr)
Simulation of Agricultural Tractor Overturns (G. E.
Rehkugler and R. B. Furry)
Treatment and Disposal of Septic Tank Sludge (W. J.
Jewell)
Upgrading the Wastewater Treatment System for the
Rural Community of Elba, New York (D. A. FHaith)
Waste Fleat Utilization in Agriculture (D. R. Price)
Waste Management and Drainage at the Miner Institute,
Chazy, New York (R. D. Black and D. C. Ludington)

M.Eng. (Chem ical)
The professional master’s degree program in chemical
engineering is intended primarily to prepare graduates
for industrial practice, and therefore its orientation is
toward applied subject matter in the areas of process

equipment, process design, process control, numerical
methods, and economics. This is somewhat in contrast
to the more mathematical and theoretical course work
offered for the Master of Science degree, which has an
orientation toward research. Both the M.Eng. (Chemical)
and the M.S. degree work may be utilized in graduate
programs leading to the Ph.D. degree.

M.Eng. (Civil)

Faculty members of the School of Chemical Engineering,
listed in the section in this booklet on chemical engi
neering, are available to supervise M.Eng. project work.

The Master of Engineering (Civil) degree program, a
professional program that has developed in the past
few years into one of the major operations of the School
of Civil and Environmental Engineering, encompasses
the broad areas of structural, geotechnical, sanitary,
hydraulic, and environmental systems engineering;
transportation planning; and remote sensing.
An outstanding feature of the program is the involve
ment of practicing engineers as consultants in project
work, which is carried out partly during an intensive
three-week work period between academic semesters.
Often the project assignments are provided by firms
that either are doing or have recently done designs for
the same projects, so that they are timely and pertinent
to current professional practice. The work is carried out
by groups of two to thirty students and normally involves
many aspects of a design problem. Faculty members
of the school supervise each project, which includes
preliminary design in the fall term prior to the intensive
design period and subsequent writing and presentation
of a comprehensive report.
The M.Eng. (Civil) program is designed for students
with a B.S. degree in civil engineering; graduates with
majors in other fields usually must extend their pro
grams beyond the normal one year in order to meet

Design projects are related to the specialties of the
faculty. For several years these projects have been
related to petroleum refining, organic chemicals, petro
chemicals, and monomers for plastics. Examples of
recent project titles and the supervising professors are:
The Artificial Kidney (G. C. Cocks and J. F. Stevenson)
Coal Gasification (P. Harriott)
Liquid Fuels from Coal (P. Harriott)
Vacuum Fermentation Plant (R. K. Finn)
Waste Disposal from Polymer Manufacture (F. Rod
riguez and M. L. Shuler)

Right above: M.Eng. (Chemical) students participate
in a research project on injection molding. Successfully
and unsuccessfully filled molds are inspected in the
course of developmental work.
Right: An industrial consultant works with M.Eng.
(Civil) students on the design of a bridge.

The present M.Eng. (Chemical) curriculum comprises
four required courses, a design project giving three or
six credits, and four or five technical elective courses to
make a total of thirty credits. The required courses are
Process Equipment Design, Design of Chemical Re
actors, Numerical Methods, and Process Control. The
technical electives may be chosen from the offerings of
the School of Chemical Engineering or of other units
of the College of Engineering and the University. Fre
quently selected chemical engineering electives are
Phase Equilibria; Petroleum Refining; Economics of the
Chemical Enterprise; Inventions, Patents, and Trade
Secrets; Development Economics; Polymeric Materials;
Polymeric Materials Laboratory; Fermentation En
gineering; Industrial Microorganisms; Wastewater
Engineering; and Advanced Thermodynamics.
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the degree requirements, which include a broad back
ground in at least seven specified areas of civil and
environmental engineering. Each M.Eng. (Civil) degree
candidate chooses an area of concentration and a re
lated minor subject. Required course work, in addition
to the six-credit design project, includes professional
engineering practice that encompasses aspects of
economics, management, law, and communication.
Recent group projects that include the intensive inter
session work periods (and the participants) are as
follows:
Design of a Cable-Stayed Bridge over Milwaukee
Harbor (sixteen students: Gerard Fox of Howard,
Needles, Tammen and Bergendoff, consultant; Pro
fessors White, Sangrey, Sexsmith, and Kay)
The Evaluation and Preliminary Design of the Bolton
Point Water Treatment Plant (eleven students;
Arthur Adams of Greeley and Hansen Engineers,
consultant; Professor Behn)
Boeing 747 Hangar and Maintenance Facility for
LaGuardia Airport, New York (twenty-six students;
Lev Zetlin of Lev Zetlin Associates, consultant; Pro
fessors DiPasquale, Sangrey, and Thomas)
Upgrading the Binghamton-Johnson City, New York,
Joint Sewage Treatment Plant (nine students; Paul
Busch of Malcolm Pirnie and Associates, consultant;
Professor Gates)

M.Eng. (Civil) projects in both structural and sanitary
engineering are frequently carried out by teams of
students with the help of faculty advisers and
consultants from industry. The designs usually
pertain to actual engineering works under construc
tion or recently completed. Much of the work is
accomplished during an intensive three-week
session between academic semesters.
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Offshore Floating Nuclear Power Station: Structural
and Foundation Site Aspects (twenty-three students;
Eugene Harlow of F. R, Harris, and Harcharan Singh
of Dames and Moore, consultants; Professors Sex
smith and Kay)
Design of a Radioactive Waste Treatment System for
the Off-shore Atlantic Generating Station (two stu
dents; Robert Cherdack, of Burns and Roe, Inc.,
consultant; Professor Gates)
Municipal Wastewater Treatment by Automation and
Computer Control (ten students; Elmer Ballotti, of
Greeley and Hansen Engineers, consultant; Professor
Behn)
Liquefied Natural Gas Terminal at Cove Point, Chesa
peake Bay, Maryland (fifteen students; M. Esrig of
Woodward Clyde, consultant; Professor Kay)
Design of Bridge across Piscataqua River (thirty stu
dents; Richard Christie of Hardesty and Hanover,
consultant; Professors Abel and Sexsmith)
Development of an Economical Waste Water Treatment
Plant for the Doe Run Effluent, Olin Chemicals
Group, Brandenburg, Kentucky (fourteen students;
H. H. Hogeman, D. R. Vaughn, and C. T. Avery of
Olin Chemicals Group, and P. L. Busch of Malcolm
Pirnie, Inc., consultants; Professor Behn)
Reservoir Systems Planning for Irrigation in Northern
Africa (three students; Professors Loucks, Shoemaker,
and Willis)
Other recent M.Eng. (Civil) design projects, carried out
by one or two students under faculty supervision, are:
Airphoto Studies of Environmental Impact of Highway
Construction (T. Liang)
Detection of Buried River Channels in Glaciated Regions
(T. Liang)
The Relocation and Design of the Amtrac Passenger
Station in Syracuse, New York (F. J. Cesario)
Toward the Development of a Mass Transit System for
Tompkins County, New York (A. H. Meyburg)
Water Quality Surveillance by Remote Sensing (T.
Liang)

M.Eng. (Electrical)
In electrical engineering the professional master's
degree program has as its primary objective the prep
aration of individuals at a high level of competence for
work in electrical technology and design. This prepara
tion may lead to employment in industry or a develop
ment laboratory, or it may serve as a foundation for
further advanced study at the doctoral level. The faculty
of the School of Electrical Engineering has made a
special effort to integrate the graduate programs leading
to the M.Eng. (Electrical), the M.S., and the Ph.D.
degrees. Information on the professional master’s
degree program is therefore incorporated into the
section in this booklet on electrical engineering. It
should be noted that the area of electrical engineering
is one of the most active in the Cornell graduate pro
fessional engineering degree program.

M.Eng. (E ngineering Mechanics)
A professional master’s degree program in engineering
mechanics has been instituted within the past few
years by the faculty of the Department of Theoretical
and Applied Mechanics, which is concerned almost
entirely with graduate education. This M.Eng. program
is planned to allow the student to master advanced
subjects in mechanics and, at the same time, to develop
facility in applying fundamental concepts of mechanics
to modern engineering problems.
Course requirements include six credits in mathematics
or applied mathematics, a design project, and sufficient
graduate-level courses, selected in consultation with
a department adviser, to meet the degree requirement
of thirty credits.
Faculty members available to serve as advisers for

Above: Design work on models of the Cornell elec
tric car is a continuing activity in the M.Eng.
(Electrical) program: each year a team of students
works on aspects of the control system and engine.
This model is the fifth to be completed. Designed for
urban-suburban driving, it has a minimum range of
fifty miles on a charge and a top speed of sixty miles
an hour. The motor controller represents a radical
departure from conventional electric car design: speed
is varied by changing the motor field current rather
than the armature voltage. The chassis of this model
was built by M.Eng. (Mechanical) students by attaching
a Volkswagen front and rear end to a specially de
signed space frame.
Right: An M.Eng. (Engineering Mechanics) student
tests the strength of friction welds with ultrasonic
equipment as part of his project work.

M.Eng. (Engineering Mechanics) students are H. D.
Conway, J. T. Jenkins, R. H. Lance, F. Moon, S. Mukherjee, Y.-H. Pao, and W. H. Sachse. Their research in
terests are listed in the section in this booklet on the
oretical and applied mechanics.
The titles of some projects recently undertaken by
M.Eng. (Engineering Mechanics) students, and the
supervising professors, are:
Analogies for Elastic and Elastic-Plastic Torsion
Problems (R. H. Lance)
Modelling the Dynamic Response of Aircraft Wingspar
Landing Gear Shock-Strut System under Impulse
of Load (W. H. Sachse and R. N. White, of the De
partment of Structural Engineering)
Shear-Wave Reflectometry Measurements of Visco
elastic Fluids (W. H. Sachse)

M.Eng. (E ngineering Physics)
The professional degree of Master of Engineering
(Engineering Physics) is offered as a fifth year of study
following a Cornell undergraduate program in engineer
ing physics, or the equivalent. Students who earn the
degree may move into development or research pro
grams in applied physics in industrial or government
organizations or may proceed to more advanced gradu
ate work in applied physics or related areas. The
program may be useful, for example, as exploratory
study for those interested in starting graduate work but
not ready to make a commitment to a specific field. Or
it can be used to satisfy prerequisite course work for
certain new areas of graduate study that involve a
combination of engineering or applied physics with
another discipline, either technical or nontechnical.
A recent M.Eng. (Engineering Physics) project in
the area of astronomy involved measurement of
the photometric properties of solid particulate
surfaces.
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There is considerable flexibility in the curriculum; each
student plans an individualized program in consultation
with the program chairperson. Requirements for the
degree include a minimum of six credits in a graduatelevel course sequence: a graduate-level course in
quantum mechanics and an advanced course in sta
tistical mechanics, or their equivalents: and a report on
about thirteen University seminars or colloquia, chosen
in consultation with the program chairperson.
The M.Eng. project requirement may be satisfied by an
informal study or project, experimental or analytical,
that requires individual effort and is completed with a
formal report. This project carries at least six hours of
credit. If the project is experimental, one course in
mathematics or applied mathematics at the graduate
level is required: if the project is analytical, one term in
experimental laboratory physics or its equivalent must
be taken.
Faculty members of the School of Applied and Engineer
ing Physics available as advisers for M.Eng. projects
are B. W. Batterman, R, A. Buhrman, K. B. Cady, D. D.
Clark, R. K. Clayton, T. A. Cool, H. H. Fleischmann,
P. L. Hartman, V. O. Kostroun, J. A. Krumhansl, A. F.
Kuckes, B. R. Kusse, A. Lewis, R. L. Liboff, R. V. E.
Lovelace, M. S. Nelkin, T. N. Rhodin, M. M. Salpeter,
B. M. Siegel, J. Silcox, R. N. Sudan, W. W. Webb, and
G. J. Wolga. Lists of their specialty fields are given
in the section of this booklet on applied physics.
The titles of some recent projects or studies of M.Eng.
(Engineering Physics) students, and their supervising
professors, are:
Langmuir Probe Plasma Measurements (B. R. Kusse)
Microwave Excited UV Light Source (T. N. Rhodin)
Problem in Electron Microscopy (J. Silcox)
Study of Earth Magnetism (R. L. Liboff)
System Design of Laser Scanning Device as Aid in Look
ing at Defects and Imperfections (J. M. Ballantyne,
in electrical engineering)

M.Eng. (Materials)
Students who have completed a four-year undergraduate
program in engineering or the physical sciences are
eligible for consideration for admission to the Master
of Engineering (Materials) degree program. Candidates
for the degree carry out independent projects that
provide experience in defining objectives, planning and
carrying through systematic work, and reporting con
clusions. In addition, they have the opportunity to
develop their knowledge and skill in specialized areas
of materials science. Program requirements include—
1. A project qualifying for at least twelve hours of
credit and requiring individual effort and initiative.
This project, carried out under the supervision of a
member of the faculty, is usually experimental, although
it can be analytical.
2. Six credit hours of courses in mathematics, such as
Advanced Engineering Analysis. Students who already
meet this requirement select other courses acceptable
to the faculty.
3. Courses in materials science and engineering, se
lected from those offered at the graduate level, or other
courses approved by the faculty, sufficient to bring the
total credits for the degree to thirty.
Faculty members of the Department of Materials Sci
ence and Engineering available to supervise M.Eng.
project work are D. G. Ast, R. W. Balluffi, B. W. Batterman, J. M. Blakely, M. S. Burton, L. C. DeJonghe, H. H.
Johnson, D. L. Kohlstedt, E. J. Kramer, C.-Y. Li, R. Raj,
A. L. Ruoff, S. L. Sass, and D. N. Seidman. Their areas
of interest are listed in this booklet in the section on
materials science and engineering.
Examples of recent design projects, and the super
vising professors, are:
Chemical Vapor Deposition Growth of Mixed Oxide
Spinels (L. C. DeJonghe)

Electron Microscope Study of Radiation Damage (D. N.
Seidman)
Interaction of Interstitial Gas Atoms with Radiation
Damage in Group Vb Metals (Niobium, Tantalum)
(D. N. Seidman)
Right: A plastic canine hip replacement was designed
in an M.Eng. project conducted in cooperation with
researchers in the College of Veterinary MedicinetHere
a tensile-testing machine is used to measure load and
elongation of a tendon.
Below: Development of a photon radiation source using
microwave excitation of a helium gas plasma is the
project for this M.Eng. (Engineering Physics) degree
candidate. The source is coupled to a photoemission
spectrometer used to study surface chemical reactions
of transition metals.

M.Eng. (Mechanical)
The areas of particular interest in mechanical engineer
ing at Cornell are similar in the Master of Engineering
and the M.S. and Ph.D. programs, but the thrust of the
professional degree program is directed more toward
design than toward research. The term design is not
limited to just the mechanical design for manufacture
of a specific piece of hardware; it covers the whole en
gineering activity necessary for the provision of goods,
machines, equipment, and systems, subject to the con
straints of useful application, such as cost, safety,
reliability, length of life, and maintenance. Thus some
groups of faculty and students are working to find out
more about the underlying reasons for physical be
havior—this is the research aspect of graduate work.
Others are working to meet the requirements for
specific pieces of equipment or systems to serve par
ticular purposes—this is the design aspect.
The academic program for the M.Eng. degree is struc
tured with a view to providing advanced study over a
broad range of mechanical engineering. It requires some
work in mathematics, mechanical design, and energy
conversion; laboratory experience; and an independent
project. Yet considerable flexibility is provided by a
minimum of three elective courses and by a choice of
courses within the prescribed areas.
The design project, considered a very important part
of the program, covers two terms of work. In many
Left above: Ultrasonic welding of plastics is M.Eng.
project work in mechanical engineering.
Right above: The development of a planetary roving
vehicle provides M.Eng. design projects for stu
dents in electrical and mechanical engineering.
Left: Solar energy use is investigated in design
project work in mechanical engineering.
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cases, the project is engendered by a real need of an
external organization or by an ongoing program within
the University. It is intended to give experience in a
situation similar to that of professional practice, in which
there is a time limit and data available for the actual
design has to be sought and evaluated. In the Sibley
School of Mechanical and Aerospace Engineering there
is overlapping faculty interest in design and research,
and all the professors are available to supervise M.Eng.
projects. A list of their names and specialties is given in
the section of this booklet on mechanical engineering.
A currently active area for work in design centers on the
problems of energy: increasing efficiency of utilization,
providing alternate sources to counter scarcity and high
cost, and controlling pollution. Some recent design
projects associated with energy are:
Aerodynamic Drag of Ground Vehicles (W. J. McLean)
Automotive Engine Efficiency Improvement System
(W. J. McLean)
Design, Construction, and Testing of a Small WindPower Machine (D. G. Shepherd with W. H. Erickson,
in electrical engineering)
Design of a Solar-Sea Power Project (B. J. Conta)
Hydrogen Fuel Handling Equipment (P. C. T. de Boer)
Solar Energy Collectors Suitable for Use with a Para
bolic Mirror (P. C. T. de Boer)
Strategies for Oil Spill Control Operations in Coastal
Waters (S. Leibovich with J. A. Muckstadt, in
operations research)
Another active area is bioengineering. The present work
involves the design of remedial or replacement devices
for injured or missing limbs and of equipment to obtain
more precise information about the mechanics and
lubrication of joints. Some of the projects in this area
are:
Analysis and Design of a Treadmill for Study of the
Biomechanics of Lameness in Horses (a cooperative
project with the Equine Research Program of the Col
lege of Veterinary Medicine) (D. L. Bartel)

Analysis and Design of Tibial Plateaus for Artificial
Knee Joints (D. L. Bartel)
Another major research project in the school is con
cerned with injection molding of plastics. This work,
being carried out in conjunction with industrial organi
zations, requires contributory design skill and entails
M.Eng. projects. Some of these are:
Computer-Aided Design and Manufacture of Molds and
Dies (K.-K. Wang)
Experimental Study of Pressure Dependence of Vis
cosity of Polymer Molds (K.-K. Wang)
Other recent projects are:
Design and Construction of a Hydraulic Shaker for Use
in the Dynamics Laboratory (Ft. M. Phelan)
Design and Implementation of Modifications to Upgrade
the Performance of Automatic Control Systems by
Using the Concepts of Pseudo-derivative Feedback
Control (R. M. Phelan)

M.Eng. (Nuclear)
The two-term curriculum leading to a Master of Engi
neering (Nuclear) degree is intended primarily for stu
dents who want a terminal professional degree, but it
may also serve as preparation for doctoral study in
nuclear science and engineering. The program covers
the basic principles of nuclear reactor systems and has
Right above: Professor V. O. Kostroun and students
inspect the zero-power reactor core in the Ward
Laboratory of Nuclear Engineering.
Right: A recent project in which two M.Eng. (Nu
clear) students combined efforts was the conceptual
design of a fast reactor park in which various
facilities needed for a complete nuclear power
generating plant would be centralized.

a major emphasis on reactor safety and radiation pro
tection and control.
The interdisciplinary nature of nuclear engineering
allows students to enter the program from a variety of
undergraduate specializations. These have included
chemical engineering, civil engineering, electrical
engineering, engineering physics, materials science and
engineering, mechanical engineering, nuclear engineer
ing, and physics. Deficiencies in background may be
made up, in some cases, by informal study during the
summer before the M.Eng. program is begun.
The curriculum includes a design project and the
following courses: Nuclear Reactor Theory I, Nuclear
Below: M.Eng. (OR& IE) students discuss their project
work with their supervising professor, J. A. Muckstadt
(at left).
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Reactor Engineering, Low-Energy Nuclear Physics, and
Nuclear Measurements Laboratory. In addition, there
are required two technical electives in a relevant subject
area such as energy conversion, radiation protection
and control, feedback control systems, magnetohydrodynamics, controlled thermonuclear fusion, or environ
mental engineering.
Faculty members who contribute to the M.Eng. (Nu
clear) program and offer design projects are from several
engineering departments as well as from other Univer
sity units. Engineering professors (whose research
interests are listed in the indicated sections elsewhere
in this booklet) are K. B. Cady, D. D. Clark, H. H. Fleischmann, V. O. Kostroun, and M. S. Nelkin, from applied
physics; R. L. Von Berg, from chemical engineering; C. D.
Gates, P. Gergely, and R. N. White, from civil and en
vironmental engineering; S. Linke and J. S. Thorp, from
electrical engineering; B. L. Isacks, from geological
sciences; C.-Y. Li, from materials science and engineer
ing; and F. K. Moore, from mechanical engineering.
Others are A. P. Casarett and J. C. Thompson, from
physical biology; G. H. Morrison, from chemistry; and
R. M. Littauer, from physics and nuclear studies.
Among the seventeen individual projects completed
during the past two years are the following:
Design and Construction of a Neutron Crystal Spec
trometer (D. D. Clark)
Design of Metal Vapor Heat Pipes (V. O. Kostroun)
Feasibility of Neutron Burnup of Fission Products and
Actinides (D. D. Clark)
Isotopic Concentrations of Actinides in Nuclear Fuel
(K. B. Cady)
Optimal Timing Instrumentation for a Fast Pneumatic
Transfer System (D. D. Clark)
Radioactive Waste Management at a Fast Reactor
Energy Park (K. B. Cady)
Thermal Design of an Air Cooled Storage Cask for High
Level Radioactive Wastes (K. B. Cady)

M.Eng. (OR & IE)
The main objectives of the program leading to the
professional degree of Master of Engineering (OR &
IE) are to give each student greater breadth and
depth of technical knowledge and to provide an environ
ment in which he or she can synthesize the material
studied in the course work. The emphasis is on mathe
matical modeling and the application of quantitative
techniques associated with optimization, probability,
and statistics to the design and operation of systems.
Students are required to complete an engineering
project in which they have the opportunity to work
closely with practicing engineers or analysts as well
as Cornell faculty members. The projects are usually
provided and sponsored by industrial or government
organizations. Students are expected to perform all
aspects of the project work, from problem formulation
to communication of the results.
Faculty members of the School of Operations Research
and Industrial Engineering who are available to super
vise M.Eng. (OR & IE) projects are R. E. Bechhofer,
W. L. Maxwell, J. A. Muckstadt, G. L. Nemhauser,
N. U. Prabhu, T. J. Santner, B. W. Saunders, A. Schultz,
L. E. Trotter, B. W. Turnbull, and L. I. Weiss. Their
specialty areas are listed in the section of this booklet
on operations research.
The following list of recent and current project titles,
and the supervising professors, is representative of the
M.Eng. work undertaken in this field:
Allocation and Scheduling of Resources for Airport
Refueling Operations (J. A. Muckstadt)
An Analysis of B. F. Goodrich’s Distribution Center with
Suggested Improvements (A. Schultz)
An Analysis of the Operation of the Pediatric Outpatient
Division of The New York Hospital (B. W. Saunders)
Forecasting Demand and Food Consumption for Cornell
University's Co-op Dining Program (T. J. Santner)

A Model for Investment in Bonds for the Exxon Corpo
ration (L. E. Trotter)
Production Planning and Control for the Production
Division of Nakhipitch Company, Tehran (W. L.
Maxwell)

Energy-Related Studies
The professional Master of Engineering program offers
a particularly good opportunity for students to direct
their engineering or applied science education to prob
lems in the area of energy supply and utilization. Each
of the engineering fields that participate in the M.Eng.
program at Cornell has work in this area in progress,
and students enrolled in any of the fields can specialize
in energy-related studies and projects.
Facilities particularly suited to this work are available
in the various College of Engineering laboratories and,
in addition, a special Energy Laboratory is being estab
lished to help coordinate efforts.
Detailed information on the opportunities for energyrelated study in the professional M.Eng. program may
be obtained by writing to the address given in the section
below.

Further Inform ation
Additional information and application forms may be
obtained by writing to the Chairman, Graduate Profes
sional Engineering Programs Committee, Cornell
University, 323 Upson Hall, Ithaca, New York 14853.
It would be helpful for correspondents to indicate the
fields of engineering in which they have an interest.

Aerospace
Engineering

Aerospace engineering, traditionally concerned with
the flight of aircraft, guided missiles, and space vehicles,
is constantly expanding the frontiers of its technology
and encountering new, often interdisciplinary, problems.
The objective of graduate programs in aerospace engi
neering at Cornell is to educate selected engineering and
science graduates for research and advanced develop
ment in this science and technology. About twenty
students are currently enrolled in the graduate Field of
Aerospace Engineering and in the Master of Engineering
(Aerospace) program. Students who plan to work for the
Ph.D. degree are encouraged to matriculate first in
the M.Eng. program.
In the curriculum, emphasis is placed on the aerospace
and associated sciences as well as on current design
practice. Consequently, students are encouraged to
take courses in physics, mathematics, chemistry,
astronomy, and allied engineering subjects, as well as
those offered by the Field of Aerospace Engineering, in
order to strengthen their understanding of fundamentals.
Of particular interest to aerospace engineering students
are graduate courses offered by the closely related Field
of Mechanical Engineering. At Cornell these two disci
plines are joined in the Sibley School of Mechanical
and Aerospace Engineering. The two fields conduct a
joint weekly colloquium to help students keep informed
on research and developments in both areas. Another
cooperative activity is the weekly research conference,
at which students regularly present summaries of their
research progress and students and staff members are
encouraged to make comments and suggestions. Grad
uate students find this conference particularly helpful
in the early phases of research. Direct contact between
faculty members and students is emphasized. Students
are also encouraged to help each other solve their
research problems. The entire field operates as a re
search group, and a friendly, informal atmosphere
prevails.
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Facilities
Experimental facilities are available for laboratory
studies in basic fluid mechanics, aerodynamics, gasdynamics, magnetohydrodynamics, plasmadynamics,
laser chemistry, geophysical fluid dynamics, ferrofluidics, and general acoustics. The College of Engineer
ing provides a diversified machine shop to support
sponsored research projects; equipment can be
fabricated when this is appropriate, thus facilitating
original investigations.
The field has a long history of pioneer work in the
development of the shock tube as a research tool for
studying chemical kinetics and electrically conducting
gases and for supporting studies in fusion plasmadynam
ics and laser chemistry.
A facility currently under construction, in cooperation
with the College of Architecture, Art, and Planning, is
a wind tunnel for the study of peculiarities of flow
around tall buildings.

Areas of Research
The Field of Aerospace Engineering maintains an
emphasis on research in basic fluid mechanics, aero
dynamics, shock tubes, magnetohydrodynamics,
transonic flow, geophysical flow problems, and related
aspects of studies in pollution control and atmospheric
dynamics. Current projects include several involving
aerodynamic noise associated with compressors,
turbines, and helicopters. Also under way are sound
propagation studies designed to find methods for con
trolling the noise of aircraft, particularly around
airports.
Various fundamental and applied aerodynamic prob
lems characterized by unsteady effects are subjects of

another research project. Also, attempts are being made
to understand, from the viewpoint of fluid mechanics,
convection cells driven by radioactivity inside the earth
and the moon, and their geophysical consequences.
In other areas of research, the possibilities of fusion
power are being explored, and pollution control is being
studied. The development of computing techniques,
including both finite-element and finite-difference
methods for the solution of fluid mechanical problems,
is being actively pursued. As part of an interdisciplinary
project on the injection molding process, the fluid
motion and heat transfer of highly non-Newtonian
polymer melts are being investigated.
Active research topics are indicated by the following
examples of recent publications (a more complete list
is available on request):
Auer, P. L. 1974. Self-consistent equilibria and
current limitation in relativistic electron beams.
Physics of Fluids 17(1 ):148.
Caughey, D. A., and Jameson, A. 1976. Accelerated
iterative calculation of transonic nacelle flowfields.
Paper no. 76-100 read at 14th Aerospace Sciences
Meeting, 26-28 January 1976, in Washington, D.C.
Cramer, M.; George, A. R.; and Seebass, A. R. 1976.
Flow field in the plane of symmetry below a delta
wing. AIAA Journal (in press),
de Boer, P. C. T., and Ludford, G. S. 1975. Spherical
electric probe in a continuum gas. Plasma Physics
17:29.

The potential of hydrogen as a fuel for internal
combustion engines is investigated in an aerospace
engineering graduate research project. Used in the
work are a Cooperative Fuel Research engine, a
dynamometer, and various other instruments for
measuring engine performance and exhaust
emissions.

[

Kitaplioglu, C.; Sears, W. R.; and George, A. R. 1975.
The sound due to acceleration of a sphere. Journal of
Sound and Vibration 41:380.
Miller, C. W., and Resler, E. L., Jr. 1975. Magnetic
forces and the surface instability in ferromagnetic
fluids. Physics of Fluids 18:1112.
Shen, S. F„ and Nenni, J. P. 1975. Asymptotic solution
of the unsteady two-dimensional incompressible
boundary layer and its implications on separation. In
Unsteady aerodynamics (proceedings of symposium
at the University of Arizona, 18-20 March 1975), ed.
R. B. Kinney, pp. 245-59. Tucson: Arizona Board of
Regents.
Turcotte, D. L.; Nordmann, J. C.; and Cisne, J. L. 1974.
Evolution of the moon's orbit and the origin of life.
Nature 251(5471):124.
The following doctoral theses submitted since 1973,
listed with the supervising professors, are representative
of the research accomplished by aerospace engineering
students:
Farassat, F. 1973. The sound from rigid bodies in
arbitrary motion (W. R. Sears).
Gill, P. M. 1974. Nonlinear acoustic behavior at a
caustic: an approximate analytical solution (A. R.
Seebass).
F-tabashi, W. 1975. A study of the finite element method
for aerodynamic applications (S.-F. Shen).
Fliestand, J. W. 1973. A generalized steady state

approximation for the numerical solution of sets of
ordinary differential equations with widely differing
time constants (A. R. George).
Flomicz, G. 1973. Broadband and discrete frequency
noise radiation from subsonic rotors (A. R. George).
Jones, J. R. 1973. Vibrational relaxation time of
carbon dioxide at low temperature (P. C. T. de Boer).
Kosstrin, H. M. 1974. The reduction of nitric oxide
emissions from hydrocarbon combustion sources
(E. L. Resler, Jr.).
Lederman, D. M. 1973. Laser-induced atom exchange
(E. L. Resler, Jr.).
Meixel, G. 1973. Injection of high-current relativistic
electron beams into a torus (P. L. Auer).
Miller, C. W. 1974. Magnetic fluids: magnetic forces
and pumping mechanisms (E. L. Resler, Jr.).
Miller, J. A. 1974. Early stages in the thermal de
composition and oxidation of methane using the
laser-schlieren technique (P. C. T. de Boer).
Noir, D. 1975. The absorption of sound by turbulence
(A. R. George).
Tiegerman, B. 1975. Sonic booms of drag dominated
hypersonic vehicles (A. R. Seebass).
Yu, N.-J. 1974. Pleat-induced flow and its applications
(E. L. Resler, Jr.).

Faculty Members and
Their Research Interests
Research in ferrofluids was a thesis project in
aerospace engineering under the direction of E. L.
Resler, Jr., director of the Sibley School of Me
chanical and Aerospace Engineering.
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Peter L. Auer, Ph.D. (California Institute of Technology):
plasmadynamics, controlled fusion and energy policy
studies
David A. Caughey, Ph.D. (Princeton): aerodynamics,
transonic flow, computational fluid dynamics

P. C. Tobias de Boer, Ph.D. (Maryland): gasdynamics
and gas chemistry, plasmadynamics, kinetic theory
of gases, automotive pollution control
Richard H. Gallagher, P.E., Ph.D. (SUNY-Buffalo):
structures
Albert Richard George, Ph.D. (Princeton): fluid dynam
ics, aerodynamics, sonic boom, aerodynamic noise,
general acoustics
Geoffrey S. S. Ludford, Ph.D., Sc.D. (Cambridge):
applied mathematics, fluid mechanics, magneto
hydrodynamics
Edwin L. Resler, Jr., Ph.D. (Cornell): gasdynamics and
gas chemistry, hypersonic wake chemistry, laser
aerodynamics
Shan-Fu Shen, Sc.D. (M.I.T.): rarefied gasdynamics,
stability of flows, aerodynamics, computational fluid
mechanics
Donald Lawson Turcotte, Ph.D. (California Institute of
Technology): geomechanics, geophysical fluid
dynamics
The regular faculty is supplemented by distinguished
visitors from the United States and abroad. Visitors
have included Hannes Alfven, G. K. Batchelor, J. M.
Burgers, L. F. Crabtree, Nima Geffen, Isao Imai, Theo
dore von Karman, J. W. Linnett, P. S. Lykoudis, F. E.
Marble, R. S. B. Ong, E. R. Oxburgh, D. A. Spence, Ko
Tamada, and ItiroTani.

Further Inform ation
Further information may be obtained by writing to the
Graduate Faculty Representative, Aerospace Engineer
ing, Cornell University, Upson Hall, Ithaca, New York

14853.
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Agricultural
Engineering

The application of engineering to agriculture is neces
sarily a broad field of work and study. Agricultural
engineering has an intrinsic dependence on both the
physical and biological sciences and involves many
interdisciplinary specialties.
Accordingly, diversity also marks the nature of graduate
research in the Field of Agricultural Engineering at
Cornell. This diversity is manifest in the theses sub
mitted by graduate students: they may be entirely
experimental or entirely theoretical, but more frequently
they are a blending of the two. The availability of strong
programs in the physical, biological, and engineering
sciences at Cornell and the diversity of faculty interests
permit an unusually wide range of choice in areas of
specialization.
In the Field of Agricultural Engineering there are ap
proximately forty graduate students who come from all
over the United States and many other parts of the
world. Virtually all of them receive financial support
from either the University or external sources.
A student may enter one of four programs leading to
advanced degrees in agricultural engineering: Doctor
of Philosophy, Master of Science, Master of Engineering
(Agricultural), or Master of Professional Studies (Agri
culture). For the Ph.D. and M.S. degrees, original
research and presentation of a thesis are required; the
student's Special Committee, a faculty group chosen
by the student, is solely responsible for the direction of
the curriculum and research program. The M.Eng.
program is intended to prepare the student for the prac
tice of engineering, and the M.P.S. program provides
an opportunity for advanced study in agriculture. For
these two professional degrees, emphasis is placed on
advanced course work and project development, and
there is no thesis requirement.
In addition to their course work in agricultural engineer
ing subjects, graduate students are encouraged to take
courses in the basic sciences and advanced mathe
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matics in order to strengthen their understanding of
fundamentals. To assist the graduate students in keeping
abreast of current developments, a general seminar is
held weekly during the academic year, and specialized
seminars are conducted by individual research groups
during the spring term.

Facilities
Riley-Robb Hall provides a center for the graduate
programs in agricultural engineering at Cornell. Major
laboratories in the building include those for agricultural
waste management research, for small animal calo
rimetry and environmental physiological studies, and for
work in the controlled atmospheric storage of agricul
tural materials. In addition, there is a well-equipped
machine shop to implement the development of proto
type equipment such as machines for the mechanical
harvesting of fruits and vegetables.
Other facilities include the nearby Agricultural Waste
Management Laboratory, which is operated by the
Department of Agricultural Engineering for pilot-plant
studies, the Animal Science Teaching and Research
Center, and plant growth chambers. Available to gradu
ate students are the central computing system of the
University, several programmable calculators, and a
University library that ranks among the ten largest in
the United States.

Areas of Research
The diversity of the field of agricultural engineering
and the breadth of the programs at Cornell are demon
strated by the variety of research projects now under
way.

The mechanization of fruit and vegetable harvesting is
a continuing major area of study and development.
Product conditioning and extended storage life have
been the goals of research on corn, onions, and cabbage.
The mathematical modeling of biological systems has
been used extensively for both the description and pre
diction of biological phenomena. These studies have
been conducted at several levels, ranging from cellular
considerations, as in the behavior of guard cells and
their role in controlling transpiration, to microbial
studies, as in the denitrification of agricultural wastes,
to the organism or multicellular level, such as in investi
gations of the mechanics of growth, to the level of larger
ecological communities, such as in studies of strategies
for the reduction of undesirable effects of agricultural
production on the environment.
Agricultural waste management research has been
directed primarily to ways of minimizing the deleterious
effects associated with animal waste disposal.
Some specific research projects are discussed in more
detail below, and examples are given of associated
thesis work and journal publications.

Engineering Studies of Biological Systems
Knowledge of the biology of plants and animals, and of
their mechanical and other physical properties, is be
coming increasingly important in agricultural engineer
ing design. For example, the high priority given to the
mechanization of the harvesting, handling, and process
ing of all economically important fruits and vegetables
has stimulated a greater interest in the engineering
properties of plant materials. Environmental factors
affecting plant growth are being studied in order to
more intelligently design the tools and the machines
used in crop production. These studies have been con

cerned with the plant's response to its environment from
germination to storage. The work includes studies of
optimum levels of plant population, the environment
needed for seed germination, the precision placement
of seeds, and factors such as the heat and moisture
transfer in the seedbed, oxygen diffusion to the germi
nating seed, and the ability of roots to penetrate
compacted soils. Other investigations are concerned
with the assessment of the textural properties of fruits
and vegetables and with the preservation of these
products in storage through regulation of the gaseous
environment.
Animal production (of milk, eggs, or meat, for example)
is known to be affected by environmental, nutritional,
and pathological conditions. Basic information is
needed on those physiological mechanisms that limit
animal productivity and are influenced by the environ
ment. At Cornell biomathematical modeling, direct and
indirect animal calorimetry, telemetry, and analog
simulation techniques have been applied in attempts
to understand the influences of environmental factors
on animal systems.
In a continuing program in mechanical harvesting,
techniques and equipment have been developed for
harvesting cabbage, lettuce, grapes, cherries, and
apples for processing. Research is now being concen
trated on the harvesting of fresh market apples, and
prototype equipment capable of operating within
reasonable bruise damage tolerances is being developed.
The automatic sorting of products on the basis of quality
is also being studied.
Right above: Professor J. R. Cooke (in back) works
with graduate students on mathematical studies of
biological systems.
Right: Measurement of the stress needed to frac
ture a shell is part of a study of factors that influ
ence the strength of poultry eggshells.
21

Examples of publications that have resulted from work
in this area are:
Cooke, J. R., and Rand, R. H. 1973. A mathematical
study of resonance in intact fruits and vegetables
using a three-media elastic sphere model. J o u r n a l o f

A g ric u ltu r a l E n g in e e r in g R e s e a r c h

18:141.

Furry, R. B. 1972. P o s th a r v e s t s to r a g e o f c a b b a g e :
p r o b le m s a n d p r o s p e c ts . ASAE paper no. 72-877.
Chicago: American Society of Agricultural Engineers.
Gunkel, W. W., et al. 1972. New developments in
artificial drying—a method for control of botyris neck
rot on bulk stored onions. In 2 9 th a n n u a l p r o g r e s s
re p o rt. N e w Y o rk F a rm E le c tr ific a tio n C o u n c il, p. 43.
Millier, W. F., and Brown, G. K. 1973. C itr u s fru it

a p p e a r a n c e , w e ig h t lo s s , a n d in te r n a l c o n d itio n
in f e r e n c e s for m e c h a n ic a l h a r v e s tin g . Report no.

ARS-W-5 of the Agricultural Research Service, U.S.
Department of Agriculture.
Price, D. R.; Heathington, K. W.; and Peart, R. M. 1972.
Computer simulation of dairy milking parlors. T r a n s 

a c tio n s o f th e A m e r ic a n S o c ie ty o f A g r ic u ltu r a l
E n g in e e r s 15(2):317.
Rehkugler, G. E. 1972. Technique for routine stress
analysis of the hen's egg. T r a n s a c tio n s o f th e A m e r i
c a n S o c ie ty o f A g r ic u ltu r a l E n g in e e r s 15(6):1086.

Scott, N. R., and Johnson, A. T. 1972. Telemetry
system and heart rate counter for determination of

A lettuce harvester (above) and a harvester for
fresh market apples (below) are among those that
have been developed. The apple harvest is highly
maneuverable and can handle a tree every two
minutes. The tree is vibrated and the apples fall on
inflated plastic bag platforms; the structure at left
collects apples on the lower part of the tree.
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heart rate ot small animals. T r a n s a c tio n s o f th e
A m e r ic a n S o c ie ty o f A g ric u ltu r a l E n g in e e r s 15(1 ):14.
Scott, N. R., and van Tienhoven, A. 1974. T h e r m o 
r e g u la to r y r e s p o n s e s o f p o u ltr y to lo c a l h e a tin g a n d
c o o lin g o f th e h y p o th a la m u s . ASAE paper no. 74-

5512. Chicago: American Society of Agricultural
Engineers.
Shepardson, E. S.: Pollock, J. G.: and Rehkugler, G. E.
1973. R e s e a r c h a n d d e v e lo p m e n t o f a le ttu c e h a r 
v e s te r . ASAE paper no. 71-693. Chicago: American
Society of Agricultural Engineers.
Recent theses that illustrate the research projects under
taken by graduate students who are specializing in this
area, listed with the supervising professors, are:
Cole, G. W. 1975. A model of the dynamic heat trans
fer from the respiratory tract of a chicken. Ph.D.
thesis (N. R. Scott).
Hauk, R. W. 1971. Soil temperature and moisture
fields predicted by a system of coupled equations.
Ph.D. thesis (J. R. Cooke).
Haung, T. 1971. Theoretical and experimental studies
of the heating front in a deep bed hygroscopic product.
Ph.D. thesis (W. W. Gunkel).
Hussain, A. A. M. 1971. Dynamic behavior of tree
limbs forced by an intermittent harmonic displace
ment. Ph.D. thesis (G. E. Rehkugler).
Kenyon, D. E. 1973. A binary mixture theory for fluid
suspensions. Ph.D. thesis (N. R. Scott).
McLendon, B. D. 1973. Simulation of integrating
sphere evaluation of diffuse reflectance of intact
biological specimens. Ph.D. thesis (R. B. Furry).
Miles, J. A. 1971. The development of a failure criterion
for apple flesh. Ph.D. thesis (G. E. Rehkugler).
Parchomchuk, P. 1971. Vibratory fruit harvesting:
an experimental investigation of an apple fruit-stern
response to forced oscillations. M.S. thesis (J. R.
Cooke).
Pettibone, C. A. 1975. Temperatures in the cervical
blood vessels and their relationship to brain tempera
tures in domestic fowl. Ph.D. thesis (N. R. Scott).

Engineering Studies of Physical Systems
Certain research and engineering design studies can be
carried out without regard for the biological context
in which the physical problems arise: that is, in certain
circumstances, physical considerations provide the over
riding constraints. This approach is used in several
projects by field members and their students.
The accelerating trend toward highly specialized farm
stead production systems presents challenges for
research related to the physical aspects of handling,
processing, and storage of agricultural products. Associ
ated areas of research include structural design, spatial
organization, and enclosure conditioning. Project work
has included the design of a leaf baler, a stone-soil
separator, snow-removal equipment, and highway
litter removal equipment.
Research on the design of low-volume roads continues
to be a major concern. Facilities for research in road
materials include equipment for performing physical
tests on soils and highway materials, stabilized soils,
and bituminous paving mixtures. Studies of the utiliza
tion of power plant wastes in highway construction and
of highway drainage systems under flood conditions are
under way.
Among faculty publications on these subjects are:
Albright, L. D., and Scott, N. R. 1974. An analysis of
steady periodic building temperature variations in
warm weather: part one, a mathematical model;
part two, experimental verification and simulation.

T r a n s a c tio n s o f th e A m e r ic a n S o c ie ty o f A g r ic u ltu r a l
E n g in e e r s 17(1 ):93.

Right above: Geometric shapes are used to cali
brate an infrared reflectance measuring system for
evaluation of quality changes in plant specimens.
Right: Research on road construction is directed by
L. H. Irwin (at left).

Gunkel, W. W.; Kahl, W. H.; and Moffett, L. 1972.
Mechanical planting of pineapples—automation
concept in design. In In te r n a tio n a l c o n f e r e n c e o n

Riley, J. G. 1971. The road corrugation phenomenon:
a simulation and experimental evaluation. Ph.D.
thesis (R. B. Furry).

Joseph, Michigan: American Society of Agricultural
Engineers.
Irwin, L. H„ and Nieber, J. L. 1975. A new approach
to highway drainage design. Paper read at Workshop
on Low-Volume Roads, Transportation Research
Board, Boise, Idaho.
Millier, W. F.; Rehkugler, G. E.; Pellerin, R. A.; Throop,
J. A.; and Bradley, R. B. 1973. A tree fruit harvester
with an insertable multilevel catching system. T r a n s 

Environmental Quality Control

tr o p ic a l a n d s u b tr o p ic a l a g r ic u ltu r e ; c o n f e r e n c e
p a p e r s , special publication SP-01 -72, p. 242. St.

a c tio n s o f th e A m e r ic a n S o c ie t y o f A g r ic u ltu r a l
E n g in e e r s 16(5):844.

Price, D. R., and Peart, R. M. 1973. Simulation model
to study the utilization of waste heat using a com
bination multiple reservoir and greenhouse complex.
J o u r n a l o f E n v ir o n m e n ta l Q u a lity 2(2):216.
Some of the recent theses in this area of research, listed
with the supervising professors, are:
Albright, L. D. 1972. The low speed nonisothermal
wall jets with applications to ventilation. Ph.D. thesis
(N. R. Scott).
Davis, D. C. 1973. Simulation and model verification
of agricultural tractor over-turns. Ph.D. thesis (G. E.
Rehkugler).
Maghsood, J. 1970. Finite element analysis of wood
beams. Ph.D. thesis (N. R. Scott).
Neyeloff, S. 1976. The use of anaerobic digester’s gas
as a fuel for internal combustion engines: the effects
of carbon dioxide dilution. M.S. thesis (W. W. Gunkel).
Professor N. R. Scott (at left in the photographs)
is directing graduate studies in small animal cal
orimetry. The work entails measurements of heat
exchange between a chicken’s brain and the en
vironment.
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The magnitude of agricultural waste residues and prob
lems associated with the rural environment are among
the greatest challenges to engineers and scientists
concerned with environmental quality management. The
trend toward confinement feeding of livestock, the in
creasing size of food processing operations, and the high
concentrations of waste, as well as the necessity to
avoid water, air, and soil pollution, make imperative
a successful attack on the waste management problems
that are facing agriculture.
A well-equipped laboratory is available at Cornell for
research on many aspects of waste management, In
cluding odor reduction and control, liquid waste treat
ment, handling and disposal techniques, waste
characteristics, solid waste management, treatment
process control, and systems analysis and modeling.
A large pilot plant and a laboratory are available for
demonstrating the handling and treatment processes
that prove feasible on a smaller scale. Full-scale field
studies are under way to evaluate feasible alternatives.
Current research efforts include projects on tertiary
treatment of animal waste waters; feasible handling
and treatment processes and analytical models for
animal waste management, poultry waste disposal,
and odor control; dispersal and utilization of dairy and
poultry manure by land application; poultry manure
properties, handling, and disposal; the establishment
of design parameters for agricultural waste manage
ment systems; and projects to determine the feasibility
of generating energy from agricultural wastes.
Recent publications on these subjects include:
Haith, D. A. 1973. Optimal control of nitrogen losses

from land disposal areas. J o u r n a l o f th e E n v ir o n 
m e n ta l E n g in e e r in g D iv isio n , A S C E 99 (EE6):923.
Jewell, W. J., ed. 1975. W a te r p o llu tio n c o n tr o l in lo w
d e n s ity a r e a s . Hanover, N.H.: University Press of
New England.
Jewell, W. J., ed. 1975. E n e r g y , a g r ic u ltu r e a n d w a s te
m a n a g e m e n t. Ann Arbor, Mich.: Ann Arbor Science
Publishers.
Loehr, R. C. 1973. A g ric u ltu r a l w a s te m a n a g e m e n t—
p r o b le m s , p r o c e s s e s a n d a p p r o a c h e s . New York:

Academic Press.
Ludington, D. C.; Sobel, A. T.; Loehr, R. C.; and
Hashimoto, A. G. 1972. Pilot plant comparison of
liquid and dry waste management systems for
poultry manure. In P r o c e e d in g s o t th e 1 9 7 2 C o r n e ll
a g r ic u ltu r a l w a s te m a n a g e m e n t c o n fe r e n c e , p. 569.
Washington, D.C.: Graphics Management.
Recent theses on topics in waste management, listed
with the supervising professors, include:
Anthonisen, A. C. 1974. The effects of free ammonia
and free nitrous acid on the nitrification process.
Ph.D. thesis (R. C. Loehr).
Holmes, B. 1973. The effect of drying time on nitrogen
losses from poultry manure. M.S. thesis (D. C.
Ludington).
Koenig, A. 1974. Heat generation during aerobic oxi
dation of concentrated organic wastes, M.S. thesis
(R. C. Loehr).
Kroeker, E. J. 1974. A design and management model
of the oxidation ditch for livestock waste treatment.
M.S. thesis (D. C. Loehr).
Nelson, D. M. 1973. A study of destructive distillation
of egg farm wastes. M.S. thesis (R. C. Loehr).
Petersen. J. B. 1976. The effects of bedding application
on deep pit collection and storage of dairy manure.
M.S. thesis (D. C. Ludington).
Safley, L. M. 1974. Decision model for animal manure
handling. M.S. thesis (D. R. Price).
Schulte, D. D. 1973. Effectiveness of nitrogen control
in poultry manure management as estimated with a

mathematical model. Ph.D. thesis (R. C. Loehr).
Wong-Chong, G. 1973. Kinetics of microbial nitrifica
tion as applied to the treatment of animal waste.
Ph.D. thesis (R. C. Loehr).
Wright, P. J. 1975. Thermophilic aerobic digestion of a
concentrated organic slurry. M.S. thesis (W. J. Jewell).

Soil and Water Engineering
The general area of surface hydrology is being studied
by several research groups. This subject deals with
the application of engineering principles to problems
of soil and water control in agriculture and is concerned
with the design and construction of drainage systems
and the development and evaluation of irrigation sys
tems. Specific interests at the present time are soilplant-water relationships, small-watershed hydrology
(including effects of land-use changes on streamflow
and water quality), and problems arising from non-point
source pollution of groundwater.
Research relating to the engineering problems of tropical
irrigation has been conducted for a number of years.
Particular attention is given to the study of the impact
of design on water management. Students working in
this program do research overseas; recent studies were
conducted in the Philippines and Brazil.
Examples of journal publications on these subjects are:
Dunne, T„ and Black, R. D. 1970. An experimental
investigation of runoff characteristics in permeable
soils. W a te r R e s o u r c e s R e s e a r c h 6(20):478.

Right above: Pilot plant studies in poultry waste
management are carried out in the Agricultural
Waste Management Laboratory.
Right: Soil and water engineering is one of the
areas in which graduate research is under way.
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Kampen, J., and Levine, G. 1970. Water losses and
water balance studies in Philippine lowland rice
irrigation. P h ilip p in e A g r ic u ltu r a lis t 54(5,6):283.
Some recent theses in this area, listed with the super
vising professor, are:
Early, A. C. 1973. The influence of water management
on operating policies for sugar cane districts in the
Philippines. Ph.D. thesis (G. Levine).
Kampen, J. 1970. Water losses and water balance
studies in lowland rice irrigation. Ph.D. thesis
(G. Levine).
Miranda, S. M. 1975. The effects of physical water
control parameters on Philippine lowland rice irriga
tion system performance. Ph.D. thesis (G. Levine).
Wickham, T. H. 1971. Water management in the
humid tropics: a farm level analysis. Ph.D. thesis
(G. Levine).
Wolf, J. M. 1975. Water constraints to corn production in
central Brazil. Ph.D. thesis (G. Levine).
O th e r A re a s o f R e s e a rc h

In addition to the areas of research described above,
certain other aspects of agricultural engineering are
receiving vigorous attention.
C o m m u n ity a n d r e s o u r c e d e v e lo p m e n t studies include
flood control and floodplain management, soil sta
bilization methods to improve farm-to-market roads,
and siting of mobile home parks.
E n e r g y studies include efficient utilization of energy in
food production, generation of methane gas from agri
cultural wastes, use of methane gas as a fuel on the
Left above: Determination of nitrogen content is
part of the experimental work in agricultural waste
management research.
Left: Professor G. Levine (at center) directed a
recent study of rice field irrigation in the Philip
pines.
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farm, and design of greenhouses to more effectively
utilize solar energy.
L iv e s to c k e n g in e e r in g studies include the thermal
environment of livestock production facilities, ventila
tion studies, and environmental physiology. Research
facilities include a new 400-cow dairy. Construction of
a 475-head beef animal facility and a 900-head sheep
unit is nearing completion.

Faculty Members and Their
Research and Teaching Interests

d r a in a g e o f
a g r ic u ltu r a l la n d , s m a ii- w a te r s h e d h y d r o lo g y , s o il
c o n s e r v a tio n p r a c tic e s
Wilfried H. Brutsaert, Ph.D. (California, Davis):
h y d r a u lic s , h y d r o lo g y , g r o u n d w a te r flo w
J. Robert Cooke, Ph.D. (North Carolina State):
b io lo g ic a l e n g in e e r in g , e n v ir o n m e n ta l c o n tr o l o f
p la n ts a n d p la n t g r o w th , e n g in e e r in g p r o p e r tie s o f
b io lo g ic a l m a te r ia ls , m a th e m a tic a l e n g in e e r in g
a n a ly s is
Edward W. Foss, M.S.A. (Cornell): s a f e ty e n g in e e r in g ,
c o m m u n ity r e s o u r c e s d e v e lo p m e n t, th e te a c h in g o f
a g r ic u ltu r a l m e c h a n iz a tio n
Ronald B. Furry, Ph.D. (Iowa State): p la n t a n d a n im a l
s tr u c tu r e s a n d e n v ir o n m e n ts , c o n tr o lle d - a tm o s p h e r e
s to r a g e o f fru its a n d v e g e ta b le s , s im ilitu d e
m e th o d o lo g y
Richard W. Guest, P.E., M.S. (North Dakota State):
m e c h a n ic s o f m a c h in e m ilk in g d a ir y c o w s ; h a r v e s tin g ,
s to r a g e , a n d u tiliza tio n o f h ig h -m o is tu r e c o r n
Wesley W. Gunkel, Ph.D. (Michigan State): d e s ig n o f
s p e c ia liz e d a g r ic u ltu r a l a n d in d u s tr ia l m a c h in e r y ,
m e c h a n ic a l m e th o d s o f d is e a s e c o n tr o l, s e e d
e n v ir o n m e n t
Douglas A. Haith, Ph.D. (Cornell): m a n a g e m e n t o f
Richard D. Black, P.E., Ph.D. (Illinois):

a g r ic u ltu r a l s y s t e m s fo r e n v ir o n m e n ta l q u a lity
c o n tro l, w a te r r e s o u r c e s y s t e m s
Lynne H. Irwin, Ph.D. (Texas A & M): h ig h w a y e n g i
n e e r in g , h ig h w a y m a te r ia ls e v a lu a tio n , p a v e m e n t
d e s ig n , s o il s ta b iliz a tio n , u s e o f w a s te m a te r ia ls in
h ig h w a y c o n s tr u c tio n , c o m m u n ity a n d r e s o u r c e
d e v e lo p m e n t
Larry G. James, Ph.D. (Minnesota): w a te r m a n a g e m e n t,
in filtra tio n , s o il w a te r H ow , irrig a tio n , d r a in a g e
William J. Jewell, Ph.D. (Stanford): w a s te tr e a tm e n t
a n d c o n tro l, u n it p r o c e s s d e v e lo p m e n t, ru ra l e n v ir o n 
m e n ta l e n g in e e r in g , s e p ti c ta n k s , a g r ic u ltu r a l w a s te
m anagem ent
Fred G. Lechner, Ed.D. (Michigan State): th e te a c h in g
o f a g ric u ltu r a l m e c h a n iz a tio n in s e c o n d a r y s c h o o ls ,
tw o - y e a r te c h n ic a l c o lle g e s , a n d fo u r -y e a r c o lle g e s
Gilbert Levine, Ph.D. (Cornell): irrig a tio n s y s t e m d e s ig n ,
tr o p ic a l irrig a tio n , w a te r m a n a g e m e n t, s o il- w a te r p la n t r e la tio n s h ip s
Raymond C. Loehr, P.E., Ph.D. (Wisconsin): w a s te
tr e a tm e n t, p r o c e s s c o n tr o l, s o lid w a s te s , in d u str ia l
w a s te s , tr e a tm e n t s y s te m s , a g r ic u ltu r a l w a s te
m anagem ent
Robert T. Lorenzen, P.E., M.S. (California): fa r m s te a d
p r o d u c tio n s y s t e m s d e s ig n , in c lu d in g s tr u c tu r a l a n d
e n v ir o n m e n ta l a s p e c t s o f e n c lo s u r e s ; fu n c tio n a l
te n e ts o f s y s t e m s
David C. Ludington, Ph.D. (Purdue): m a n a g e m e n t o f
a g r ic u ltu r a l w a s te s to r e d u c e a ir a n d w a te r p o llu tio n
Everett D. Markwardt, M.S. (Cornell): m e c h a n ic a l fru it
a n d v e g e ta b le h a r v e s tin g , irrig a tio n s y s t e m s
William F. Millier, P.E., Ph.D. (Cornell): s e e d c o a tin g ,
c r o p e s ta b lis h m e n t, tr e e fru it h a r v e s tin g , fa rm
m a c h in e r y
Donald R. Price, Ph.D. (Purdue): e le c tr ic p o w e r a n d
p r o c e s s in g , e n e r g y u tiliza tio n , s y s t e m s e n g in e e r in g
a n a ly s is
Richard FI. Rand, Sc.D. (Columbia): b io m e c h a n ic s ,
th e o r e tic a l a n d a p p lie d m e c h a n ic s , d y n a m ic s y s t e m s
Gerald E. Rehkugler, P.E., Ph.D. (Iowa State):

m e c h a n ic a l h a r v e s tin g o f fru its a n d v e g e ta b le s ,
p h y s ic a l p r o p e r tie s o f b io lo g ic a l p r o d u c ts , f o o d
e n g in e e r in g , u s e o f in te r n a l c o m b u s tio n e n g in e s a n d
o th e r e n e r g y s o u r c e s in a g r ic u ltu r e
Norman R. Scott, Ph.D. (Cornell): b io m a th e m a tic a l
m o d e lin g o f a n im a l s y s t e m s ; a n im a l c a lo r im e tr y ;
e n v ir o n m e n ta l p h y s io lo g y ; th e r m a l e n v ir o n m e n t;
in te g r a te d a p p lic a tio n o f s tr u c tu r a l th e o r y , th e r m o 
d y n a m ic s , a n d b io lo g ic a l s c i e n c e s to s y n th e s i s o f
s tr u c tu r a l s y s te m s ; e le c tr o n ic in s tr u m e n ta tio n te c h 
n iq u e s in p h y s ic a l a n d b io lo g ic a l m e a s u r e m e n ts
E. Stanley Shepardson, M.S. (Cornell): p o w e r a n d
m a c h in e r y , m e c h a n ic a l h a r v e s tin g , e le c tr ic p o w e r
a n d p r o c e s s in g
Christine Shoemaker, Ph.D. (Southern California):
w a te r r e s o u r c e s y s t e m s , m a th e m a tic a l e c o lo g y
Michael F. Walter, Ph.D. (Wisconsin): w a te r r e s o u r c e s ,
w a te r m a n a g e m e n t, s m a ll- w a te r s h e d h y d r o lo g y ,
d r a in a g e

Further Inform ation
The publication D e p a r tm e n t o f A g r ic u ltu r a l E n g in e e r 
in g : T h e S ta ff a n d P r o g r a m s , published each fall,

contains information on current teaching, research,
and extension activities of the Department of Agricul
tural Engineering. The eighty-two page publication
A g r ic u ltu r a l E n g in e e r in g R e s e a r c h contains descriptions
of continuing and new research projects, lists of the
faculty and staff members and graduate students in
volved in each project, and the major cooperating units
in interdisciplinary projects. Requests for these
publications and inquiries concerning any aspect of
the graduate program may be directed to the Co
ordinator of Graduate Studies in Agricultural
Engineering, Cornell University, Riley-Robb Hall,
Ithaca, New York 14853.

Applied
Mathematics

The achievements and methodology of classical and
modern mathematics have in recent years proved most
useful in a variety of other disciplines, including many
new subject areas as well as the more traditional ones.
At Cornell the Field of Applied Mathematics offers a
broadly based interdepartmental program with opportu
nities for study and research over a wide spectrum of
the mathematical sciences. This program is based on a
solid foundation in pure mathematics that includes
the fundamentals of algebra and analysis, as well as the
methods of applied mathematics. The remainder of an
individual's program is designed by the student and
his or her Special Committee, comprising three
faculty members. Applicants from the various un
dergraduate backgrounds that contain a substantial
mathematical component are eligible to apply.
There are several different graduate programs at Cornell
in which one can pursue studies of applied mathematics.
Students with well-defined interests in this general
area should investigate the suitability of programs in
the Fields of Computer Science, Mathematics, Opera
tions Research, Statistics, and Theoretical and Applied
Mechanics, as well as various fields in the physical
sciences and engineering. The Field of Applied Mathe
matics is particularly appropriate for those interested
in classical applied mathematics and for those
undertaking truly interdisciplinary studies involving
mathematics but lying between the areas encompassed
by other graduate fields.
Research and study in this field are coordinated through
the Center for Applied Mathematics. There are nearly
forty core faculty members in the center, and graduate
students occasionally do their thesis research under
additional faculty members not formally associated
with this field. The center does not offer courses itself;
its twenty-five Ph.D. students select courses from those
offered by a dozen related academic departments.
Each faculty member in the center also holds an
appointment in at least one of these departments.
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Facilities
The Center for Applied Mathematics maintains faculty
and student offices and seminar rooms in Olin Hall, on
the engineering campus. All facilities of the University,
including, for example, computer services, are available
to graduate students in the Field of Applied Mathematics.

Areas of Research
A large number of research possibilities exist for
graduate students in this field. These include the fol
lowing topics and their applications to other fields:
partial differential equations, numerical analysis, func
tional analysis, mathematical physics, mechanics,
aerodynamics, fluid flow, magnetofluid dynamics,
astrophysics, statistical mechanics, applied probability,
statistics, mathematical biology, population growth,
genetics, logic, automata, networks, combinatorics,
game theory, and mathematical economics.
The following recent Ph.D. theses, listed with the
supervising professors, provides a sample of research
activities in the field.
Donoghue, E. S. 1974, Stochastic models in the theory
of chemical reaction rates (B. Widom).
Dubey, P. K. 1975. Some results on values of finite and
infinite games (W. F. Lucas).
Ferch, R. L. 1975. Dynamical models of dust-filled
planetary nebulae (E. E. Salpeter).
Right: Graduate instruction and research activities
in the Field of Applied Mathematics include class
work (Professor W. F. Lucas lectures on game the
ory), research conferences (at the blackboard,
Professors J. H. Bramble and L. B. Wahlbin discuss
a problem in partial differential equations), and
computer work for research projects.

Grotte, J. H. 1974. The dynamics of cooperative
games (L. J. Billera).
Helfand, H. M. 1974. An application of the method of
multiple scales to problems arising in supersonic
aerodynamics and stratified fluid mechanics (A. R.
Seebass).
Sastre, A. 1974. Analysis and simulation of pacemaker
neurons (S. A. Levin).
Shea, G. A. 1975. Models for statistical diagnosis
(L. I. Weiss).
Trangenstein, J. A. 1975. A finite element method for
the Tricomi problem in the elliptic region (J. H.
Bramble).
Wang, L. S.-Y. 1974. On dynamic theories for n-person
games (L. J. Billera).
Wilson, S. S. 1975. Subcharacteristic reversal (G. S. S.
Ludford).

Faculty Members and
T heir Research Interests

in fo r m a tio n th e o ry ,
s ta tis tic a l c o m m u n ic a tio n , r a n d o m p r o c e s s e s
Louis J. Billera, Ph.D. (City University of New York):
g a m e th e o r y , c o m b in a to r ic s , m a th e m a tic a l e c o n o m ic s
Kenneth B. Bischoff, Ph.D. (Illinois): m e d ic a l a n d
m ic r o b io lo g ic a l b io e n g in e e r in g , c h e m ic a l r e a c tio n
e n g in e e r in g
Henry D. Block, Ph.D. (Iowa State): b io m a th e m a tic s ,
a rtific ia l in te llig e n c e , r o b o ts , e n v ir o n m e n ta l s y s t e m s
James H. Bramble, Ph.D. (Maryland): n u m e r ic a l
a n a ly s is , p a r tia l d iffe r e n tia l e q u a tio n s

Toby Berger, Ph.D. (Harvard):

Ten modern buildings are situated on the Engineer
ing Quadrangle.
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Herbert J. Carlin, Ph.D. (Polytechnic Institute of
Brooklyn): m ic r o w a v e a n d n e tw o r k te c h n iq u e s
Robert Constable, Ph.D. (Wisconsin): th e o r y o f c o m


p u tin g , a u to m a ta , lo g ic
John E. Dennis, Ph.D. (Utah): n u m e r ic a l m a th e m a tic s ,
m a th e m a tic a l p r o g r a m m in g
Roger H. Farrell, Ph.D. (Illinois): m a th e m a tic a l
s ta tis tic s
Terrence L. Fine, Ph.D. (Harvard): d e c is io n th e o r y ,
c o m p a r a tiv e p ro b a b ility , s p e e c h r e c o g n itio n
Michael E. Fisher, Ph.D. (King’s College, London):
f o u n d a tio n s a n d a p p lic a tio n s o f s ta tis tic a l m e c h a n ic s ,
c o m b in a to r ic s
Wolfgang H. J. Fuchs, Ph.D. (Cambridge): m a th e m a tic a l
m e th o d s o f p h y s ic s
Leonard Gross, Ph.D. (Chicago): a n a ly s is , m a th e m a tic s
o f q u a n tu m th e o r y
James T. Jenkins, Ph.D. (Johns Hopkins): n o n lin e a r
fie ld th e o r ie s in m e c h a n ic s , c o n tin u u m m e c h a n ic s
Harry Kesten, Ph.D. (Cornell): p r o b a b ility th e o r y
Jack C. Kiefer, Ph.D. (Columbia): p r o b a b ility a n d
s ta tis tic s
James A. Krumhansl, Ph.D. (Cornell): s o lid - s ta te
p h y s ic s , m ic r o s c o p ic d e s c r ip tio n s o f m a c r o s c o p ic
p r o p e r tie s o f m a te r ia ls
Sidney Leibovich, Ph.D. (Cornell): flu id d y n a m ic s ,
m a g n e to h y d r o d y n a m ic s
Simon A. Levin, Ph.D. (Maryland): m a th e m a tic a l
b io lo g y , d iffe r e n tia l e q u a tio n s
Richard L. Liboff, Ph.D. (New York University): k in e tic
th e o r y , p la s m a p h y s ic s , e le c tr o d y n a m ic s , q u a n tu m
m e c h a n ic s
William F. Lucas, Ph.D. (Michigan): g a m e th e o r y ,
c o m b in a to r ic s
Geoffrey S. S. Ludford, Sc.D. and Ph.D. (Cambridge):
flu id a n d m a g n e to flu id d y n a m ic s , c o m b u s tio n ,
r e la te d m a th e m a tic a l m e th o d s
Mukul K. Majumdar, Ph.D. (California, Berkeley):
m a th e m a tic a l e c o n o m ic s

lo g ic , r e c u r s iv e fu n c tio n s
a n d c o m p u ta b ility , a u to m a ta
Lawrence E. Payne, Ph.D. (Iowa State): p a r tia l d iffe r 
e n tia l e q u a tio n s
Narahari U. Prabhu, M.S. (Manchester, England):
s to c h a s tic p r o c e s s e s , a n a ly s is a n d c o n tr o l o f
s to c h a s tic s y s t e m s
Richard H. Rand, Engr.Sc.D. (Columbia): d iffe r e n tia l
e q u a tio n s , d y n a m ic a l s y s t e m s , b io m e c h a n ic s
Sol I. Rubinow, Ph.D. (Pennsylvania): b lo o d flo w , c e ll
p ro life ra tio n , e n z y m e k in e tic s , p h y s io lo g ic a l s y s t e m s
Edwin E. Salpeter, Ph.D. (Birmingham): th e o r e tic a l
a s tr o p h y s ic s , n u c le a r th e o r y , s ta tis tic a l m e c h a n ic s
Alfred H. Schatz, Ph.D. (New York University):
n u m e r ic a l a n a ly s is , p a r tia l d iffe r e n tia l e q u a tio n s
Shan-Fu Shen, Sc.D. (M.I.T.): a e r o d y n a m ic s , r a r e fie d
g a s d y n a m ic s
Frank L. Spitzer. Ph.D. (Michigan): p r o b a b ility th e o r y
a n d a n a ly s is
Robert S. Strichartz, Ph.D. (Princeton): m a th e m a tic a l
a n a ly s is
Howard M. Taylor, 3d, Ph.D. (Stanford): a p p lie d p r o b a b ility
a n d s ta tis tic s
Charles Van Loan, Ph.D. (Michigan): n u m e r ic a l a lg e b r a ,
c o n tr o l th e o r y , n o n lin e a r le a s t s q u a r e s
Lars B. Wahlbin, Ph.D. (Goteborg, Sweden): p a r tia l
d iffe r e n tia l e q u a tio n s , n u m e r ic a l a n a ly s is
Lionel I. Weiss, Ph.D. (Columbia): s ta tis tic a l d e c is io n
th e o r y
Benjamin Widom, Ph.D. (Cornell): p h y s ic a l c h e m is tr y ,
s ta tis tic a l m e c h a n ic s
Anil Nerode, Ph.D. (Chicago):

Further Inform ation
Further information may be obtained by writing to the
Graduate Faculty Representative, Applied Mathematics,
Center for Applied Mathematics, Cornell University,
Olin Hall, Ithaca, New York 14853.

Applied Physics

The graduate Field of Applied Physics offers opportu
nities for the pursuit of advanced studies leading to
original work in many areas of applied science in which
the activity is based on the principles and techniques
of physics. Programs available at Cornell provide
a means for students with undergraduate training in
physics to branch out into applied science while con
tinuing the study of physics, and for students with a
background in engineering or another science to extend
their knowledge of basic physics.
Individual programs are planned to meet the needs
and interests of each student. They may involve
several academic disciplines and topics that are
undergoing transition from fundamental physics to
applied science. In addition to the M.S. and Ph.D.
research-oriented programs offered by the Field of
Applied Physics, there is available a one-year
program leading to the professional degree of Master
of Engineering (Engineering Physics). Approximately
sixty students are now pursuing graduate studies for
these three degrees.
The applied physics faculty is centered in the School
of Applied and Engineering Physics of the College of
Engineering, but it includes members of various other
departments of the University. Many members are
associated with one or more of the interdisciplinary
laboratories at Cornell, such as the Laboratory of Plasma
Studies, the Materials Science Center, and the Center
for Radiophysics and Space Research. This diversity
permits graduate students to choose from an unusual
range of specialty areas. An equally important benefit
of the interdisciplinary nature of the field is the exten
siveness of research facilities that are available.
An important consideration in the choice of a field for
graduate study is the availability of career opportunities;
in the area of applied physics the prospects are good.
Although the opportunities for careers in basic physics
have substantially leveled off in recent years, there
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has been a strong long-range need in industry, govern
ment, and universities for graduates who not only
have a sound education in physics but also have the
capability for attacking practical problems. Approxi
mately four out of five Cornell applied physics
graduates assume positions with industrial organizations
that are seeking to develop new technologies and
new products. About one in five enters academic work,
and a smaller number begin careers in government or
related laboratories or programs.

Facilities
Because of the interdepartmental and interdisciplinary
nature of the Field of Applied Physics at Cornell, the
available research facilities are much more extensive
than those generally provided by a single department.
For example, sophisticated techniques for electron
microscopy and electron spectroscopy, for X-ray
analysis and metallography, for special materials
preparation, for chemical analysis, and for studies at
very high or low pressures or very high or low
temperatures are provided by the facilities of the
University's Materials Science Center.
Other facilities include the radar-radio observatory in
Arecibo, Puerto Rico, the unique high-current relativistic
electron beam facility of the Laboratory of Plasma
Studies, the tunable laser facility of the Materials
Science Center, the synchrotron, and semiconductor
growth and processes laboratories.
In the Ward Laboratory of Nuclear Engineering, students
can use a fast-pulsed TRIGA neutron reactor, an X-ray
irradiation cell, a low-flux nuclear critical facility, and a
high-current charged-particle accelerator (Dynamitron)
for energies up to 3 MeV.

Areas of Research
Broad applicability is a characteristic of physical
methods of analysis and measurement, and a great
number of these methods are being applied in many
research areas within the Field of Applied Physics.
Examples of the various programs now under way are
described briefly in nine general groups. The names
of professors who are working with specific projects
are indicated in parentheses.

Solid-State Physics
Research in solid-state physics is conducted over a
range of specific subject areas, such as defects and
physical properties, superconductivity, quantum elec
tronics and microwaves, phase transformations, and
surface physics; and many approaches, from theory to
experiment, are employed. For example, phase
transformations and transport properties are studied
in ferroelectrics and superconductors, on crystal
surfaces, at high pressures, and within single crystals
of a two-component solid. The tools for the studies
include theoretical analysis, X-ray and electron diffrac
tion, light and microwave scattering, electron
spectroscopy, field ion microscopy, and ultrasonics.
Many of the research projects in the area of solid-state
physics involve faculty members who hold appoint
ments in other engineering disciplines such as
electrical engineering, mechanical engineering, and
materials science and engineering.
A major area of interest in solid-state physics is the
study of imperfections and their relation to the physical
properties of crystals. Crystal imperfections are
studied by electron and field ion microscopy (R. W.
Balluffi, D. N. Seidman), and individual ions are imaged
and identified by mass spectroscopy (Seidman).
Current research in superconductivity is involved

with many different solid-state aspects of matter.
Study of the fluctuations in superconductors is of
interest because of the macroscopic quantumcoherence characteristic of the superconducting state,
which limits the fluctuation process. Quantum super
conductivity provides the basis for some spectacular
low-temperature electronic devices, such as the fastest
available computer elements, at 10-9 sec cycle time,
the most sensitive voltmeters, at 10 '16 volts, and the
most sensitive magnetoflux detectors, at 10~18
webers. Synthesis of superconducting microstructures
for these devices is a crucial problem, approached
here with use of electron beam pattern tracing tech
niques (W. W. Webb).
Other research in this general area is concerned with
structure studies of phase transformations associated
with high-field superconductors and with the properties
of flux line lattices in Type II superconductors, where
pinning of the flux line by crystal defects can be very
important in achieving high-critical currents (E. J.
Kramer). Direct electron microscope observations of
flux line lattices by surface decoration with small
(40 A) ferromagnetic particles have just been
completed (J. Silcox).
There is an important area of research on solids that
is principally concerned with those atomic and elec
tronic properties that are strongly influenced by limited
dimensionality or crystal symmetry such as is found
in surface layers of solids, thin films, and very small
particles. Many unique and important properties of
solids associated with surface or interface phenomena
The properties of electrons in terms of spatial and
density distribution define the essential physical
and chemical properties of transition metals such as
platinum. Here the surface electron structure of a
single crystal is probed with a field emission electron
microscope and energy spectrometer.
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involve combined considerations of solid-state physics,
physical chemistry, and engineering; current work
includes detailed studies on a microscopic scale of the
interactions of electrons, photons, and molecules with
solids. Many important physical and chemical
phenomena reflect the unique chemical and physical
nature of solid surfaces; they are being studied in great
detail in terms of electron excitations and chemical
bonding, with sophisticated combinations of electron,
Auger, photoemission, field emission, and molecular
beam spectroscopy. Particular emphasis is being
placed on the electron physics of photon radiation with
both single crystals and microparticles of transition
metals to evaluate the precise nature of electron
transfer in chemisorption and catalysis. A recent
innovation in this work is the use of variable-frequency,
strongly polarized synchrotron radiation from an
electron accelerator and storage ring facility at the
Physical Science Laboratory in Stoughton, Wisconsin.
Under consideration is the extension of studies employ
ing electron, ion, and molecular spectroscopy to other
areas involving surface phenomena, such as bio
chemistry, energy conversion, and electrical devices
(T. N. Rhodin).
The macroscopic surface properties associated with
surface thermodynamics and with transport are also
under active study for ionic crystals and semiconductors
(J. M. Blakely). Surface studies of gas-metal reactions
by low-energy electron diffraction (Blakely and Rhodin)
are also a major research area. Solid-state electron
spectroscopy, including photoemission, Auger emission,
and field emission, is applied broadly toward an in
vestigation of the electron properties of surfaces and
Left above: Electron emission in high fields is used
to study the surface electron physics of metals.
Left: A graduate student works with Professor
T. N. Rhodin in studying chemisorption and
catalysis at metal surfaces.

fine particles with specific applications to chemisorption
and catalysis (Rhodin). Electron energy loss measure
ments at high electron energies (75 KeV) focus on
electron excitations in the energy range 1-100 eV;
these include bulk plasmons, surface plasmons, and
optical Cerenkov radiation (J. Silcox).
An active research program is under way in the area
of solid-state semiconductor physics. The epitaxial
growth of intermetallic compound crystals such as gal
lium arsenide and the use of these for microwave
oscillators based on the transferred electron effect are
also being studied (L. F. Eastman). Similar work is
under way on the epitaxial growth of sandwich struc
tures for application in semiconductor lasers and
integrated optical devices (J. M. Ballantyne). Other
projects involve study of epitaxial growth of silicon
crystals and diffusion and sputtering processes in silicon
and other semiconductor microwave devices (C. A. Lee),
and tunnel-injection of minority carriers in metalinsulator-semiconductor structures (J. M. Ballantyne).
Since many important solid-state properties are
structure-sensitive, study of phase transformations is
often an important approach to such specific phe
nomena as charge distribution and electron transport
in solids. Studies of phase transformations in the solid
state are pursued on many different fronts. Mossbauer
diffuse scattering is used to study the dynamical as
pects of lattice instabilities in alloy systems (B. W.
Batterman). Also of great interest from this viewpoint
is an investigation of the possibility that metallic
hydrogen produced at high pressures will exhibit a
superconducting transition temperature in the neigh
borhood of room temperature. This work involves
pressure-volume measurements on solid molecular
hydrogen at pressures up to 30 kilobars (A. L. Ruoff).
Anharmonic and bonding properties in solids are being
studied through neutron diffraction experiments being
performed at the High Flux Beam Reactor at Brookhaven National Laboratories (Batterman).

Some recent typical publications and theses in the
area of solid-state physics are:
Agrawal, D. C.; Loomis, B. A.; and Kramer, E. J. 1976.
Flux pinning by radiation damage in oxygen-doped
niobium. P h ilo s o p h ic a l M a g a z in e (in press).
Batterman, B.; Roberto, J.; and Keating, D. 1974.
Neutron and x-ray studies of the forbidden (222)
reflection in Ge and Si: anharmonicity and bonding
electrons. P h y s ic a l R e v ie w 9:2590.
Chen, C. H. 1975. Studies of optical excitations in thin
solid films by electron scattering. Ph.D. thesis (J.
Silcox).
Chen, C. H.; Silcox, J.; and Vincent, R. 1975. Electron
energy losses in silicon: bulk and surface plasmons
and Cerenkov radiation. P h y s ic a l R e v ie w B 12:64.
Clark, M. D.; Baidyaroy, S.; Ryan, F.; and Ballantyne,
J. M. 1976. Efficient low-voltage electroluminescent
devices by tunnel-injection of holes. A p p lie d P h y s ic s
L e tte r s 28:36.
Danyluk, S. 1974. Surface properties of ionic crystals:
space charges in AgCI and AgBr and their effect on
photoqraphic sensitivity. Ph.D. thesis (J. M.
Blakely).
Dionne, N. J. 1975. Field emission energy spectroscopy
of the face-centered platinum group metals. Ph.D.
thesis (T. N. Rhodin).
Lawrence, D. J., and Eastman, L. F. 1975. Electric
current controlled growth and doping modulation in
GaAs liquid phase epitaxy. J o u r n a l o f C r y s ta l G r o w th
30:267.
Long, S. I.; Ballantyne, J. M.; and Eastman, L. F. 1974.
Steady-state LPE growth of GaAs. J o u r n a l o f C r y s ta l
G r o w th 26:13.

Right: Professor J. Silcox and students work with
an electron microscope modified to include an elec
tron spectrometer under on-line computer control.
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Rhodin, T., and Tong, S. Y. 1975. Structure analysis
of solid surface—a discussion of some recent advances
in the determination of the surface crystallography
of solids. Physics Today 28(10):23.
Shelton, J. C.; Patil, H. R.; and Blakely, J. M. 1974.
Equilibrium segregation of carbon to a Ni( 111)
surface: a surface phase transition. Surface Science
43:493.
Wagner, A.; Hall, T. M.; and Seidman, D. N. 1975. A
simplified method for the calibration of an atomprobe field-ion microscope. Physical Review Letters
35:1041.
Wilson, K. L. 1975. A field-ion microscope study of
the structure and recovery behavior of irradiated
tungsten and tungsten alloys. Ph.D. thesis (D. N.
Seidman).

Plasma Physics
A unified, interdisciplinary approach to plasma studies
at Cornell provides the opportunity for graduate study
in the area of plasma physics in combination with
work in applied physics, aerospace engineering,
chemistry, electrical engineering, thermal engineering,
or physics. Much of the experimental and theoretical
work is conducted at the interdepartmental Laboratory
of Plasma Studies. Several professors within the Field
of Applied Physics are actively involved in plasma
research, with approximately equal attention given to
experimental and theoretical aspects.

Left above: An electron microscopy-spectroscopy
laboratory is available for research in solid-state
physics.
Left: The inelastic scattering of electrons from
single-crystal metal surfaces is used to study elec
tron excitations in this ultrahigh-vacuum spec
trometer.

Most of the current effort at Cornell is centered on
confinement and heating problems in controlled
thermonuclear research. Studies of various magnetic
configurations and of instabilities and waves in
plasmas are under way. Investigations of turbulence
induced by strong electric fields are also in progress;
Cornell is recognized as the leading university in the
area of high-current relativistic beam technology
and its applications in thermonuclear research. In
addition to controlled thermonuclear studies, research
is being done on collisionless shock waves, solar, magnetospheric, and ionospheric plasma physics, plasma
turbulence, and kinetic theory.
The dynamical behavior of fully ionized plasmas is
being studied with use of a plasma wind tunnel under
conditions in which collective plasma effects are im
portant but ordinary collisions between single particles
are not (P. L. Auer, P. C. T. de Boer, E. L. Resler). These
studies relate to the understanding of collision-free
shock formation and the nature of the earth's bow shock
in the solar wind. Earlier studies of slightly ionized con
tinuum plasmas have led to the development of electric
probes at large negative potential (de Boer). Such
probes can provide information on ionization processes
and on plasma phenomena in burning gases.
One of the most potentially useful experimental
facilities in plasma studies is the high-power, fastpulsed relativistic electron beam. At the present time
two potential applications of these beams for thermo
nuclear fusions are being investigated. First, the mag
netic field associated with the electron beam may be
useful for producing magnetic field configurations that,
according to theoretical predictions, will provide sta
ble confinement of fusion plasmas. Second, the total
energy content of these beams is quite sizeable com
pared with plasma energies generally encountered in
controlled-fusion experiments, and the beam may thus
be used for heating such plasmas (H. H. Fleischmann,
B. R. Kusse). In another project, the possibilities for

the heating of a fusion plasma by strong turbulence
effected by the electron beam are being investigated
(C. B. Wharton).
Theoretical aspects of plasma problems are also being
studied. Part of this effort concentrates on theoretical
aspects of the mentioned applications of intense ion
beams and high-current relativistic electron beams
for fusion research (R. V. E. Lovelace, E. Ott, R. N.
Sudan). Also being considered are instabilities in space
plasmas (Ott, Sudan), the interaction of microwaves
with electron beams (P. R. Mclsaac), shock waves in
plasmas (P. L. Auer), kinetic theories of plasmas (R. L.
Liboff), and the theory of stability and plasma heating
in Tokamak fusion devices (Ott).
The following papers on aspects of plasma physics are
among those recently published:
Auer, P. L. 1974. Self-consistent equilibria and current
limitation in relativistic electron beams. Physics of
Fluids 17:148.
de Boer, P. C. T„ and Ludford, G. S. S. 1975.
Spherical electric probe in a continuum gas. Plasma
Physics 17:29.
Exdahl, C.; Greenspan, M.; Kribel, R.; Sandel, F.;
Sethian, J.; and Wharton, C. 1974. Plasma heating
using strong turbulence and relativistic electron
beams. In Proceedings of 5th international con-

Ftight: This is Cornell's electron ring machine with
which it was shown for the first time that fieldreversing rings of high-energy particles could
exist as in an Astron-type thermonuclear fusion
reactor. The stability and characteristics of these
electron rings are tested in a graduate research
project involving several students.
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f e r e n c e (IA E E ) o n p la s m a p h y s ic s a n d c o n tr o lle d
th e r m o n u c le a r fu sio n , CN-33/C2-2. Tokyo, Japan.
Fleischmann, H. H. 1975. High-current electron beams.
P h y s ic s T o d a y 28:34.
Lovelace, R. V. 1975. Low frequency stability of astron
configurations. P h y s ic a l R e v ie w L e tte r s 35:162.

Above: In research related to the possible produc
tion of energy by controlled thermonuclear re
action, Professor H. H. Fleischmann (left) and his
research group are working with a magnetic coil
configuration for experiments in the confinement of
fusion plasma using trapped relativistic electron
beams. A larger experiment using a new 5-Me V150-kA electron beam accelerator was started
recently.

Left: High-powered ion beams, which might be
used comparably to electron beams for plasma
confinement, are being investigated by graduate
students working with Professor R. N. Sudan.
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Ott, E.; Manheimer, W. M.; and Klein, H. H. 1974.
Stimulated Compton scattering and self-focusing in
the outer regions of a laser fusion plasma. P h y s ic s
o f F lu id s 17:1754.
Phelps, D. A.; Smith, A. C„ Jr.; Woodall, D. M.; Meger,
R. A.; and Fleischmann, H. H. 1974. Observations
of the stable equilibrium and classical diffusion of
field reversing relativistic electron coils. P h y s ic s
o f F lu id s 17:2226.
Thode, L. E. 1974. Plasma heating by intense relativis
tic electron beams due to two-stream and returncurrent interactions. Ph.D. thesis (R. N. Sudan). A
paper based on this research is Thode, L. E., and
Sudan, R. N. 1973. Two-stream instability heating
of plasmas by relativistic electron beams. P h y s ic a l
R e v ie w L e tte r s 30:723.

Quantum Optics, Laser Physics,
and Nonlinear Optics
One of the more dramatic recent developments in
physics is the discovery and application of the laser
as a source of intense coherent radiation. Research
in this field combines many aspects of optics, atomic
and molecular physics, solid-state physics, and
chemistry. Opportunities for research in this field at
Cornell include studies of light scattering, chemical
and molecular lasers, tunable laser spectroscopy, linear
and nonlinear optical properties of materials, the physics
of electro-optical devices, and thin-film lasers and
nonlinear optical devices for application in integrated
optical systems. Laboratory research facilities are
modern and sophisticated.

In the chemical and molecular laser field, research
oriented toward the discovery and study of new laser
systems is in progress. The relaxation of vibrational
excitation in molecules through atomic and molecular
collisions is being studied over a wide range of experi
mental parameters. In addition, laser-induced selective
excitation of molecules is being studied as a means of
selective initiation of chemical reactions under nonthermal conditions and for application to research on
molecular energy transfer.
Quantum optics and modern fluctuation correlation
methods are being used to study the dynamics of
turbulent flows, the kinetics of chemical reactions,
and the statistical process as applied to superfluids.
Coherent optics also find applications in a variety of
biophysical experiments, including studies of the visual
process, of diffusion in biological membranes, and
of turbulence in flows chosen to simulate artificial
blood flows.
With the availability of intense laser sources, the
nonlinear optical properties of solids, liquids, and
gases have become accessible to detailed experimental
study. The information obtained has led to improved
understanding of many such materials and to an in
creasing number of applications of technological
importance. Optical properties and applications of such
materials as lll-V, ll-VI, and ll-IV-V2 compounds are
being studied. In the electro-optics area, materials
problems related to the development of thin-film
miniaturized optical components and devices are being
studied.
Finally, tunable lasers from the ultraviolet to the infra
red part of the spectrum are being developed, and
applications to tunable laser spectroscopy are planned.
This work is interdisciplinary, with joint participation
of faculty members and students in the graduate
Fields of Biology, Chemistry, Electrical Engineering,
and Physics.

Some typical recent publications and theses (listed
with the supervising professor) in this area are:
Chou, M. S., and Cool, T, A. 1976. Laser operation by
dissociation of metal complexes: new transitions in
As, Bi, Ga, Ge, Hg, In, Pb, Sb, and Te. J o u r n a l o f
A p p lie d P h y s ic s (in press).
Clark, M. D. 1975. Electron tunneling and electro
luminescence by tunnel-injection through evaporated
aluminum oxide films. Ph.D. thesis (J. M. Ballantyne).
Dragsten, P. R.; Webb, W. W.; Paton, J. A.; and
Capranica, R. R. 1974. Auditory membrane vibrations
—measurements at sub-angstrom levels by optical
heterodyne spectroscopy. S c ie n c e 185:55.
Pirkle, R. J.; Davis, C. C.; and McFarlane, R. A. 1975.
Self-mode-locking of an iodine photodissociation
laser. J o u r n a l o f A p p lie d P h y s ic s 46:4083.
Telle, J. M., and Tang, C. L. 1975. Very rapid tuning of
a cw dye laser. A p p lie d P h y s ic s L e tte r s 26:572.
Turner, J. J.: Moses, E. I.; and Tang, C. L. 1975. Spec
tral narrowing and electro-optical tuning of a pulsed
dye laser by injection locking to a cw dye laser. A p 
p lie d P h y s ic s L e tte r s 27:441.
Yang, L., and Ballantyne, J. M. 1974. Epitaxial growth
over optical gratings on GaAs. A p p lie d P h y s ic s L e tte r s
25:67.

Low-Energy Nuclear Physics
Research and instruction in nuclear structure and
low-energy nuclear physics is directed by professors
who are members of both the graduate Field of Applied
A study of nerve conduction processes is among the
research applications of fluorescence correlation spec
troscopy, a technique developed at Cornell. Laser
light illuminates fluorescent probes implanted in an
artificial membrane, and the fluorescence serves as an
indication of changes that occur when voltage is applied
across the membrane.
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Physics and the graduate Field of Nuclear Science and
Engineering. A student interested in this area can
follow essentially the same program in either field;
the choice depends on the aspect to be emphasized. If
the student wishes to concentrate or minor in engi
neering applications such as nuclear power, nuclear
science and engineering is the more appropriate field.
If the interest is primarily in more basic studies or in
applications of nuclear physics in other sciences such
as astrophysics or geophysics, applied physics may be
the more suitable field. In either field, the student can
construct an individualized program in consultation
with the faculty members on his or her Special
Committee.
The facilities for experimental research in nuclear
physics are housed in the Ward Laboratory of Nuclear
Engineering.
Research in this area includes study of isomeric excited
states in nuclei, using theoretical models and experi
mental measurements made with the TRIGA reactor
and a fast-transfer system. Several high-spin isomers
have been discovered. The decay of isomeric states is
frequently accompanied by the emission of X rays
resulting from internal atomic conversion and the
consequent formation of vacancies in the inner electron
shells, and a method for determining properties of
isomeric levels by observation of these X rays has been
developed.

A facility for research in low-energy nuclear physics
is Cornell's TRIGA reactor, a source of neutron and
gamma rays. This photograph was taken near one of
the reactor’s six beam ports.
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Also under investigation is a recently discovered kind
of isomer that exhibits spontaneous fission. Shape
isomerism, common among elements with atomic
numbers of 92 and higher, is characterized by a
"stretched” nucleus and a double hump in the fission
barrier. Both theoretical and experimental work (using
neutron beams from the TRIGA reactor) is in progress.
The measurements are made with an inner-shell va
cancy detector (ISV) that was developed by the re
search group.
Examples of recent publications based on thesis research
are:
Clark, D. D. 1971. Shape isomerism and the double
humped fission barrier. Physics Today 24(12):23.
Clark, D. D.; Kostroun, V. O.; and Siems, N. E. 1975.
Identification of an isomer in Ag-110 at 1-keV exci
tation energy. Physical Review C 12:595.

Astrophysics
Astrophysics is an area in which Cornell has gained
worldwide attention over the past few years. Special
efforts are directed toward studies of the lunar surface,
planetary surfaces and atmospheres, infrared radiation
from cosmic objects, the theory of high-energy objects
such as quasars and pulsars, and radio and radar
astronomy. Some of the faculty members of the Field
of Applied Physics who are involved in these projects
hold appointments in the Department of Astronomy
or in the School of Electrical Engineering.
In addition to extensive astrophysics laboratory
facilities in Ithaca, there is available the National
Astronomy and Ionosphere Center observatory,
operated by Cornell University at Arecibo, Puerto Rico.
This facility, which has a thousand-foot radio-radar
telescope, the world's largest, has recently been up
graded to operate at much shorter wavelengths than
had been possible, and so to improve radar sensitivity

by a factor of two thousand. This will provide excep
tional research opportunities for graduate students.
Through careful observations with high signal-tonoise ratio, made at Arecibo, the characteristics of
pulsars are being defined. The observations have
already provided the fundamental information that
neutron star matter exists in the universe and is en
countered in pulsars and that the enormous energy
release from these objects comes from the braking of
their spins. The measurements, made sometimes with
microsecond resolution, identify complex sets of
phenomena that occur within the individual pulsar
pulses. In this phenomenon each pulsar has its own
signature, but the underlying physics is not yet
understood (F. D. Drake).
Infrared observations of regions where stars are now
being formed have been conducted using a variety of
new techniques. The instruments are developed at
Cornell, and ground-based observations are made at
observatory sites in the western United States. Because
the atmosphere is opaque in most of the infrared spectral
range, rocket-borne telescopes have been constructed
and launched to observe the sky from above the atmo
sphere. Besides yielding information on the infrared
radiation coming from cosmic sources, rocket flights
have also provided new data on the thermal structure and
composition of the upper atmosphere (M. O. Harwit).
A study of very low frequency emissions that originate
in the magnetosphere includes experimental testing of
a theoretical explanation of the phenomenon. The
mechanism for the generation of these emissions is
thought to be closely associated with a process in which
high-energy electrons drive whistler waves to instability.
In an experiment to verify some of the theoretical pre
dictions, the approach is to launch circularly polarized
electromagnetic waves on a plasma column and observe
the Interactions with an electron beam having both
longitudinal and rotational energy (R. N. Sudan, A. F.
Kuckes, C. B. Wharton).

Representative of publications and theses in this area
are:
Drake, F. D., and Sagan, C. 1973. Interstellar radio
communication and the frequency selection problem.
Nature 245:257.
Kuckes, A. F. 1971. Lunar electrical conductivity.
Nature 232:249.
Schaack, D. F. 1975. Infrared astronomical spectros
copy from high altitude aircraft. Ph.D. thesis (J. R.
Houck).

Geophysics
Cornell has an expanding program in soiid earth geo
physics, with emphasis on the application of the basic
sciences to the solution of problems of geology. Much
of the work in this area is being done by members of
the Department of Geological Sciences.
A program of seismological observations in various
parts of the world provides raw data for studies of
earthquakes and of earth structure. Through the unifying
new geological theory of plate tectonics, these studies
are related to those of other disciplines and lead to a
better understanding of the earth and its use (J. E.
Oliver, B. L. Isacks).
A theoretical and experimental investigation of solidstate mantle convection is also being carried out. The
purpose of the study is to determine the structure of

An important facility for research in astrophysics
is the National Astronomy and Ionosphere Center
in Puerto Rico. It has the world’s largest radio
radar telescope, with a 1,000-foot-diameter dish
shaped reflector that was recently resurfaced to
provide a more nearly spherical contour. (See also
pages 88 and 139.)

41

convection cells within the earth and to interpret their
interactions with the surface in terms of the global
plate tectonic theory. These studies are also being
extended to the interiors of other planets and the
moon (D. L. Turcotte).
Experimental studies of the electrical properties of the
earth are motivated by interest in the geologic processes
in the lower portions of the continental crust and by
problems of earthquake prediction. Similar phenomena
are being used to study the temperature of the moon's
interior (A. F. Kuckes).
Among representative publications in this field are:
Billington, S., and Isacks, B. L. 1975. Identification
of fault planes associated with deep earthquakes.
Geophysical Review Letters 2:63.
Frohlich, C. 1975. Upper mantle structures beneath the
Fiji Plateau: seismic observations of second P arrivals
from the olivine-spinel phase transition zone. Ph.D.
thesis (B. L. Isacks).
Kuckes, A. F. 1974. Lunar magnetometry and mantle
convection. Nature 252:670.
Oliver, J.; Dobrin, M.; Kaufman, S.; Meger, R.; and
Phinney, R. 1976. Continuous seismic reflection
profiling of the deep basement: Hardeman County,
Texas. Bulletin ot the Geological Society of America
(in press).
Turcotte, D. L„ and Spence, D. A. 1974. An analysis
of strain accumulation on a strike-slip fault. Journal
of Geophysical Research 79:4407.

B io p h y s ic s
The interdisciplinary area of biophysics includes the
many areas in which the study of biological systems and
biogenic materials may be approached using the
methods and procedures of physics. The members of
the faculty and staff of the Field of Applied Physics at
Cornell who direct their research to biophysical prob
lems are particularly interested in photobiology, the
functional ultrastructure of cells, and the configuration
and molecular structure of biogenic macromolecules.
Their close collaboration with researchers in the
Division of Biological Sciences and in the molecular
biophysics program in the Department of Chemistry
provides a wide range of opportunity for interested
students. There are also projects under way that have
applications in the study of biomedical engineering.
The chemistry of photosynthesis takes place in reaction
centers that can be isolated from their natural
environment (photosynthetic bacteria as well as green
plants). The reaction centers, aside from their
importance for understanding the mechanics of
photosynthesis, are interesting objects for the study
of molecular spectroscopy, quantum electron physics,
and oxidation-reduction photochemistry. Experimental
research in this area includes biochemical
preparations and chemical analyses as well as physical
methods of absorption-emission spectroscopy (R. K.
Clayton).

Recent developments in tunable lasers are being applied
to the visual process to try to elucidate the chemical
reactions responsible for particular electrophysiological
responses. It has been possible to study nondestructively
Cornell geophysicists, including Professor B. L. Isacks, and selectively the principal molecules of the visual
shown in the picture, conduct an active program in
process in an intact eye using tunable laser resonance
seismological studies and plate tectonics. Each dot on Raman spectroscopy. The data obtained yield informa
this map represents an earthquake that occurred during tion about the structure, the environment, and the
a recent seven-year period; the pattern of dots marks
interactions of specific molecules during the visual
boundaries of moving lithospheric plates.
cycle. These experiments, it is hoped, will lead to the

capability of monitoring, in a living eye, the specific
chemical reactions associated with the principal electrophysiological responses that are of importance in vision
(A. Lewis).
The electrical properties of plant cell membranes are
of particular interest because it is becoming clear that
they are controlled by the systems responsible for active
transport (ion pumps) rather than the passive move
ment of ions. The microelectrode techniques used in
these studies are also being used to investigate the
role of intercellular connections in long-distance
transport (R. M. Spanswick).
Physical methods are also being used in studies of
nerve cells and innervated structures, secretory cells,
and developing (embryonic) cells. New methods are
being developed for studying the physiology of these
cells on a fine-structural level. The most important
recent example is the application of quantitative elec
tron microscope autoradiography (that is, the highresolution detection of radioactivity inside cells) to the
study of cellular function. By introducing radioactive
precursors into the cell, one can localize the compart
ments within a cell involved in the production, storage,
and transport of secretory products. Studies are also
conducted on the sites of action of neurotransmitters
and various enzymes involved in nerve function (M. M.
Salpeter).
Investigations of the configuration and atomic structure
of biogenic macromolecules are being pursued with
very high resolution electron microscopy. Nucleic
acids—their configuration, association, and polymeri
zation—and ultimately the direct observation of the
base sequence in the polynucleotide are of particular
interest in these studies. Observations on enzyme
configurations, substructure, and active site locations
are also being made. An electron microscope to
achieve still higher resolutions is among procedures
and instrumentation being developed (B. M. Siegel).

Above: Laser Raman scattering from biologically
important molecules is used in biophysical research
directed by Professor A. Lewis (at left).
Right: A cytological approach to an understanding
of the nervous system is used by Professor M. M.
Salpeter and her research group. An electron micro
scope and a technique called autoradiography are
used to study the relation of structure and function
at synapses.

The dynamics of biophysical processes are being
studied with the help of modern physical optics.
Diffusion and the chemical kinetics of membrane
transport processes in model membranes and in living
normal and cancer cells are being measured by analysis
of the spectrum of the fluctuations of fluorescence
emitted by chemical indicators. The kinetics of
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cooperative chemical binding by hemoglobin is also
being studied by optical observation of photolysis
reactions. Changes in the fluidity of cell membranes
during their growth cycle are being observed by
optical probing of their mechanical and rheological
properties. Auditory mechanisms in insects are also
under study in an attempt to understand certain
aspects of the development of the nervous system.
A laser technique has been developed that permits
measurement of the vibration amplitude of the ear
drum even below the threshold without touching it.
Applications to living crickets are yielding the response
spectra (W. W. Webb).
Among recent publications and theses in this area are:
Clayton, R. K. 1970 and 1971. L ig h t a n d liv in g m a tte r ,
vols. I and II. New York: McGraw Hill.
Elson, E. L„ and Webb, W. W. 1975. Concentration
correlation spectroscopy, a new biophysical probe
based on occupation number fluctuations. A n n u a l
R e v ie w o f B io p h y s ic s a n d B io e n g in e e r in g 4:311.
Lewis, A., and Spoonhower, J. 1973. Tunable laser
resonance Raman spectroscopy in biology. In

N e u tr o n , X -r a y a n d la s e r s p e c tr o s c o p y in b io p h y s ic s
a n d c h e m is tr y , ed. S. Yip and S. Chen. New York:

Academic Press.
Magde, D.; Elson, E.; and Webb, W. W. 1974.
Thermodynamic fluctuations in a reacting system
—measurements by fluorescence correlation
spectroscopy. B io p o ly m e r s 13:29.

Left above: Electron microscopy is used in studies
of biogenic macromolecules conducted by Professor
B. M. Siegel (foreground) and his research group.
Left: Fluorescence correlation spectrometry is
used in research directed by Professor W. W. Webb
(at left). Laser light causes certain molecules to
fluoresce, and measurements of the fluorescence
intensity give information on the kinetics of reac
tions in small units such as cell membranes.

44

Riddle, G. H. N. 1971. Growth and properties of thin
pyrolytic graphite films for electron microscopic
substrates. Ph.D. thesis (B. M. Siegel).
Salpeter, M. M„ and Salpeter, E. E. 1971. Resolution
in electron microscope radioautography II carbon14 . J o u r n a l o f C e ll B io lo g y 50:324.
Siegel, B. M. 1971. Current and future prospects in
electron microscopy for observations in biomolecular
structure. P h ilo s o p h ic a l T r a n s a c tio n s o f th e R o y a l
S o c ie t y o f L o n d o n B 261:5.
Spanswick, R. M. 1974. Hydrogen ion transport in
giant algae cells. C a n a d ia n J o u r n a l o f B o ta n y
52:1029

helium atomj and ions with kinetic energies from fifty
to several thousand electron volts (H. H. Fleischmann).
Experiments are being carried out on inelastic collision
processes in high-temperature gases—that is, for
collision energies up to a few electron volts. These
processes include dissociation, ionization, recom
bination, and relaxation of vibrational and electronic
excitation. Most of this work is carried out with the
use of shock tubes for the preparation of the hightemperature gas. Emphasis is being given to processes
of importance for environmental pollution and for gas
lasers (S. H. Bauer, P. C. T. de Boer, E. L. Resler, Jr.).
Shock tube techniques are also being applied to the
study of droplet nucleation in the vapor phase of iron
and other metals (Bauer).

Atomic and Molecular Physics

Details of energy transfer and particle rearrangement
in collisions involving vibrationally or rotationally
excited molecules are being studied in view of their
importance for the operation of molecular gas lasers.
For this purpose, nonequilibrium distributions of
molecular excitations in gases are initiated by non
chemical shocks or electrical discharges. Using various
diagnostics, the kinematic evolution of these systems
is investigated and the results analyzed in terms of the
basic processes (Bauer, T. A. Cool). Additional studies
of direct relevance to chemical and molecular gas lasers
are based on the laser-induced fluorescence technique.

A precise knowledge of the processes that can occur
when atoms and molecules interact by collision is of
great importance in applied physics. Current projects
in atomic and molecular physics are directed toward
an understanding of collisionally induced processes
that occur in several different physical environments.
These include (1) studies of dissociation, ionization,
recombination, molecular energy transfer, and
chemical kinetics in gases with thermal kinetic energies:
(2) study of gas-surface phenomena, including cataly
sis, chemisorption, oxidation, and related phase
transformations that occur at solid surfaces; (3) in
vestigations of inelastic collision processes with
nonthermal kinetic energies varying from fifty to several
thousand electron volts: and (4) studies of molecular
structure with the diffraction of 50-100 keV electrons
from gas-phase molecules. A partial description of
current research includes the following studies.
An experimental program is in progress for the
measurement of total and differential cross sections
for excitation, ionization, charge transfer, and
quenching processes involving neutral hydrogen and

Biophysics research at Cornell includes a study of
the role that certain molecules, such as rhodopsin,
play in visual processes. The equipment used per
mits nondestructive study of an intact eye.
Right above: A sample of rhodopsin is placed in the
sample chamber of a tunable laser Raman spec
trometer.
Right: A graduate student adjusts a tunable optical
filter used in conjunction with the tunable laser.
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This technique permits the selective initiation and
monitoring of specific vibrational and rotational energy
transfer processes in laser molecules (T. A. Cool, R. A.
McFarlane, G, J. Wolga).
The interaction of atoms, molecules, and electrons
with metals and semiconductors provides detailed in
formation on the nature of atomic forces, of energy
transfer, and of chemical bonding in atoms, molecules,
and clusters. Investigations now being carried out are
concerned with the quantum mechanical description
of charge transfer and energy levels and with the
mobility and binding of atoms involved in very local
ized interactions such as in very small particles or on
solid surfaces. Experimental measurements are made
of the thermodynamics and kinetics associated with the
atomistic nature of physical and chemical processes
characteristic of chemisorption, oxidation, and
related phase transformations (T. N. Rhodin, J. M.
Blakely).
Radiation from Cornell's 12-GeV electron synchrotron
is being used in a variety of experiments in atomic and
solid-state physics. The experiments are chosen to
exploit several unique features of synchrotron
radiation; these features include a high intensity of X
rays in the 3-100-keV photon range, a continuous
spectral distribution, and a high degree of collimation
(10 seconds of arc). Among such studies are investiga
tions of the lifetimes of core-excited states of atoms,
of the specific decay modes of these states, of the

Left: The kinetics of an important biophysical process
are studied with use of a laser beam. Carbon monoxide
bound to hemoglobin is “knocked off” by the beam,
and the speed of recombination is measured.
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transition rates for the radiative and nonradiative
processes involved, and of numerous processes of inter
action between electromagnetic radiation and matter.
As an example of the latter, the study of extended X-ray
absorption fine structure by both photon detection and
X-ray interferometric techniques is being carried out
to investigate the local environment of atoms in sub
stances of solid-state and biological interest (V. O.
Kostroun).
The small-angle scattering of 50-100-keV electrons
by gas molecules is being investigated experimentally.
From the measured diffraction pattern, structural in
formation, particularly on bond distances between
atoms, can be derived. This method is applicable to
a variety of gases (S. Ft. Bauer).
Recent publications and theses in this area include:
Broden, C., and Rhodin, T. 1976. Photoemission
spectroscopy of chemical reactions on platinumgroup metals—chemisorption of carbon monoxide in
iridium. S o lid S ta te C o m m u n ic a tio n s (in press).
Brucker, C., and Rhodin, T. 1976. Low-energy electrondiffraction, Auger and photoemission studies of
oxygen reactions on <*-Fe(100) surfaces. S u r f a c e
S c ie n c e (in press).
Dehmel, R. C.; Chau, H. V.; and Fleischmann, H. H.
1973. Experimental stripping cross sections for
atoms and ions in qases, 1950-1970. A to m ic D a ta
5:231.
Fairchild, R. W. 1975. Ftigh resolution synchrotron
radiation studies of the K-edge photoabsorption
spectra of the 4d transition metals and some rare
earths. Ph.D. thesis (V. O. Kostroun).
Liboff, R. L., and Maresca, N. J. 1975. An interpre
tation formula for the energy radiated by a point
charge passing through a hole in a plane. C a n a d ia n
J o u r n a l o f P h y s ic s 53:62.
Liu, Y. S. 1973. Experimental and theoretical studies
of the vibrational energy distribution in carbon

monoxide produced in the reaction of oxygen with
acetylene. Ph.D. thesis (R. A. McFarlane).
Lucht, R. A., and Cool, T. A. 1975. Temperature
dependence of vibrational relaxation in the HF-DF,
HF-C02, and DF-C02 systems. Journal of Chemical
Physics 63:3462.
Pirkle, R. F.; Wiesenfeld, J. R.; Davis, C. C.; Wolga,
G. J.; and McFarlane, R. A. 1975. Production of
electronically excited iodine atoms, l(2P,/2) following
injection of HI into a flow of discharged oxygen.
IEEE Journal of Quantum Electronics 11(10):834.
Quigley, G. P. 1975. The deactivation of vibrationally
excited hydrogen fluoride by reactive atoms. Ph.D.
thesis (G. J. Wolga).

Statistical Physics
Statistical physics provides the theoretical connection
between the detailed microscopic motions of atomic
particles and the macroscopic, physically measurable
quantities. Many measurable quantities can be de
scribed rigorously by evaluable functions of a small
number of variables—correlation functions—that are far
less detailed and specific than the microscopic state
itself. Several members of the faculty in the Field of
Applied Physics are concerned with developing im
proved techniques for determining these correlation
functions and their associated macroscopic properties.
An active interplay between theory and experiment
is characteristic of the vitality of this area, which has
so greatly increased our understanding of such
varied forms of matter as liquids, gases, plasmas,
superfluid helium, superconductors, and magnetic
systems.
A current theoretical study of phase transactions and
critical phenomena involves work in statistical
mechanics, including both its applications and its

rigorous r^thematical formulation. Systems studied
include ferromagnets and antiferromagnets, super
fluids, binary alloys and fluids, and ferroelectrics in
bulk and in films. Questions in mathematics con
cerning spatial dimensionality, combinatorics,
counting linear graphs, and special determinants and
matrices arise in the course of such work (M. E. Fisher).
Experimental studies of cooperative phenomena are
making use of newly devised optical correlation tech
niques based on modern lasers. For example, time
correlation techniques have permitted analysis of
inelastic scattering of visible light with an effective
resolution of 1CH6. Modern optical techniques are
applied also to investigations of critical phenomena
in fluids, turbulence, homogeneous nucleation,
fluctuations in quantum fields, and surface waves
(W. W. Webb),
Fluctuations in superconductors and cooperative
phenomena in metals at extremely low temperatures
are also being investigated. Superconducting quantum
interference magnetometers have been developed
and applied to problems in statistical physics: an
absolute thermometer that works at temperatures
between 10-2 and 10'5 K by measuring nuclear
magnetization with a superconducting magnetometer
has been developed: and fluctuation-induced diamag
netism above the critical temperature of supercon
ductors has been measured and analyzed (R. A.
Buhrman).

Professor T. A. Cool is shown with an ap
paratus for laser-induced fluorescence used
by his research group to measure the rates
of vibrational energy transfer in chemical
lasers.

Also of interest are applications in biophysics and
geophysical hydrodynamics of the approaches that
have been developed for observing the chemical
physics of cooperative phenomena (Webb).
Theoretical research is directed toward the under
standing of the small-scale velocity fluctuations in
fully developed hydrodynamic turbulence. This has
application to the dynamics of the atmosphere but is
of primary interest for an improved basic understanding
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of turbulence. Striking qualitative analogies hr^;e
-;e been
pointed out between the universal sm all-scf
caie fluctuations in a turbulent fluid and the universal large-scale
thermal fluctuations near critical points. These
analogies suggest that theoretical methods that have
been highly successful in the understanding of critical
phenomena have promise for a deeper theoretical
understanding of turbulence. To date there is a
phenomenological understanding based on models of
a random cascade of energy from large- to smallscale motions. The principal aim of current research
is to extend these cascade models and to derive them
directly from the underlying hydrodynamic equations
(M. S. Nelkin).
Turbulent flows in liquids are being measured by
analyzing the time spectra of fluctuations in polarized
light scattering by anisotropic particles that are
partially aligned by the flows (W. W. Webb).
Some recent typical publications and theses in this area
are:
Barber, M. N. 1972. Critical phenomena in systems of
finite thickness. Ph.D. thesis (M. E. Fisher).
Capehart, T. W. 1975. Finite size scaling functions
for magnetic films. M.S. thesis (M. E. Fisher).
Fisher, M. E. 1974, The renormalization group in the
theory of critical behavior. Reviews of Modern Physics
46:597.
Kim, K. 1971. Model memory functions in classical
fluids. Ph.D. thesis (M. S. Nelkin).
Leiderer, P.; Nelso, D. R.; Watts, D. R.; and Webb,
W. W. 1974. Tricritical slowing down of superfluid
dynamics in 3He-4He mixtures. Physical Review
Letters 34:1080.
Nelkin, M. S. 1975. Scaling theory of hydrodynamic
turbulence. Physical Review A 11:1737.
Wilson, K. G., and Fisher, M. E. 1972. Critical ex
ponents in 3.99 dimensions. Physical Review Letters
28:240.
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Faculty Members and
T heir Research Interests
The faculty of the graduate Field of Applied Physics
includes members of a number of schools and depart
ments in the College of Engineering as well as other
units of the University. These include materials science
and engineering, mechanical and aerospace engineer
ing, electrical engineering, geological sciences, chem
istry, astronomy, mathematics, and biological sciences.
Dieter G. Ast, Ph.D. (Cornell): amorphous materials
and polymeric materials
Peter L. Auer, Ph.D. (California Institute of Technology):
plasma physics, energy policy
Joseph M. Ballantyne, Ph.D. (M.I.T.): semiconductor
lasers and detectors, integrated optical devices
Robert W. Balluffi, Sc.D. (M.I.T.): diffusion, delects
in metals
Boris W. Batterman, Ph.D. (M.I.T.): X-ray and neutron
diffraction, solid-state physics
Simon H. Bauer, Ph.D. (Chicago): electron diffraction
and shock tube techniques, chemical lasers
John M. Blakely, Ph.D. (Glasgow): surface physics
and chemistry
Robert A. Buhrman, Ph.D. (Cornell): solid-state
and low-temperature physics
K. Bingham Cady, Ph.D. (M.I.T.): reactor physics
David D. Clark, Ph.D. (California, Berkeley):
experimental nuclear and reactor physics
Roderick K. Clayton, Ph.D. (California Institute of
Technology): biophysics, photosynthesis
Terrill A. Cool, Ph.D. (California Institute of Tech
nology): molecular lasers, chemical physics
P. C. Tobias de Boer, Jr., Ph.D. (Maryland): hightemperature gasdynamics, plasma physics
Frank D. Drake, Ph.D. (Harvard): studies of the radio
emission from pulsars, radio and radar studies of
the moon and planets

Lester F. Eastman, Ph.D. (Cornell): microwaves,
solid-state plasma
Michael E. Fisher, Ph.D. (King’s College, London):
mathematical physics, statistical mechanics, phase
transitions and critical phenomena
Hans H. Fleischmann, Dr.rer.nat. (Technische
Hochschule, Munich): plasma physics,
thermonuclear fusion
Paul L. Hartman, Ph.D. (Cornell): optical properties
of solids
Martin O. Harwit, Ph.D. (M.I.T.): astrophysics
James R. Houck, Ph.D. (Cornell): astrophysics
Bryan L. Isacks, Ph.D. (Columbia): seismology,
global tectonics
Herbert H. Johnson, Ph.D. (Case): mechanical
behavior of solids
Vaclav O. Kostroun, Ph.D. (Oregon): low-energy
nuclear and atomic physics
Edward J. Kramer, Ph.D. (Carnegie-Mellon): lowtemperature physics, polymers
Robert E. Kribel, Ph.D. (California, San Diego):
plasma physics
James A. Krumhansl, Ph.D. (Cornell): theoretical
and applied physics
Arthur F. Kuckes, Ph.D. (Harvard): geophysics,
plasma physics
Bruce R. Kusse, Ph.D. (M.I.T.): electron beam fusion
Charles A. Lee, Ph.D. (Columbia): solid-state
physics
Aaron Lewis, Ph.D. (Case Western Reserve):
biophysics, laser Raman scattering
Che-Yu Li, Ph.D. (Cornell): surface physics,
mechanical properties of materials
Richard L. Liboff, Ph.D. (New York University):
plasma physics, statistical mechanics
Richard V. E. Lovelace, Ph.D. (Cornell): plasma
physics theory, astrophysics
Ross A. McFarlane, Ph.D. (McGill): quantum electronics
Paul R. Mclsaac, Ph.D. (Michigan): microwave
electronics

Mark S. Nelkin, Ph.D. (Cornell): statistical physics
Jack E. Oliver, Ph.D. (Columbia): seismology, global
tectonics
Edward Ott, Ph.D. (Polytechnic Institute of Brooklyn):
plasma physics, electrophysics
Edwin L. Resler, Jr., Ph.D. (Cornell): hightemperature gasdynamics, magnetohydrodynamics
Thor N. Rhodin, Ph.D. (Princeton): solid-state
physics, physics and chemistry of solid surfaces
Arthur L. Ruoff, Ph.D. (Utah): high-pressure phe
nomena, imperfections in crystals, creep
Miriam M. Salpeter, Ph.D. (Cornell): biophysics
David N. Seidman, Ph.D. (Illinois): defects in solids
Benjamin M. Siegel, Ph.D. (M.I.T.): electron micros
copy, surface physics, biophysics
John Silcox, Ph.D. (Cambridge): electron microscopy,
imperfections in crystals, superconductivity,
ferromagnetism
Roger M. Spanswick, Ph.D. (Edinburgh): biophysics,
ion transport
Ravindra N. Sudan, Ph.D. (London): plasma physics
Chung L. Tang, Ph.D. (Harvard): quantum electronics
Donald L. Turcotte, Ph.D. (California Institute of
Technology): aerospace engineering, gasdynamics,
geophysics
Watt W. Webb, Sc.D. (M.I.T.): cellular biophysics,
chemical physics, cooperative phenomena,
hydrodynamics, physical optics, photon correlation
spectroscopy
Charles B. Wharton, M.S. (California, Berkeley):
plasma physics, microwave electronics
George J. Wolga, Ph.D. (M.I.T.): magnetic resonance,
quantum electronics

Further Inform ation
Additional information may be obtained by writing to
the Graduate Faculty Representative, Applied Physics,
Cornell University, Clark Hall, Ithaca, New York 14853.

Chemical
Engineering

The graduate Field of Chemical Engineering at
Cornell offers programs in developing interdisciplinary
specialties, as well as in the more traditional areas of
chemical engineering. Approximately forty students
are now pursuing graduate work in a variety of areas.
As in most engineering fields at Cornell, three graduate
degree programs are offered in chemical engineering.
Students may enter a research-oriented course of
study leading to the degree of Doctor of Philosophy
or Master of Science or may study for the professional
degree of Master of Engineering (Chemical).
In addition to taking courses offered by the School
of Chemical Engineering, students may elect courses
offered by a number of other University schools or
departments. For example, Cornell's widely recognized
Department of Chemistry offers many advanced
courses that are appropriate for graduate students in
chemical engineering, as do the Departments of
Mathematics and Physics. Courses may be taken in
other engineering specialties such as applied physics,
electrical engineering, operations research and
industrial engineering, materials science and engi
neering, theoretical and applied mechanics, water
resources engineering, and thermal engineering. In the
biological sciences, graduate courses are available in
bacteriology, biochemistry, biophysics, nutrition, and
physiology. Some graduate students in chemical
engineering select minors in such nonengineering
fields as business administration, economics, and law.

Facilities
Study and research in chemical engineering are carried
out in Olin Hall of Chemical Engineering, a modern,
well-equipped building. It includes many small
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laboratories for graduate student research and also
houses specialized laboratories for work in such areas
as rubber and plastics, unit operations, biochemical
engineering, microscopy, process development, trans
port phenomena, and kinetics. The school maintains
its own library of reference books and periodicals to
supplement the larger libraries in the College of
Engineering and the University.
Facilities of special interest in certain areas are
described under the various areas of research.

Areas of Research
Transport phenomena, reaction kinetics, and
thermodynamics are the fundamentals of chemical
engineering, and projects in these areas are an
important part of the total research activity of the
University. A special area of research is process syn
thesis and economics. Candidates for the M.S. and Ph.D.
degrees may work on thesis problems related to the
expanding product interests of the chemical industry.
The extension of chemical engineering techniques
to the fields of biology and medicine, desalination,
polymers, and high-energy radiation has been a
natural outgrowth of the diverse staff research interests,
and all of these areas of research are available to
graduate students.
Most of the school's current research activities can be
grouped into the categories listed below, although
there is considerable interaction among these areas—
for example, there may be studies of the effects of
radiation on polymeric properties—and the groupings
are necessarily arbitrary. The scope of the school’s
research activities is indicated by the lists of recent
theses and faculty publications.

B io c h e m ic a l E n g in e e rin g
Chemical engineers are challenged to consider the
mass production of living cells and the economical
isolation of both cells and cell products such as anti
biotics and enzymes. Not only the production of useful
chemicals but also the development of future procedures
for waste treatment, protein manufacture, serum
production, and plant tissue culture depends on bio
chemical engineering.
Research directed by R. K. Finn is concerned with
the application of semipure cultures to the treatment
of industrial and toxic wastes, an undertaking that
involves fundamental studies of the kinetics of microbial
growth and product formation, and enzyme purification
by solvent precipitation. There is particular interest in
single-carbon metabolism, ranging all the way from
cyanide disposal to biopolymer synthesis from
methanol. With M. Alexander, of the Department of
Agronomy, Finn and his students are investigating the
effect of chemical and physical properties of organic
compounds on their biodegradation.
M. L. Shuler's current research includes a study of the
kinetics of growth and product formation in suspension
cultures of plant cells. Fie is also directing work on
the development of reactor systems for the immobiliza
tion of whole bacterial cells and investigating the feasi
bility of producing amino acids, antibiotics, and
ammonia from such systems. Mathematical models
of the effects of environment, cell shape, and cell
size on growth patterns for individual bacterial cells
are being explored. In a joint project with researchers
in the Department of Poultry Science, the feasibility
of producing a high-protein feedstuff from poultry waste
is being investigated. A controlled microbial
conversion process is being developed.
Under investigation by J. L. Anderson and his students
are various transport phenomena in biophysical sys

tems, including interactions among macromolecules
that affect diffusion rates at high concentrations. The
diffusional and frictional characteristics of various
macromolecular species in multicomponent systems are
also being studied.
Special equipment for research projects in biochemical
engineering is housed in several laboratories (some
with controlled temperature) and includes a forty-liter
stainless steel pilot unit. An electron microscope and a
variety of optical and analytical instruments are avail
able.
Students majoring in biochemical engineering may
minor in biochemistry or microbiology, which are
offered by the Division of Biological Sciences; in
nutrition and food science through the Graduate School
of Nutrition; in physical biology, physiology, or
pharmacology through the School of Veterinary Medi
cine; or in other engineering areas such as water
resources or electrical engineering.
The work of graduate students and faculty members
in the area of biochemical engineering is represented
by the following publications.
Fields, R. D.; Rodriguez, F.; and Finn, R. K. 1974.
Microbial degradation of polyesters: polycaprolactone degraded by P. pullulans. Journal of Applied
Polymer Science 18:3571.
Ramalingam, A„ and Finn, R. K. 1976. The vacuferm
process: a new approach to fermentation alcohol.
Biotechnology and Bioengineering (in press).
Shuler, M. L„ and Tsuchiya, H. M. 1975. Determination
of cell numbers and cell size for Thiobacillus
ferrooxidans by the electrical resistance method.
Biotechnology and Bioengineering 17:621.

Current research in biochemical waste treatment
includes studies of microbial growth under con
trolled conditions.
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Tsuchiya, H. M.; Trivedi, N. C.; and Shuler, M. L. 1974.
Microbial mutualism in ore leaching. Biotechnology
and Bioengineering 16:991.
Tyler, J. E., and Finn, R. K. 1974. Growth rates of
a pseudonomad on 2,4-dichlorophenoxyacetic acid
and 2,4-dinitrophenol. Applied Microbiology 28:
181 .

Biomedical Engineering
The application of chemical engineering methods to
problems of medical interest is a new and challenging
area. The problems can range from fundamental ques
tions in biology and biochemistry to applications of
materials and devices. Most research projects in this
area at the School of Chemical Engineering involve
collaboration with the Cornell Medical Center, the
College of Veterinary Medicine, or staff members at
the National Institutes of Health.
K. B. Bischoff's current research is on mathematical
modeling of drug and environmental toxicant distribu
tion and effects in the body. Results of this work are
leading, for example, to optimal drug dosage regimens
for cancer chemotherapy. A specific area of emerging
interest involves the quantitative kinetic analysis of bio
chemical pathways and drug effects.
In conjunction with the Cornell Medical Center,
several faculty members are studying the properties
and medical applications of collagen, which is the
basic constituent of supporting tissue in animals.
Left above: Research with applicability to the pro
duction of pharamaceuticals involves kinetic studies
of the growth of plant single cells. This device
controls air flow to the cylindrical growth chamber.
Left: A graduate student researcher adjusts air flow
to a stirred fermenter.
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F. Rodriguez is studying the cross-linking of collagen
and collagen-polymer mixtures by ultraviolet irradiation.
This research is directed toward finding collagen-based
materials that have physical properties suitable for such
uses as artificial blood vessels, burn coverings, and
cornea replacements. Another way in which polymers
that swell or dissolve in water are useful is in the
formation of complexes with small molecules such as
pilocarpine or phenobarbitol; studies of this kind of
binding have potential applications in detoxification
and controlled-release medication.
An electron microscope and freeze-etching tech
niques for specimen preparation are used by G. G.
Cocks and his students in research on the structure and
mechanical properties of collagen gels prepared by
cross-linking the polymer solution using gamma radia
tion, ultraviolet radiation, and chemical reagents.
Cocks and his students are also interested in methods
of producing artificial kidneys made of collagen.
J. F. Stevenson is characterizing the mass-transfer
properties of hollow-fiber membranes and films by
means of transient diffusion and hydraulic permeability
experiments. Applications of this research are the testing
of hollow-fiber membranes for use in the artificial
kidney and the evaluation of collagen films for use in
drug-delivery devices.

Right above: An interdisciplinary project to de
velop collagen as a biomedical material involves
graduate students working with Professor F.
Rodriguez (at right). The elastic properties of col
lagen gels are measured with a nearly frictionless
torsion pendulum suspended in the solutions.
Right: A researcher puffs gently on the arms of the
pendulum to initiate oscillatory motion. The rate
of decay of the motion is a measure of the elasticity
of the gel.
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Typical recent faculty papers and graduate student
theses in this area are:
Hamed, G., and Rodriguez, F. 1975. Gelation of dilute
collagen solutions by ultraviolet light. Journal of
Applied Polymer Science 19:3299.
Himmelstein, K. J., and Bischoff, K. B. 1973.
Mathematical representation of cancer chemotherapy
effects: models of ARA-C chemotherapy of L-1210
leukemia in mice. Journal of Pharmacokinetics and
Pharmaceutics 1:51.
Stevenson, J. F.; Von Deak, M. A.: Weinberg, M.; and
Schuette, R. W. 1976. An unsteady state method for
measuring the permeability of small tubular mem
branes. AlChE Journal 21:1192.
Zvanut, C. W„ and Rodriguez, F. 1975. Collagen as
a biomaterial: modulus jump and degradation of
collagen gels. Paper read at 80th National Meeting
of the American Institute of Chemical Engineers,
7-10 September 1975, in Boston, Massachusetts.

Chemical Engineering Fundamentals
Improvement of design in the process industries is
dependent on new knowledge in the areas of chemical
engineering fundamentals, and research in these areas
therefore constitutes a large part of the total research
program in the graduate Field of Chemical Engineering.
Several faculty members supervise thesis work in this

Left above: Electron micrographs like this are ob
tained in studies of the microstructure of gels and
membranes. This one is of a platinum-shadowed
carbon replica of a membrane containing collagen
fibers.
Left: Research in polymer processing for the manu
facture of plastics involves measurement of the
extensional flow of polymer melts.

area, often as a supplement to studies in their other
fields of specialization.
Fluid mechanics studies directed by G. F. Scheele
are concerned with the hydrodynamic stability of
liquid jets and natural convection distorted flow-fields
in pipes: drop formation and coalescence: and the
characteristics of stirred tanks.
Several thesis projects concerning transport across
artificial membranes with extremely small pores
(50-1000 angstroms) are being supervised by J. L.
Anderson. Emphasized in all experiments is the
importance of a well-defined pore geometry, which is
achieved by using track-etched membranes. Two
projects are directed to the quantitative description of
hindered macromolecular transport, both diffusive and
convective, in terms of macromolecule-to-pore dimen
sion and macromolecule shape. Another project involves
the transport of small ions and related electrokinetic
phenomena in highly charged pores of large lengthto-diameter ratio.
R. L. Von Berg is investigating simultaneous mass and
heat transfer in liquid-liquid extractors. P. Harriott has
been studying the effect of concentration polarization
on the performance of ultrafiltration and reverse os
mosis membranes. R. York supervises research in
adsorption processes.
Among recent publications and papers resulting from
faculty and graduate student research in this area are:
Ali, M. H., 1974. The adsorption of straight chain
hydrocarbon from ternary liquid solutions by 5angstrom molecular sieve crystals. Ph.D. thesis
(R. York).
Anderson, J. L., and Malone, D. M. 1974. Mechanism
of osmotic flow in porous membranes. Biophysical
Journal 14:957.
Anderson, J. L., and Quinn, J. A. 1974. Restricted
transport in small pores: a model for steric exclusion
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and hindered particle motion. Biophysical Journal
14:130.
Anderson, J. L., and Reed, C. C. 1976. Diffusion of
spherical macromolecules at finite concentration.
Journal of Chemical Physics (in press).
Harriott, P. 1973. The mechanism of partial rejection
by ultra filtration membranes. Separation Science
8(3):291.
Harriott, P. 1975. Thermal conductivity of catalyst
pellets and other porous particles. Chemical Engi
neering Journal 10:65.
Koh, W.-H., and Anderson, J. L. 1975. Electroosmosis
and electrolyte conductance in charged microcapil
laries. AlChE Journal (in press).
Pendergrass, J. H., and Scheele, G. F. 1974. Rapid
coalescence of liquid drops at a liquid-liquid
interface. Paper read at 67th Annual Meeting of
the American Institute of Chemical Engineers,
December 1974, in Washington, D. C.
Yu, H., and Scheele, G. F. 1975. Laminar jet contraction
and velocity distribution in immiscible liquid-liquid
systems. International Journal of Multiphase Flow
2:153.

Chemical Microscopy
Chemical microscopy has been taught at Cornell since
the turn of the century and is still a vital, growing field
of study. In recent years many new and exciting
microscopes have been developed, and these have been
widely used in chemical and chemical engineering
research. Today microscopical techniques are so far
developed that one of the ultimate goals of chemical
microscopy—to see individual atoms and molecules and
to observe the reactions between them—may soon be
realized.
Current research programs include studies of the
formation, microstructure, and physical properties of

gels and other polymeric materials. This research has
potential applications in medicine. Much of the current
effort is devoted to studying collagen as a biomaterial
that would be useful, for example, in kidney machines
or for artificial blood vessels, sutures, corneal replace
ment, vitreous body replacement, or drug-delivery
systems. Another aspect of microscopical research is
the study of the nucleation and growth of crystals. This
research has applications in such areas as desalination
by freezing, the engineering production of crystalline
products, mineralogy, and biomedical problems such
as the growth of bones, teeth, and kidney stones. Still
another group of research projects is devoted to studies
of the structure of biological cells such as bacteria
and yeasts.
These projects, directed by G. G. Cocks, R. K. Finn,
and F. Rodriguez, utilize the facilities of the microscopy
laboratory, which is well equipped with light and
electron microscopes and auxiliary equipment for the
preparation of specimens.
Representative theses include:
Cluthe, C. E. 1972. A microscopical study of the
structure of radiation crosslinked aqueous poly(ethyleneoxide) gels and frozen cryoprotective
solutions. Ph.D. thesis (G. G. Cocks).
Mukaddam, W. A. 1971. A study of secondary
nucleation of ice. M.S. thesis (G. G. Cocks).

Chemical engineering research in the area of fluid
mechanics includes studies of liquid-liquid extrac
tion processes. In this experiment drop coalescence
is being measured.
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Desalination
One important aspect of the total problem of
providing potable water is that ot purifying seawater.
Cornell University was chosen by the United States
Office of Saline Water as a site for studying desalina
tion by freezing, a process that utilizes secondary,
immiscible, direct-contact refrigerants. This process
has favorable thermodynamics and offers intriguing
engineering possibilities.
The scope of studies related to the desalination project
is quite broad. For example, heat transfer research is
required for study of the cooling of brine feed, a process
that utilizes direct vaporization of the refrigerant,
which then condenses by direct contact with the cold
product water and spent brine. Crystallization by re
frigerant evaporation is being studied in slurry
crystallizers and spray freezers; these investigations
involve experimental work on nucleation, crystal-growth
kinetics, agglomeration, and the washing character
istics of beds of these crystals. The washing of the
crystals is done in a moving piston-bed; design studies
using electrical analogs permit better evaluation of
new piston-bed wash column techniques. The dynamic
behavior of three-phase flow through a porous bed of
nonuniform structure is studied in terms of heat
transfer experimentation on the melting of the salt-free
crystals by direct contact with butane vapor. Overall
engineering and economic evaluations are used to
incorporate the results of this experimental work at

Left above: Research in diffusion processes in
cludes investigation of restricted transport of large
molecules in submicron pores as a means of sepa
rating proteins and viruses.
Left: A JEM-2A electron microscope is among the
instruments available for experimental work in
chemical microscopy.
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Cornell and the contributions of experimenters outside
the University into the total desalination program.
G. G. Cocks, P. Harriott, R. L. Von Berg, and H. F.
Wiegandt are involved in this work, some of which is
done in conjunction with the Cornell Water Resources
and Marine Sciences Center.
Among recent publications and theses in this area are:
Dabby, S. S. 1973. Ice-brine separation in a bed of
aggregates of fine ice crystals. Ph.D. thesis (P.
Harriott).
Jones, D. B. 1973. Condensation of butane in a
gravity-drained ice bed. M.S. thesis (R. L. Von Berg).
Khanani, S. K. 1974. Stripping of butane from water
in a packed column. M.S. thesis (R. L. Von Berg).
Wiegandt, H. F.; Von Berg, R. L.; and Leinroth, J. P.
1972. The piston bed and its design. Industrial and
Engineering Chemistry Process Design and
Development 11:404.

Kinetics and Catalysis
Although kinetics has been a vital part of chemical
engineering instruction and research for several years,
kinetic data are often the weakest link in the assessment
of a new process.
At Cornell many members of the chemical engineering
staff have supervised kinetics research in which the
chemistry of the reactions has been of prime interest.
P. Harriott is concerned with the mechanisms
of partial oxidation and hydrogenation on supported
metal catalysts and is investigating the effect of
crystallite size on the specific activity of these catalysts.
Reactions studied include the oxidation of ethylene and
the synthesis of methane from coal gas. Other recent
projects include investigations of liquid-phase
alkylation and oxidative regeneration of loaded ad
sorbents.

Polymerization kinetics is being studied by F. Rodriguez.
Recent work has emphasized the mechanisms of free
radical polymerization, radiation-induced reactions,
and emulsion polymerization. K. B. Bischoff is con
cerned with the kinetics of catalyst deactivation and
other heterogeneous fluid-solid reactions. Related
interests include fundamental descriptions of diffusion
and reaction in porous solids. Joint projects of Harriott
and Bischoff concern mass-transfer and reaction effects
in slurry reactors.
Facilities for study in kinetics include reactors of several
types, equipped with a variety of analytical equipment.
A B.E.T. apparatus and an electron microscope for use
in characterizing catalysts are available in the
laboratory, and NMR and X-ray diffraction equipment
is available in other departments of the college.
Recent publications and theses in this area include:
Cordova, W., and Harriott, P. 1975. Mass-transfer
resistances in the palladium catalyzed hydrogenation
of methyl linoleate. Chemical Engineering Science
30:1201.
Fontaine, R. W. 1973. The kinetics of the methanation
of carbon monoxide over nickel catalysts. Ph.D.
thesis (P. Harriott).
Kaplan, R. H., and Flodriguez, F. 1975. Kinetics of
free-radical polymerization of vinyl pyrrolidone
using a rotating-sector technique. Paper read at
169th National Meeting of the American Chemical
Society, 7-10 April 1975, in Philadelphia,
Pennsylvania.
Lee, L.-M. 1975. Alkylation of isobutane with
butene-1 in sulfuric acid. Ph.D. thesis (P. Harriott).
Robb, D., and Harriott, P. 1974. The kinetics of
methanol oxidation on a .supported silver catalyst.
Journal of Catalysis 35:176.
Wu, J.-C., and Harriott, P. 1975. The effect of crystallite
size on the activity and selectivity of silver catalysts.
Journal of Catalysis 39:395.

Nuclear Engineering
Electric power generation by nuclear reactors is a large
and expanding industry, and chemical engineers with
a background in nuclear physics are uniquely qualified
to handle many of the problems of this industry. The
refining of uranium and other fuel materials, the
reprocessing of spent fuels, and the handling of radio
active waste material are almost entirely chemical
processes. Preparation for such work would require a
major in chemical engineering and certain courses
offered by the School of Applied and Engineering
Physics, which has outstanding experimental facilities
in this field. The thesis topic would probably be an
application of chemical engineering to a nuclear
problem. Ph.D. candidates may also work on thesis
problems at the Brookhaven National Laboratory on
Long Island.
Another aspect of nuclear energy is the use of highenergy radiation to induce chemical reactions,
polymerization of monomers, and changes in the
properties of materials. An extremely versatile gamma
radiation cell is available for this work. R. L. Von Berg
and F. Rodriguez have directed several theses in this
area of research.
Faculty publications and theses in this area include:
Ashline, R. C., and Von Berg, R. L. 1969. The aqueous
phase oxidation of cyclohexane using gamma
radiation. AlChE Journal 15:387.
Kiran, E., and Rodriguez, F. 1973. Effects of gamma
radiation on aqueous polymer solutions—a compara
tive study. Journal of Macromolecular Science—
Physics B 7:209.

Differential flow reactions are used in studies of the
influence of catalytic structure on the rate and
selectivity of chemical reactions.
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Polymeric Materials
Polymer studies at the School of Chemical Engineering
center on mechanical, electrical, and optical
properties of multicomponent polymer systems,
including copolymers, polymer blends, filled polymers,
cross-linked polymers, and polymer solutions. Also
being studied are the kinetic relationships of
polymerization processes, which are often rapid
reactions of free-radical or ionic character, and the
distribution of reaction products. Current research
on polymer rheology includes investigations of polymer
solutions and suspensions in shear flow.
An experimental and theoretical study of viscous
polymers in various elongational flows (uniaxial,
biaxial, planar, etc.) is being conducted by the
simultaneous stretching and inflation of tubular
specimens. An understanding of the behavior of poly
meric materials in elongational flow is important for
such industrial processes as blow molding, film blowing,
fiber spinning, and injection molding.
Providing a scientific basis to supersede the traditional
seat-of-the-pants approach to injection molding is the
goal of an interdisciplinary group at Cornell conducting
an experimental study and simulation of injection
molding. As a first step toward this goal, numerical
simulations of mold filling, which include nonNewtonian rheology, viscous heating, and cooling
in the mold, are being compared with experimental
results obtained in the laboratory of the industrial
cosponsor, Cincinnati Milacron.
Equipment useful in polymer studies includes infrared
and ultraviolet spectrophotometers, an electron microThe effect of various polymerization processes on
the mechanical properties of multicomponent
polymer systems is being studied in a graduate re
search project.
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scope, an Instron testing machine and capillary rhe
ometer, a recording torsional pendulum, a gel permea
tion chromatograph, an automatic membrane osmom
eter, a Brabender Plasticorder, mixing devices (roll mill,
Banbury mill), a BioSonic ultrasonic generator, and
other specialized equipment. For studies of various
elongational flows, an apparatus has been constructed
to strain polymer melts at a nearly constant elongation
rate. The gamma radiation cell in the Ward Laboratory
of Nuclear Engineering is also used in polymer work.
Research in this area is directed by G. G. Cocks,
F. Rodriguez, J. F. Stevenson, R. G. Thorpe, and C. C.
Winding, of the School of Chemical Engineering. Work
may also be done with E. J. Kramer, of the Department
of Materials Science and Engineering, who studies the
mechanical behavior of crystalline polymers, and with
FI. A. Scheraga, of the Department of Chemistry, who
heads a large research group that studies protein
chemistry. Polymer research is also pursued in the
graduate Field of Biochemistry.
Among recent publications and theses in this area of
research are:
Chung, S. C.-K., and Stevenson, J. F. 1975. A general
elongational flow experiment: inflation and extension
of a viscoelastic tube. Rheology Acta 14:832.
Clark, D. B., and Rodriguez, F. 1976. A comparison
of drag reduction for flows in circular tubes with flow
between parallel planes. Journal of Applied Polymer
Science (in press).
Manning, A. J., and Rodriguez, F. 1973. Predicting solu
bilities of vinyl polymers. Journal of Applied Polymer
Science 17:1651.
Stevenson, J. F.; Chung, S. C.-K.; and Jenkins, J. T.
1975. Evaluation of material functions for steady elon
gational flows. Transactions of the Society of Rhe
ology 19:397.
Thurston, D. A. 1975. The interaction of poly(vinyl pyrrolidone) and copolymers with hydroquinone. M.S.
thesis (F. Rodriguez).

P ro c e ss S y s te m s a n d E conom ics
Technical and economic evaluations have been a long
standing interest of the Cornell chemical engineering
faculty. Areas of instruction and research include
marketing, process development and design, plant
layout, plant siting, systems optimizations, cost
estimates, and profitability analyses. Increasing atten
tion is being focused on long-term trends and socio
economic impacts of proposed developments.
Supplementary courses are offered by the Department
of Computer Science, the School of Operations
Research and Industrial Engineering, and the Graduate
School of Business and Public Administration.
A new area of concern is energy production, with
emphasis on nuclear power generation, fuel reprocessing
and waste disposal, and the development of alternate
fuel sources such as coal liquefaction and gasification.
Two specific research projects that have received
considerable attention are the development of molecular
sieve adsorption processes for separating normal paraf
fins and the development of a freezing process for
desalination of seawater.

Faculty Members and
T h eir Research Interests
John L. Anderson, Ph.D. (Illinois): membrane transport,
electrokinetic phenomena, diffusion of macro
molecules, hindered diffusion with reaction
Kenneth B. Bischoff, Ph.D. (Illinois Institute of
Technology): biological engineering, chemical
reaction engineering
George G. Cocks, Ph.D. (Cornell): light and electron
microscopy, properties of materials, solid-state
chemistry, crystallography

Robert K. Finn, Ph.D. (Minnesota): waste treatment,
agitation and aeration, microbial kinetics, enzyme
purification
Peter Harriott, Ph.D. (M.I.T.): kinetics and catalysis,
process control, diffusion in membranes and
porous solids
Ferdinand Rodriguez, Ph.D. (Cornell): polymerization,
properties of polymer systems
George F, Scheele, Ph.D. (Illinois): hydrodynamic
stability, coalescence, fluid mechanics of liquid
drops and jets
Michael L. Shuler, Ph.D. (Minnesota): biochemical
engineering, novel food sources, plant cells,
biological reactors
Julian C. Smith, Chem.E. (Cornell): conductive
transfer processes, heat transfer, mixing,
mechanical separations
James F. Stevenson, Ph.D. (Wisconsin): transport
phenomena, rheology
Raymond G. Thorpe, M.Chem.E. (Cornell): phase
equilibria, fluid How, kinetics of polymerization
Robert L. Von Berg, Sc.D. (M.I.T.): liquid-liquid
extraction, reaction kinetics, effect of radiation
on chemical reactions, saline-waler conversion
Herbert F. Wiegandt, Ph.D. (Purdue): crystallization,
petroleum processing, saline-water conversion,
direct contact heat transfer
Robert York, Sc.D. (M.I.T.): molecular sieves;
chemical market analyses; chemical economics;
process development, design, and evaluation

Further Inform ation
Prospective candidates for graduate degrees in chemical
engineering may obtain further information by writing
to the Graduate Faculty Representative, Chemical
Engineering, Cornell University, Olin Hall, Ithaca,
New York 14853.

Civil and
Environmental
Engineering

Civil and environmental engineering deals primarily
with the large fixed works, systems, and facilities
that are basic to community living, industry, and
commerce and vital to human well-being. The planning,
design, construction, and operation of transportation
systems, bridges, buildings, water and sewage treatment
facilities, dams, and other major artifacts of society
are civil and environmental engineering activities.
Civil and environmental engineers are major con
tributors to the solution of problems of urbanization,
city planning, and environmental quality control. A
burgeoning national population and the desire of people
to cluster in metropolitan complexes require a great
increase in the number of engineers who can meet the
basic needs of society with efficiency, economy, and
safety.
The wide range of subjects that are the concerns of
civil and environmental engineers are generally grouped
into a number of subfields and specializations. At
Cornell there are two departments in civil and environ
mental engineering—structural engineering and
environmental engineering.
More than one hundred students are now enrolled in
graduate programs at Cornell in civil and environ
mental engineering. These programs lead to the degrees
of Doctor of Philosophy, Master of Science, and Master
of Engineering (Civil). Major subject areas for Ph.D.
and M.S. candidates are aerial photographic studies,
environmental systems engineering, geodetic and
photogrammetric engineering, geotechnical engineering,
hydraulics and hydrology, sanitary engineering, struc
tural engineering, structural mechanics (minor only),
transportation engineering, and water resource
systems (Ph.D. only). Minor subjects may be in these
areas, in other branches of engineering, or in mathe
matics, physics, chemistry, or computer science. In
the M.Eng. (Civil) degree program, emphasis is on
design and design-oriented courses.
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Facilities
A large volume of research, sponsored by government
agencies and industry, is carried out in three large and
fully equipped structural laboratories. The structural
testing facility in Thurston Hall is one of the largest
and best equipped in any university. The main test
bay is a three-dimensional space frame permitting
heavy loads to be applied in any direction to large
structural assemblages. Major equipment items include
large-capacity testing machines, portable static and
dynamic loading devices, and automatic data-acquisition
systems. A separate concrete materials laboratory,
also in Thurston Hall, is equipped for all types of basic
and applied research in concrete. The structural models
laboratory is among the most active and best equipped
for both research and instructional modeling.
The environmental engineering facilities include
controlled-temperature rooms, laboratories for course
work and research in specialized areas such as
biological oxidation kinetics and aquatic chemistry,
and rooms specially equipped for bench and pilot-level
unit process studies in biological treatment, carbon
adsorption, ion exchange, electrodialysis, and reverse
osmosis.
In the photogrammetric area, facilities include some
of the latest geodetic and photogrammetric instruments
and equipment. Opportunities are provided to conduct
research on instrumentation for ground, aerial, and
space surveys, geodetic control, analytic aerotriangulation, geometric aspects of various remote sensors,
and problems inherent in land surveying. Airphotos and
remote sensing facilities available in the school include
an extensive library of more than 600,000 airphotos
of the United States and other areas of the world. These
illustrate various geographic and geomorphic features
and sequential changes; many are accompanied by
ground and laboratory data and other source material.

The soil mechanics laboratories contain a variety of
both standard and specialized soil-testing equipment.
Excellent facilities for the testing of stabilized soils and
asphaltic mixtures are provided.
The hydraulics laboratory is equipped for demonstra
tions in wave mechanics and rotating flows and for a
variety of conventional experiments. A large wind
tunnel is available for the modeling of atmospheric
transfer phenomena, important in studies of hydrology
and air pollution.
Research in environmental law is greatly facilitated
by the accessibility of the nearby Law School library.
A new interactive computer graphics facility located in
Rand Hall and under the direction of Professor D. P.
Greenberg, is one of the finest in American universities.
In engineering, this interdisciplinary system is used for
research in structures, fluid mechanics, and environ
mental systems engineering.

Representative of faculty publications in this area are:
Liang, T., contributing author. 1975. Remote sensing
manual, ed. R. Reeves et al. Washington, D. C.:
American Society of Photogrammetry.
Liang, T. 1975. Cornell remote sensing program.
Washington, D. C.: National Aeronautics and Space
Administration (NTIS).
The participation of graduate students in current
research projects is reflected in these recent theses,
listed with the supervising professors:
Sdrensen, B. 1975. Airphoto evaluation of landslide
potentials in a glaciated landscape. M.S. thesis
(T. Liang).
Voigt, F. 1974. Remote sensing applied to snowrelated recreational development. M.S. thesis
(T, Liang).
Zall, L. 1975. Search for mineral deposits with remote
sensing. Ph.D. thesis (D. J. Belcher).

Environmental Systems Engineering

Areas of Research
Aerial Photographic Studies and Remote Sensing
On the basis of the interests and experience of faculty
members and the facilities available at the school,
graduate programs have been directed to the following
areas: (1) investigation and refinement of methods
of interpretation of airphotos and imageries; (2) spe
cific applications in engineering, geology, agriculture,
and planning; (3) specific applications in various
climatic regions, including arctic, temperate, and tropi
cal areas; and (4) incorporation of airphoto and sensing
data into systems for the inventory of resources of large
geographical areas. Opportunities for graduate studies
in cooperation with various other units of the University
are excellent and encouraged.

This area of study is concerned primarily with public
policy planning and analysis in areas such as environ
mental quality management, public health, urban
planning, and technology assessment. The approach
that is emphasized is the use of mathematical modeling
techniques for defining and evaluating alternative
solutions to public sector problems. Faculty members
from other departments and interdisciplinary centers

Right above: Stereoscopic airphoto study is used
in tand-use inventory projects.
Right: Aerial photographs such as this infrared
image (examined by Professor A. J. McNair and a
graduate student) are used to measure and map
environmental factors.
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at Cornell participate in the graduate program in
environmental systems engineering.
Current research projects cover a wide range of topics,
including agricultural pest management, epidemiology,
control of infectious diseases, methodologies for
assessing environmental impacts and effects, urban
noise, water quality management, and solid waste
control.
Representative of recent publications by members of
the faculty are the following:
Cesario, F. J. 1975. Environmental energy policies
and automotive pollution. Journal of Environmental
Systems 5:13.
Loucks, D. P., et al. 1973. Environmental noise
management. Journal of the Environmental
Engineering Division, ASCE 99(EE6):813.
Lynn, W. R. 1973. Evaluation of environmental health
programmes. World Health Organization Technical
Report Series, no. 528. Geneva: World Health
Organization.
Schuler, R. E. 1974. The interaction between local
government and urban residential location.
American Economic Review 64(4):682.
Shoemaker, C. 1973. Optimization of agricultural
pest management. Results and extensions of a
model. Mathematical Biosciences 18:1.
Some of the recent theses written by graduate students
specializing in environmental systems engineering,
listed with the supervising professors, are:
Aste-Tonsmann, J. 1973. Scheduling and programming
the sugar cane crops in Peru. Ph.D. thesis (W. R.
Lynn).
Computer graphics is a technique used in struc
tural and environmental systems engineering.
Systems models displayed on a cathode ray tube
can be manipulated to give a three-dimensional
visualization of alternative design features.
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Fagan, A. L. 1975. Schistosomiasis control by snailkilling fly larvae: a data-based simulation model.
M.S. thesis (C. Shoemaker).
Scherer, C. 1973. Estimating return to scale in
thermal electric power systems. Ph.D. thesis
(D. P. Loucks).

Geodetic and Photogrammetric Engineering
Cornell offers an integrated program of research and
instruction in geodetic and photogrammetric engi
neering coupled with remote sensing, photographic
interpretation, and cadastral engineering. The
purpose of this program is to provide graduate training
for civil engineers, land planners, conservationists,
geologists, foresters, geographers, and others who
require surveys and Inventory of cultural and earth
resources and must be able to present information from
such inventories in the form of maps, diagrams, and
displays of one, two, three, and four dimensions. Support
for work in this field is provided by University resources
in related areas such as agricultural engineering, elec
trical engineering, geology, land planning, natural re
sources, and theoretical and applied mechanics.
An example of recent publications in this area is:
McNair, A. J. 1975. Role of the academic community
in a modern cadaster. Paper read at North American
Conference on Modernization of Land Data Systems,
Ottawa, Canada.
Representative theses are:
Biggerstaff, A. C. 1972. A photogrammetric system
for recording historic structures. Ph.D. thesis
(A. J. McNair).
Ealum, R. L. 1971. Earth's gravity field representation
by point mass set. Ph.D. thesis (A. J. McNair).
Yassa, G. F. 1973. Adjustment of aerial triangulation
using orthogonal transformations. Ph.D. thesis
(A. J. McNair).

G e o t e c h n ic a l E n g in e e rin g

H y d ra u lic s a n d H y d ro lo g y

Graduate instruction in geotechnical engineering
includes courses in several specialties. In the area of
soil mechanics there are courses on engineering
properties of soils, soil dynamics, foundation engineer
ing, and earth gravity structures. A coordinated pro
gram in highway engineering and materials is offered
in cooperation with the Field of Agricultural
Engineering. Most students with a major interest in
geotechnical engineering take courses in airphoto
interpretation and geological sciences.
Research activities can be grouped into several major
areas: soil behavior, soil-structure interaction, soil
dynamics, and probabilistic approaches to geotechnical
engineering design. Some research projects are carried
on in cooperation with others in the Cornell community,
particularly faculty members who are specialists in
remote sensing and in highway materials and
engineering.
The following representative publications indicate
some of the current research activity in this area:
Kay, J. N. 1975. A probabilistic approach to the design
of sheet pile cofferdams. Paper read at 2nd Inter
national Conference on the Applications of Statistics
and Probability to Soil and Structural Engineering,
in Aachen, Germany.
Sangrey, D. A. 1975. Normalized design procedures
in sensitive clays. Journal of the Geotechnical
Engineering Division, ASCE 101 (GT11):1181.
Some recent theses submitted by graduate students
in this field (and their supervising professors) are:
France, J. W. 1975. The effects of drainage on the
repeated load behavior of soils. M.S. thesis (D. A.
Sangrey).
Sparacin, W. G. 1975. Predicting field settlements of
compressible soils due to complex loading. Ph.D.
thesis (D. A. Sangrey).

At Cornell the graduate program in hydraulics and
hydrology is oriented toward a study of the fluid earth,
water on earth, and the near atmosphere. Instruction
progresses from basic fluid mechanics to courses
oriented toward specific applications. Effects of man’s
works on the environment are included, as well as
studies that lead to a better understanding of natural
processes.
Recent research projects by faculty members and
graduate students have included studies of lake
circulation and of unsteady flows in channels. Hydro
logic research has included several projects on evapora
tion from water and land surfaces and on groundwater
flow and the fluid mechanics of porous materials.
A sampling of recent and current research projects in
hydraulics and hydrology is given in the following list
of faculty publications:
Brutsaert, W. 1973. Heat and water vapor exchange
between water surface and atmosphere. Report
EPA-R2-73-259. Washington, D. C.: U.S. Environ
mental Protection Agency, Office of Research and
Monitoring.
Gallagher, R. H.: Liggett, J. A.; and Chan, S. T. K. 1973.
Finite element shallow lake circulation analysis.
Journal of the Hydraulics Division, ASCE 99:1083.
Liu, P. L.-F., and Mei, C. C. 1976. Wave motion on a
beach in the presence of a breakwater. Part I: Waves.
Part II: Mean Currents. Journal of Geophysical
Research (in press).

Soil testing is involved in graduate research projects
in the area of geotechnical engineering.

Among recent graduate theses are:
Bedford, K. 1974. Numerical investigation of stably
stratified, wind-driven cavity flow. Ph.D. thesis
(J. A. Liggett).
Goldman, D. 1975. A mechanical device for the
determination of bedload transport in rivers. M.S.
thesis (P. J. Murphy).
Newbold, J. D. 1973. Oxygen depletion in a thermally
stratified lake. M.S. thesis (J. A. Liggett).
Weisman, R. N. 1973. A problem in turbulent diffusion:
evaporation and cooling of a lake under unstable at
mospheric conditions. Ph.D. thesis (W. H. Brutsaert).

Sanitary Engineering
Graduate study in the major subject of sanitary engi
neering is concerned with the principles, phenomena,
and engineering techniques that are applicable to
the maintenance of natural environmental quality
at beneficial levels. Instruction and research focus on
pertinent biological, chemical, physical, and engineering
knowledge and on the use of this knowledge, along with
analytical, computational, and laboratory skills, in the
planning, analysis, and design of processes, facilities,
systems, and policies that are essential to the achieve
ment of environmental quality objectives.
More than fifteen advanced courses are offered by
faculty members of the Department of Environmental
Engineering who are specialists in this subject area.
First-year graduate students take core courses in the
major subject and electives in a minor subject of their
choice. These electives are selected from a wide

A doctoral candidate in sanitary engineering is
studying the possible use of sulfur that has been
removed from stack gases for the biological control
of nitrogen levels in wastewater effluents.
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range of supporting courses in the biological and
physical sciences, applied mathematics, planning, and
engineering; included are such subjects as environ
mental quality, hydraulics and hydrology, environmental
systems engineering, and water resources planning
and management.
Graduate students and faculty members in this subject
area carry out research in the phenomena and the
technology fundamental to water quality control and
to waste processing, disposal, and management.
The following papers are representative of recent re
search supervised by sanitary engineering professors:
Behn, V. C., et al. 1974. Recovery of usable energy
from treatment of municipal wastewaters. Technical
report CRWR-116. Austin, Tex.: University of
Texas, Center for Research in Water Resources.
Bisogni, J. J., and Lawrence, A. W. 1975. Kinetics of
microbially mediated methylation of mercury in
aerobic and anaerobic aquatic environments.
Journal of the Water Pollution Control Federation
47:135.
Gates, C. D. 1975. Non-point source runoff quality
characteristics of Binghamton, New York urban
area. In Proceedings of the symposium, American
Water Resources Association. New Brunswick, N.J.:
American Water Resources Association.
Examples of recent graduate thesis work (and the
supervising professors) are:
Barker, L. S. 1974, A comparison of observed and
settling behavior of the high purity oxygen and air
activated sludge systems. M.S. thesis (J. J. Bisogni).
Kellogg, S. R. 1974. Removal of color from red beet
and cherry processing wastes employing granular
activated carbon. M.S. thesis (R. C. Loehr).
Powell, L. A. 1973. Phosphorus removal in subsurface
sand filters. M.S. thesis (V. C. Behn).
Storrier, D. F. 1975. Aerobic bio-treatability studies
on sanitary landfill leachate. M.S. thesis (C. D. Gates).

S tr u c tu r a l E n g in e e rin g
One of the major branches of Cornell's program in civil
and environmental engineering is structural engineer
ing. Research projects involving graduate students are
grouped in several areas.
Light-gauge steel structures. A long-term program
of research at Cornell, sponsored largely by the
American Iron and Steel Institute, has provided the
basis for United States design specifications for this
broad class of structures. Current research topics
Include diaphragm effects of steel panels, stability of
compression and flexural members, design criteria
for compact sections, and connection behavior.
Reinforced concrete. Cornell has long been regarded
as one of the important centers for research on rein
forced concrete structures; building code provisions
relating to deflections, cracking, and bond have followed
directly from research here. Current programs include
sponsored research on shear walls, deep beams, and
shear transfer across cracks in nuclear containment
structures.

Modeling behavior of reinforced concrete. Pioneer

ing work has been accomplished during the past decade
in the development of techniques for small-scale
modeling of the behavior of reinforced and prestressed
concrete structures, such as shells, frames under
reversing loads, and concrete pressure vessels.

Concrete materials. Fundamental research on micro

cracking in concrete has provided a rational explanation
for the unique shape of the stress-strain curve. Recently
attention has been directed to the stress-strain relations
and strength of plain concrete under biaxial stresses.
Finite element analysis. Recent major sponsored
research projects have dealt with the finite element
analysis of shells, including dynamic response and
stability. Finite element analysis is also an integral
part of many of the other areas of research discussed

here and has been applied to the pollution analysis
of lakes.
Computer graphics. Current sponsored research in
computer graphics includes projects in finite element
grid optimization, shell geometry representation, and
progressive collapse. Linking the powerful tools of com
puter graphics and modern structural analysis promises
to become one of the most fruitful approaches to re
search in structures.
Structural dynamics. Several faculty members are
interested in the analysis of structures for dynamic
loads, in the behavior of structures under repeated,
reversed loading, and in earthquake-resistant design.
Some of the research efforts in the various aspects of
structural engineering are indicated by the following
representative faculty publications:
Abel, J. F., et al. 1975. Buckling of cooling tower
shells: state-of-the-art. Journal of the Structural
Division, ASCE 101 (ST6):1185.
DeWolf, J. T.; Pekoz, T.; and Winter, G. 1974. Local
and overall buckling of cold-formed steel members.
Journal of the Structural Division, ASCE 100(ST10):
2017.
Gallagher, R. FI. 1975. Finite element analysis:
fundamentals. Englewood Cliffs, N.J.: Prentice-Flall.
Laible, J. P., and Gergely, P. 1974. Nonlinear dynamic
response of cracked reinforced concrete nuclear
containment vessels. Nuclear Engineering and
Design 30(2):296.
McGuire, W., and Leyendecker, E. V. 1974. Analysis
of non-reinforced masonry building response to

Modeling is an important part of modern engineer
ing methods for the design and testing of large
structures. This graduate student is working with
a hyperbolic paraboloid roof model.
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abnormal loading and resistance to progressive
collapse. National Bureau of Standards report
74-526.
Nilson, A. H., and Walters, D. B. 1975. Deflection of
two-way floor systems by the equivalent frame
method. ACI Journal 75:5.
Slate, F. 0. 1974. Low-cost housing for developing
nations—a new course at Cornell University.
TECHNOS 3(1 ):79.
White, R. N. 1975. Reinforced concrete hyperbolic
paraboloid shells. Journal of the Structural
Division, ASCE 101 (ST9):1961.
Recent graduate theses in structural engineering, listed
with the supervising professors, include:
Banerjee, A. K. 1973. Analysis of orthotropic hyper
bolic paraboloid shells. Ph.D. thesis (P. Gergely).
Carino, N. 1974. The behavior of a model of plain
concrete subject to compression-tension and tensiontension biaxial stresses. Ph.D. thesis (A. H. Nilson).
Chowdhury, A. H. 1973. An experimental and theo
retical investigation of the inelastic behavior of
reinforced concrete multisensory frame models
subjected to simulated seismic loads. Ph.D. thesis
(R. N. White).
Falby, W. E. 1973. Minimum weight design of com
pression panels. Ph.D. thesis (R. H. Gallagher).
Kanodia, V. 1975. Finite element elastic instability
analysis of deep shells of double curvature. Ph.D.
thesis (R. H. Gallagher).
Laible, P. J. 1973. Interface shear transfer and
applications in the dynamic analysis of nuclear
containment vessels. Ph.D. thesis (P. Gergely).

Cornell’s structural testing laboratory includes a test
bay forty-five feet high that can be used for testing
large structural assemblies. Facilities for structural
engineering also include a concrete laboratory and
a models laboratory.
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Reck, H. P. 1974. Inelastic reserve carrying capacity
of cold-formed beams with stiffened compression
elements. Ph.D. thesis (T. Pekoz).

Structural Mechanics
The subject area of structural mechanics can be studied
as a minor in the M.S. or Ph.D. degree programs.
Courses emphasize the analytical aspects of structural
engineering, such as advanced analysis techniques,
dynamics of structures, and shell theory. A minor in
structural mechanics is especially suitable for M.S.
candidates who have an interest in analysis but who
do not have time to satisfy the requirements for a major
in structural engineering and a full minor in theoretical
and applied mechanics.

Transportation Engineering and Planning
The major emphasis in this area of teaching and re
search is the application of analytical techniques to the
solving of transportation problems. The approach is
typically multimodal, and emphasis is given to prob
lems of urban transportation. Specific interests of
faculty members lie in the areas of demand modeling
for passenger and freight movements, the development
of mass transit systems, airport planning and operation,
traffic flow theory, transportation economics,
transportation systems analysis, highway design, and
environmental aspects of transportation.
Examples of publications based on research in this
area are:
Cesario, F. J. 1975. Least-squares estimation of trip
distribution parameters. Transportation Research
9:13.
Fisher, G. P., editor. 1974. Goods transportation in
urban areas: proceedings of an engineering
foundation conference. Washington, D.C.: U.S.

Department of Transportation, Federal Flighway
Administration.
Meyburg, A. H., and Stopher, P. R. 1974. Aggregate
and disaggregate travel demand models. Journal of
the Transportation Engineering Division, ASCE
101 (TE2):237.
Recent theses in this subject area, listed with the
supervising professors, include:
Corredor, A. 1973. Maximizing accessibility: a
criterion for long-range planning of highway
investments in developing countries. Ph.D. thesis
(A. H. Meyburg).
Ittig, P. 1974. Urban freight transportation planning
process: an l-O approach to a methodological
framework. Ph.D. thesis (G. P. Fisher).
Nicolaidis, G. 1974. An application of the multi
dimensional scaling technique to the quantification
of the comfort variable for use in binary dis
aggregate mode choice models. Ph.D. thesis
(A. H. Meyburg).
Orloff, C. 1973. Routing and scheduling a fleet of
vehicles: the school bus problem. Ph.D. thesis
(W. R. Lynn).

Right above: Professor R. N. White and graduate
students use structural testing laboratory equipment
to measure the membrane shear capacity of pre
cracked concrete blocks, part of a study of the
strength of nuclear reactor containment vessels sub
jected to earthquake loads.
Right: The computer is an important tool in struc
tural engineering design. For example, when this
light pen is touched to the face of the oscilloscope,
an analysis sequence is activated and results are
displayed almost instantly. Specifications can be
continuously altered to yield a design of maximum
efficiency.
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Water Resource Systems
For graduate students interested in water resources
planning and management, there are numerous inter
disciplinary degree programs available through the
Field of Civil and Environmental Engineering, Ph.D.
degree candidates who wish to obtain some quantitative
skills in the development of mathematical management
and planning models and their application to the solu
tion of water resource problems can arrange a major
in water resources systems and minors in economic
theory, operations research, environmental quality,
public policy, or other appropriate subjects. Both Ph.D.
and M.S. degree candidates who wish to become
acquainted with some of the management and
planning issues of water resources development and
some of the relevant legislation can select a minor in
the area of water resources, described below.
Throughout the University, there are more than one
hundred courses offered and about an equal number
of staff members involved in some aspect of water
resources or aquatic sciences. Cornell’s Water Re
sources and Marine Sciences Center offers considerable
assistance in both course work and research.
The variety of research projects in this area is suggested
by the following faculty publications and theses (listed
with the supervising professors) of students with
major or minor programs in water resources:
El-Sahragty, M. 1974. Methods for analyzing storm

water storage and treatment systems. Ph.D. thesis
(D. P. Loucks).
Foster, J. 1973. Cost sharing in water pollution
abatement facilities—some economic and political
consequences. M.S. thesis (L. B. Dworsky).
Lewinger, K. 1973. A method of data reduction for
water resources information storage and retrieval.
M.S. thesis (D. P. Loucks).
Loucks, D. P., and Jacoby, H. D. 1972. The combined
use of optimization and simulation models in river
basin planning. Water Resources Research 8:1401.
Turgeon, A. 1975. Optimal operation of hydro-steam
power systems. Ph.D. thesis (C. Shoemaker).
Willis, R. L., et al. 1975. Steady-state water quality
modeling in streams. Journal of the Environmental
Engineering Division, ASCE 101 (EE2):245.

Water Resources
Students who plan to major in an area of civil and
environmental engineering may be interested in a minor
in water resources. Such a program enables advanceddegree candidates to gain breadth of knowledge in
water resource planning and management. Thesis
research is carried out in the major subject area.

Faculty Members and Their
Research and Teaching Interests

Left above: Professor L. B. Dworsky (standing)
heads an interdisciplinary project on Great Lakes
management.
Left: NEW FtIT, an experimental information retrieval
center at Cornell, supplies computerized literature
searches on water resources and other environmen
tal and engineering fields.
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John F. Abel, P.E., Ph.D. (California, Berkeley):
numerical methods in structural mechanics,
finite element analysis
Vaughn C. Behn, P.E., D.Eng. (Johns Plopkins):
sanitary engineering, industrial wastewater control,
solid waste management
James J. Bisogni, Jr., Ph.D. (Cornell): sanitary
engineering, applied aquatic chemistry

Wilfried H. Brutsaert, Ph.D. (California, Davis):
hydrology, groundwater flow, hydraulics
Leonard B. Dworsky, M.S. (American University):
water resources planning and management
Gordon P. Fisher, P.E., D.Eng. (Johns Fiopkins):
environmental systems, traffic flow theory and
traffic engineering
Richard H. Gallagher, P.E., Ph.D. (SUNY-Buffalo):
digital computer applications in structural analysis
and optimization, plate and shell buckling
Charles D. Gates, M.S. (Flarvard): sanitary
engineering, water quality control
Peter Gergely, P.E., Ph.D. (Illinois): structural
mechanics, shells, dynamics, earthquake engineering,
reinforced concrete
Donald P. Greenberg, Ph.D. (Cornell): structural
engineering, computer graphics, cable structures
Douglas A. FHaith, Ph.D. (Cornell): environmental
systems analysis, water resources, agricultural
waste management
J. Neil Kay, P.E., Ph.D. (Northwestern): foundation
engineering, deep foundations, buried structures,
probability in soils engineering
Ta Liang, Ph.D. (Cornell): aerial photography,
physical environment, remote sensing
James A. Liggett, Ph.D. (Stanford): hydraulics, fluid
mechanics, hydrology
Philip L.-F. Liu, Sc.D. (M.I.T.): hydraulics, coastal
engineering, wave hydrodynamics
Raymond C. Loehr, Ph.D. (Wisconsin): agricultural
wastes, rural environmental engineering
Daniel P. Loucks, Ph.D. (Cornell): water resource and
environmental planning, engineering economic
systems analysis
Walter R. Lynn, Ph.D. (Northwestern): environmental
systems analysis, public health, water quality
management models
George B. Lyon, P.E., M.S. (University of Iowa):
surveying

William McGuire, P.E., M.C.E. (Cornell): performance
and design of metal structures
Arthur J. McNair, C.E., P.E., M.S. (Colorado):
geodesy-photogrammetry
Arnim H. Meyburg, Ph.D. (Northwestern): urban
transportation and planning, transportation
systems analysis
Peter J. Murphy, Ph.D. (Johns Fiopkins): fluid
mechanics, hydraulics
Arthur FI, Nilson, P.E., Ph.D. (California, Berkeley):
behavior and design of reinforced concrete, pre
stressed concrete, light-gauge steel structures
Neil Orloff, J.D. (Columbia Law School): technology
assessment
Teoman Pekoz, Ph.D. (Cornell): stability ol coldformed, thin-walled steel structures; experimental
methods
Dwight A. Sangrey, Ph.D. (Cornell): soil mechanics
and foundation engineering
Richard E. Schuler, Ph.D. (Brown): public finance
problems, econometric analysis
Christine Shoemaker, Ph.D. (Southern California):
water resource systems, ecology, optimal pest
management
Floyd O. Slate, Ph.D. (Purdue): physical and chemical
properties ol engineering materials
Richard N. White, P.E., Ph.D. (Wisconsin): model
analysis, nuclear reactor structures, concrete
structures
Robert L. Willis, Ph.D. (California, Los Angeles):
groundwater resource systems, parameter
identification problems, water quality management

Further Inform ation
Further information may be obtained by writing to the
Graduate Faculty Representative, Civil and Environ
mental Engineering, Cornell University, FHollister Flail,
Ithaca, New York 14853.
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Computer
Science

Computer science, the science of information, includes
study of the nature and properties of information, its
structures and classification, its storage and retrieval,
and the various types of processing to which it can be
subjected. The physical machines that perform these
operations, the elemental units of which the machines
are composed, and the organization of these units
into efficient information-processing systems are also
of concern.
Various aspects of computer science are closely related
to many other fields. The fundamental theory of in
formation processing and the exploration of the limits
of the abilities of computing machines are topics in
pure and applied mathematics. Numerical analysis,
which has to do with the development as well as the
accuracy and efficiency of practical numerical pro
cedures, is in the area of applied mathematics. Students
of computer science and electrical engineering share an
interest in the characteristics of physical machines
and in computer design. Language structure and trans
lation are of concern in both computer science and
linguistics. The implications of current data-processing
technology for the organization and control of industrial
and business operations are also pertinent to industrial
engineering and business administration. Investigations
in the area of artificial intelligence are of interest in the
study of psychology and biology. In the past these
subjects usually have been pursued as parts of various
fields. Today increasing recognition is being given to
the strong common basis of all of this work, and
computer or information science is an independent
discipline at many leading institutions.
Cornell’s leadership in the development of computer
science is indicated by the following texts written at
Cornell and widely used by other institutions:
Aho, A.; Hopcroft, J. E.; and Ullman, J. D. 1974.
The design and analysis of computer algorithms.
New York: Addison-Wesley.
Conway, R. W., and Gries, D. 1973. An introduction
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to programming: a structured approach using PL/1
and PL/C. Cambridge, Mass.: Winthrop.
Conway, R. W.; Maxwell, W. L.; and Miller, L. W. 1967.
Theory of scheduling. New York: Addison-Wesley.
Gries, D. 1971. Compiler construction for digital
computers. New York: John Wiley.
Hartmanis, J., and Stearns, R. E. 1966. Algebraic
structure theory ol sequential machines. Englewood
Cliffs, N.J.: Prentice-Hall.
Hopcroft, J. E., and Ullman, J. D. 1969. Formal
languages and their relation to automata.
New York: Addison-Wesley.
Salton, G. 1969. Automatic information organization
and retrieval. New York: McGraw-Hill.
Salton, G. 1975. Dynamic information and library
processing. Englewood Cliffs, N.J.: Prentice-Hall.
Salton, G., et al. 1971. The SMART retrieval system:
experiments in automatic document processing.
Englewood Cliffs, N.J.: Prentice-Hall.
There are about sixty graduate students in computer
science at the present time. Out of approximately
two hundred and fifty applicants, the field admits
fifteen to twenty new students each fall. Persons who
cannot enroll as full-time students are discouraged from
applying. (Students having assistantships or fellowships
are normally regarded as full-time students.)
For admission in computer science, a student is
expected to have had significant experience in pro
gramming a digital computer, a solid background in
mathematics (for example, at least calculus and linear
algebra and preferably other subjects such as logic,
statistics, or analysis), and depending on the specializa
tion chosen, an appropriate background that would
permit immediate enrollment in graduate-level courses
in that specialization. In addition to the materials
required for application to the Graduate School, the
Field of Computer Science requires a third letter of
recommendation, a supplemental application form
(available from the graduate faculty representative of

the field), and Graduate Record Examination scores
(verbal and quantitative plus, if possible, an appropriate
Advanced Test score).
Students interested primarily in computer components
and logical design rather than in the use of computers
may find it more appropriate to consider the Field
of Electrical Engineering.

Facilities
The central computing facility at Cornell is a threemegabyte IBM 370/168, linked to high-speed terminals
at various locations on campus. The College of Engi
neering is served through two such terminals, as well
as by a number of slow-speed terminals for time
sharing.
Numerous other machines, ranging up to a PDP-10,
are also available, but almost all computer science use
involves the central facility.

The Department of Computer Science maintains a
large instructional as well as a research program.
Above: Teaching assistants counsel undergraduates
in the computer center on the engineering campus.
Right: Professor D. Gries works with the depart
ment's teaching assistants in the basic computer
science course.
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Areas of Research
The research program is designed to provide an atmo
sphere in which both students and faculty can make
major contributions and influence the development of
computer science.
Major research efforts are directed toward analysis of
algorithms, the theory of computation, compiler con
struction, operating systems, programming languages,
information storage and retrieval, program verification,
and numerical analysis.
Instruction and research in related topics are carried
out in other graduate fields. These include simulation,
data processing, linguistics, control theory, mathe
matical programming, network and graph theory, and
electrical engineering. In particular, the Field of
Computer Science maintains a close relationship with
the Field of Operations Research at Cornell.
Brief descriptions of the major research activities in
the Field of Computer Science at Cornell are given
below. The examples range from abstract mathematics
to practical implementations and experiments in
programming systems.

Theory of Algorithms
There is a growing belief that a relatively small number
—perhaps a score—of fundamental processes dominate
all computing, both applications and systems programs.
The study of algorithms is the attempt to identify these
fundamental processes and to find efficient and possibly
optimal algorithms for their execution. Recent results
have concerned high-precision multiplication, matrix
The University's central computer facility (left) is
augmented by terminals at various places on
campus.
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multiplication, evaluation of polynomials, pattern
matching, sorting, and manipulation of graphs. In many
cases, marked improvements in performance have been
obtained. For example, while it has long been “known”
that matrix multiplication varies with the cube of the
order n, it has recently been shown that at most n 2 8i
operations are required.
Work by J. E Hopcroft is concentrated on fundamental
features of the basic algorithms. Concise models of the
pertinent features are being formulated, and theoretical
results concerning asymptotic running times and lower
bounds are being obtained.
Examples of recent theses in this area, listed with the
supervising professors, are:
Galil, Z. 1975. The complexity of resolution procedures
for theorem proving in the propositional calculus.
Ph.D. thesis (J. E. Hopcroft).
Musinski, J. A. 1973. Determining the complexity
of matrix multiplication and other bilinear forms.
Ph.D. thesis (J. E. Hopcroft).

Theory of Computation
Primary activities in the area of theory of computation
are concerned with the theory of automata, formal
languages, computational complexity, program sche
mata, and formal semantics.
As a result of recent work in theoretical computer
science, there is emerging a unified theory of feasible
computation that has strong connections to recursive
function theory, to formal language theory, and to the
theory of algorithms. This theory and these connections
are being investigated by several professors and their
students.
Examples of recent graduate work in this area, listed
with the supervising professors, are:
Hunt, H. B. 1974. On the time and tape complexity
of languages. Ph.D. thesis (J. E. Hopcroft).

Mehlhorn, K. 1974. Computational complexity. Ph.D.
thesis (R. L. Constable).
Simon, J. 1975. On some central problems in compu
tational complexity. Ph.D. thesis (J. Hartmanis).
The study of program schemata has led to work that
relates the theory of computing to a study of the
semantics of programming languages. There have been
three theses in this area in the past few years:
Brown, J. S. 1972. Program schemata and information
flow: a study of some aspects of the schema power
of data structures. Ph.D. thesis (D. Gries).
Cherniavsky, J. C. 1972. Logical theories for repre
senting flowchart schemata. Ph.D. thesis (R. L.
Constable).
Muchnick, S. 1975. Structure and complexity in sub
recursive computation. Ph.D. thesis (R. L. Constable).
Other recent work in this area concerns questions about
the computational complexity of schemata and the
analysis of algorithms for manipulating them. Publica
tions based on this research include the texts, cited
above, by Hartmanis and Stearns and by Aho, Hop
croft, and Ullman and also journal articles such as
the following:
Hartmanis, J., and Baker, T. P. 1975. On simple
Goedel numberings and translations. SIAM Journal
of Computing 4(1 ):1.
Hartmanis, J., and Hunt, H. B., III. The LBA problem
and its importance in the theory of computing.
SIAM-AMS Proceedings 7:1.
Hopcroft, J., and Musinski, J. 1973. Duality applied
to the complexity of matrix multiplication and other
bilinear forms. SIAM Journal oi Computing 2(3):159.

Computerized equipment is used in research labo
ratories throughout the University. This minicom
puter is in a data-acquisition room at the synchro
tron facility.

Compiler Construction
The PL/C compiler, a very efficient compiler for a
subset of PL/I, was implemented under the leadership
of R, W. Conway. The compiler is unusual in that it
attempts to make plausible repairs of all errors so that
every program reaches execution. It has become the
standard instructional system for PL/I—it is used at
more than a hundred universities throughout the world.
A description is available in published form:
Conway, R. W., and Wilcox, T. R. 1973. Design and
implementation of a diagnostic compiler for PL/I.
Communications of the ACM 16(3): 169.
Further work on PL/C is directed toward expanding
the subset of PL/1 and improving both efficiency and
error repair. A group at Cornell has developed an inter
active version of the system.
The department is also involved in the study of auto
matic translator writing systems and their practical
application. D. Gries's book on compiler construction,
cited above, reflects this work.

Program Verification and Semantics
R. Constable, J. Donahue, D. Gries, and S. Owicki and
their students are working on various aspects of
program verification and the formal semantics of pro
gramming languages. Constable is concerned with
theoretical issues arising in this area, especially ques
tions about the underlying logical systems and models.
Donahue is applying theories of formal semantics to
the description and design of real programming lan
guages. Gries is working on programming methodology,
Among professors who direct research in compu
tational theory are (left to right above) R. L. Con
stable and J. Hartmanis. Another major research
area at Cornell is information organization and
retrieval, the specialty of Professor G. Salton (left).
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new techniques for correctness proofs, and ways of
teaching these approaches to programming. Owicki
is working on axiomatic descriptions of parallel
programs.
Some examples of recent work in this area are:
Constable, R. L., and Egli, H. 1976. Computability
concepts for programming language semantics.
Journal ol Theoretical Computer Science (in press).
Donahue, J. 1976. Complementary definitions of
programming language semantics. Volume in series,
Lecture Notes in Computer Science. Berlin,
Heidelberg, and New York: Springer-Verlag.

Information Organization and Retrieval
Research directed by G. Salton deals with the analysis
of information retrieval algorithms and the design of
fully automatic retrieval systems. The work includes the
design and evaluation of file organization systems,
automatic classification and search methods, language
analysis procedures, and interactive retrieval processes.
A research project headed by Salton has led to the
publication in the past few years of three textbooks
(cited above). The participation of graduate students in
this program is indicated by thesis work completed
recently:
Williamson, R. E. 1974. Real time document retrieval.
Ph.D. thesis (G. Salton).
Yu, C. 1973. Theory of indexing and classification.
Ph.D. thesis (G. Salton).
In another project in this area, R. W. Conway and W. L.
Maxwell have designed and implemented a data-base
maintenance and information retrieval system. This
system, which features unusual facilities for file security,
is described in the following publication:
Conway, R. W.; Maxwell, W. L.; and Morgan, H. L.
1972. On the implementation of security measures
in an information system. Communications of the
ACM 15(4):211.
This work on security measures is continuing.

N u m e ric a l A n a ly sis
J. E. Dennis, S.-P. Han, and C, Van Loan are carrying
on research in the areas of numerical linear algebra,
solutions of nonlinear systems of equations, and non
linear optimization. Mathematics professor J. Bramble
is primarily interested in the numerical solution of
partial differential equations. Ph.D. theses have been
written on approximation theory, solutions of nonlinear
systems of equations, and solutions of matrix polynomial
and X -matrix problems. A representative thesis is:
Gay, D. 1975. Brown's Method and some generaliza
tions, with applications to minimization problems.
Ph.D. thesis (J. E. Dennis).

Richard W. Conway, Ph.D. (Cornell): digital simulation,
management, information systems, operating systems

Alan Demers, Ph.D. (Princeton): programming
languages, compiler construction

John E. Dennis, Ph.D. (Utah): numerical analysis
James Donahue, Ph.D. (Toronto): program semantics
David Gries, Dr.rer.nat. (Technische Hochschule,
Munich): programming languages, compiler
construction

Shih-Ping Han, Ph.D. (Wisconsin): numerical analysis
Juris Hartmanis, Ph.D. (California Institute of Tech
nology): theory of computation
John E. Hopcroft, Ph.D. (Stanford): theory of
computation, analysis of algorithms

William L. Maxwell, Ph.D. (Cornell): digital
simulation, operations research

Anil Nerode, Ph.D. (Chicago): logic, applied
mathematics

Susan Owicki, Ph.D. (Cornell): programming
languages and systems

Faculty Members and

Christopher Pottle, Ph.D. (Illinois): signal processing,

T h e ir Research Interests

Gerard Salton, Ph.D. (Harvard): information

The faculty of the graduate Field of Computer Science
consists of the staff of the Department of Computer
Science and members of other departments who teach
graduate courses and supervise students in areas of
study related to computer science. The other academic
areas represented in the field are mathematics, applied
mathematics, electrical engineering, theoretical and
applied mechanics, and operations research.
Gregory Andrews, Ph.D. (Washington): operating

Ray Teitelbaum, Ph.D. (Carnegie-Mellon): program

system s theory

organization and retrieval
ming languages and systems

Charles Van Loan, Ph.D. (Michigan): numerical
analysis

John Williams, Ph.D. (Wisconsin): formal languages,
programming languages, compiler construction

system s

Henry Block, Ph.D. (Iowa State): theory of automata,
pattern recognition

James Bramble, Ph.D. (Maryland): numerical analysis
Robert L. Constable, Ph.D. (Wisconsin): computational
complexity, formal semantics and proof theory of
programming languages

Further Inform ation
Additional information may be obtained by writing to
the Graduate Faculty Representative, Computer Science,
Cornell University, Upson Hall, Ithaca, New York
14853.

Electrical
Engineering

Graduate study in electrical engineering at Cornell is
inspired by a wide spectrum of interests, ranging from
basic electrical phenomena or the processing of sig
nals to technologies in the design and development
of electrical solutions to specific problems.
At the master’s level there are two avenues by which a
student may proceed: the Master of Engineering
(Electrical) degree program, which places major em
phasis on design capability at a high level of professional
competence, and the Master of Science degree program,
which focuses attention on independent research. Be
yond this stage, the two routes coalesce in the Doctor
of Philosophy degree program, in which research is
conducted on topics that vary from optical electronics
to space communication. A few examples of current
activities are projects in the areas of planetary mag
netospheres, the application of control theory to power
system stability, optical communication systems, signal
encoding in animal nervous systems, algorithmic design
of computer networks, microwave field-effect tran
sistors, insensitive multivariable control systems,
probabilistic coding, electron microscopy in integrated
circuit fabrication, high-energy plasmas and thermo
nuclear fusion, solid-state and ultraviolet lasers, and
electric vehicles.
Two general areas, electrophysics and systems, underlie
most research and design activity in electrical engi
neering. Electrophysics encompasses the study of the
physical properties of matter and the environment
and the study of devices that utilize these properties.
Systems research is concerned with complexes formed
by the interconnection of devices and with the response
of these networks to various excitations. In electrical
engineering these two areas impinge on one another. At
Cornell research projects are distributed widely over the
separate disciplines as well as in the areas of overlap.
Currently more than one hundred forty graduate
students are enrolled in the Field of Electrical Engineer
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ing. Of these, fifty are working for their Ph.D. degrees.
The number is large enough to achieve the critical
mass that is conducive to effective research in most
areas, yet small enough to enable the students and
faculty to work together in close association. Further,
inasmuch as graduate students often learn as much
from each other as they do from their formal studies,
it is important to have individuals working in related
research areas, as is the case at Cornell, and to provide
an environment that encourages interaction among
them.
The M.Eng. (Electrical) degree program is a course of
study requiring thirty credit hours of technical work,
which must include two two-semester course sequences
in electrical engineering. Three to twelve hours are
devoted to a design project. Neither the M.S. nor the
Ph.D. degree program has specific course requirements.
Each student, in consultation with the faculty members
of her or his Special Committee, devises a program of
courses and research tailored to the student's own
background and objectives. The formal courses in any
of these programs may be selected from the more than
sixty graduate-level courses offered by the School of
Electrical Engineering or from the many other advanced
courses of interest to graduate students in electrical
engineering that are offered throughout the University.
Of particular relevance are those in the Departments of
Applied Physics, Astronomy and Space Sciences, Com
puter Science, Mathematics, and Physics.

Facilities
Many of the research projects in the Field of Electrical
Engineering are carried out in the laboratories of
Phillips Hall, the center for activity in electrical engi
neering at Cornell. Several other University laboratories
and research centers also accommodate electrical
engineering research groups.

In the area of electrophysics, the facilities include
special laboratories for ionospheric physics and radio
wave propagation, microelectronics and integrated
circuits, microwave solid-state devices, optics and
spectroscopy of solids and thin films, and quantum
electronics. The facilities of Cornell's Materials Science
Center and of its Laboratory of Plasma Studies are used
by groups working in these areas. Some of the research
in ionospheric physics and radar astronomy is carried
out at the National Astronomy and Ionosphere Center,
which is operated by Cornell in Puerto Rico.
In the area of systems, the facilities include special
laboratories for research on active networks and digital
filters, bioelectronics, control systems, and digital
systems. Some groups also use the facilities of the
Laboratory of Neurobiology and Behavior in the Division
of Biological Sciences.
Highly important for electrical engineering research,
particularly in the area of systems, are the various
computer facilities available at Cornell. The University’s
extensive central computer services, together with oncampus access to several of the largest computing
networks in existence, are used in many of the research
projects in both electrophysics and systems. In addition,
the School of Electrical Engineering has a PDP 11 /40
minicomputer system with extensive peripheral devices,
available to all faculty members and students for re
search and instructional use. This machine is interfaced
with an analog computer to provide a hybrid facility.

Areas o f Research
There are a number of broad areas of investigation in
which faculty members of the Field of Electrical Engi
neering are active. Given below, under each area
heading, are some research topics and design problems
on which work currently is under way. Also listed are

a few recent design reports, research theses, and pub
lication's that have resulted from such efforts. A com
plete list of faculty publications is available from the
School of Electrical Engineering, Phillips Hall.

Bioelectronics
Research in this area involves the application of elec
trical engineering techniques to biological and medical
systems and includes studies of electrophysiological
techniques, animal sound communication, sensory
processing in the nervous system, and the dynamics of
cancer cellular proliferation and cancer therapy.
Current efforts include studies of mechanisms and
models underlying periodic electrical activity of single
pacemaker nerve cells and circadian oscillation in the
sea snail eye, vocal communication in frogs and toads,
the encoding of complex sounds in the auditory nervous
system, and models and design of cancer therapy.
R. R. Capranica and M. Kim direct these research
efforts in bioelectronics. Among reports and publica
tions are the following:
Capranica, R. R.; Frishkopf, L. S.; and Neuvo, E. L.
1973.
Encoding of geographic dialects in the audi
tory system of the cricket frog. Science 182:1272.
Davis, R. D. 1974. An action potential discriminator
for neurophysiological research. M.Eng. report
(R. R. Capranica).
Current bioelectronics research includes a study of
pacemaker nerve cells in the sea snail Aplysia.
Right above: Measurements of the light response
of the isolated eye of Aplysia are made with the
optic nerve intact.
Right: Electrodes inserted into nerve cells permit
electronic measurement of nerve response as a
function of factors such as illumination intensity
and temperature.
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Kim, M., and Woo, K. B. 1975. Kinetic analysis of cell
size and DNA distributions during tumor cell pro
liferation: Ehrlich ascite tumor study. Cell and
Tissue Kinetics 8:197.
Plant, R. E„ and Kim, M. 1975. On mechanisms
underlying bursting in the Aplysia abdominal ganglion
R15 cell. Mathematical Bioscience 26:357.
Graduate theses in progress include “Response Proper
ties of Single Nerve Cells Involved in Sound Localiza
tion," “Frequency Response of Acoustic Receptor
Organs," “Neural Detection of Frequency Modulated
Sounds," "A Neurological Control Model of the Periph
eral Visual System of Aplysia,” "Pharmacological
and Systems Study of Pacemaker Neurons,” and
“Optimal Chemical Control of Tumor Growth."

Computer Architecture and Design
Investigation of evaluation techniques for micro
processors and microcomputer systems is being carried
out. Such evaluation techniques will serve those who
incorporate microcomputers in their products and those
who design microprocessors and related modules.
Algorithmic and quantitative approaches to the design,
implementation, and evaluation of computers and
computer networks are being developed. Special em
phasis is placed on structures in which multiple
functional units are employed to enhance processing
power.
Left above: Sounds used in behavioral studies of
animal communication are generated electronically
in research directed by Professor R. R. Capranica
(at center). The work also includes related neurophysiological experiments.
Left: A PDP-11140 minicomputer at the School of
Electrical Engineering is used for special research
projects as well as for instruction.
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H.-C. Torng and N. M. Vrana and their students are
working on these projects. Recent theses and publica
tions include:
Bowra, J. W. 1973. The modeling and synthesis of
multi-functional unit processors. Ph.D. thesis (H.-C.
Torng). A paper based on this research will appear in

Control Theory

More concrete design efforts are directed toward
specific applications of digital and computing tech
nology. The need for input-output systems and interface
equipment, to be used with student-constructed digital
computers and in the microprocessor laboratory, pro
vides a host of design problems. In the past, for example,
a number of students designed and built, over a period
of several years, the hybrid computing facility that is
now part of the school's Computer Laboratory. Con
templated for the future is a microcomputer-based
model power system control laboratory that will involve
many system and subsystem design tasks. Also en
visioned is a microcomputer-controlled television
camera system for production-line inspection use.

Theoretical problems associated with the control of
linear and nonlinear systems, including problems of
stochastic control, are being studied. The techniques
developed in these investigations are being applied to
control problems in the areas of power systems (im
proving transient stability), tracking systems, and
guidance systems for reentry vehicles.
In the area of multivariable linear systems, the design
of insensitive control systems is being investigated. By
identifying certain invariant properties of a system and
relating them to the design objectives, it is possible to
produce an insensitive solution.
An important part of the research in control theory is
focused on successive approximation techniques. Com
puter techniques (analog, digital, and hybrid) are
emphasized, particularly for optimization in real time.
The application of the theory of functional analysis to
control problems provides a background for new compu
tational procedures.
As an application of modern control theory, the dy
namics of cancer cell populations and the design of
various modes of cancer therapy are studied by applying
system identification and optimization techniques.
The design of terminal guidance systems for reentry ve
hicles is studied by using either the classical approach
based on proportional navigation or modern control
theory.

N. M. Bryant, C. Pottle, and N. M. Vrana are much
concerned in these efforts. Some typical reports that
have resulted are:
Lee, J., and Davis, R. 1975. An IBM-compatible mag
netic tape driver for the PDP 11 disk operating
system. M.Eng. report (C. Pottle).
Nash, C. 1975. Automatic printed-circuit tester design.
M.Eng. report (N. H. Bryant).

Master of Engineering (Electrical) students per
form experiments in digital circuitry (top photo)
and in control systems (bottom photo) in the digital
circuits laboratory of the School of Electrical Engi
neering.

IEE E Transactions on Computers.

Fung, K. T. 1975. On the analysis and design of
multiple-microprocessor systems for control pro
cesses. Ph.D. thesis (H.-C. Torng).
Roome, W. D. 1974. Modeling and design of batch
processing computer networks. Ph.D. thesis (H.-C.
Torng). A publication based on this research
appeared in the Proceedings of 1974 Symposium on
Computer Networks, p. 30.

79

The digital circuits laboratory has a hybrid
computational facility built over a period of
years by Master of Engineering (Electrical)
students.

7.

When the proposed microcomputer-based model oower
system is operational, a program in the development
of transient control algorithms will be undertaken.
M. Kim, R. J. Thomas, and J. S. Thorp direct research
projects in this area. Recent reports, theses, and pub
lications include:
Bahrami, K., and Kim, M. 1975. Optimal control of multi
plicative control systems arising from cancer therapy.
IEEE Transactions on Automatic Control 20:537.
Barmish, B. R. 1975. On a class of perturbation-invari
ant Chebyshev regulators. Ph.D. thesis (J. S. Thorp).
Barmish, B.; Fleming, J. A.; Thorp, J. S.; and Dunn, J. C.
1974. The transferability of bounded initial regions
by feedback compensation. International Journal of
Control 20:801.
Chen, T„ and Kleinwaks, J. 1975. Predictive compensa
tion of a positional control system. M.Eng. report
(R. J. Thomas).

Kim, M., and Grider, K. V. 1973. Terminal guidance for
impact attitude angle constrained flight trajectories.
IEEE Transactions on Aerospace and Electronic
Systems 9(6):852.
Thorp, J. S. 1974. An algorithm for an invariant canon
ical form. In Proceedings of the 1974 IEEE Con
ference on Decision and Control. New York: Institute
of Electrical and Electronics Engineers.

Electromagnetic Theory and Microwave Devices
Research is being conducted on the application of
symmetry analysis to electromagnetic theory, with
particular emphasis on microwave and millimeter cir
cuits and devices. In addition, the electromagnetic
properties of dispersive media are being investigated.
Microwave devices for use as circuit elements in solidstate oscillators and amplifiers are also being studied.
The emphasis of this research is to determine, through
experimentation, the interaction that occurs between
the nonlinear solid-state element and the passive micro
wave circuit. Idealized as well as practical structures
are being designed and tested using microwave measure
ment techniques.
G. C. Dalman, C. A. Lee, and P. R. Mclsaac direct work
in this area. Examples of theses and papers are:
Mclsaac, P. R. 1975. Symmetry-induced modal char
acteristics of uniform waveguides. IEEE Transactions
on Microwave Theory and Techniques 23:421.
Wang, S. C. 1975. IMPATT diode oscillator load charac
teristics. M.S. thesis (G. C. Dalman).

High-Energy Plasmas
Plasma research conducted by the faculty and students
of the School of Electrical Engineering is coordinated by
the interdepartmental Laboratory of Plasma Studies.
Both theoretical and experimental programs are pur-
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sued. The extensive laboratory facilities include both
large-scale plasma devices and small-scale apparatus.
Programs in which members of the school are partici
pating include projects and studies in intense relativistic
electron beams and their interaction with plasmas,
intense ion beams, lasers and their interaction with
plasmas, collisionless plasma turbulence (waves and
transport), nonlinear waves and plasma instabilities,
and numerous problems involved in controlled thermo
nuclear power research.
Research on megavolt, terawatt electron beams, highcurrent megavolt ion beams, and turbulent heating are
especially noteworthy, since pioneering work in these
areas has been carried out at Cornell. The electron and
ion beam research is directed largely to the study of
heating and confinement of thermonuclear plasmas.
Other work using these beams is directed to microwave
generation, collective ion acceleration, and beam
dynamics. In the turbulent heating experiments, the
possibilities for heating a fusion plasma by strong
turbulence are being investigated. Theoretical investiga
tions include studies of collective processes by which
relativistic beams transfer their energy to plasmas,
stability and equilibrium of electron beams in different
geometrical configurations, and plasma turbulence.
Some of these problems are simulated by numerical
models solved on the largest modern digital computers.
Electrical engineering faculty members who are direct
ing plasma research include R. L. Liboff, S. Linke, R. A,
McFarlane, J. A. Nation, E. Ott, R. N. Sudan, C. B.
Wharton, and G. J. Wolga. Other units at Cornell that
participate in the Laboratory of Plasma Studies activities
include applied and engineering physics, chemistry,
mechanical and aerospace engineering, nuclear science
and engineering, and physics.
Recent theses and papers in this area include:

Research on the heating of plasmas, part of a study
of controlled thermonuclear processes for possible
use in power plants, is being conducted under the
supervision of Professor C. B. Wharton. A very high
power machine has been developed to study the
interaction of high-current electron beams with a
contained plasma. A laser, shown in the foreground
of the top photo, is used to follow events occurring
inside the machine, which is seen in the back
ground and in the photo at right. The barrel-shaped
unit is the electron gun. A microwave diagnostic
process is also used in the experimental work.
Carmel, Y. 1974. Application of intense relativistic
electron beams to microwave generation. Ph.D. thesis
(J. A. Nation). A paper based on this research was
published under the same title in 1973 in Journal of
Applied Physics 44:5268.
Lee, R. E. 1971. Return current induced by a relativistic
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electron beam propagating in a magnetized plasma.
Ph.D. thesis (R. N. Sudan). A paper with the s#me title
was published in 1971 in Physics ol Fluids 14:1213.
Liboff, R. L., and Maresa, N. 1975. An interpolation
formula for the energy radiated by a point charge
passing through a hole in a plane. Canadian Journal
of Physics 53:62.
Ott, E.; Manheimer, W. M.; and Klein, H. H. 1974.
Stimulated Compton scattering and self-focusing in
the outer regions of a laser fusion plasma. Physics
ol Fluids 17:1757.
Rao, B. L. 1966. The effect of a pulsed magnetic field
on the interruption of alternating currents in vacuum.
M.S. thesis (S. Linke and R. N. Sudan).
Wharton, C.; Robertson, S.; and Korn, P. 1973. Para
metric study of turbulent heating in a linear discharge.
IEEE Transactions on Plasma Science 2(2):17.
The area of plasma research and related studies of highpower electron and ion beams offer a number of
opportunities for engineering design projects. Much of
the experimental equipment needed to carry out the
basic research has to be designed and built at Cornell.
In designing the machines that generate the beams,
electromagnetic principles must be applied to achieve
the acceleration and confinement of charged particles
and plasma arcs. Furthermore, many instrumentation
problems that arise in this research are peculiar to the
very high voltages and intense magnetic fields involved
and require creative engineering design for their solution.

A recent addition to the facilities in electrical engi
neering is a clean room for crystal growth and
semiconductor processing. Three laboratories have
humidity and temperature control and filtered air;
entry is through air locks, by persons wearing special
clean-room apparel. The facility is also used for instruc
tion in integrated circuit technology.

In fo rm a tio n a n d D e c is io n T h e o r y
Research in information and decision theory is con
cerned with fundamental improvements of theories of
information representation and processing and with
applications of these theories to the design of such
systems as encoders, decoders, communication nets,
optical channels, and pattern classifiers.
New probabilistic coding algorithms have been de
veloped for channels with compound, asynchronous
error mechanisms. Rate distortion theory is being used
to study the generation of information and the efficiency
of information transmission by analog, digital, and
biochemical communication systems. Recently opened
research areas include simultaneous communications
over information nets and interrelations between ergodic
theory and information.
Designs for communications systems operating at
optical frequencies are being analyzed, taking into
account the noise sources, including quantum noise,
that are important at these frequencies. Schemes are
being explored to transmit information efficiently
through such important optical channels as free space,
fibers, scattering media, and atmospheric line-of-sight
paths. Overall system design studies will be undertaken.
New characterizations of chance and uncertainty are
being developed on the basis of the concepts of compara
tive probability and computational complexity. Methods
of inference and decision making that are compatible
with these new characterizations and that can yield new
designs of information processing systems are being
explored.
T. Berger, V. W. S. Chan, and T. L. Fine direct research
on these projects. Examples of publications and theses
in this area include:
Benjamin, T. 1975. Coding for a noisy channel with
permutation errors. Ph.D. thesis (T. Berger).

Berger, T. 1971. Rate distortion theory: a mathematical
basis for data compression. Englewood Cliffs, N.J.:
Prentice-Hall.
Chan, V. W. S. 1975. Characterization of measurements
in quantum communications. TR 489. Cambridge,
Mass.: M.I.T. Research Laboratory of Electronics.
Fine, T. 1973. Theories of probability: an examination
of foundations. New York: A cadem ic Press.
Kaplan, M. 1974. Extensions and limits of com parative
probability orders. Ph.D. thesis (T. L. Fine).

M icrowave Sem iconductor Devices
Research in the area of m icrowave sem iconductor
devices emphasizes experim ental studies with potential
engineering applications. Active elem ents for the
generation and am plification of m icrowave signals at
both low and high power levels, along with the growth
of the key sem iconductor crystals necessary for the
construction of these elements, are being investigated.
Applications of these devices are also being considered.
Devices being studied include m icrow ave field-effect
transistors (FETs), Gunn and limited space charge
accum ulation (LSA) diodes, and various types of
avalanche diodes. Fabrication of these devices, and
circuit design for their use as oscillators and amplifiers,
requires application of the latest techniques in such
fields as ultrapure materials growth, integrated circuit
technology, autom ated device characterization, and
com puter optimization of circuits.
In the area of materials growth, research is in progress
on the growth of gallium arsenide and indium phosphide
crystal layers, using both furnace tem perature transients
and the novel application of an electric current flow
between the growing crystal and the melt to achieve
greater control over the growth.
In the area of fabrication technology, research is in

A b o ve : A s tu d e n t p re p a re s to m ake a p h o to re d u c 
tio n o f a m ask to be u se d fo r d e lin e a tin g a c irc u it
on a s ilic o n chip.
R ig h t: L a b o ra to ry co u rse w o rk is p a rt o f the g ra d u 
ate p ro g ra m . A t rig h t is P ro fe sso r G. C. Dalm an,
a sp e c ia lis t in m icro w a ve s o lid -s ta te d evices and
circ u its .

progress on delineating ultratiny lines using electron
beams, as well as special etching techniques and more
conventional methods. Ion im plantation is also being
used to optimize the perform ance of these devices.
In the area of circuit design, autom ated network
analyzer facilities are being used to m easure device
parameters: on-line connection to the school’s PDP
11745 com puter facilitates circu it optimization.

A new 3,200-square-foot clean-room facility has re
cently been installed in Phillips Hall to facilitate the
research described above. U ltraclean facilities are
available for the growth of sem iconductor crystals by
m olecular-beam and liquid-beam epitaxial methods.
These are used in studies of im purity diffusion, m etal
lization, photolithography, and ion implantation.
G. C. Dalman, L. F. Eastman, J. Frey, W. Ku, and C. A.
Lee are directing this research, w hich is represented by
the following reports, theses, and publications:
Berenz, J.; Tomassini, M.; Lee, C. C.; and Dalman, G. C.
1975. Determ ination of IMPATT diode m ultiplica
tion and saturation current from 30 MHz noise
measurement. In Proceedings ol the 1975 Cornell

conference on active semiconductor devices for
microwaves and integrated optics. Ithaca, N. Y.:
Cornell University.
Ip, K. T., and Eastman, L. F. 1975. D ependence of
T.E.O. efficiency on NL product. Electronics Letters
2(14):301.
D o c to ra l c a n d id a te s are w o rk in g on a p ro je c t to
devise te ch n iq u e s fo r o n -lin e fa u lt a n a lysis o f
large e le c tric p o w e r syste m s th a t w o u ld h e lp e n su re
sta b ility.
A bove: A m o d e l to s im u la te a la rge p o w e r g e n e ra t
in g p la n t is b e in g c o n s tru c te d u n d e r the su p e rv is io n
o f P rofessors S. L in k e (a t c e n te r) a n d R. J. Thom as
(a t rig h t). A m o d e l o f a la rg e tu rb o g e n e ra to r is
seen o n the la b o ra to ry be n ch, a n d the a c c o m p a n y 
in g a n a lo g c o m p u te r c o n tro ls are s h o w n at the left.
Left: A n o th e r view s h o w s the a n a lo g c o m p u te r u n its
a nd a "b la c k b o x " in te rfa c e u n it (in th e b a c k 
g ro u n d ) th a t c o n n e c ts th e s im u la te d p o w e r syste m
to a P D P -11/40 m in ic o m p u te r (n o t sh o w n ). When
the system is s u b je c te d to a severe s h o rt c irc u it,
c o n tro l sig n a ls are g e n e ra te d b y the m in ic o m p u te r
an d tra n sfe rre d b a c k to the m o d e l system , in itia t
in g c o rre c tiv e m easures.
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Kimura, A., and Lee, C. A. 1975. Effect of therm al
etching on silicon epitaxial growth by vacuum sub
limation. Solid State Electronics 18:901.
Leung, S.-H. 1973. Auto-ranging battery-operated
nanoam m eter for ion im planter. M.Eng. report (J.
Frey).
Pasiecznik, J., and Frey, J. 1973. A high perform ance
low cost digitally driven SEM System for materials
studies and m icrofabrication. Journal of Vacuum
Science and Technology 10:1012.
Pearsall, T. P. 1973. Electronic Structure of R e 0 3.
Ph.D. thesis (C. A. Lee). A paper based on this re
search appeared in 1974: Electronic transport in
R e 0 3: do conductivity and Hall effect. P hysics Review
B 10:10.
Wrick, V. L „ III. 1974. Liquid phase epitaxy of indium
phosphide. Ph.D. thesis (L. F. Eastman). Results of
this research were presented and published as follows:

Wrick, V. L., Ill, and Eastman, L. F. 1974. Diffusionlimited liquid phase epitaxial growth of indium phos
phide for m icrow ave devices. In Proceedings of the

1974 international symposium on gallium arsenide
and related compounds, vol. 24, p. 31. Deauville,
France: Institute of Physics.

Network and System Design
Problems of current interest in this area are concerned
primarily with m icrowave circuit design, com puter-aided
circuit design, digital filters, nonlinear systems, and
active networks. Research is being done in the theory
and design of broadband active systems, including
m icrowave circuits containing solid-state devices such
as avalanche diodes, Gunn and LSA oscillators and
amplifiers, and transistors.
The synthesis of networks with distributed parameters
is being investigated. New results have been obtained
in gain-bandw idth theory, broadband and highly se le c
tive narrowband filters, lum p-loaded transm ission line
structures, and linear phase m icrow ave structures.
Recent contributions also include the use of circuit
methods for analyzing dispersion in dielectric-loaded
and dielectric (optical) waveguides.
The CORNAP com puter program, developed at Cornell,
is w idely used in industry and at other universities to
analyze com plicated active linear networks using a
state-space approach. The m ethods used in this pro
gram are currently being extended to nonlinear and tim evarying networks, with particular em phasis on design
optimization methods, sparse matrices, and simulation
of stiff linear systems.
FI. J. Carlin, W. Ku, and C. Pottle are working in these
research areas. Recent theses and publications include:
Carlin, FI. J., and Kotiveeriah, P. 1974. A new method
for approxim ating passive network functions. Interna-

tional Journal of Circuit Theory and Applications
2:353.
Carlin, H. J., and Valleri, P. P. C. 1975. A coupled-line
model for dispersion in parallel coupled microstrips.

IEEE Transactions on Microwave Theory and Tech
niques 23(5):444.
Ku, W , and Neuvo, Y. 1975. Analysis and digital
realization of pseudorandom Gaussian and impulse
noise sources. IEEE Transactions on Communications
23:849.
Ku, W., and Ng, S. M. 1975. Floating-point coefficient
sensitivity and round-off noise of recursive digital
filters realized in ladder structures. IEE E Transactions
on Circuits and System s CAS-22:927.
Ku, W., and Petersen, W. 1975. Optimum gain-bandwidth limitations of transistor am plifiers as reactivelyconstrained active two-port networks. IE E E Trans
actions on Circuits and System s 22:533.
Tan, C. C. 1974. Efficient high speed tim e domain
com puter simulation of linear systems. Ph.D. thesis
(C. Pottle).

Power and Energy Systems
The problems associated with the national energy crisis
have stimulated research in areas of related interest.
For the past several years, energy research by members
of the electrical engineering faculty and their students
has been centered in cooperative efforts within inter-

A c o n tin u in g p ro je c t fo r M aste r o f E n g in e e rin g
(E le c tric a l) s tu d e n ts is the d e sig n o f o p e ra tin g sys
tem s fo r the C o rn e ll e le c tric car, a ve h icle fo r u rb a n
use. Five m o d e ls o f the ca r have been d esigned,
b u ilt, a n d tested b y team s o f stu d e n ts, a n d several
have w o n p rize s in n a tio n a l c o m p e titio n s .
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disciplinary groups or centers such as Cornell's
Laboratory of Plasma Studies and the Cornell Energy
Project. While activities in these areas of broad interest
are continuing, investigations are being initiated in
topics of specific interest to electrical engineers.

faculty in the Schools of Electrical Engineering,
M echanical and Aerospace Engineering, and Civil and
Environmental Engineering and in the University
O ffice of Planning and Facilities.

In the general area of power system network analysis,
research is being conducted on the application of control
theory and com puter science techniques to the transient
stability problem that exists after a m ajor power system
disturbance. Control m echanism s such as dynam ic
braking, capacitor switching, and governor and
exciter regulation are being investigated. An integral
part of these studies is concerned with the developm ent
of algorithms to provide on-line decisions for optimal
coordinated application of the various control m echa
nisms to systems in the em ergency state. S. Linke, C.
Pottle, R. J. Thomas, and J. S. Thorp are conducting
research in this area of power system control.

In the area of high-voltage breakdown and dielectric
phenomena, research techniques and instrum entation
developed in the Laboratory of Plasma Studies are
applied to investigations of insulation behavior at
cryogenic and superconducting tem peratures and to
studies of sw itching phenomena. S. Linke intends to
pursue investigations in these areas; J. A. Nation, R. N.
Sudan, and C. B. Wharton have interests in related
research topics that overlap the subject matter of plasma
physics.

Studies in electrom echanical energy conversion and
electric m achinery are continuing. Current and recent
projects include applications to windm ill generators,
under W. H. Erickson; linear m otors and electrom agnetic
pumps, under Linke; and e lectric ca r development,
under J. L. Rosson. P. D. Ankrum contributes direction
to the application of solid-state devices in the im plem en
tation of control functions for the latter two activities.
Plans are now under way for an analysis of the Univer
sity's cam pus utilities system. Possibilities for the
generation of all power requirem ents on cam pus will
be considered in an interdisciplinary project involving

M easurem ent o f the e le c tro lu m in e s c e n t p ro p e rtie s
o f th in -film m e ta l-in s u la to r-s e m ic o n d u c to r s tru c 
tures was p a rt o f a g ra d u a te re se a rch p ro je c t in
e le c tric a l e n g in e e rin g .

Recent reports, theses, and publications in the area of
power and energy systems include:
Checkovich, P. 1975. Electronic m odels of high-voltagedirect-current (HVDC) electric power transm ission
systems. M.Eng. report (S. Linke).
Chu, D., and Palesch, D. 1976. Design and analysis of
ultra-high-voltage (UHV) electric power networks in
the northeastern U.S.A. M.Eng. report (S. Linke).
Clark, J. J. 1969. Operational ch a ra cte ristics and
entrance conditions of a high-current, relativistic
electron beam accelerator. Ph.D. thesis (S. Linke).
A journal publication based on this research is Clark,
J. J., and Linke, S. 1971. O perating m odes of a
pulsed 50-gigawatt diode. IEE E Transactions on
Electron D evices 18:322.
Coulombe, S. A. 1975. Design of an ele ctric vehicle
for urban-suburban use. M.Eng. report (J. L. Rosson).
Hanshaw, G, R. 1973. Design of an urban electric
vehicle using shunt-field control. M.Eng. report
(J. L. Rosson).
Thomas, R. J.; Bernard, R. D.; and Meisel, J. 1971. The
generation of quasi-steady-state load flow trajectories
and m ultiple singular point solutions. IE E E Trans
actions on Power Apparatus and System s 90:1967.

Q uantum E le ctro n ics and O p tical P h y s ic s
Several distinct programs in these areas include research
on chem ical and m olecular lasers, active devices for
integrated optics, nonlinear optics, and optical
properties of insulators and sem iconductors.
In the chem ical and m olecular laser field, research
oriented toward the discovery and study of new laser
systems is in progress. The relaxation and transfer of
vibrational and electronic excitation in m olecules
through atom ic and m olecular collisions is being studied
over an extrem ely wide range of experim ental param 
eters. Tunable infrared lasers with planned application
to tunable laser spectroscopy and laser-induced
chem istry are being developed. This work is interdisci
plinary, with joint participation of faculty m em bers
and students in the graduate Fields of Electrical
Engineering, Chemistry, and Applied Physics.
Nonlinear optics is a relatively new field of research
that becam e important with the advent of lasers. With
the availability of such intense light sources, the non
linear optical properties of solids, liquids, and gases
have becom e accessible to detailed experim ental study;
for example, the corresponding nonlinear susceptibilities
of m any crystals have now been measured. The inform a
tion obtained has led to an im proved understanding of
these materials and to an increasing number of a pplica
tions of technological im portance, such as in harm onic
generators, tunable optical oscillators, and frequency
shifters. Also under study are rapidly tunable dye lasers
that can be used to investigate nonlinear optical effects
and other related phenomena.
In the optoelectronics area, program s are under way
to develop nonlinear and active thin-film devices that are
com patible with integrated optical systems. New thinfilm lasers, harm onic generators, and tunable oscil
lators that utilize the advantages of periodic structures
and optical w aveguides to provide previously unattain
able perform ance are under developm ent. The growth

R ig h t: In this p ro je c t d ire c te d b y P ro fe sso r R. A.
M cFarlane, the s e c o n d h a rm o n ic o f an in fra re d
laser p u m p s a tu n a b le d ye la se r th a t o p e ra te s in
the visib le re g io n o f the sp e ctru m . The s h o rt p u lses
o f lig h t p ro d u c e d b y the d ye la se r are u se d in the
s tu d y o f c h e m ic a l kin e tics.
A b o ve : A n o th e r p ro je c t is th e d e v e lo p m e n t o f a
ve ry h ig h p o w e r la se r to p ro d u c e p u lse s o f u ltra 
vio le t lig h t w ith p e a k p o w e rs in th e m e g a w a tt
range. This la se r is u se d in s tu d ie s o f p h o to c h e m 
is try a n d m o le c u la r e n e rg y transfer.

of sem iconductor materials for active optical devices
is being studied. Related research on materials for
active thin-film optical devices centers on ele ctro 
lum inescent M etal-lnsulator-Sem iconductor (MIS)
structures, with the objectives of obtaining basic
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information on recom bination mechanism s, interface
states, barrier energies, and current transport and
making efficient MIS devices. O pportunities for num er
ous design projects arise in this w ork and in the
development, for example, of electrochrom ic film s for
displays.
Faculty members involved in these various research
efforts are J. M. Ballantyne, R. A. McFarlane, C. L. Tang,
and G. J. Wolga. Among recent reports, theses, and
publications in this area are:
Keene, D. L.; Benson, I. J.; and Banke, G. W. 1976.
A laser scanning system for sem iconductor wafer
evaluation. M.Eng. report (J. M. Ballantyne).
Pirkle, R. J.; Wiesenfeld, J. R.; Davis, C. C.; Wolga, G. J.;
and McFarlane, R. A. 1975. Production of ele ctro n 
ically excited iodine atoms, l(2Pl/2) following injection
of HI into a flow of discharged oxygen. IEE E Journal
of Quantum Electronics 11 (10):834.
Quigley, G. P., and Wolga, G. J. 1975. A resonance e f
fect in electronic-to-vibrational energy transfer:
deactivation of HF(v = 1) by Br(2P3,2). Journal ot
Chem ical Physics 62(11 ):4560.
Telle, J. M., and Tang, C. L. 1975. Very rapid tuning of
the cw dye laser. Applied Physics Letters 26:572.
Yang, L., and Ballantyne, J. M. 1974. Epitaxial growth
over optical gratings on GaAs. Applied Physics
Letters 25(1 ):67.
C o rn e ll g ra d u a te s tu d e n ts w o rk in g in th e area o f
ra d io p h y s ic s have access to the A re c ib o la b o ra to ry
in P u e rto R ico, w h ich is o p e ra te d b y C o rn e ll u n d e r
c o n tra c t to the N a tio n a l S c ie n c e F o u n d a tio n . This
p h o to g ra p h sh o w s the la rg e s t a n te n n a o f th e g ia n t
ra d io -ra d a r te le sco pe : 96 feet in le n g th a n d w e ig h 
in g a lm o s t 10,000 p o u n d s , it h a n g s fro m th e b o tto m
o t a tria n g u la r s u p p o rt s tru c tu re s o m e 500 feet
above th e s p h e ric a l re fle c to r. A c c e s s to th e p la t
fo rm is b y a 7 0 0 -fo o t c a tw a lk a n d a c a b le car, b o th
v isib le in the p ic tu re . A p h o to g ra p h s h o w in g the
c o m p le te fa c ility is o n p a g e 139.
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R a d io p h y sic s and G e o p h y sic a l P lasm as
Experimental and theoretical research in this area is
concerned with a variety of electrom agnetic wave
propagation phenomena and their utilization in studies
of the properties of geophysical plasmas and the neutral
atmosphere.
Current topics of study include the interaction of waves
and particles in the earth's m agnetosphere, triggered
very low frequency emissions, theoretical m odels of
planetary m agnetospheres, plasm a instabilities o ccu r
ring in the earth's m agnetosphere and ionosphere, the
scattering of electrom agnetic waves by both unstable
plasma waves and the random fluctuations in density
present even in a stable plasma, and the use of such
scatter m easurem ents and in situ probe m easurements
in studies of the physical properties of the ionosphere.
Some of this w ork utilizes data from the giant radar
installationf(w hich has an antenna diam eter of a
thousand feet and a 2.5-m egaw att transm itter) operated
by Cornell in Arecibo, Puerto Rico. Research is also
performed at a similar large radar installation near
Lima, Peru, and auroral research is being done with a
sm aller radar in Ithaca. Some work in the systems area
is devoted to developing efficient techniques for pro
cessing the vast quantities of data that these radar
m easurem ents produce. Related theoretical research
includes num erical sim ulations of certain plasma inter
actions and wave propagation phenomena.

M any of these investigations require the developm ent
of rem ote-sensing instrumentation, data-processing e le c
tronics (for both on-board and laboratory installation),
and other specialized m easurement, control, and naviga
tion equipment. The conception, specification,
construction, and testing of these devices and systems
afford ample instances in which engineering design
capability must be brought to bear effectively.
R. Bolgiano, D. T. Farley, M. C. Kelley, E. Ott, and R. N.
Sudan are involved in these research efforts. Recent
reports, theses, and papers in this area include:
Bolgiano, R., Jr.; Warhaft, Z.; and Coantic, M. 1974.
Laboratory investigation of refractive index structure
in the m aritime boundary layer. Paper presented
to Com mission II, Annual M eeting USNC-URSI,
October 1974, in Boulder, Colorado.
Fejer, B. G. 1 974. Radar studies of sm all-scale plasma
irregularities in the equatorial electrojet. Ph.D. thesis

S a te llite s a n d s o u n d in g rocke ts, su c h as
this D u a l H a w k s h o w n on a la u n c h p a d in
India, c a rry C o rn e ll in s tru m e n ts in to the
n e a r-e a rth re g io n s o f space fo r research
purposes. P ro je c ts in th is area are u n d e r the
su p e rvisio n o f P ro fe s s o r M. C. Kelley.

An active program involving rocket- and satellite-borne
experim ents is in progress, with particular emphasis
placed on studies of plasm a instabilities and waveparticle interactions in the upper atmosphere.
O ther research is concerned with the m icrostructure of
the neutral atm osphere (particularly the troposphere,
stratosphere, and m esosphere), the fluid m echanical
aspects of such structure, and the m easurem ent of this
structure by electrom agnetic wave techniques.
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(D. T. Farley). Four articles based on this research
were published in the Journal ol Geophysical R e 
search in 1975.
Kelley, M. C.; Haerendel, G.; Kappler, H.; Mozer, F. S.;
and Fahleson, U. V. 1975. Electric field m easure
ments in a major m agnetospheric substorm . Journal
ol Geophysical Research 80:3181.
McDonald, B. E.; Coffey, T. P.; Ossakow, S. L.; and
Sudan, R. N. 1974. Num erical studies of type 2
equatorial electrojet irregularity developm ent.
Radio Science 10:2551.
Ott, E., and Farley, D. T. 1974. The k-spectrum of
ionospheric irregularities. Journal ol Geophysical
Research 79:2469.
Sudan, R. N., and Denavit, J. 1973. VLF em issions from
the magnetosphere. P hysics Today 26:32.

Faculty Members and
Their Research Interests

ii

Paul D. Ankrum, M.S. (Cornell): solid-stale devices,

power electronics
Joseph M. Ballantyne, Ph.D. (M.I.T.): optoelectronic

materials and devices, integrated optics

The a n n u a l s p rin g p ic n ic o l the S c h o o l o f E le c tric a l
E n g in e e ring , h e ld o n the c a m p u s in fro n t o f P h il
lip s Hall, is a tte n d e d b y u p p e rc la s s a n d g ra d u a te
stu d e n ts a n d fa c u lty a n d s ta ff m em bers.
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Toby Berger, Ph.D. (Harvard): information processing,

communication theory
Ralph Bolgiano, Jr., Ph.D. (Cornell): tropospheric

radiophysics, communication theory
Nelson M. Bryant, M.E.E. (Cornell): electronic circuits,

instrumentation
Robert R. Capranica, Sc.D. (M.I.T.): bioelectronics,

pattern recognition
Herbert J. Carlin, Ph.D. (Polytechnic Institute of
Brooklyn): microwave circuits, network theory
Vincent W. S. Chan, Ph.D. (M.I.T.): optical communica

tions, transmission of information
G. Conrad Dalman, D.E.E. (Polytechnic Institute of
Brooklyn): microwave solid-state devices and circuits
Lester F. Eastman, Ph.D. (Cornell): microwave solid-

state devices, gallium arsenide techniques
William H. Erickson, M.S. (Carnegie Institute of
Technology): power engineering, instrumentation
Donald T. Farley, Ph.D. (Cornell): ionospheric physics,

radio propagation
Terrence L. Fine, Ph.D. (Harvard): decision theory,

pattern classification
Jeffrey Frey, Ph.D. (California, Berkeley): microwave

solid-state devices, integrated electronics
M ichael C. Kelley, Ph.D. (California, Berkeley): space

plasma physics, rocket and satellite instrumentation
Myunghwan Kim, Ph.D. (Yale): bioelectronics, control

theory

Paul R. M clsaac, Ph.D. (Michigan): electromagnetic the

ory, microwave circuits and devices
John A. Nation, Ph.D. (Imperial College, London): plas

ma physics, high-energy electron beams
Benjamin Nichols, Ph.D. (University of Alaska): educa

tional techniques
Edward Ott, Ph.D. (Polytechnic Institute of Brooklyn):

plasma and ionospheric physics
Christopher Pottle, Ph.D. (Illinois): computer-aided

design, network theory
Joseph L. Rosson, M.E.E. (Cornell): power engineering,

instrumentation
Ravindra N. Sudan, Ph.D. (University of London):
plasma physics, electromagnetic waves
Chang L. Tang, Ph.D. (Harvard): lasers, quantum

electronics
Robert J. Thomas, Ph.D. (Wayne State): applications

of control theory to power systems
James S. Thorp, Ph.D. (Cornell): optimization and

control theory applications to power systems
Hwa-Chung Torng, Ph.D. (Cornell): computer design

and architecture, switching theory
Norman M. Vrana, M.E.E. (Cornell): switching theory,

hybrid computing systems, digital system design
and architecture
Charles B. Wharton, M.S. (California, Berkeley):

plasma physics, microwave diagnostics
George J. Wolga, Ph.D. (M.I.T.): lasers, atomic physics

Walter Ku, Ph.D. (Polytechnic Institute of Brooklyn):

active networks, digital circuits
Charles A. Lee, Ph.D. (Columbia): solid-state physics

and devices
Richard L. Liboff, Ph.D. (New York University): plasma

physics, electromagnetic theory
Simpson Linke, M.E.E. (Cornell): energy systems, high-

voltage phenomena
Ross A. McFarlane, Ph.D. (McGill): lasers, atomic and

molecular spectroscopy
Henry S. McGaughan, M.E.E. (Cornell): network and

communication theory

Further Information
Members of the faculty w elcom e inquiries about the
various graduate programs and research projects. These
may be addressed to the Graduate Faculty R epresenta
tive, Electrical Engineering, Cornell University, Phillips
Hall, Ithaca, New York 14853.

■

Geological
Sciences

Geology, an old science, is currently undergoing a period
of m ajor rejuvenation and growth in im portance. On
the practical side, rapidly increasing consum ption of
the world's mineral and energy resources and powerful
demands for an environm ent of quality have forced
society into a position requiring increased dependence
on this tim e-honored discipline. On the scientific side,
the exploration of the moon and planets and the de
velopment of plate te cto n ics—a new concept that for
the first tim e permits unification and interrelation of
geological information on a global sca le — are providing
major new frontiers that will enliven and expand the
science for many decades to come.
In keeping with the new emphasis on geology, Cornell
has recently reorganized the Departm ent of G eological
Sciences, expanded the faculty, and significantly up
graded the facilities and the already extensive m aterials.
The result is a lively and productive program of study
and research.
The graduate Field of G eological Sciences includes,
in addition to departm ent members, several specialists
in other disciplines who maintain an active interest in
the problems of geology. There are approxim ately
thirty-five graduate students, all of whom participate
in one or more of the research activities. Programs
leading to the M.S. and Ph.D. degrees are available, and
major fields of study may be chosen from a variety of
specialties, including econom ic geology, engineering
geology, environm ental geology, general geology, g eo
chemistry, geomorphology, geophysics, geotectonics,
marine geology, mineralogy, paleontology, petrology,
physical geology, Pleistocene geology, seismology,
stratigraphy, and structural geology. In all areas there is
a strong emphasis on the application of the basic s c i
ences to the understanding of the earth and on learning
through participation in research projects.
The Field of G eological Sciences seeks graduate
students with a variety of interests and backgrounds,
for there are many kinds of geologists and m any kinds
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of careers in geology. An earth scientist may be a keen
and hardy observer who studies the earth firsthand or
a theoretician using elegant m athem atics or the largest
computer. He or she may be a geophysicist or geo
chemist using sophisticated instrum ents of high pre
cision and sensitivity. A specialist in the broad field of
geological sciences may be an environm entalist, or a
prospector, or an executive, or a teacher, or a prac
titioner in any one of the many other occupations that
require knowledge of geology.
The earth sciences offer opportunities and challenges
for talented students of alm ost any sound technical
background. Not only students with conventional under
graduate training in geology are encouraged to apply,
but also those who have little or no training in geology
but who have good preparation in the basic sciences
through undergraduate majors in biology, chemistry,
mathematics, physics, or a branch of engineering.

Facilities
Most laboratories, shops, and offices are located in
Kimball Hall. The building also houses outstanding
collections of minerals, rocks, and fossils and a large
library of seismograms from the World Wide Standard
ized Seismograph Network and from other stations. A
rock preparation laboratory, an instrum ent shop,
darkrooms, an X-ray m achine, and a petrographic
laboratory are among the facilities. More specialized
equipment includes portable seismographs, a gravity
meter, tiltmeters, magnetometers, a seism ic modeling
apparatus, and a large plotter. Additional equipment
and facilities of great variety are available in nearby
buildings of the University.
For field research projects, there are available sites and
programs in Fiji, Indonesia, New Hebrides, Tonga,

and other parts of the southwestern Pacific; the north
eastern and western United States; the nearby Adiron
dack region; and the area around Ithaca. Cruises on
oceanographic research vessels are frequently available
to students. The field projects are varied and expanding,
and the outlook global in scope.

Areas of Research
A major theme for much of the research activity is the
topic of plate tectonics, the far-reaching new co n 
cept that brings together for the first tim e the obser
vational data of most of the disciplines of geology. This
concept is being explored and developed at Cornell
through its relation to econom ic geology, geodesy,
geomorphology, gravimetry, paleontology, petroleum
geology, petrology, seismology, and stratigraphy, among
other specialized fields.
The emphasis on plate tectonics is not to the exclusion
of other subjects. There are ongoing efforts in mineral
and energy resources, environm ental geology, and
paleontology. Lunar and planetary geology may be
studied in conjunction with other groups on the Cornell
campus.
Current research projects include a com prehensive
study of the tectonics of ocean trenches and island
arcs. These studies include seism ic investigations utiliz
ing field observations (in Fiji, the New Hebrides, and

E q u ip m e n t fo r s e ism ic stu d ie s in c lu d e s (to p le ft)
a se ism o g ra p h in K im b a ll H a ll a n d (to p rig h t) a
p o rta b le m o d e l u s e fu l in fie ld studies. M ic ro film
re co rd s (b o tto m p h o to ) are fro m th e W o rld w id e
S ta n d a rd ize d S e ism o g ra p h N etw ork.
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Tonga), geological fieldwork (students have recently
traveled to the island of Nias, off Sumatra, and to
Barbados), and cruises (a num ber of students recently
participated in a cruise to the Galapagos). C om plem en
tary theoretical studies of the m echanics of bending
plates are also being carried out.
Cornell is the operating institution in a cooperative
study of deep seism ic reflections being carried out with
the universities of Houston, Princeton, and Wisconsin.
The object is to determ ine the geological structure of
the entire continental crust using the seism ic reflection
techniques developed by the oil industry. Graduate
students have the opportunity of participating in the
fieldwork, data-processing, and data interpretation
phases of this project.
Studies are being carried out to understand the origin
of rocks that may have originated beneath the crust.
Examples are rocks associated with kimberlites, native
iron deposits, and platinum group metal deposits.
Studies of vertical m ovements in nontectonic areas such
as the eastern United States are coupled with seismic,
geological, and geom orphological studies of these areas.
Studies of modern and fossil arthropods are pro
viding new insights into evolution.
Research is also carried out in cooperation with the
Departments of Chemistry, Astronomy, Materials Sci
ence and Engineering, Applied Physics, and Theoretical
and Applied Mechanics. A Geothermal Energy Labora
tory is operated in conjunction with the Sibley School
of M echanical and Aerospace Engineering.
F ie ld s tu d ie s take C o rn e ll g e o p h y s ic is ts to d is ta n t
places. P ro fe ssor D. E. K a rig (a t c e n te r in to p p h o to )
an d his g ro u p are s tu d y in g the e v o lu tio n o f arc
system s in the w e ste rn P acific. O th e r researchers
use a g e o p h o n e in N e w H e b ride s (le ft). A g ra d u a te
s tu d e n t ( far le ft) re c e n tly c o n d u c te d fie ld stu d ie s in
Taiw an as p a rt o f th e U .S .-T a iw a n C o o p e ra tive
S cie n ce Project.
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Recent publications of faculty m em bers are an indication
of some of the current research interests in the g eo
logical sciences at Cornell. Among the field m em bers'
publications are the following:
Billington, S., and Isacks, B. L. 1975. Identification of
fault planes associated with deep earthquakes.
Geophysical Research Letters 2:63.
Bird, J. M., and Weathers, M. S. 1975. Josephinite:
specim ens from the earth’s core. Earth and Planetary
Science Letters 27:51.
Bloom, A. L.; Broecker, W. S.; Chappell, J.; Matthews,
R. K.; and Mesolella, K. J. 1974. Q uaternary sea
level fluctuations on a tectonic coast: new 230T h /234U
dates from the Huon Peninsula, New Guinea. Quater
nary Research 4:185.
Cisne, J. L. 1974. Trilobites and the origin of arthro
pods. Science 186:13.
Karig, D. E. 1974. Evolution of arc systems in the
western Pacific. Annual Review of Earth and Plane
tary Scien ces 2:51.
Kay, R. W., and Shenechal, R. G. 1976. The rare earths'
geochem istry of the Troodas Ophiolite Complex.
Journal of Geophysical Research 81 (5):964.
Kiersch, G. A. 1972. Triassic Basin geologic consider
ations. Chapter 10 in Conceptual analysis report,
Savannah River bedrock waste storage project, p. x -1 .
Washington, D.C.: U.S. Atom ic Energy Commission.
Oliver, J.; Dobrin, M.; Kaufman, S.; and Meyer, R.
1976. Continuous seism ic reflection profiling of the
deep basement, Hardeman County, Texas. Geological
Society of America Bulletin 81 (in press).

B a ck in the la b o ra to ry, rese a rch e rs e xa m in e s p e c i
m ens a n d data. The m ic ro s c o p e (rig h t) is a b a sic
to o l in m ost b ra n ch e s o f g e o lo g y. The e q u ip m e n t at
far rig h t above is used in m e a su rin g s o u n d ve lo citie s
in co re sa m p le s u n d e r u n ia x ia l stress. Below , P ro fe s
s o r J. E. O liv e r exam ines s e ism ic re fle c tio n data.
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Travers, W. B. 1972. A trench off central California in
late Eocene-early O ligocene time. Geological Society
ol America Memoir 132:173.
Turcotte, D. L. 1974. M em brane tectonics. Geophysical
Journal ol the Royal Astronomical Society 36:33.

Faculty Members and
Their Research Interests
John M. Bird, Ph.D. (R.P.I.): geotectonics, plate tec

tonics, orogeny, econom ic geology, ophiolites, origin
ol platinum group metals, geology of the Appala
chians
Arthur L. Bloom, Ph.D. (Yale): geomorphology, Quater
nary tectonics and sea level changes (especially in
uplifted coral reef terranes), Holocene sea level
changes, coastal geomorphology, glacial geomor
phology and stratigraphy, denudation rates
John L. Cisne, Ph.D. (Chicago): invertebrate paleon
tology, evolutionary biology, population and commu
nity paleoecology, stratigraphy, study ol modern and
fossil arthropods as related to problems ol evolution,
combined study of stratigraphy and marine paleo
ecology
Bryan L. Isacks, Ph.D. (Columbia): seismology, tec
tonics, mantle earthquakes and subduction ol the
lithosphere, observations ol surface deformation
related to large shallow earthquakes, seismotectonics
of island arcs of the Southwest Pacific

A b o ve le ft: A 2 4 -ch a n n e l tru c k -m o u n te d se ism ic
system is used fo r g ra d u a te rese a rch a n d train in g .
L e ft: The in itia l tests in a la rg e -sca le co o p e ra tiv e
p ro je c t o n se ism ic re fle c tio n p ro filin g o f the c o n 
tin e n ta l c ru s t were c a rrie d o u t a t a site in Texas.
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Daniel E. Karig, Ph.D. (Scripps): marine geology and

geophysics, structural geology of orogenic belts,
marginal basins, geomechanics
Robert W. Kay, Ph.D. (Columbia): petrology, geo
chemistry, application of trace-element and isotope
geochemistry to the petrogenesis of igneous rocks
George A. Kiersch, Ph.D. (Arizona): engineering geology,
disposal of radioactive wastes and high-energy ma
terials, environmental and geologic considerations in
the siting of nuclear power plants and other major
works
Arthur F. Kuckes, Ph.D. (Harvard): geophysics, geo
magnetism, electromagnetic methods of crustal
exploration, electrical conductivity distribution in the
earth and moon
George H. Morrison, Ph.D. (Princeton): analytical geo
chemistry, trace element abundances
Jack E. Oliver, Ph.D. (Columbia): geophysics, geotec
tonics, recent vertical movements, deep crustal re
flection studies
Arthur L. Ruoff, Ph.D. (Utah): properties of materials
at high pressures, plastic flow phenomena, synthesis
of metallic hydrogen
Carl E. Sagan, Ph.D. (Chicago): physics and chemistry
of planetary atmospheres and surfaces, spacecraft
results, planetary geomorphology
William B. Travers, Ph.D. (Princeton): structural geol
ogy, tectonics, petroleum geology, sedimentology
Donald L. Turcotte, Ph.D. (Caltech): geophysics, geo
mechanics, mantle convection, convection in porous
media

Further Information
Questions about the graduate program in geological
sciences may be addressed to the G raduate Faculty
Representative, Geological Sciences, Cornell University,
Kimball Hall, Ithaca, New York 14853.
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Materials
Science and
Engineering

The graduate Field of Materials Science and Engineering
at Cornell provides students with widely differing
undergraduate backgrounds the opportunity to under
take graduate research and study in the area of m a
terials. The forty-five graduate students now in the
departm ent have undergraduate degrees in physics,
applied physics, and m echanical, metallurgical, ch e m i
cal, and electrical engineering, as well as in materials
science.
Much of the research in the departm ent is conducted in
connection with the interdisciplinary Materials Science
Center, the largest such university center supported by
the federal governm ent. One of the purposes of the
Materials Science Center is to support large central
facilities that make available to every student and
faculty m em ber modern, and often very expensive,
equipment. The center also provides financial assistance
for graduate students through research assistantships
and equipment for thesis research projects.
In addition to research-oriented M.S. and Ph.D. pro
grams in the graduate Field of Materials S cience and
Engineering, a one-year professional M aster of Engi
neering (Materials) degree program is available.

loading conditions, including cyc lic loading of any arbi
trary wave form. This testing system com plem ents vari
ous Instron testing m achines to provide a wide range
of capability for studying m acroscopic m echanical be
havior of materials.
For other types of investigation there are available seven
field ion microscopes, seven electron microscopes,
high-field magnets, X-ray diffraction equipment includ
ing a high intensity source, ultrahigh-vacuum apparatus,
low-energy electron diffraction and Auger spectroscopy
apparatus, high-pressure systems, ultrasonic equipment,
cryostats, residual gas mass spectrometers, r.f. sputter
ing equipment, and various pieces of optical and
electronic equipment. The properties of m aterials can
be probed down to the atom ic scale.
The electron m icroscopes that graduate students in the
field may use are located in two laboratories. In Clark
Hall there are AEI EM 802, Siemens Elmiskop 1A,
and Hitachi HU 11A microscopes. In Bard Hall there
are JEM 200-kv, Siemens 102, and AEI EM6G m icro
scopes, as well as an AMR 900 scanning electron
microscope. These instruments are equipped with spe
cial stages, such as tw o-directional tilting stages, a
liquid helium stage, a high-tem perature stage, and a
tensile-straining stage, for various special applications.

Facilities
Laboratories and equipm ent are located in Bard and
Thurston Halls, on the engineering campus, and in
Clark Hall of Science, w hich houses some of the U ni
versity’s physics groups and most of the Materials
Science Center facilities.
The extensive facilities available at Cornell make pos
sible a variety of research in materials science. For
example, a 50,000-pound electrohydraulic materialstesting system enables researchers to test engineering
specim ens of high-strength m aterials under various
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Areas of Research
A wide range of research projects is available to gradu
ate students. Faculty m em bers are continually develop
ing new areas of materials research; for example, during
the past several years projects were started on catalysis,
ceram ic oxides, amorphous materials, biomaterials,
materials for energy storage, and laser holography.
Some of the current research areas are described briefly
in the following paragraphs.

Im perfections in S o lid s
In an extensive research program supervised by Pro
fessor Seidman, point defects and their interactions in
irradiated metals are being studied by means of field
ion microscopy. The field ion m icroscope (FIM), with
its atomic resolution, allows the direct observation
of individual atoms in the perfect crystal lattice, as well
as self-interstitial atoms and vacant lattice sites. In
addition to the conventional FIM, the group is using an
atom-probe FIM. This instrum ent allows the determ ina
tion of the charge-to-m ass ratio of a single preselected
atom, which appears in the FIM image. Since the
operation of the atom -probe FIM is controlled by a
Nova 1220 computer, it is possible to gather and
analyze a statistically significant quantity of data in a
short period of time. The atom -probe FIM is being
used to study the interaction between solute atoms and
both radiation-induced vacancies and self-interstitial
atoms. The areas of research being studied are (1) non
equilibrium segregation to voids in ion- or neutronirradiated refractory metals and alloys (e.g., m olyb
denum, molybdenum -titanium, tungsten, and tungstenrhenium); (2) the m icrodistribution of alloying elements
in low-swelling stainless steels prior to their irradi
ation; (3) the direct observation of the nucleation of self
interstitial atoms at impurity interstitials in the group V-B
and Vl-B refractory metals; (4) the direct observation
of focused-collision replacem ent sequences in orderdisorder alloys (e.g., Ni4Mo and Ni3Mn); (5) the point
defect structure of depleted zones in refractory metals
and their alloys; and (6) the determ ination of the im 
purity atom -self-interstitial atom binding enthalpy
in a number of refractory fee and bcc alloy systems.
C.-Y. Li and his group are investigating metal swelling
caused by void formation and related phenom ena that
result from fast neutron irradiation. These studies are
relevant to the development of liquid metal fast breeder
reactors and controlled thermal nuclear reactors.
Work with highly perfect crystals is proceeding under

the supervision of B. W. Batterman. With the use of
these crystals, internal X-ray crystal interfaces can be
observed, and the technique is being used to obtain
independent m easurem ents of the atom ic form factors
of elem ents that can form structurally perfect crystals.
In recent dynam ical diffraction studies, an experim ent
was devised by which the site of an im purity atom in a
host lattice could be determined. Experiments under
way are designed to use synchrotron X-radiation as a
high-intensity source for the study of boundary electron
distributions and anharm onic vibrations in solids.
In research directed by S. L. Sass, a new technique
developed at Cornell is being used to determ ine directly
the core structure of screw dislocations. The m ethod is
based on the observation that periodic arrays of dis
locations give rise to extra diffracted beams. Theoretical
calculations have shown that the structure fa cto r of
such an array is quite sensitive to the core configuration.
In principle, if the intensities of the extra reflections
can be measured, it will be possible to determ ine directly
the location of the core atoms. The X-ray experim ents
involved in this research are being carried out using
a 12 kW, rotating anode X-ray generator.
High-resolution electron m icroscopy techniques, in
cluding w eak-beam and direct lattice-im aging te c h 
niques, are being used by researchers in D. L. Kohlstedt’s group to exam ine in detail defects in minerals
and ceram ics. The interfaces between fine precipitates
and an enstatite matrix, the separation of partial dislo ca 
tions in olivine, and possibly the distribution of va ca n 
cies in the transition-m etal carbides are am ong the
structures being analyzed by high-resolution methods.

A n e le c tro h y d ra u lic c lo s e d -lo o p te s tin g m a ch in e
is a m o n g the e q u ip m e n t a va ila b le fo r rese a rch in
m aterials.
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Recent publications in the area of imperfections in
solids include:
Brenner, S. S., and Seidman, D. N. 1975. Field-ion
m icroscope observations of voids in neutronirradiated molybdenum. Radiation Effects 24:73.
Golovchenko, J.: Batterman, B. W.; and Brown, W. L.
1975. Observation of internal X-ray wave fields with
an application to impurity lattice location. Physical
Review B 10:4239.
Guan, D. Y., and Sass, S. L. 1973. Diffraction from
periodic arrays of dislocations. Philosophical Maga
zine 27:1211, 1225.
Kohlstedt, D. L„ and Van der Sande, J. B. 1975. An
electron m icroscopy study of naturally occurring oxi
dation produced precipitates in iron-bearing olivine.
Contributions to Mineralogy and Petrology 53:13.
Mancuso, J. F.; Fluang, F. H.; and Li, C.-Y. 1975.
Growth of grain boundary cavities under applied
stress and irradiation. In Proceedings ot the inter

national conference on fundamental aspects of radia
tion damage in metals, O ctober 1975, in Galtinburg,
Tennessee.
Mansur, L. K.; Okamoto, P. R.; Taylor, A.: and Li, C.-Y.
1973. Void coalescence and growth in metals under
irradiation, in defects and defect clusters in B.C.C.
metals and their alloys. In Nuclear metallurgy, vol.
18, ed. R. J. Arsenault, pp. 509-529. Washington,
D C.: AIME.
The s tu d y o f im p e rfe c tio n s in s o lid s is a m a jo r area
in m ate ria ls scie n ce research.
Far le ft: This m ic ro g ra p h s h o w in g a g ra in b o u n d a ry
p a ra lle l to the th in c ry s ta l s u rfa c e in g o ld was o b 
ta in e d w ith a 200-keV e le c tro n m ic ro s c o p e .
Le ft: E q u ip m e n t in P ro fe s s o r D. N. S e id m a n ’s
la b o ra to ry in clu d e s a fie ld io n m ic ro s c o p e . The
flig h t tube, d ire c tly in fro n t o f the g ra d u a te re 
searchers, co n n e cts a h e a v y -m e ta l a c c e le ra to r a n d
the m icro sco p e .
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Roberto, J.: Batterman, B. W.; Kostroun, V.; and Apple
ton, B. R. 1975. Positive ion-induced Kossel lines in
copper. Journal of Applied Physics 46:936.
Van der Sande, J. B., and Kohlstedt, D. L. 1974. A
high-resolution electron m icroscopy study of exso
lution lamella in enstitite. Philosophical Magazine
29:1041.
Wagner, A.; Hall, T. M.; and Seidman, D. N. 1975.
Simplified method for the calibration of an atomprobe field-ion m icroscope. Review of Scientific
Instruments 46:1032.
Examples of graduate theses, listed with the super
vising professors, are:
Wei, C.-Y. 1975. A field-ion m icroscope study of the
recovery mechanism for substage II in an ionirradiated platinum -0.62 wt. % gold alloy. M.S. thesis
(D. N. Seidman).
Wilson, K. L. 1 975. A field-ion m icroscope study of the
structure and recovery behavior of irradiated tungsten
and tungsten alloys. Ph.D. thesis (D. N. Seidman).

Surfaces, Interfaces, and Thin Films
New methods to fabricate thin alloy film s of controlled
composition are being investigated by D. G. Ast and his
students, by comparing experim ental output, as deter
mined by electron m icroprobe analysis, with theoretical
models. The structure of thin amorphous and crystalline
films is being studied with the use of high-resolution
electron microscopy.
In a project directed by R. W. Balluffi, a technique has
been developed for producing any type of planar grain
boundary in thin-film bicrystal specim ens under co n 
trolled conditions. Studies of the structure of grain
boundaries are being made with use of high-resolution
electron microscopy. Of particular current interest are
relaxations of high-angle grain boundaries into grids of
secondary grain boundary dislocations and the inter

actions of lattice dislocations with boundaries. W ork is
also in progress on atom ic diffusion rates along grain
boundaries and the relationship between the diffusion
and the structure. In addition, R. W. Balluffi and S. L.
Sass are collaborating in the developm ent and use of
electron and X-ray diffraction techniques to study the
structure of grain boundaries. Recent results have
indicated that X-ray diffraction can be used to obtain in
form ation on the detailed structure of grain boundaries.
J. M. Blakely and his research group are engaged
in studies of various aspects of solid surfaces. The
techniques of secondary electron spectroscopy (in clu d 
ing Auger spectroscopy) and low -energy electron
diffraction, as well as other analytical m ethods, are
being applied to study the phenom ena of surface oxida
tion, adsorption, and segregation. Surface defect struc
tures in ionic systems are being investigated through
m easurements by Kelvin probe and other techniques.
Chemical reactions on surfaces of predeterm ined struc
ture are being studied by modulated m olecular beam
methods.
A research group under the direction of T. N. Rhodin is
concerned with the physics and chem istry of chem ical
bond form ation on m etal surfaces. Both valence- and
core-level electron spectroscopes, as well as the field
emission and field ion m icroscopes, are used to study
electron excitations and structure associated with both
clean and chem isorbed surfaces. Investigations of
atomic com position using Auger spectroscopy and
surface structure using LEED-intensity analysis are
combined with information on electron processes to

E q u ip m e n t used in the su rfa ce stu d ie s la b o ra to ry
b y P ro fe sso r J. M. B la k e ly a n d his a sso cia tes in 
clu d e s a p p a ra tu s fo r s tu d y o f su rfa ce re a c tio n s
(fo re g ro u n d ) a n d fo r A u g e r s p e c tro s c o p y (b a c k 
g ro u n d ).

study the m icroscopic and atom istic nature of sur
face reactions. The work on transition metal single
crystals is concerned with the kinetic behavior of co rro 
sion-resistant metals, w hereas the studies of platinum
group m etals in the form of both crystals and powders is
directed toward developing a more system atic under
standing of heterogeneous catalysis.
Typical of the publications in this area are:
Ast, D. G., and Krenitsky, D. J. 1976. Preparation of
constant com position alloy film s by diffusion-lim ited
evaporation from the liquid state. Journal of Vacuum
Science and Technology (to be published).
Broden, G., and Rhodin, T. 1976. Photoemission sp e c
troscopy of chem ical reactions on platinum -group
m etals— chem isorption of CO on iridium. Solid State
Communications (in press).
Goldfarb, W.; Krakow, W.; Ast, D. G.; and Siegel, B.
1975. Imaging of am orphous objects by tilted bright
field illumination. In Proceedings of the 33rd annual

detection of the periodic structure of high angle twist
boundaries. I. Electron diffraction study. Philosophical
Magazine 31:559.
Shelton, J. C.; Patil, H. R.; and Blakely, J. M. 1974.
Equilibrium segregation of carbon to a N i(111) sur
face: a surface phase transition. Surface Science
43:493.
Wagner, W. R.; Ast, D. G.; and Gavaler, J. R. 1974.
Electron m icroscopic evidence for a colum nar-voidtype structure in sputtered NbN films. Journal of
Applied Physics 45:465.
Wagner, W. R., and Balluffi, R. W. 1974. Grain bound
aries in thin film bicrystals of surface reactive metals
prepared by vacuum welding. Philosophical Magazine
30:673.

Potter, H. C „ and Blakely, J. M. 1975. LEED, Auger
spectroscopy and contact potential studies of Cu-Au
alloy single crystal surfaces. Journal of Vacuum
Science Technology 12:635.
Rhodin, T., and Tong, D. 1975. Structure analysis of
solid surfaces— a discussion of some recent advances
in the determ ination of surface crystallography by
low-energy electron diffraction. Physics Today 28:23.
Sass, S. L.; Tan, T. Y.; and Balluffi, R. W, 1975. The

Some recent graduate research in this area resulted in
the following theses:
Danyluk, S. 1974. Surface properties of ionic crystals:
space charges in AgCI and AgBr and their effect on
photographic sensitivity. Ph.D. thesis (J. M. Blakely).
Demuth, J. E. 1 973. Chemisorption studies of nickel
surfaces utilizing work function m easurements, Auger
and low-energy electron diffraction spectroscopy.
Ph.D. thesis (T. N. Rhodin).
Dionne, N. J. 1975. Field em ission energy spectros
copy of the fee platinum group metals. Ph.D. thesis
(T. N. Rhodin).
Isett, L. C. 1975. The binding energy of carbon on
Ni(100) and a stepped Ni surface from equilibrium
segregation studies. Ph.D. thesis (J. M. Blakely).

A S ta tto n cam era is u se d to m easure sm a ll-a n g le
X -ra y s c a tte rin g fro m c o lla g e n fibers. This re 
searcher's w o rk is p a rt o f a co o p e ra tiv e p ro je c t in
b io m a te ria ls, in v o lv in g P ro fe sso r E. J. K ra m e r a n d
his g ro u p .

The relationships among cyc lic deformation, fatigue,
and m icrostructural param eters are under study in steels
and aluminum alloys by H. H. Johnson and his students.
Another research program under Johnson is directed
to the study of hydrogen in metals, with a focus on hy-

meetinq of the Electron M icroscopy Society of Am er
ica, p. 186.
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drogen trapping in the tem perature-concentration
region where hydrogen embrittlem ent is prominent.
The high-tem perature m echanical behavior of olivine,
the primary mineral in the earth's upper mantle, is a
topic of particular importance to geophysicists. C onvec
tive flow in the mantle, w hich to a first approxim ation
can be considered to be flow of olivine, is coupled to the
large-scale motion of the overlying lithospheric plates
and is manifested as continental drift. D. L. Kohlstedt
is investigating the relationship between the imposed
m acroscopic conditions of stress, temperature, and
strain-rate used to deform olivine crystals in his labora
tory and the resulting dislocation m icrostructures as
observed in the transm ission electron m icroscope.
Confident application of laboratory creep data obtained
on a time scale of 10-4 years to problem s involving
geologic times on the order of 106 years requires a
thorough understanding of the role of m icroscopic
defects in producing m acroscopic plastic flow.
In the area of polymers, E. J. Kramer and his group are
working on the identification of m echanism s responsible
for crazing, fracture, and plastic deform ation of poly
mers at and below the glass transition. Sm all-angle
X-ray scattering (SAXS), as well as optical techniques
such as moire analysis, light scattering, and birefrin
gence measurements, are im portant tools for this study.
Direct determination of craze structure using trans
mission electron m icroscopy and scanning electron
microscopy is also done. D. G. Ast and E. J. Kramer and
their students are collaborating on a project in which
holographic interferometry is used to map strain fields
in the vicinity of crazes and cracks. Ast is especially
interested in developing holographic interferometry of
very small areas.
Ast and Kramer are also working, as part of a larger
College of Engineering and Cornell University Medical
College team, to elucidate the structure of reconstituted
collagen, which can be used for such applications as
artificial kidney dialysis m em branes and drug delivery

systems. Here, SAXS as well as differential scanning
calorim etry and circular dichroism m easurem ents give
im portant clues to collagen structure. The relation of
this structure to the m echanical and transport properties
of the m em branes is being investigated.
The design of advanced power generation systems
requires better descriptions of the m echanical behavior
of solids at elevated tem peratures over long periods of
time, and C.-Y. Li and his students are performing
pertinent creep and stress relaxation experim ents to
establish the plastic equation of state.
R. Raj is concerned with the fracture behavior of pure
metals, alloys, and ceram ics under m onotonic and
cyclic loading. The objective of his group is to identify
the m echanism s of failure, such as cra ck initiation and
growth at grain boundaries, in modern and future
engineering m aterials; for example, superalloys, e u te c
tics, and silicon nitride for high-tem perature use in
energy-related applications such as gas turbines and
coal gasification.
The fracture toughness and yield strength of annealed
Ni-Fe base m etallic glasses are being studied by D. G.
Ast and his associates. This program is com plem ented
by X-ray, transmission, and scanning electron m icro s
copy, as well as by m easurem ents of m agnetic and
electrical properties to identify phase changes.
A. L. Ruoff has developed techniques for measuring the
yield stress of extrem ely hard and strong m aterials.
His group has measured the yield strength of WC and
will study Al20 3, B 4C, Si, S i3N 4, SiC, cu b ic BN, and
diamond. These researchers are interested in e lu ci
dating the yielding process in these ordinarily brittle

A s c a n n in g e le c tro n m ic ro s c o p e is u se d in the s tu d y
o f co lla g e n b y the re se a rch g ro u p o f P ro fe sso r
D. G. A s t (sta n d in g ).

materials. They are also studying the increase of
fracture stress under point contact loads (Auerback’s Law). Work is also under way on generalizing
yield criteria, and studies of the effect of doping on
creep have been made.
Representative of the papers written by Cornell re
searchers in this area are:
Ast, D. G „ and Krenitsky, D. 1976. Fracture toughness
and yield strength of annealed Ni-Fe base metallic
glasses. In Proceedings ol the 2nd international con
ference on quenched metals. Cambridge, Mass:
M assachusetts Institute of T echnology (in press).
Hart, E. W.; Li, C.-Y.: Yamada, H.; and Wire, G. L.
1975. In Phenomenological theory: a guide to con

stitutive relations and fundamental deformation
properties in constitutive equations in plasticity, ed.
A. S. Argon. Cambridge, Mass.: M.I.T. Press.

Johnson, H. H. 1974. Hydrogen gas embrittlement. In
Hydrogen in metals, ed. I. M. Bernstein and A. W.
Thompson. Metals Park, Ohio: Am erican Society for
Metals.
Kohlstedt, D. L., and Goetze, C. 1974. Low-stress
high-tem perature creep in olivine single crystals.
Journal of Geophysical Research 79:2045.
Kumnick, A. J., and Johnson, H. H. 1975. Steady state
hydrogen transport through zone refined irons.
Metallurgical Transactions 6A:1087.
Peterson, T. L.; Ast, D. G.; and Kramer, E. J. 1974.
Holographic interferometry of crazes in polycar
bonate. Journal ot Applied Physics 45:4220.
Raj, R. 1976. Crack initiation and growth in grain
boundaries under conditions of steady state and
cyclic creep. Journal ot Engineering Materials and
Technology (in press).
Ruoff, A. L., and Narayan Rao, C. V. S. 1975. Impurity
effect on the high-tem perature creep of lithium
fluoride. Journal of the American Ceramic Society
58:503.
Ruoff, A. L., and Wanagel, J. 1976. The yield stress of
cem ented tungsten carbide. Journal of Applied
Physics (in press).
Viswanadham, R. K., and Kramer, E. J. 1975. The struc
ture of reconstituted collagen hollow membranes.
Journal ot Materials Science 10:1472.
Recent theses include:
Quick, N. R. 1975. Gas phase perm eation of hydrogen
through ferritic iron, Austenitic stainless steel and neu
tron irradiated Austenitic stainless steel near 300°K
to 873°K. Ph.D. thesis (H. H. Johnson).

A h ig h -in te n s ity X -ra y so u rc e is u se d in d iffra c tio n
stu d ie s b y P rofessors B. W. B a tte rm a n a n d S. L.
Sass.
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Tang, G, 1974. M echanical and m icrostructural
changes in quenched-and-tem pered 4340 steel sub
jected to cyclic straining. M.S. thesis (H. H. Johnson).
Wachob, H. F. 1975. The effect of strain rate and de
pressed temperature on the low cycle fatigue behav
ior of alpha iron. Ph.D. thesis (H. H. Johnson).

High-Pressure Studies
The research program on materials under high pressure
is under the direction of A. L. Ruoff. One current project
is a study of the m echanism of creep through m easure
ments of its pressure dependence. Other studies are
concerned with the effect of hydrostatic pressure de
pendence of the yield stress and the stress-strain curve
for metals. Ultrasonic interferometry and continuous
wave techniques are being used to m easure the elastic
constants of solids, data that are useful in many theo
retical and experimental studies. Isostatic com paction
of ultrafine particles of tantalum carbide and tungsten
carbide is being carried out under special conditions
with the intention of producing extrem ely fine grained
materials (0.03-0.1*/).
Ultrahigh-pressure work now being conducted has as its
goal the production of new synthetic polymorphs (m etal
lic NH4, metallic hydrogen, and C 0 2 with a threedim ensional network). Metallic hydrogen, for example, is
a high-pressure form of the gas that may be m etastable
at atm ospheric pressure. In connection with these ex
periments, it is hoped that static pressure in excess of
three million atmospheres, which approaches the pres
sure at the earth’s center, will be generated.
A few of the recent publications in this area are:
Ruoff, A. L. 1973. Penultimate static pressure co n 
tainment considerations and possible applications
to metallic hydrogen preparation. Advances in Cryo
genic Engineering 18:435.

Ruoff, A. L„ and Wanagel, J. 1975. High pressures
with supported opposed steel anvils. Review ol
Scientific Instruments 46:1294.
Sachse, W. H., and Ruoff, A. L. 1975. Elastic moduli
of precom pressed pyrophyllite used in ultra-high
pressure research. Journal ot Applied Physics 46:
3725.
Wanagel, J., and Ruoff, A. L. 1975. Radioactive decay
rate as the basis of an ultrapressure gauge. Journal
ot Physics E: Scientific Instruments 8:423.
Recent doctoral theses include:
Chua, J. O. 1 975. Effect of hydrostatic pressure on the
stress strain behavior of potassium and lead at liquid
nitrogen temperature. Ph.D. thesis (A. L. Ruoff).
Kim, K. Y. 1974. An isothermal equation of state of
a lithium fluoride single crystal. Ph.D. thesis (A. L.
Ruoff).

R esearchers in P ro fe s s o r A. L. R u o ff's g ro u p
in h ig h -p re s s u re s tu d ie s m ove o n e o f th e s ix
se g m e n ts o f a la rg e s p lit-s p h e re p re ssu re
vessel in to place. The g ro u p h o p es to rea ch
p re ssu re s in excess o f o n e m eg a b o r,
e q u iva le n t to o n e m illio n a tm ospheres.

Phase Transform ations
Researchers headed by S. L. Sass are studying the
omega phase transform ation that o ccu rs in titanium and
zirconium alloys and that has an im portant effect on
their m echanical and superconducting properties. Direct
lattice-im aging, high-resolution dark-field electron
m icroscopy, and electron diffraction are being used to
study the local structure of these alloys before tran s
formation, as well as the m echanism of transform ation.
The structure of a new type of defect in the bcc phase
has been determ ined using diffuse-scattering observa
tions.
A new technique developed by B. W. Batterm an’s group
makes use of the Mossbauer effect to study the dynam 
ics of phase transformations. M ossbauer gamm a rays
scattered from crystals can be separated into elastic
and inelastic com ponents, and these can be related to
the dynam ical aspects of the om ega-phase transition.
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Some representative publications in this area of re
search are:
Batterman, B. W.; M aracci, G.; Merlini, A.; and Pace, S.
1973. Diffuse M ossbauer scattering applied to dy
namics of phase transform ations. Physical Review
Letters 31:227.
Sass, S. L. 1972. The structure and decom position of
Zr and Ti b.c.c. solid solutions. Journal ot Le ss Com 
mon Metals 28:157.
Wanagel, J.; Sass, S. L.; and Batterman, B. W. 1974.
Observations on the m icrostructure and orientation

relations in the vanadium -hydrogen system. Metal

lurgical Transactions 5:105.
Recent graduate theses written on some of these sub
jects include:
Ahrens, R. R. 1973. Deformation structures in b.c.c.
Ti-V single crystals containing the omega phase.
M.S. thesis (S. L. Sass).
Wanagel, J. 1972. A study of hydrogen in vanadium.
Ph.D. thesis (B. W. Batterman).

Ceram ic Materials

D o u b le e xp o su re h o lo g ra p h y (le ft) is u se d to s tu d y
sm all d e fo rm a tio n s in m ate ria ls, in c lu d in g c o m 
p o site s a n d p o lym e rs. The im a ge b e lo w is an in te r
ference frin g e p a tte rn o b ta in e d fo r a ru b b e r sh e e t
w ith a h o le u n d e r te n sio n. O ne frin g e sp a cin g
in d ica te s an in -p la n e d is p la c e m e n t o f 7 x 1 0 ~6
inches.

The properties of ceram ic oxides are being investigated
by L. C. DeJonghe and his students. Sodium beta
alumina, a high N a + conductivity oxide used as a solid
electrolyte membrane in the sodium -sulphur high energy
density storage battery, is being examined for impurity
effects. Ionic conductivity of im purity-doped solid elec
trolyte is determined by an AC conductivity method up
to 13 MHz. This leads to information about the con
tributions of grain boundaries and grain bulk to the
ionic impedance. Transmission electron m icroscope
examination is used to clarify the effects of the m icro
structure on the properties. The m echanical properties,
stress-corrosion, and electrom echanical corrosion are
being studied in cooperation with R. Raj.
Reduction of mixed transition metal oxides by hydrogen
is also being studied by DeJonghe and his group. Oxide
spinels such as cobalt and nickel ferrites with aluminum
and magnesium substitutions are reduced in hydrogen,
and the reduction kinetics are correlated with the chem i
cal composition. Transmission electron m icroscopy and
scanning electron m icroscopy are used to characterize
the substructure of the reaction zones. The electron
m icroprobe is used to determ ine the concentration
gradients of the cations, and the therm obalance is
used to quantitatively determ ine the reaction kinetics.

D. L. Kohlstedt’s group is using electron m icroscopy to
study the dislocation m icrostructure produced during
high-tem perature deformation of transition metal
carbides, a group of extrem ely hard ceram ic materials.
Members of this carbide fam ily—for example, T iC —
show a marked decrease in m echanical strength near
one-third their melting temperature. This weakening
severely limits the use of the carbides as high-tem pera
ture structural components. Im provements in the
creep resistance of the carbides is being sought by pre
cipitating m icroscopic grains of a second phase that can
act to impede dislocation motion.
Some representative publications in this area are:
DeJonghe, L. C. 1976. Low angle tilt boundaries and
inhomogeneous current distributions in sodium beta
alumina. Journal of Materials Science (in press).
DeJonghe, L. C. 1975. C om plex faults in sodium beta
alumina. Journal of Materials Science 10:2173.
DeJonghe, L. C., and Chandan, H. 1976. Improving the
sintering behavior of sodium beta alumina. Journal
of the American Ceram ic Society (in press).
DeJonghe, L. C., and Thomas, G. 1971. High voltage
electron m icroscopy of phase transformations in
cobalt ferrites. Materials Science and Engineering
8:259.
Student thesis work in this area includes:
Rey, M. C. 1975. Grown-in defects and electron radia
tion damage in paratellurite. M.S. thesis (L. C.
DeJonghe).

the use of diffraction as well as indirect m ethods based
on known relationships am ong the glass transition
temperature, the viscosity, and the m olecular weight of
chain polymers.
Ast heads a project to produce m ultilayered co m 
posite superconductors with very fine lam ellar spacings
(of the order of angstrom s) by controlled vapor deposi
tion. The goal is to produce a structure in which flux
lines are pinned very effectively, and thereby to obtain
superconductors with high critical fields and low AC
losses.
An understanding of the m echanism s of pinning of the
flux line lattice by crystal defects, such as dislocations
or surface configurations, is basic to the production of
superconducting wire with a high critical current. The
objective of work under the direction of E. J. Kram er is
to elucidate these m echanism s. Also, the pinning due
to defects produced by neutron irradiation is being
investigated because of its im portance in projected co n 
trolled nuclear fusion applications of superconductors.
Examples of recent publications in this area are:
Ast, D. G. 1973. Structural and electrical properties
of evaporated-am orphous and vitreous-am orphous
V-VI compounds. Journal of Vacuum Scien ce Tech
nology 10:748.
Ast, D. G. 1974. Evidence for percolation controlled
conduction in am orphous A s * T e ^ * . Physical R e 
view Letters 33:1042.
Lauterwasser, B. D., and Kramer, E. J. 1975. M echa
nisms of flux line lattice m otion in a peak effect super
conductor. Physics Letters 53A:410.

Electrical and M agnetic Properties
A study of the electronic conductivity of A S x T e ^ *
films as a function of com position is supervised by D. G.
Ast. Percolation theory in connection with a bond pic
ture is being applied to explain the results. The structure
of amorphous As-VI com pounds is being studied with

D iffu s io n a t m e ta l-c e ra m ic in te rfa c e s was s tu d ie d
in a re c e n t g ra d u a te rese a rch p ro je c t in m a te ria ls
science.
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Osborne, K. E., and Kramer, E. J. 1974. The influence
of plastic deform ation on the peak effect in a type II
superconductor. Philosophical Magazine 29:685.
Graduate theses in this field of research include:
Putz, A. G. 1972. Flux motion and pinning in a type II
superconductor. M.S. thesis (E. J. Kramer),
Rickenback, R. 1973. M ulti-layered thin film super
conductors. M.S. thesis (D. G. Ast).

Electron Microscopy
High-resolution electron m icroscope techniques are
being used by S. L. Sass and his research group to study
the fine structure of phase transform ations in titanium
and zirconium alloys. D irect-lattice im aging and darkfield imaging with the diffuse scattering present in these
alloys are being used to obtain m icrostructure inform a
tion at resolutions approaching atom ic dimensions.
J. Silcox’s program is concerned with the understanding
and exploitation of inelastic electron scattering at ele c
tron m icroscope energies (about 80 to 100 keV). The
central instrum ent is a com bination of a Hitachi 11A
electron m icroscope, a Wien spectrophotom eter, and a
PDP-11 minicomputer, with which it is possible to carry
out a variety of experim ental observations. These in
clude separation of electron loss spectra with an energy
resolution of about 0.5 eV to 1.5 eV (depending on set
tings) of either an electron m icrograph (with a spatial
resolution extending to 20 angstroms, depending on the
features of interest) or an electron diffraction pattern
with angular resolution of about 1Ch4 to 1CT5 radians

A m o n g research p ro je c ts in w h ich e le c tro n m ic ro s 
c o p y is used is a s tu d y o f in te rfa c e s in th in film s.
The in s tru m e n t b e in g o p e ra te d b y a s e n io r te c h n i
cia n is a 2 0 0 -ke V e le c tro n m icro sco p e .
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(depending on instrumental settings). The primary focus
in recent years has been on understanding losses rath
er than attempting to exploit the losses in microanalysis.
Surface losses such as surface plasmons in metals,
surface-guided modes in insulators, and anisotropies in
band structure have been studied. Studies of losses due
to excitation of single-particle valence states are under
way. Future work is expected to include studies in
more detail of contrast features and the role played by
inelastic scattering.
An experimental high-resolution electron microscope,
developed by B. M. Siegel and his group, is being used
to extend the application of electron m icroscopy in
studies of the molecular structure of biom acrom ole
cules and biomaterials. The present limitations on the
observations of these m aterials by electron m icroscopy
are set by their high sensitivity to radiation damage
by the electron beam. The experim ental instrument
provides an optimum environm ent for the specimens,
an ultrahigh vacuum (about 1CH° torr) and a liquid
helium cryostat to keep the specimen at liquid helium
temperature. The limits set by radiation damage are
being studied under these conditions. The m icroscope
is equipped with a field emission source and uses com 
puter processing of the image.
Other problems of interest to this group are the prepa
ration and structure of very thin crystalline film sub
strates and of amorphous materials. These substrates
are used to support the electron m icroscope specimens
and can be crucial in obtaining images with adequate
signal-to-noise ratios after image processing. Considera
tion is given also to the structural and physical properties
of these materials.
Papers of relevance include:
Chang, A. L. J.; Krakow, W.; and Sass, S. L. 1976.
A high resolution electron m icroscope study of the
omega transformation in Zr-N b alloys. Acta Metal
lurgies (in press).

Chen, C. H„ and Silcox, J. 1975. Solid state excitations
in graphite excited by fast electrons. Physical Review
Letters 35:390.
Chen, C. H., and Silcox, J. 1975. Surface guided modes
in an aluminum oxide thin film. Solid State Commu
nications 17:273.
Chen, C. H.; Silcox, J.; and Vincent, R. 1975. Electron
energy losses in silicon: bulk and surface plasmons
and Cerenkov radiation. Physical Review B 12:64.
Pettit, R. B.; Silcox, J.; and Vincent, R. 1975. M easure
ment of surface plasmon dispersion in oxidized
aluminum films. Physical Review B 11:3116.
A recent thesis in this area is:
Chen, C. H. 1974. Studies of optical excitations in thin
solid films by electron scattering. Ph.D. thesis (J.
Silcox).

Faculty Members and
Their Research Interests
Dieter G. Ast, Ph.D. (Cornell): amorphous materials,

multilayered superconductors, biomaterials, holo
graphic testing, metallic glasses
Robert W. Balluffi, Sc.D. (M.I.T.): crystal defects,
diffusion
Boris W. Batterman, Ph.D. (M.I.T.): X-ray and neutron
diffraction, solid-state phenomena
John M. Blakely, Ph.D. (Glasgow): surface science,
catalysis, photographic materials
Malcolm S. Burton, S.M. (M.I.T.): mechanical properties
of solids
Lutgard C. DeJonghe, Ph.D. (California, Berkeley):

solid electrolytes, reduction of ceramic oxides
Herbert H. Johnson, Ph.D. (Case): gases in metals,
cyclic deformation, environment and fracture
David L. Kohlstedt, Ph.D. (Illinois): ceramic materials,
electron microscopy, physics of geological materials

Edward J. Kramer, Ph.D. (Carnegie-M ellon): super

conductivity, mechanical properties, high polymer
physics
Che-Yu Li, Ph.D. (Cornell): mechanical behavior,
irradiation effects
Rishi Raj, Ph.D. (Harvard): fracture and cyclic deforma
tion at elevated temperatures in two-phase materials
(metals and ceramics)
Thor N. Rhodin, Ph.D. (Princeton): physics and chem is
try of solid surfaces, electron properties of metals
and alloys
Arthur L. Ruoff, Ph.D. (Utah): high-pressure phenom
ena, higher order elastic constants, hot isostatic
compaction, mechanical properties
Stephen L. Sass, Ph.D. (Northwestern): grain boundary
structure, phase transformations, transmission elec
tron microscopy, diffraction techniques
David N. Seidman, Ph.D. (Illinois): lattice defects,
radiation damage, field ion microscopy and atomprobe field ion microscopy
Benjamin M. Siegel, Ph.D. (M.I.T.): molecular structure
of biomacromolecules, high-resolution electron
microscopy, radiation damage biomaterials, thin
films
John Silcox, Ph.D. (Cambridge): electron microscopy,
spectroscopy, diffraction
Floyd O. Slate, Ph.D. (Purdue): concrete, engineering
materials
Watt W. Webb, Sc.D. (M.I.T.): biophysics, supercon
ductivity, critical and cooperative phenomena

Further Information
Inquiries about graduate study in materials science and
engineering may be addressed to the G raduate Field
Representative, M aterials S cience and Engineering,
Cornell University, Bard Hall, Ithaca, New York 14853.

Mechanical
Engineering

The graduate Field of M echanical Engineering at
Cornell offers advanced instruction and research
opportunities in a variety of topics that have tradition
ally been part of the professional field of m echanical
engineering. The emphasis, however, is on the engineer
ing sciences that are basic to the field and on research
and advanced design and developm ent in those engi
neering applications that are both recent and of growing
importance. Two graduate fields— m echanical engi
neering and aerospace engineering— are centered in
the Sibley School of M echanical and Aerospace Engi
neering, which also offers a variety of undergraduate
courses and an undergraduate field program in m e
chanical engineering.
Candidates for the M.S. or Ph.D. degrees in m echanical
engineering choose a major subject from this field and
a m inor subject that is generally from some other field
of engineering or other division of the University.
Minor subjects com m only chosen include mathematics,
nuclear engineering, solid m echanics, fluid m echanics,
plasma studies, aerospace engineering, and electrical
engineering. The work of an M.S. or Ph.D. candidate is
supervised by a Special C om m ittee headed by the
professor representing the major subject, who normally
is the student’s research and thesis adviser as well.
Also offered is a professional graduate program
leading to the degree of M aster of Engineering (M e
chanical). This program is intended prim arily for stu
dents who are seeking advanced professional training
and whose major interests are in design and develop
ment rather than research. In addition to their course
work, the M.Eng. (M echanical) candidates work on a
design project that they choose. The project is usually
a team effort and often is carried out in cooperation
with an industrial organization, which suggests the
problem, participates in its detailed formulation, and
reviews the solution upon its completion.
A weekly colloquium and a weekly research conference,
both held jointly with the graduate Field of Aerospace
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Engineering, help to preserve and encourage an in
formal relationship between graduate students and
faculty. Colloquium speakers are recognized authorities
in their fields. Frequently they are form er graduate
students or faculty members from Cornell or other
universities. Graduate students who are engaged in
thesis research present progress reports on their work
at the research conference and benefit from suggestions
offered by other students and faculty members. New
graduate students find these conferences helpful in
choosing research projects of their own.
There are currently about fifty full-tim e graduate stu
dents enrolled in the Field of M echanical Engineering.

Facilities
Special equipment available for graduate research in
the Field of M echanical Engineering includes a MachZehnder interferometer; several schlieren systems; an
environmental wind tunnel; extensive hotwire ane
mometer equipment; laser doppler anem om etry instru
mentation; experimental internal com bustion engines
and dynamometers; experimental gas turbine com 
bustors; extensive exhaust gas analysis facilities; a
five-foot-diam eter parabolic mirror for collecting and
concentrating solar energy; a plasma arc facility; a
combined steady-torque and reversed-bending fatigue
testing machine; bearing-test m achines for eccentric
loading, for programmed load variations, and for shaft
oscillations; special rigs for the dynam ic loading of
machine parts; autom atic data-recording instruments;
and an extensive laboratory of m achine tools and
gauges.
Also available to m echanical engineering graduate
students are the University’s large-scale computer
facilities, both digital and analog. A term inal of the

University com puter is located in Upson Hall. A nuclear
reactor facility is also available for student use.
By special arrangement, some thesis work may be
carried out at the Brookhaven National Laboratory.

Areas of Research
M echanical engineering has traditionally been divided
into two main streams of technology. One stream is
characterized by its concern with the dynam ics of
fluids and thermal phenomena; its subject areas are
thermodynamics, fluid m echanics, and heat transfer
and the application of these disciplines to energy sys
tems and thermal processes. The other stream is ch a r
acterized primarily by a concern with solid m echanics
and m echanical phenomena; it involves the design,
control, and production of machines, devices, and sys
tems and the processing of materials. These two main
streams of technology are fundam ental to m echanical
engineering at Cornell. Research activities in the grad
uate field at the present tim e may be grouped, for
convenience, into the categories discussed below.

F lu id Mechanics

problems. These investigations com bine theory, experi
ment, and com puter simulations. Research is also being
carried out to determ ine the m echanism s of noise
generation by helicopter rotors.
Vortex flows are being examined theoretically and
experim entally and are of special interest for the design
of efficient, nonpolluting gas turbine combustors.
Associated experim ental programs utilize a laser doppler
anemometer, as well as extensive hot-w ire anemom eter
equipment. Also In progress is theoretical research on
nonlinear dispersive waves in fluid system s and on
fluid motions in the interior of planetary bodies.
Representative publications are:
Craik, A. D. D„ and Leibovich, S. 1976. A rational
model of Langmuir circulations. Journal of Fluid Me
chanics (in press).
Kubo, I., and Gouldin, F. C. 1975. Num erical ca lcu la 
tions of turbulent swirling flow. Transactions ASME,
Series I 97:310.
Leibovich, S. 1975. A natural limit to the control and
removal of oil spills at sea. Ocean Engineering
3:29.
Parmentier, E. M.; Turcotte, D. L.; and Torrance, K. E.
1976. Studies of finite amplitude non-Newtonian
therm al convection with application to convection in
the earth's mantle. Journal of Geophysical Research
(in press).

Work in basic fluid m echanics includes studies of wave
motions and rotating flows, acoustics and noise, the
dynamics of ferrofluids, and numerical studies of turbu
lent and laminar flows. Current applications center on
the fluid m echanical aspects of energy conversion and
consequent environmental impact.
Studies of environmental fluid m echanics in progress
include work on the thermal cycle of lakes, coolingtower flows, lake and ocean mixing by wind-driven
convection cells, the m eteorological im pact of cities,
pollutant dispersal in the atmosphere, and oil pollution

A g ra d u a te s tu d e n t w o rk in g w ith P ro fe s s o r S.
L e ib o v ic h uses a la se r d o p p le r a n e m o m e te r to s tu d y
the m e ch a n ics o f v o rte x flows.
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Heat Transfer
Problems of current interest are concerned with heat
rejection to the environment, natural convection flows,
the minimization of heat loss from buildings, and twophase flow in porous media. Both experim ental and
theoretical programs are pursued. Heat transfer sys
tems are also sim ulated and studied with the aid of
computers.
Studies of buoyant plumes, including density-stratified
atmospheres, are under way.
An environmental wind tunnel is available for studies
of heat transfer to the atmosphere from urban areas.
Complementary theoretical studies are being made of the
im pact of urban heat generation on the urban climate.
The heat transfer and aerodynam ic phenom ena associ
ated with closed cycle cooling of large power plants is
being studied with a view to optimizing heat exchange
performance. The object of this research is to minimize
cost and environmental and aesthetic impacts.
Examples of recent publications and theses on these
subjects are:
Gutman, D. P., and Torrance, K. E. 1976. Response of
the urban boundary layer to heat addition and surface
roughness. Boundary-Layer Meteorology (in press).
Moore, F. K. 1975. Analysis ot large dry cooling towers
with spline-tin heat exchange elements. ASME paper,
no. 75-W A-HT-46.
Moore, F. K. 1976. Dry cooling towers. Advances in Heat
Transfer (in press).

L e ft above: The b e h a vio r o f a ir flo w in g th ro u g h an
o rific e is s tu d ie d in a g ra d u a te rese a rch p ro je c t
d ire c te d b y P ro fe ssor F. C. G o u ld in .
Le tt: P ro b le m s in the c o o lin g o f la rg e p o w e r p la n ts
are s tu d ie d b y P ro fe sso r F. K. M o o re (a t le ft) a nd his
research gro u p .
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Pimputkar, S. M. 1974. Configuration of module heat ex
changers for dry cooling towers of large power plants.
M.S. thesis. (F. K. Moore).
Ribando, R. J., and Torrance, K. E. 1976. Natural co n 
vection in a porous medium: effects of confinement,
variable permeability, and therm al boundary condi
tions. Journal of Heat Transfer, ASM E (in press).
Combustion
Combustion studies are under way in the areas of
chem ical kinetics, turbulent combustion, fire spread,
and the generation of air pollutants. Additional subjects
of faculty interest include flame spectroscopy and
radiative transfer; diagnostic techniques, including
mass spectrom etric sampling; application of numerical
techniques; and fire safety.
In the area of chem ical kinetics, shock tube and labora
tory scale burner techniques are being used to study
the processes involved in the generation and removal of
nitrogenous com pounds in com bustion systems. Kinetic
mechanisms of fuel pyrolysis, combustion, and quench
ing are also under study. Turbulent com bustion research
has as its objective the developm ent and testing of
models to account quantitatively for the influence of
turbulence on com bustion processes and pollutant
formation. Also under developm ent are accurate
models for the numerical calculation of fire spread over
flammable liquids.
Combustion facilities include a gas chromatograph,
mass spectrograph, a laser doppler velocim eter, and
R ig h t above: A m b ie n t he a t is u se d as the so u rce o f
en e rg y in th is e x p e rim e n ta l p u m p fo r c o n v e rtin g a
c ry o g e n ic liq u id a t lo w p re ssu re to a gas at h ig h
pressure.
R ig h t: The fu e l in je c tio n p u m p o f a CFR eng in e
m o d ifie d to ru n on h y d ro g e n is a d ju s te d b y P ro 
fessors P. C. T. de B o e r (a t le ft) a n d IV. J. M cLean.
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standard air pollution m onitoring equipment. Research
opportunities exist in all of the programs described.
Recent papers on subjects in this area are:
Gardiner, W.; Owen, J.; Clark, T.; Dove, J.: Bauer, S.;
Miller, J.; and McLean, W. J. 1975. Rate and m echa
nism of methane pyrolysis from 2000° to 2700°K.
In Fifteenth symposium (international) on combus
tion, p. 857.
Gouldin, F. C. 1974. Role of turbulent fluctuations in NO
formation. Combustion Science Technology 9:17.
Torrance, K. E., and Mahajan, R. L. 1975. Fire spread
over liquid fuels: liquid phase parameters. In Fifteenth
symposium (international) on combustion, p. 281.

Power and Energy Systems
Generally speaking, the area of power and energy
systems encompasses studies of modern methods of
energy utilization and their corresponding environ
mental effects. Current faculty interests reflect concern
over problems that result from the rapidly increasing
use of energy in a society faced with limited energy re
sources and requiring stringent environm ental controls.
Among topics receiving current attention are combustion
and transport processes in gas turbine combustors,
which are being studied with a view toward the de
velopment of clean-burning turbine engines. Particular
emphasis is placed on the relationship between fluid
turbulence and nitric oxide production.
Reduction of air pollutants from conventional internal

E n g in e a n d sp a rk p lu g m o d ific a tio n s fo r the c o n tro l
o f p o llu ta n ts in a u to m o b ile e m is s io n s are be in g
d e ve lo p e d u n d e r the d ire c tio n o f P ro fe s s o r E. L.
Resler, Jr. (at center). This p h o to s h o w s a d a p ta 
tio n s, s u b s e q u e n tly paten te d , th a t were m ade in
an in itia l phase o f the work.

combustion engines has been achieved by improved
design of engine components. The design innovations
resulting from research at Cornell allow present air
pollution standards to be met with current engine te c h 
nology. Research efforts continue to seek to improve
efficiency and further reduce emissions.
Experimental and analytical investigations of the feasi
bility of high-efficiency operation using synthetic fuels
in reciprocating internal com bustion engines is under
way. Hydrogen and methanol are among the fuels that
are being considered.
The generation of waste heat is of growing concern as
energy utilization increases. Studies are being carried
out to determine the effects of heat rejection from
sources widely distributed in area and from intense
local sources. Research in cooling tower technology is
currently under way.
Examples of recent publications and theses in this area
are:
de Boer, P. C. T.; McLean, W. J.; and Homan, H. S.
1976. Performance and em issions of hydrogen fueled
internal combustion engines. International Journal
of Hydrogen Energy (in press).
McLean, W. J.; de Boer, P. C. T.; Homan, H. S.; and
Fagelson, J. J. 1975. Hydrogen as a reciprocating
engine fuel. In Future automotive fuels: proceedings
of the G.M. symposium, October 1975, ed. J. M.
Colucci and N. E. Gallopoulus.
Martin, D. T. 1975. Stability limits of a m ethane-fueled
swirl combustor. M.S. thesis (F. C. Gouldin).
Moore, F. K. 1976. Regional clim atic effects of powerplant heat rejection. Atmospheric Environment (in
press).
Resler, E. L., Jr. 1974. C ornell's low pollution internal
combustion engine. Engineering: Cornell Quarterly
8(4):2.
Zakaria, J., and Moore, F. K. 1975. Noise from cooling
towers of power parks. Brookhaven National Labora
tory Regional Studies Program report.

M echanical Systems and Design
Research in m echanical systems and design is concerned
with the design, analysis, and m anufacture of devices,
machines, and systems. At Cornell these are broadly
interpreted and encom pass vehicle dynam ics, bio
m echanics, and space applications as well as such
traditional areas as lubrication, controls, and m anufac
turing processes. The com m on theme of the work is the
application of analytical models, com puter sim ulation,
and experim ent to im portant practical problems.
Recent work in the area of m anufacturing processes
has included studies of the m echanism of friction weld
ing, thermal fracture of cutting tool m aterials, ultra
sonic testing of solid-state bonds, and com puter-aided
design of injection-m olding systems.
Lubrication studies have been concerned with porous
and elastic bearings, with both m echanical and biologi
cal applications. Other work in the area encom passes
the study of the dynam ics of large system s as affected
by bearing characteristics.
Stress analysis of pressure vessels for nuclear power
reactors is under way.
Biomechanics research is concerned with the analysis
of biom echanical systems to prom ote better under
standing of the structure and function of normal, im 
paired, and reconstructed physiological systems. Work
is in progress on tissue and im plant properties, with the
intent of developing im proved implants, tissue implant
systems, and surgical procedures. Current work involves
the analysis and design of devices and surgical pro
cedures in the orthopedic and rehabilitation area; these

A n e le c tro h y d ra u lic d e vice is u se d in an e x p e ri
m e n ta l g im b a llin g syste m to sim u la te the la u n c h 
in g c o n tro l fo r a space vehicle. T his rese a rch was
s u p e rvise d b y P ro fe sso r J. F. B ooker.
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include the m echanical aspects of degenerative joint
disease, reconstructive surgery of the knee, bone implant
systems, and upper-extrem ity assistive device systems.
M echanical reliability studies have been concerned
with the probabilistic m odeling of structural systems in
which load sharing among members is a key feature.
Current work concerns the developm ent of useful
m odels for representing the stress-rupture, dynamic
fatigue, and brittle fracture of structural members under
a variety of load histories. Work on controls and design
reliability and optimization is also in progress.
Recent publications and theses (listed with the super
vising professors) in the area of m echanical systems and
design include:
Booker, J. F., and Stickler, A. C. 1976. Bearing load deter
m ination for m ulti-cylinder reciprocating machinery.
Journal of Mechanical Engineering Science (in press).
Deotto, D. R. 1974. A theoretical study of laser-induced
therm al fatigue of carbide tool materials. M.S. thesis
(K.-K. Wang).
Eidelberg, B. E., and Booker, J. F. 1976. Application of
finite element methods of lubrication: squeeze films
between porous surfaces. Journal of Lubrication Tech
nology, ASM E 98(1 ):175.
Parker, R. A. 1973. The analysis of the forces and dis
placem ents in the digit of the horse during walk.
M.S. thesis (D. L. Bartel).

Far le ft above: R esearch in b io m e c h a n ic s is d ire c te d
b y P ro fe sso r D. L. B a rte l (a t rig h t).
L e ft b e lo w : A re c e n t b io m e c h a n ic s p ro je c t was the
d e ve lo p m e n t o f a c a n in e h ip rep la ce m e n t.
L e ft: The de sig n o f system s fo r in je c tio n m o ld in g
o f p la s tic s is a jo in t p ro je c t w ith in d u s try fo r w h ich
P ro fe sso r K.-K. Wang (at rig h t) is o n e o f the p rin 
c ip a l in ve stig a to rs.
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Phoenix, S. L. 1974. Probabilistic concepts in modeling
the tensile strength behavior of fiber bundles and uni
directional fib e r/m a trix composites. In Composite
materials: testing and design (3rd conference),
ASTM STP 546, pp. 130-51. Philadelphia: Am erican
Society for Testing and Materials.
Phoenix, S. L. 1975. Probabilistic inter-fiber depen
dence and the asym ptotic strength distribution of
classic fiber bundles. International Journal of Engi
neering Science 13:287.
Schnake, C. K. 1974. The m echanical analysis and
design of bone-im plant systems. M.S. thesis (D. L.
Bartel).
Wang, K. K., and Shah, H. M. 1974. A metal-transfer
model for the initial stage of Cu-AI inertia welding.
In Proceedings of the international conference of
production engineering, held in Tokyo, Japan.

Faculty Members and
Their Research Interests

Sidney Leibovich, Ph.D. (Cornell): fluid dynamics,

wave propagation, vortex flows, oil pollution, air-sea
interactions
William J. McLean, Ph.D. (California, Berkeley): thermo
dynamics, air pollution, combustion
Franklin K. Moore, Ph.D. (Cornell): fluid dynamics,
energy systems, thermal pollution
Richard M. Phelan, M.M.E. (Cornell): mechanical
design, vibration, controls, lubrication
S. Leigh Phoenix, Ph.D. (Cornell): m echanical reliability,
probabilistic theories of material failure, composite
materials
Predrag Radulovic, Ph.D. (Michigan): heat transfer,
transport processes, holographic interferometry
Edwin L. Resler, Jr., Ph.D. (Cornell): high-temperature
gasdynamics, pollution control, ferrofluid m echanics
Dennis G. Shepherd, B.S.Engr. (M ichigan): thermal
power, fluid dynamics, turbomachinery
Kenneth E. Torrance, Ph.D. (Minnesota): computational
fluid mechanics, combustion, geophysical heat
transfer
Kuo-King Wang, Ph.D. (W isconsin): manufacturing
engineering, materials processing
Robert L. Wehe, M.S. (Illinois): lubrication, product
design, design of components

Donald L. Bartel, Ph.D. (Iowa): design optimization and

reliability, computer-aided design, biomechanical
engineering
John F. Booker, Ph.D. (Cornell): lubrication, finiteelement methods, computer-aided simulation and
design
Bart J. Conta, M.S. (Cornell): thermodynamics, thermal
power, energy conversion
P. C. Tobias de Boer, Ph.D. (Maryland): alternative
fuels for internal combustion engines, solar energy
collectors, high-temperature gasdynamics
Albert R. George, Ph.D. (Princeton): fluid dynamics,
acoustics and noise control, turbulence
Frederick C. Gouldin, Ph.D. (Princeton): fluid dynamics,
combustion, air pollution

Further Information
Further information about the M.S. and Ph.D. degree
programs may be obtained by writing to the Graduate
Faculty Representative, M echanical Engineering,
Sibley School of M echanical and A erospace Engineering,
Cornell University, Upson Flail, Ithaca, New York
14853. Requests for further inform ation about the
M.Eng. (M echanical) degree program may be ad
dressed to the Faculty Representative, M aster of Engi
neering (M echanical), at the sam e address.
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Nuclear Science
and Engineering

Nuclear science and engineering is concerned with the
understanding, development, and application ot the sc i
ence of nuclear reactors and radiations. The graduate
programs at Cornell allow specialization in basic nu
clear science, in applied nuclear engineering, or in a
com bination of the two. Minors may be chosen in a
variety of other engineering or science fields. About
twenty graduate students are concentrating in nuclear
science and engineering at the present time.
Three graduate degree programs are offered. The
Master of Engineering (N uclear) is a professional
degree; the Master of Science and Doctor of Philoso
phy degrees are intended for those who plan to pursue
research or teaching careers. Degree program require
ments and course offerings are described fully in other
publications that may be obtained upon request; these
are the Announcement of the Graduate School and
Cornell University: Description of Courses. Only a
brief summ ary is provided here.
The M.Eng. (Nuclear) degree program is intended pri
m arily for individuals who want a term inal professional
degree, but it may also serve as preparation for doctoral
study in nuclear science and engineering. The two-term
curricular program covers the basic principles of nuclear
reactor systems, with a major emphasis on reactor
safety and radiation protection and control. There is a
growing need in the nuclear industry for engineers who
have a thorough knowledge of these safety provisions
and who are able to apply it to the design of reactor
plants and auxiliary equipm ent and to the im plem enta
tion of environmental monitoring systems. Required
courses treat reactor safety and radiation protection
and control in depth; an elective course in environ
mental radioactivity and an elective sem inar in physical
biology are available.
The background recom m ended for the program includes
a baccalaureate degree or its equivalent in engineer
ing or applied science; physics, including atom ic
and nuclear physics; m athem atics, including advanced
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calculus; and therm odynam ics. Students should have
fulfilled these requirements before beginning the pro
gram. In some cases, deficiencies in preparatory work
may be made up by informal study during the preced
ing summer.
The M.S. and Ph.D. programs are oriented toward
research and require com pletion of a thesis as well as
course work. Candidates for one of these degrees choose
either nuclear science or nuclear engineering as their
major subject, but because each student plans an
individual program in consultation with the faculty
members on his or her Special Committee, there are no
detailed degree requirements. This approach, long a
tradition of graduate study at Cornell, is well suited
to interdisciplinary fields such as nuclear science and
engineering. Minor subjects may be in any related
engineering or science field. Independent thesis research
and form al and informal interactions with staff m em 
bers and other students are vital parts of the program.
The appropriate preparation for graduate work in these
programs is an undergraduate education in science,
applied science, or engineering, with special emphasis
on m athem atics and modern physics.

Facilities
The Ward Laboratory of Nuclear Engineering is the
major facility at Cornell for graduate research and
teaching. It is the center for study of reactor physics
and engineering, low-energy nuclear structure physics,
and nuclear and radiation chemistry. The following
primary facilities are housed in the laboratory.
A T R IG A reactor, which has a steady state power of
500 kilowatts and a pulsing capability of up to 1,000
megawatts. The reactor is a source of neutrons and gam-

ma rays for activation analysis, solid-state studies, and
research in nuclear physics. In addition to standard
pneumatic and m echanical transfer systems, the re
actor has a 40-m illisecond rapid transfer mechanism
that allows study and use of radionuclides having a
relatively short half-life.
A critical facility, or “ zero-pow er” reactor, of ver
satile design. This facility, unique to Cornell University,
is used for basic studies in reactor physics and dy
namics. Auxiliary equipment includes a pulsed 14-MeV
neutron generator used for studies of reactor transients.
A shielded gamma cell with a 4,000-curie 60Co
gamma ray source. This is used for studies of radiation
chemistry and radiation damage. Experimental versa
tility is facilitated by a viewing window and remote
manipulators.
A 3 M V Dynam itron, or positive ion accelerator,
with up to 2.5-m A beam current. This is used for
studies of atom ic and nuclear structure and highintensity radiation damage. A lithium target capable of
power dissipation approaching 10,000 watts per
square centim eter has been developed for use in co n 
trolled energy neutron production.
In addition to these and other special items of equip
ment in the Ward Laboratory, facilities of other
departments are available. The general resources of
the University include a com puting system with a ce n 
tral machine, several satellite stations, and a number
of teletypewriter terminals.

C o rn e ll's TRIG A reactor, a so u rce o f n e u tro n s a nd
gam m a rays, is lo c a te d in th e W ard L a b o ra to ry o f
N u c le a r E n g in e e ring .
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Areas of Research
Because of the wide range of available facilities, thesis
research may be undertaken in any of several m ajor
areas. Research subjects In nuclear science include
low-energy nuclear structure physics, the interaction of
atom ic and nuclear processes, synchrotron radiation
studies using the Cornell 12-G eV electron synchrotron,
nuclear geochem istry and cosm ochem istry, and activa 
tion analysis. Subject areas in nuclear engineering
include nuclear environm ental engineering, reactor
plant dynam ics and safety, experim ental and ana
lytical reactor physics, neutron transport theory, radi
ation effects on m aterials (including fast-neutron
damage), and radiation protection and control. Some of
the current projects are described below.
N uclear Environmental Engineering
Research in this area began in 1970 as part of a Cornell
energy project, an interdisciplinary research effort to in
vestigate national energy needs and environm ental
quality. Part of this research was in the developm ent of
optimum strategies for the installation and operation of
facilities for the generation of electricity. The total costs
include environmental and health costs resulting from
the mining and burning of nuclear and fossil fuels and
from the reprocessing and disposal of radioactive
wastes. A current research project is the study of the
incentives for electric energy storage devices in the
New York State Power Pool, 1980-2020.

Nuclear Safety Engineering
Safety research in light-water reactors and fast-breeder
reactors is of extrem e im portance in the expansion and
development of nuclear energy. A current research
project is developing fast-reactor plant models and com 
puter codes for the control and analysis of nuclear
plant transients and accidents.
Graduate research in this area is represented by the fol
lowing thesis:
Pavlenco, G. 1976. Primary loop transients and a c c i
dents in a liquid metal cooled fast breeder reactor.
Ph.D. thesis (K. B. Cady).

Nuclear Materials Research
The econom ic and orderly developm ent of fast-reactor
and fusion-reactor technology requires an under
standing of the phenomena of radiation-induced sw ell
ing and creep. An example of Cornell research in this
area is the development of a theory of void coalescence
and growth that accounts for the observed swelling and
decrease in void density of stainless steels at low doses
and predicts behavior at high doses.
One of the publications based on this research is:
Mansur, L. K.; Okamoto, P. R.; Taylor, A.; and Li,
C.-Y. 1973. Void coalescence and growth in metals
under irradiation, report no. 2020. Ithaca, N.Y.:
Cornell University, Materials Science Center.

Fission Reactor Physics

P ro fe ssor K. B. C ady lo o k s d o w n th ro u g h tw e n tyfive feet o f w a te r a t the c o re o f the TRIGA.
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Basic research in the kinetics of the neutron chain
reaction is carried out in conjunction with the reactor
plant dynamics work discussed above. The main ex
perimental facility for basic reactor physics is the
Cornell critical facility. One example of research is
the measurement of neutron importance functions

and another is the m easurement and interpretation of
neutron density waves propagating through m ultiply
ing media. The critical facility is of very flexible design,
and a variety of cores of different shapes, sizes, and
water-to-fuel ratios can be investigated. It is a unique
educational tool for the operational understanding of
nuclear reactor cores.
An example of journal publications in this field is:
Greenspan, E., and Cady, K. B. 1970. The m easure
ment of neutron im portance functions. Journal ol
Nuclear Energy 24:529.
Low-Energy Nuclear Physics
Among projects now under way in this area is an
experimental study of isom eric (metastable) excited
states in nuclei. The energies, spins, parities, life
times, and other param eters of these levels can be
compared with predictions from theoretical models
and thus provide checks on the validity of these models.
Several high-spin isomers have been discovered at
Cornell with use of the TRIGA reactor and the fasttransfer system.
Isomeric states frequently decay by internal co n 
version, producing vacancies in the inner electron
shells of the atom, and this results in X-ray emission.
A new method for determ ining properties of isomeric

R ig h t above: E q u ip m e n t fo r e x p e rim e n ta l w o rk
w ith the TRIGA is se t u p n e a r one o f the re a c to r’s
six beam p o rts. P ro fe s s o r D. D. C la rk w o rks w ith a
g raduate stu d en t.
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R ig h t: S tu d e n ts w o rk in the c o n tro l ro o m fo r the
z e ro -p o w e r reactor.
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BOP

levels solely by observation of these X rays has been
developed in the course of research on l82Ta. The
method is applicable to other nuclides.
The discovery of spontaneously fissioning isom ers and
recent theoretical research at various laboratories have
led to the hypothesis of a new type of isom erism called
shape isomerism. The phenomenon, w hich is w ide
spread am ong elements of atom ic num ber 92 and high
er, is due to a double hump in the fission barrier. Nuclei
in the isom eric state are stretched into a cigarlike
shape, with the polar axis alm ost tw ice the equatorial
diameter. Experiments designed to m easure the degree
of "stre tch ” and other properties such as the expected
decay of the isomer by modes other than fission are
under way with use of neutrons from the TRIGA reactor.
Experiments using higher energy neutrons from the
Dynamitron are also planned.
A new type of detector—the inner-shell vacancy (ISV)
detector—was recently conceived and developed at
Cornell in order to make feasible a key series of shapeisomer experim ents using reactor neutron beams.
Examples of recent publications in this area are:
Clark, D. D. 1971. Shape isom erism and the double
humped fission barrier. Physics Today 24(12):23.
Clark, D. D.; Kostroun, V. 0.; and Siems, N. E. 1975.
Identification of an isom er in Ag-110 at 1-keV
excitation energy. Physical Review C 12:595.

Interaction of Radiation and Matter
The interaction of energetic photons and matter is
being investigated with synchrotron radiation emitted
by electrons accelerated by the 12-GeV electron
synchrotron at Cornell. The intense synchrotron radi
ation, which is continuous in photon energy (3-300
keV), collim ated (10 seconds of arc), and polarized, is
being used in a variety of experim ents to probe the
structure of atom ic aggregates and the consequences
of local (on an atom ic scale) energy deposition. Ex
perim ents using synchrotron radiation include a study
of the excitative and de-excitative processes in atoms
and m olecules following creation of specific innershell vacancies by the photoeffect; a study of the im
mediate environment of an atom or m olecule in
substances of solid-state and biological interest (via
the extended absorption edge fine structure); the
determination of photon interaction cross sections as
a function of photon energy; a study of photon trans
port as a function of photon energy, shielding material,
and configuration; the quantitative determ ination of
the elements (phosphorus to americium ) in substances
by X-ray absorption spectrom etry and X-ray fluo
rescence; and X-ray interferometry.
Representative of research in this area is the following
dissertation:
Fairchild, R. W. 1975. High resolution synchrotron
radiation studies of the K-edge photoabsorption
spectra of the 4 d transition metals and some rare
earths. Ph.D. thesis (V. O. Kostroun).

Nuclear G eochem istry and Activation Analysis

A n e xp e rim e n t in the n u c le a r m e a su re m e n ts la b o 
ra to ry is se t u p b y a te a c h in g a s sista n t w h o is a
Ph.D. can d id ate .
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Research in multielement trace analysis of geological,
metallurgical, and biological materials by neutron a c 
tivation techniques is carried out with the TRIGA reac
tor. Other analytical techniques such as spark source
mass spectroscopy are also employed.

An example of recent papers that have resulted from
this research is:
Morrison, G. H.; Gerard, J. T.; Potter, N. M.; G angadharam, E. V.: Rothenberg, A. M.; and Burdo, R. A.
1971. Elemental abundances of lunar soil and rocks
from Apollo 12. In Proceedings o l the 2nd lunar s c i
ence conference, p. 1169. Cambridge, Mass.: M.I.T.
Press.

Faculty Members and
Their Research Interests
Faculty members in a number of University depart
ments are engaged in research programs that have a
major emphasis on nuclear science and engineering.
The following list of faculty members in the graduate
Field of Nuclear Science and Engineering, their
departmental affiliations (in parentheses), and their
areas of interest related to this field indicates the
scope of research that can be undertaken:
K. Bingham Cady (applied and engineering physics),
Ph.D. (M.I.T.): nuclear engineering, nuclear environ
m ental engineering, nuclear reactor physics
Alison P. Casarett (physical biology), Ph.D. (Rochester):
radiation biology, p h ysica l biology
David D. Clark (applied and engineering physics), Ph.D.
(California, Berkeley): n uclear structure physics,
nuclear instrumentation
Hans H. Fleischmann (applied and engineering physics),
Dr.rer.nat. (Technische Hochschule, Munich): therm o
nuclear power, plasm a physics
Charles D. Gates (environmental engineering), M.S.
(Harvard): nuclear environm ental engineering

Bryan L. Isacks (geological sciences), Ph.D. (Columbia):
seism ological aspects ot nuclear pow er siting
Vaclav O. Kostroun (applied and engineering physics),
Ph.D. (Oregon): nuclear structure physics, in te r
action o t atom ic a nd nuclear processes, atom ic
physics
Che-Yu Li (materials science and engineering), Ph.D.
(Cornell): nuclear materials, tast-neutron dam age
Simpson Linke (electrical engineering), M.E.E.
(Cornell): energy conversion and transm ission
Raphael M. Littauer (physics and nuclear studies),
Ph.D. (Cambridge): n uclear pulse electronics
Franklin K. Moore (m echanical and aerospace engi
neering), Ph.D. (Cornell): therm al engineering,
energy conversion
George H. Morrison (chem istry), Ph.D. (Princeton):
nuclear geochem istry a n d cosm ochem istry, activation
analysis
Mark Nelkin (applied and engineering physics), Ph.D.
(Cornell): neutron scattering and transport
James S. Thorp (electrical engineering), Ph.D. (Cornell):
systems engineering, controls
Robert L. Von Berg (chem ical engineering), Sc. D.
(M.I.T.): radiation chem istry

Further Information
Further information about the M.S. and Ph.D. degree
programs may be obtained by writing to the Graduate
Faculty Representative, N uclear Science and Engi
neering, Cornell University, W ard Laboratory of N uclear
Engineering, Ithaca, New York 14853. Requests for
further information about the M.Eng. (Nuclear) degree
program may be addressed to the Faculty R epresenta
tive, Master of Engineering (Nuclear), at the above
address.
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Operations
Research

The graduate Field of Operations Research offers
doctoral programs in four m ajor subjects: operations
research, applied probability and statistics, systems
analysis and design, and industrial engineering.
M aster of S cience programs are offered in all these sub
jects, and in inform ation processing as well.
Also offered, under the auspices of the School of
O perations Research and Industrial Engineering, is a
one-year program leading to the professional degree
of Master of Engineering (OR & IE). This degree is
discussed in the earlier section on the professional
engineering degrees.
More than sixty-five full-tim e graduate students, includ
ing thirty from foreign countries, are currently regis
tered in these programs. Approxim ately one-third of
the students hold undergraduate degrees in m athe
matics: the others majored in engineering or other
sciences.
A general description of the five subject areas in the
Field of O perations Research is given below.

Operations research. The problem areas and te c h 
niques of operations research are approached from a
highly analytical viewpoint. Theories and techniques
from m athem atical programm ing (linear, nonlinear,
dynamic, and probabilistic), com binatorics, theory of
games, stochastic processes (queuing and inventory),
scheduling, and sim ulation are developed and used
extensively. Consideration is given to the construction
of appropriate m athem atical m odels to represent
various real-life operational systems and to the develop
ment of techniques for analyzing the perform ance of
these models.
The operations research student pursues a course of
study and research that emphasizes the use of the
mathem atical, probabilistic, statistical, and com puta
tional sciences in the developm ent of the techniques
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of operations research. The ultimate goal may range
from making a fundam ental contribution to the
techniques of operations research to applying te c h 
niques to problems in diverse professional fields.
Applied probability and statistics. This subject of
study and research is designed for students having
primary interest in the techniques and associated
underlying theory of probability and statistics, par
ticularly as they are applied to problems arising in
science and engineering. The techniques emphasized
are those associated with applied stochastic processes
(for example, queuing theory, traffic theory, inventory
theory, and tim e-series analysis) and statistics (includ
ing statistical decision theory; the statistical aspects
of the design, analysis, and interpretation of ex
periments and of ranking and selection theory; reli
ability theory; statistical quality control; sampling
inspection; and acceptance sampling).
Those who elect to work in this area are expected to
acquire considerable knowledge of the theory of proba
bility and statistics. All students who major in applied
probability and statistics are required to have the
equivalent of a minor in m athematics.
Systems analysis and design. Although the solution
of a systems problem requires knowledge of underlying
theory, the inherent practical limitations of the prob
lem must be understood. Analysis of a system alone is
insufficient; alternative solutions must be generated
before selection of the one that can best be integrated
with other elements of the system. Modeling concepts
are equally important when they can produce workable
systems. Illustrations of the design of integrated sys
tems can be found in industry, the environm ent, co m 
merce, and government. Good examples are the design
of urban traffic control systems and the design of an
integrated production and inventory system. Research
activity may involve the developm ent of new m eth

odology or the synthesizing of new com binations from
what is already known. The goal is to improve the
understanding of systems or to develop new decision
criteria for systems.
Industrial engineering. Studies of the analysis and
design of the com plex operational systems that occur
in industry, particularly in m anufacturing, are included
in this subject. Plant design, cost analysis and control,
and production planning are some of the major topics.
A student is expected to have considerable facility in
the modern analytical techniques associated with
rational decision making and the establishm ent of
valid design criteria. These techniques are drawn from
among inventory theory, queuing theory, m athe
matical programming, quality control, and com puter
simulation.
Because the design and operation of modern engineer
ing systems apply to areas other than m anufacturing,
the use of the word industrial should not be considered
restrictive. Industrial engineers frequently are em 
ployed as systems specialists in comm erce, banking,
distribution, merchandising, and hospital management.
Information processing. Information processing
deals with the analysis and design of systems that
record, transmit, store, and process information. Em
phasis is on the application and integration of equip
ment rather than on the design of machines. Areas of
interest include systems for information retrieval, m anu
facturing control, and traffic control. This subject also
includes such underlying theoretical topics as data
structure, operating system organization, and co m 
puting language structure.
The principal cam pus computing facility is an IBM
370/168, with on-line operation from many cam pus
locations. A satellite computer, directly connected to the
3 7 0/168, is located in Upson Hall, where the School
of Operations Research and Industrial Engineering is
housed. Teletypewriter term inals are also in use.

M inor subject areas. In addition to choosing a m ajor
subject, candidates for the M.S. and Ph.D. degrees
choose minors, which may be selected from the five
areas described or from those offered by other fields
of the Graduate School. Appropriate m inors that have
been chosen most frequently in recent years (and the
departm ents or schools that offer these courses of
study) are applied m athem atics (Applied M athem atics),
com puter science (Com puter Science), econom etrics
and econom ic statistics (Econom ics), public systems
planning and analysis (Civil and Environmental Engi
neering), managerial econom ics (Business and Public
Administration), m athem atics (M athem atics), and
planning theory and systems analysis (City and Regional
Planning).

Areas of Research
A research project is an im portant part of the program
for all M.S. and Ph.D. degree candidates. Because the
research is begun at an early stage, candidates who
plan to seek the doctorate are encouraged to apply for
a Ph.D. program at the outset.
The range of research opportunities is suggested by the
projects currently being directed by m em bers of the
faculty. Topics of these research projects are:
Applied Stochastic Processes (sponsored by the National
Science Foundation)
Approximating N onparam etric Problems by Parametric
Problems with No Loss of Asym ptotic Efficiency
(sponsored by the National S cience Foundation)
The Cooperative Theory of Behavior and Its A p p lica 
tions (sponsored by the O ffice of Naval Research)
Optimal Stopping and Other Probability M odels in
Engineering (sponsored by the National Science
Foundation)
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Com ponent M anagem ent (sponsored by the O ffice of
Naval Research)
Multiple Decision Selection and Ranking Procedures
(sponsored by the Arm y Research Office, Durham)
Topics in Com binatorial Optimization and Its A p p lica 
tions (sponsored by the National S cience Foundation
and the O ffice of Naval Research)
P L /C Com piler Development (sponsored by the IBM
Corporation and Siemens Corporation)

Statistical Selection Procedures for Analyzing Data
from k Competing Processes (sponsored by the
National Science Foundation)
Problems in Com plem entarity Theory (sponsored by
the National Science Foundation)
Privacy and Security in Information Systems (sponsored
by the National Science Foundation)
Research on n-Person Games (sponsored by the Nation
al Science Foundation)
Statistical Engineering (sponsored by the O ffice of
Naval Research)
Some books and recent research papers by faculty
members are the following:
Bechhofer, R. E.; Kiefer, J.; and Sobel, M. 1968. S e 

L e ft: C o m p u te r w o rk is im p o rta n t in m a n y g ra d u a te
p ro je c ts in o p e ra tio n s research.
B e lo w : G ra d u a te s tu d e n ts d iscu ss cla ss p ro b le m s
w ith P ro fe sso r H. M. T a ylo r 3d.

quential identification and ranking procedures.
Chicago: University of Chicago Press.
Billera, L. J. 1972. Global stability in n-person games.

Transactions of the American Mathematical Society
172:45.
Conway, R. W., and Gries, D. 1975. An introduction

to programming: a structured approach using PL/1
and P L/C -7, 2d ed. Cambridge, Mass.: Winthrop.
Heath, D. C., and Sudderth, W. D. 1974. C ontinuous
time gambling problems. Advances in Applied
Probability 6:651.
Karlin, S., and Taylor, H. M. 1975. A first course in
stochastic processes, 2d ed. New York: Academ ic
Press.
Lucas, W. F. 1971. Some recent developm ents in nperson game theory. SIAM Review 13(4):491.
Maxwell, W. L.: Miller, L. W.; and Ginsberg, A. S. 1975.
An experimental investigation of priority dispatching
in a simple assem bly shop. Logistics 1.
Muckstadt, J. A. 1973. A model for a m ulti-item, m ulti
echelon, m ulti-indenture inventory system. Manage
ment Science 20(4):472.
Nemhauser, G. L., and Garfinkel, R. 1972. Integer
programming. New York: John Wiley.
Prabhu, N. U. 1965. Queues and inventories. New
York: John Wiley.
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Santner, T. J. 1975. A restricted subset selection
approach to ranking and selection problems. Annals
of Statistics 3(2):334.
Saunders, B. W. 1971. Facilities design: A problem of
systems analysis. International Journal ol Pro
duction Research 9(1 ):3.
Spitzer, F. L. 1964. Principles of random walk.
Princeton, N.J.: Van Nostrand.
Taqqu, M. S. 1975. Weak convergence to fractional
Brownian motion and to the Rosenblatt process.
Z. Wahrscheinlichkeitstheorie 31:287.
Todd, M. J. 1974. A generalized com plem entary pivot
algorithm. Mathematical Programming 6:243.
Trotter, L. 1975. A class of facet producing graphs
for vertex packing polyhedra. Discrete Mathematics
12:373.
Turnbull, B. 1974. Nonparam etric estimation of a
survivorship function with doubly censored data.

Journal of the American Statistical Association
69:169.
Weiss, L., and Wolfowitz, J. 1974. Maximum probability
estimators. New York: Springer-Verlag.

R ig h t above: A n in fo rm a l g a th e rin g p re ce d e s the
re g u la r c o llo q u iu m o f the F ie ld o f O p e ra tio n s Re
search. A t the c e n te r o f this g ro u p are P ro fe ssors
J. C. K ie fe r (le ft) a n d R. E. B e ch h o fe r.
R ig h t: S p e c ia lis ts fro m o u ts id e o rg a n iz a tio n s a n d
o th e r u n ive rsitie s, s u c h as P ro fe sso r S. S. G upta
from P u rd u e (a t center), are fre q u e n tly speakers
a t the c o llo q u ia . A t r ig h t is C o rn e ll o p e ra tio n s
research P ro fe s s o r T. J. Santner.
Far rig h t: P ro fe ssors M. J. Todd, L. E. T ro tte r, a n d
L. J. B ille ra ( le ft to rig h t) d iscu ss a rese a rch p ro je c t
in th e ir s p e c ia lty area o l c o m b in a to ria l o p tim iz a tio n .
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An idea of the specific research conducted by graduate
students, and also of the kind of jobs they assume
after receiving their degrees, may be obtained from the
following list of candidates who were awarded Ph.D.
degrees during the calendar year 1974-75. Their
present positions, thesis topics, and supervising pro
fessors are also given.
Wayne Bialas: assistant professor, Departm ent of
Industrial Engineering, State University of New York
at Buffalo. Prescriptive econom ic models for nonstructural flood control (S. Stidham).
Robert Blau: Chase Manhattan Bank, New York. The
problem of scheduling independent jobs with sim ul
taneous multiple resource requirements (W. L.
Maxwell).
Bharat Tarachand Doshi: assistant professor, Depart
ment of Statistics, Rutgers University. Continuous
time control of Markov processes on an arbitrary
state space (N. U. Prabhu).
Peter Henry Farquhar: assistant professor, Department
of Industrial Engineering and Managem ent Sciences,
Northwestern University. Fractional hypercube
decompositions of multiattribute utility functions
(W. F. Lucas).
James Richmond Fergusson: Bureau of Management
Consulting, Supply and Services, Ottawa, Canada.
Enumerative algorithm s for separable non-convex
programming problems: m ethodology for a short
term flood control model (G. L. Nemhauser).
Jeffrey Alan Hoffer: Departm ent of Accounting, Case
W estern Reserve University. A clustering approach
to the generation of subfiles for the design of a data
base (D. G. Severance).
Jose Kreimerman: acting chairm an, M athem atics
Department, UNET, San Cristobal, Venezuela. A

G rad u a te s tu d e n ts in o p e ra tio n s research h o ld an
a n n u a l p ic n ic a t a n e a rb y state park.
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bivariate test of goodness of fit based on a gradually
increasing number of order statistics (L. I. Weiss).
Deepak Kanchanlal Merchant: assistant professor,
Graduate School of Management, University of
Rochester. A study of dynam ic traffic assignment
and control (G. L. Nemhauser).
Paul L. Olsen: Institute for Defense Analyses, Arlington,
Virginia. Multistage stochastic programm ing with
recourse (M. J. Eisner).
Ajitkum ar Tamhane: assistant professor, Department
of Industrial Engineering and Managem ent Sciences,
Northwestern University. On minimax multistage
elimination type rules for selecting the largest normal
mean (R. E. Bechhofer).
Robert Jam es Weber: assistant professor, Departm ent
of Mathematics, University of Connecticut. Bargain
ing solutions and stationary sets for n-person games
(W. F. Lucas).

Faculty Members and
Their Research Interests
Robert E. Bechhofer, Ph.D. (Columbia): statistical
selection procedures, design of experim ents
Louis J. Billera, Ph.D. (City University of New York):
game theory, com binatorics
Richard W. Conway, Ph.D. (Cornell): inform ation
processing systems
John E. Dennis, Ph.D. (Utah): num erical optimization
David C. Heath, Ph.D. (Illinois): applied probability
Jack C. Kiefer, Ph.D. (Columbia): statistical decision
theory, optimal experim ental design
William F. Lucas, Ph.D. (Michigan): gam e theory,
com binatorics
Walter R. Lynn, Ph.D. (Northwestern): environm ental
systems

William L. Maxwell, Ph.D. (Cornell): scheduling,
sim ulation
John A. Muckstadt, Ph.D. (Michigan): inventory and
logistics control
George L. Nemhauser, Ph.D. (Northwestern); m athe
m atical program m ing
Narahari U. Prabhu, M.Sc. (M anchester, England):
stochastic processes, queuing a nd control
Thomas J. Santner, Ph.D. (Purdue): statistical selection
procedures
Byron W. Saunders, M.S. (Stevens Institute of T e ch 
nology): industrial systems, econom ic analysis
Andrew Schultz, Jr., Ph.D. (Cornell): system s analysis
Frank L. Spitzer, Ph.D. (Michigan): probability theory
Murad S. Taqqu, Ph.D. (Columbia): applied probability
and statistics
Howard M. Taylor 3d, Ph.D. (Stanford): applied
probability
Michael J. Todd, Ph.D. (Yale): m athem atical p ro 
gram m ing
Leslie E. Trotter, Jr., Ph.D. (Cornell): discrete op
timization
Bruce Turnbull, Ph.D. (Cornell): statistics and applied
probability
Lionel I. Weiss, Ph.D. (Columbia): statistical decision
theory

Further Information
Inquiries about graduate program s in the Field of
Operations Research may be addressed to the G raduate
Faculty Representative, O perations Research, Cornell
University, Upson Hall, Ithaca, New York 14853.
Inquiries about the professional degree program may
be addressed to the Faculty Representative, M aster
of Engineering (OR & IE), at the same address.

Theoretical
and Applied
Mechanics

M echanics is the study, by m athem atical analysis and
experimental observation, of the motion and deform a
tion of solids and fluids. Although its historical roots
are deep, it is a particularly modern subject because
it is basic to so m any areas of modern technology.
Graduates of the Cornell programs in theoretical and
applied m echanics, having acquired a solid background
in fundam entals, are able to carry out analytical or
experim ental research of high quality and are pre
pared to handle many modern engineering problem s
of an interdisciplinary nature.
The graduate Field of Theoretical and Applied M e
chanics is sponsored by the faculty of the departm ent
of the same name. Its programs offer students a broad
education in the m echanics of rigid and deform able
bodies (solids and fluids), applied m athem atics at an
advanced level, and modern experim ental techniques.
After a certain am ount of course work, usually one
year for M.S. candidates and two years for Ph.D.
candidates, a student is supervised by one or more
faculty m em bers in thesis research. As can be seen
from the section Areas of Research below, topics that
have been selected recently are quite diversified.
The principal areas of teaching and research are solid
m echanics, fluid m echanics, dynam ics and space
m echanics, biom echanics, m echanics of materials,
and related m athem atical methods. All students m ajor
ing in the field are required to minor in another field
of the Graduate School, chosen according to their re
search interests and needs. M inors frequently chosen
are aerospace engineering, applied mathem atics,
astronomy, electrical engineering, geophysics,
m echanical engineering, operations research, physics,
and structural engineering. The Field of Theoretical
and Applied M echanics has no rigid course require
ments, so that highly individual programs can be
planned by a student together with the student’s major
and minor advisers.
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The field has maintained a steady number of graduate
students (about twenty-five), who com e from a variety
of academ ic and geographic backgrounds. The normal
residence of a student entering with a bachelor’s
degree is one and one-half years for the M.S. and four
years for the Ph.D.; most study for the doctoral degree.
Almost all students are supported either by teaching
and research assistantships (of about equal financial
value) administered by the Department of Theoretical
and Applied M echanics, or by University fellowships
awarded by the Graduate School. Summer support is
available on a limited and therefore selective basis.
Teaching assistants are asked to lead problem sessions
(classes of twenty to thirty students) of various under
graduate courses in m echanics and engineering m athe
matics or to assist in the laboratories of strength of
materials and dynamics. As a result, they usually have
a sounder understanding of basics and are better pre
pared to present technical subjects orally than those
who do not have such experience.
Research assistants work under the direction of one or
more professors on projects sponsored by governm ent
agencies or industry. Currently, the subjects of
sponsored projects are creep and relaxation of metals
at high temperatures; scattering of ultrasonic waves
and nondestructive testing of materials; interaction
of electrom agnetic fields with the deform ations of
insulators, conductors, and superconductors (in co n 
nection with fusion reactor design and magnetically
suspended vehicles); m echanics of com posite materials;
m athem atical analysis of com bustion and m agnetohydrodynamic duct flow.
Students who wish to prepare for professional engineer
ing careers generally seek the degree of Master of
Engineering (Engineering M echanics). This degree
program requires a minimum of thirty credit hours of
graduate-level work in engineering m echanics— in such
subjects as elasticity, plasticity, advanced dynamics,

waves and vibrations, fluid m echanics, and engineering
m athem atics— and in an engineering design project.
The program is generally com pleted in one year.

Facilities
The Department of Theoretical and Applied M echanics
has laboratories well equipped for experim ental work
in stress analysis, vibrations, ultrasonics, m agnetoelastic interactions, and inelastic deform ation of m ateri
als. Various facilities for materials processing, available
through the M aterials Science Center, can be used by
students interested in aspects of the m echanics of
materials, such as creep and relaxation, cyclic loading
and fatigue, and deform ation at high tem peratures or
pressures.
The University's extensive com puter facilities are
available to all students. They are supplemented by
departmental analog com puters and m inicomputers.
In addition, the departm ent has recently acquired a
PDP 11 /4 0 com puter system for on-line analysis of
experimental data and for numerical analysis of
m edium-sized research problems.

Areas of Research
Examples of research projects in the areas of biome
chanics, dynamics, fluid m echanics, and solid
m echanics are described briefly below. In addition,
interdisciplinary studies are being actively pursued in
cooperation with other fields of the G raduate School.
Examples are the dynamics of fruit harvesting (agri
cultural engineering), studies of fiber-reinforced m a
terials (civil and environmental engineering, m aterials
science and engineering), the m athem atical structure
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of self-reproducing m achines (electrical engineering,
psychology), and work on the origin and dynam ical
evolution of the natural satellites of the planets
(astronomy and space sciences, geological sciences).
Several professors have also been elected to the faculties
of other graduate fields. They are H. D. Block (applied
m athematics, com puter science, electrical engineer
ing), J. A. Burns (astronom y and space sciences), J. T.
Jenkins (applied m athem atics), S. A. Levin (applied
m athematics, ecology and evolutionary biology),
G. S. S. Ludford (aerospace engineering, applied
m athematics), and R. H. Rand (agricultural engineering,
applied m athem atics). Some of their research studies
constitute contributions to these other disciplines as
well as to theoretical m echanics.

Biomechanics, Biom athem atics, Bionics, and
Robots
Research in this area has two goals. O ne is to study
biological systems and their organization in order to
devise im proved engineering systems. The other is to
use analytical engineering techniques to im prove the
understanding of biology and the interactions of bio
logical systems. In research with self-learning m a 
chines, the objective is to com prehend more fully the
way in which humans learn as well as think. An active
area of work involves pattern recognition; attempts
are being made to devise electronic means of identify
ing patterns for the purpose of obtaining a clearer
understanding of the brain and for possible te ch n o 
logical application. Substantial studies are concerned
with the m athem atical description of ecological systems
to aid in predicting the consequences of human activity
on the environment.

A d e s k -to p c a lc u la to r-p lo tte r syste m a id s in the
e v a lu a tio n o f e x p e rim e n ta l data.

H. D. Block, J. T. Jenkins, S. A. Levin, and R. H. Rand
are active in this area. Examples of publications and
graduate theses are:
Block, H. D.; Moulton, J.; and Robinson, G. M. 1975.
Natural language acquisition by a robot. International
Journal of Man-Machine Studies 7:571.
Jenkins, J. T „ and Beskos, D. E. 1976. A m echanical
model for mammalian tendon. Journal of Applied
M echanics (in press).
Plant, R. E. 1975. Analysis of oscillating phenomena
in nerve cells. Ph.D. thesis (J. C. Dunn).
Rand, R. H„ and Cooke, J. R. 1973. A m athem atical
study of resonance in intact fruits and vegetables
using a three-media elastic sphere model. Journal of
Agricultural Engineering 18:141.
Segal, L. A., and Levin, S. A. 1976. Application of
nonlinear stability theory to the study of the effects
of diffusion on predator-prey interactions. In Fest
schrift for Julius Jackson. New York: Am erican
Institute of Physics.

Dynam ics and Space Mechanics
Dynam ics lies at the center of m echanics. Its origins are
investigations of the solar system, and from it has
sprung the modern counterpart of space m echanics,
a subject that has gained particular significance from
the achievem ents of the national space program.
Studies in space m echanics at Cornell are concerned
with the rotation of celestial bodies, including the
earth, pulsars, natural satellites, and asteroids; the
dynam ics of the solar system and artificial satellites;
and the deformation of the crust of the earth and other
planets. Dynamics also continually tackles more downto-earth problems, as shown by one of the papers listed
below.
Research in this area is directed by J. A. Burns and R. H.
Rand. Problems under study are suggested by the

following examples of recent faculty publications and
graduate theses:
Burns, J. A., and McAdoo, D, C. 1975. The Coprates
trough assemblage: more evidence for Martian polar
wander. Earth and Planetary Science Letters 25:347.
McAdoo, D. C. 1975. Inelastic deform ations of litho
spheres. Ph.D. thesis (J. A. Burns).
Podgorski, W. A.; Krauter, A. I.; and Rand, R. H. 1975.
The wheel shimmy problem: its relationship to
wheel and road irregularities. Vehicle System D y 
namics 4:9.
Fluid Mechanics
Currently there are several active research projects in
fluid dynamics. M agnetohydrodynamic studies on the
flow of electrically conducting fluids in ducts are rele
vant to both the fast-breeder reactor and proposed fu 
sion reactors. Another investigation, on the m echanics
of magnetic fluids, also has many exciting applications.
Current research has turned to the theory of rotating
flows (in particular, vortex breakdown) and, very re
cently, combustion. J. T. Jenkins and G. S. S. Ludford
direct research in this area. Recent projects have yielded
the following representative publications and theses:
Jenkins, J. T. 1973. A theory of m agnetic fluids.
Archive for Rational Mechanics and Analysis 46:42.
Ludford, G. S. S. 1976. Com bustion for large activation
energy. Letters in Applied and Engineering Sciences
(in press). From the Symposium on Physical Fields
in Material Media, August 1975, Warsaw, Poland.

R ig h t above: O ne facet o f research in the n o n 
d e stru ctive te s tin g o f m a te ria ls is the use o f u ltra 
s o n ic waves to m easure stresses in m e ta l sp e cim e n s
u n d e r u n ia x ia l loa d in g .
R ig h t: In v e s tig a tio n o f the s tru c tu ra l s ta b ility o f
s u p e rc o n d u c tin g c o ils is p a rt o f a rese a rch p ro 
gram in m ag n e to e ta s tic in te ra ctio n s.

Huang, J. H. 1974. Nonlinear interaction between
spiral and axisym m etrical disturbances in vortex
breakdown. Ph.D. thesis (G. S. S. Ludford).
Kapila, A. K. 1975. Entry flow in a channel and MHD
flow in a plane channel under strong transverse m ag
netic fields. Ph.D. thesis (G. S. S. Ludford).
Solid Mechanics
Research is being conducted in a variety of newly
developing aspects of solid m echanics. Fundamental
work on the theory of elasticity, plasticity, continuum
m echanics, stress-w ave propagation, m agnetoelastic
interactions, and dynam ics of rigid bodies and particles
has been carried out at Cornell for many years.
Currently there is active research on the scattering
of elastic waves by inhomogeneities in solids (cavities
and solid or fluid inserts). Experimental techniques of
ultrasonics are com bined with the analysis of single or
multiple scattering of waves to detect the size and
material property of the inhomogeneity. T he results
are of great im portance in quantitative nondestructive
testing of materials.
Another active research program is concerned with the
tim e-dependent inelastic behavior of metals, polymers,
and ceram ics at elevated temperatures. Included is
the analysis of creep, relaxation, therm al stresses, and
residual stresses in the m ajor structural com ponents
of nuclear reactors. Experimental investigations are
carried out in conjunction with members of the D epart
ment of M aterials S cience and Engineering.
L e ft above: A n a ir tra c k is u sed in a g ra d u a te la b o 
ra to ry to s tu d y wave p ro p a g a tio n a lo n g a c h a in o f
several c o u p le d masses.
L eft: The in te g rity o f fric tio n -w e ld e d sp e cim e n s
is m ea su re d b y P ro fe s s o r VJ. H. Sachse. This re 
se a rch is b e in g d o n e in c o lla b o ra tio n w ith a g ro u p
in m e c h a n ic a l e n g in e e rin g .
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The statics and dynam ics of com posite m aterials are
under investigation. Topics include the determination
of anisotropic properties, wave propagation in layered
composites, and the inelastic failure m echanism of
fiber-reinforced materials. M easurements of dynamic
properties of new com posites and other anisotropic
materials are made in the ultrasonic laboratory.
A new program on the interaction of m agnetic fields
with elastic structures involves the theoretical study
of electrom agnetic forces in solids, the dynamic
stability of structures, and the interactions of super
conducting coils with self-generated m agnetic fields.
The recently established laboratory has cryogenic
facilities and large charge storage banks. The research
has direct application to the m agnetic form ing of nonferrous materials, magnetic levitation of vehicles, and
the design of superconducting coils for fusion reactors.
Other current studies, involving both experim ent and
theory, are concerned with the m echanics of structured
continua and liquid crystals, nonlinear vibrations of
plates and beams, dynam ic stresses in thick-walled
vessels for the containm ent of nuclear reactors, lubri
cation of elastic bearings, acoustoelastic stress
analysis, and acoustic emission.
H. D. Conway, J. T. Jenkins, F. Moon, S. Mukherjee,
Y.-H. Pao, and W. H. Sachse are involved in solid
m echanics research. Some recent publications and
theses, listed with the supervising professors, are:
Bifulco, F. 1975. Experimental study of the scattering
of ultrasonic pulses from an inclusion in an elastic
solid. M.S. thesis (W. H. Sachse).
Conway, H. D., and Lo, K. H. 1974. Effect of change
of Poisson's ratio on the bending of a multi-layered
cylinder. International Journal of Mechanical S c i
ences 16:757.
Helfinstine, J. 1972. Two approaches to yielding of
fiber reinforced com posite materials. Ph.D. thesis
(R. H. Lance).

Hutter, K. 1973. Electrodynam ics of deform able
continua. Ph.D. thesis (Y.-H. Pao).
Jenkins, J. T. 1975. Static equilibrium of granular
materials. Journal of Applied M echanics 42:603.
Lo, K. H. 1975. Bending of laminated beams. Ph.D.
thesis (H. D. Conway).
Moon, F. C. 1974. Laboratory studies of magnetic
levitation in the thin track limit. IE E E Transactions
on Magnetics 10:439.
Mukherjee, S. 1974. Tim e base errors in video tape
packs. Journal ol Applied M echanics 41:625.
Pao, Y.-H., and Sachse, W. 1974. Interpretation of time
records and power spectra of scattered ultrasonic
pulses in solids. Journal of the Acoustical Society of
America 56:1478.
Parzygnat, W. H. 1975. Resonance phenom ena in the
nonlinear vibration of plates governed by Duffin’s
equation. Ph.D thesis (Y.-H. Pao).
Sachse, W. 1974. Ultrasonic spectroscopy of a fluidfilled cavity in an elastic solid. Journal of the
Acoustical Society of America 56:891.

Faculty Members and
Their Research Interests

James T. Jenkins, Ph.D. (Johns Hopkins): continuum

mechanics, biomechanics
Herbert H. Johnson, Ph.D. (Case W estern Reserve):

fracture, dislocation mechanics, fatigue
Richard H. Lance, Ph.D. (Brown): engineering plasticity,

numerical methods, inelastic behavior of solids
Simon A. Levin, Ph.D. (Maryland): applied mathematics,

mathematical ecology
Geoffrey S. S. Ludford, Ph.D., Sc.D. (Cambridge):

fluid mechanics, magnetohydrodynamics, com 
bustion, related applied mathematics
Francis Moon, Ph.D. (Cornell): dynamics of solids and
structures, composite materials, magnetoelasticity,
m echanics of superconducting systems
Subrata Mukherjee, Ph.D. (Stanford): viscoelasticity,
plasticity, creep, fracture
Yih-Hsing Pao, Ph.D. (Columbia): wave propagation in
solids, magnetoelasticity, vibrations
Richard H. Rand, Sc.D (Columbia): dynamical systems,
biomechanics
W olfgang H. Sachse, Ph.D. (Johns Hopkins): m echanics
of materials, nondestructive testing techniques,
wave propagation and physical acoustics
Many of these professors are also m em bers of Univer
sity centers. Block, Jenkins, Levin, Ludford, and Rand
work with the Center for Applied M athem atics. Conway,
Johnson, Pao, and Sachse are active in the Materials
Science Center. Burns is a m em ber of the Center for
Radiophysics and Space Research.

Henry D. Block, Ph.D. (Iowa State): applied mathe

matics, bionics and robots
Joseph A. Burns, Ph.D. (Cornell): celestial mechanics,

planetary dynamics
Harry D. Conway, Ph.D. (London), Sc.D. (Cambridge):

isotropic and anisotropic elasticity, plates and shells,
impact, lubrication
Edmund T. Cranch, Ph.D. (Cornell): dynamics of shells,
wave propagation in solids

Further Information
Further inform ation may be obtained by writing to the
Graduate Faculty Representative, Theoretical and
Applied M echanics, Cornell University, Thurston Hall,
Ithaca, New York 14853.
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Interdisciplinary
Activities

Cornell University maintains several interdisciplinary
research centers and program s that are of great sig 
nificance in many applied science and engineering
projects. These are of interest to students in the various
graduate fields in that their research efforts might be
closely identified with those of a center or program or
their research activities m ight be conducted in asso
ciated laboratories. These interdisciplinary units do not
form ally admit graduate students; a person interested
in an area encom passed by an interdisciplinary center
or activity should apply for graduate admission through
a related graduate field and work with the interdisci
plinary group through his or her supervising professors.

Center for Applied Mathematics
Coordination of graduate study and research efforts in
applied m athem atics is provided by C ornell’s Center
for Applied Mathem atics. About forty faculty m em bers
from various departm ents of the University and some
twenty-five graduate students are currently associated
with the center. The students are enrolled in the gradu
ate Field of Applied M athem atics.
Further inform ation may be obtained by writing to the
Director, Center for Applied Mathem atics, Cornell
University, Olin Hall, Ithaca, New York 14853.

Center for Environmental
Quality Management
An interdisciplinary research focus for those interested
in issues pertaining to the control of the environm ent
is provided by the Center for Environmental Quality
Management. Since it has becom e increasingly apparent
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that approaches that concentrate on limited objectives
are insufficient to cope with the com plexities of existing
and anticipated problems involving the environment,
the center is designed to facilitate approaches that
involve many disciplines.
Topics studied by interdisciplinary research groups es
tablished by the center include effects of acid precipita
tion, environmental im pact statem ent assessment,
model on the interrelationships between man and his
resources, environmental benefit-cost analysis, impact
of environmental legislation on econom ic development,
and epidemiology and the environment.
The center does not offer courses; prospective students
must apply to the Graduate School for admission. The
two graduate fields of study most closely related to the
interests of the center are civil and environmental
engineering and water resources.
More detailed information may be obtained by writing
to the Director, Center for Environmental Quality
Management, Cornell University, Hollister Hall, Ithaca,
New York 14853.

Center for Radiophysics
and Space Research
The Center for Radiophysics and Space Research pro
vides facilities for research in astronom y and the space
sciences that is carried out by several departm ents in
the University and facilitates contact and cooperation
among the various disciplines. Those interested in
space science research may apply for Graduate School
admission through a num ber of graduate fields of study.
Fields of engineering and applied science that draw on
the resources of the center are aerospace engineering,
applied physics, electrical engineering, and geological
sciences.

The center's facilities on the Cornell cam pus include an
infrared laboratory, a lunar laboratory, and a laboratory
for planetary studies. Large optical telescopes in the
southwestern United States are available. Facilities for
research in radio-radar astronom y are available through
the National Astronomy and Ionosphere Center. Facili
ties of Sydney University in Australia are also available
to Cornell students and faculty through the C ornellSydney University Astronom y Center, a cooperative
venture of the two universities.

perimental work concerned with controlled therm o
nuclear fusion processes is being conducted in the
Laboratory of Plasma Studies. Agricultural engineering
researchers are studying energy utilization in a g ricu l
tural production. Other exam ples can be found in the
descriptions of the various graduate fields.

Financial assistance in the form of graduate research
assistantships are available through the center.

Laboratory of Plasma Studies

Further information may be obtained by writing to the
Secretary, Center for Radiophysics and Space Research,
Cornell University, Space Sciences Building, Ithaca,
New York 14853.

The Laboratory of Plasma Studies was established as
an interdisciplinary center for research in plasma
physics and lasers. Active areas of research include
controlled fusion, intense beams of relativistic electrons,
intense ion beams, plasma confinem ent and heating
experiments, basic plasma physics, theory of hightem perature plasmas, m olecular lasers, chem ical lasers,
and laser-produced plasmas. A variety of both large
and conventional laboratory-scale facilities is provided.

Energy-Related Activities
Although there is no separate graduate field or organ
ized interdisciplinary program or center in energy
studies at Cornell, there is a great amount of activity in
this area in the various graduate fields, and programs
directed toward fundamental or applied energy-related
study and research can be arranged.
Combustion research, for example, is being conducted
by graduate students in m echanical engineering. Con
trol of pollutant emissions by vehicles is a subject of
research in aerospace engineering. Hydrogen as a fuel
is being studied in electrical engineering and in m e
chanical engineering. Processes for liquefying and gas
ifying coal are being investigated in chem ical engineer
ing. Projects concerned with electric power production
and transmission are under way in electrical engineer
ing and in materials science and engineering. Students
and faculty in physics and applied physics are co n 
ducting research in solar energy. Theoretical and ex

Faculty m em bers associated with the laboratory rep
resent several graduate fields, am ong w hich are aero
space engineering, applied physics, chem istry, electrical
engineering, m echanical engineering, and physics.
Graduate students norm ally becom e affiliated with the
laboratory by choosing to do research with a faculty
m em ber engaged in laboratory projects. During the
laboratory's first eight years of existence, its research
projects led to the com pletion of sixty-three Ph.D. and
ten M.S. theses.
Financial assistance in the form of graduate research
assistantships, available in limited quantity, is obtained
directly from the laboratory; fellowships are available
through the normal Graduate School channels.
Further information may be obtained by writing to the
Director, Laboratory of Plasma Studies, Cornell U ni
versity, Upson Hall, Ithaca, New York 14853.

In the L a b o ra to ry o f Plasm a S tudies, re 
searchers w o rk w ith a m a g n e tic c o il c o n 
fig u ra tio n fo r an e x p e rim e n t th a t a p p lie s
e le ctro n beam a c c e le ra to rs to the g e n e ra 
tio n o f "e le c tro n c o ils " fo r p o s s ib le fu s io n
a p p lica tio n s.
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Materials Science Center

National Astronomy and

The Materials Science Center facilitates graduate re
search and training in many phases of the science of
materials. It provides a num ber of special laboratories
containing highly sophisticated equipment that is m ade
available to researchers in many areas, including applied
physics, chemistry, electrical engineering, materials
science and engineering, m echanics, metallurgy, and
physics. In some cases new equipm ent needed for
specific thesis research projects and the assistance of
technicians can be provided. The center is also able to
provide financial assistance in the form of research
assistantships.

Ionosphere Center

The laboratories at the center are for materials prepara
tion, m etallography, X-ray diffraction, electron m icros
copy, electronics, low-tem perature work, chem ical
analysis, nonm etallic crystal growth, and laser develop
ment. Each of these laboratories is under the direction of
a faculty m em ber and staffed with trained technicians,
so that researchers receive expert guidance and assis
tance.
Most of the M aterials S cience Center facilities are
located in Clark Hall of Science, the U niversity's center
for solid-state and applied physics, and Bard Hall, the
Department of Materials S cience and Engineering
building.
Additional inform ation may be obtained by writing to
the Director, Materials S cience Center, Cornell Univer
sity, Clark Hall, Ithaca, New York 14853.

E le ctro n m ic ro s c o p e s are a m o n g the exte nsive
fa c ilitie s o f the in te rd is c ip lin a ry M a te ria ls S c i
ence Center.
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The National Astronom y and Ionosphere Center, which
has the world's largest radio-radar telescope, is operated
by Cornell University for the National Science Founda
tion and is available for graduate research by Cornell
students in fields such as electrical engineering. The
facility is located in the mountains of northern Puerto
Rico, near the coastal city of Arecibo.
The diameter of this spherical telescope is 1,000 feet,
and its collecting area is 19.8 acres. A white steel plat
form some 500 feet above the dish is a support structure
for the equipment that receives and amplifies the radio
signals. Radio signals from space can be detected by
this telescope in the frequency range 10 to 7,000 MHz.
The observatory also has four radar transm itters in this
frequency range. The largest antenna is 96 feet in
length and weighs nearly 10,000 pounds.
Through the use of radar techniques, im portant dis
coveries on the periods of rotation of the planets and
their surface characteristics have been made with the
A recibo telescope. A ccurate radio observations made
with the instrument have contributed to the under
standing of pulsars and to radio astronom ical studies of
the interstellar medium, radio galaxies, and quasars.
The telescope has also been used to provide information,
not otherwise obtainable, about the earth's ionosphere.
In recent years controlled studies of the ionosphere have
been made from Arecibo by the artificial heating of
preselected ionospheric layers.
Further information may be obtained by writing to the
Director, National Astronom y and Ionosphere Center,
Cornell University, Space Sciences Building, Ithaca,
New York 14853.

Program on Policies
for Science and Technology
in Developing Nations
Professors and graduate and upperclass students in
many disciplines participate in the Program on Policies
for Science and Technology in Developing Nations,
which promotes study and research in problem s of
developing nations as they are related to science and
technology. The sponsors of the program, known as
PPSTDN, are the Program on Science, Technology,
and Society; the Center for International Studies; and
the College of Engineering. Staff and students who
participate in the programs are drawn from academ ic
units in engineering, policy planning and regional
analysis, economics, agricultural econom ics, govern
ment, business and public administration, and industrial
and labor relations.
PPSTDN sponsors courses in low -cost housing and lowvolume roads for developing countries and in natural
resources planning. It also supports research projects
on specific problems relevant to the objectives of the
program and of interest to developing nations. Current
projects, for example, are a study of basic housing for
Ghana and an experim ent in videotape instruction at the
regional center at Limon, Costa Rica. Activities of the
program also include workshops and a sum m er institute.
Information about the program may be obtained by
writing to the Director, PPSTDN, Cornell University,
Uris Hall, Ithaca, New York 14853.

The n a tio n a l ra d io -ra d a r te le sco pe o b s e rv a to ry at
A re c ib o , P u e rto Rico, is o p e ra te d b y C o rnell.
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Program on Science, Technology,
and Society
The purpose of the Program on Science, Technology,
and Society is to stim ulate and initiate teaching and
research on the interaction of science and technology
with society. The program draws its students, faculty,
and researchers from all areas of the University, in
cluding the physical, biological, and social sciences;
the humanities; engineering; business and public ad
ministration; and law.
Topics of special concern include public policies for
science and technology; technology assessment; legal
and moral im plications of biology and modern scientific
medicine; arms control, disarm am ent, and national
defense policies; and the sociology of science. These
and other subjects are studied through courses, graduate
and faculty seminars, workshops, and individual re
search programs. In cooperation with University
departm ents and centers, the program has participated
in the developm ent of more than two dozen interdisci
plinary courses at both the graduate and undergraduate
levels. Courses developed by the program are designed
to both synthesize and contrast the perspectives of the
several academ ic disciplines used in the analysis of
relationships among science, technology, and the needs,
values, and institutions of our society and others.
The program also participates in the graduate minor
field of public policy, offering a science policy “ stream ”
within this minor field.

The N o rth e a st W ater R e so u rce s In fo rm a tio n Ter
m in a l (N E W R IT ) is o p e ra te d a t C o rn e ll b y the
W ater R esources a n d M a rin e S cie n ce s C enter.
P ro fe ssor G. Le vin e (le ft), d ire c to r o f the center,
co n fe rs w ith e n g in e e rin g lib ra ria n s M a ry M cE tro y
a n d J o h n S a ylo r, w h o su p e rvise the p ro je ct.
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Limited funding may be available for interdisciplinary
thesis research on the interaction of science and te ch 
nology with society, and appropriate requests for
support by students beyond the introductory level of
graduate study will be considered.
Further information may be obtained by contacting the
Program on Science, Technology, and Society, Cornell
University, Clark Hall, Ithaca, New York 14853.

Water Resources and
Marine Sciences Center
The Water Resources and Marine Sciences Center is
an interdisciplinary organization serving the entire Uni
versity at the graduate study and research level. Its
purpose is to promote and coordinate a com prehensive
program in water resources planning, development, and
management that involves faculty and graduate students
in the sciences, engineering, agriculture, law, economics,
government, regional planning, and public health.
As part of its responsibilities, the center undertakes
and supports water resources research involving these
various fields, and it publishes the results of research.
The graduate fields of engineering that are most in
volved with the center are civil and environm ental
engineering and agricultural engineering. Also, the
Field of Water Resources, which offers an interdisci
plinary minor program of study available to graduate
students, is closely related to the center.
Further information about the center may be obtained
by writing to the Director, W ater Resources and Marine
Sciences Center, Cornell University, Hollister Hall,
Ithaca, New York 14853.
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Cornell is an internationally known university consisting
of fourteen colleges and schools that enroll about
17,500 students, including 3,500 in the Graduate
School. A unique feature of the University is the com bination of privately financed and state-supported
units, a circum stance that fosters Cornell's century-old
concept of education in all subjects for all qualified
students. The individual student is afforded an un
usually rich and diverse background of academ ic life.
The College of Engineering has a faculty of more than
two hundred. About 2,250 undergraduate and 730 grad
uate students are enrolled in engineering programs.

Facilities
Cornell University maintains more than ninety major
buildings on its 740-acre Ithaca campus. The College
of Engineering is centered in ten modern buildings in
the area known as the Engineering Quadrangle, a l
though some of its activities are carried out at other
cam pus locations, in buildings such as Clark Hall, which
is the University's center for solid-state and applied
physics.
Cornell's outstanding library system is com prised of
two large central facilities supplem ented by a number
of specialized libraries in buildings throughout the
campus. The entire collection, including more than four
million volumes, is available to all students. The C ol
lege of Engineering library and the physical sciences
and mathem atics libraries are especially useful to
engineering and applied sciences graduate students.
Of special im portance to many graduate students is
the University's com puting facility. At the present time
this consists of a m ultiprocessor com plex of IBM 370
systems, including a central 3 7 0 /1 6 8 system and
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satellite computers at five different cam pus locations.
The College of Engineering is served through two of
these satellite stations, as well as by a number of slowspeed terminals.

Location
Most of the schools and colleges of the University are
located in Ithaca, at the southern end of the Finger
Lakes Region of upstate New York. The population of
the greater Ithaca area, including students, is about
40,000. Public transportation to Ithaca is provided
by Allegheny Airlines and the Greyhound Bus Lines.
The Cornell University M edical College, the Graduate
School of Medical Sciences, and the Cornell U niversityNew York Hospital School of Nursing are located in
New York City. The University also operates the New
York State Agricultural Experiment Station in Geneva,
and the National Astronom y and Ionosphere Center in
Puerto Rico.

Admission
Application for enrollment in any field of graduate
study at Cornell is made through the Graduate School
of the University, and acceptance is determ ined by the
faculties of graduate fields. Application materials for
the Graduate School, including financial aid information
and request forms, may be obtained from the Graduate
School, Cornell University, Sage Graduate Center,
Ithaca, New York 14853. These materials can also
be obtained from the graduate faculty representative
of a particular graduate field. Admission and financial
aid application forms for the M aster of Engineering
degree programs may be obtained by writing to: Gradu-

ate Professional Engineering Programs, Cornell U ni
versity, Upson Hall, Ithaca, New York 14853.

financial aid. A useful reference book is Norman Feingold’s Scholarships, Fellowships, and Loans.

It may be helpful for applicants, especially those who
intend to apply for fellowships and scholarships, to take
the Graduate Record Examination Aptitude Test (verbal
and quantitative) and an appropriate Advanced Test
and have scores sent to the Graduate School. Inform a
tion about these tests may be obtained from the Educa
tional Testing Service, Princeton, New Jersey 08540.

O pportunities for part-tim e em ploym ent are som e
tim es available to graduate students through their own
departments, and a part-tim e em ploym ent service is
maintained by the O ffice of Financial Aid. Husbands or
wives of students may find em ploym ent at Cornell
through the University's Personnel Office, or with local
businesses or industries, professional offices, schools
or colleges, public agencies, or the hospital. A New York
State Employment Office is located in Ithaca.

It is the policy of Cornell University actively to support
equality of educational opportunity. No student shall
be denied admission to the University or be discrim i
nated against otherwise because of race, color, creed,
religion, national or ethnic origin, or sex.

The amount, time, and m anner of paym ent of tuition,
fees, or other charges may be changed at any time
without notice.

Extracurricular Activities
Financial Aid and Employment
Financial aid in the form of teaching, research, or
residence hall assistantships, fellowships, scholarships,
and loans is available to graduate students.
An applicant for admission to an M.S. or Ph.D. degree
program will receive detailed inform ation about avail
able financial aid along with her or his application
materials and should indicate a request for aid on the
application form. A prospective student in one of
the M.Eng. degree programs should file a separate
application for financial aid along with the admission
application.
It may also be noted that there are fellowships and
scholarships offered by state and national governm ent
agencies, by foundations, and by private parties. The
Cornell University Career Center maintains a collection
of pertinent reference materials on such sources of

A variety of cultural events, including lectures, special
programs and conferences, and music, drama, and film
offerings, are available at Cornell. Ithaca residents also
have the opportunity to attend theatrical and m usical
events at Ithaca College.
Programs in religious affairs at the University include
information, counseling, and referral services as well
as ministries in many religious groups. A Center for
Religion, Ethics, and Social Policy is a nondenom inational, educational unit.
The Sage Graduate Center supplem ents the three
student unions at Cornell in providing opportunity for
social and recreational activities. Graduate students
are also welcom e to join undergraduates in student
activities such as intramural sports, drama, and the
production of cam pus publications. The various U ni
versity m usical groups and many of the more than
one hundred organizations on cam pus are open to
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graduate students. Wives of male graduate students
are frequently active in their own special organizations.
There is also an organization for foreign students and
their families.
Extensive recreational facilities, including those for
swimming, ice skating, golf, bowling, and tennis, are
available on campus. Graduate students are also eligible
for all intramural and informal sports at the University.
Additional opportunities for outdoor sports and recrea
tion are available in the surrounding area.

Housing and Dining
Graduate dormitory housing and apartm ents for married
students are available on campus, and help in obtaining
off-cam pus housing is offered. Detailed information
about housing is sent along with requested application
materials.
The University has no dining requirements, but offers
some optional arrangements and provides a number
of dining services on campus. Am ong these facilities is
a dining service at Sage Graduate Center that is avail
able to all graduate students and faculty members.

Further Information
The Announcement of the Graduate School and the
Announcement of General Information are useful to
prospective Cornell graduate students and should be
consulted for additional information on admission,
financial aid, and degree requirements. Information
about facilities and programs in the various schools
and departments of the College of Engineering is in
cluded in Cornell University: Description of Courses.
Copies of these publications may be obtained by writing
to Cornell University Announcements, Edmund Ezra
Day Hall, Ithaca, New York 14853.
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